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Figure 1 Mechanisms of effects of precision agriculture technology
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Table 1 Definitions of variables, descriptive statistics, and tests for differences in means
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() SF- 2T Ab BEAS R (ATU)
ATU = E[Y,|T, = 0] - E[Y,|T,= 0] =
(B =B)Xy + (0,4 = 0,0)2n
332 BRPAROLAER
1 52 v A 20 A 36 2 AR S 45 ) 5 AR I AT T AR
20 AR {H HOR R T DR R T AE 22 D s IR v A
AR 5 RS B R R (R ) N AR PR Rl B
RO TR 225, HAE LU R B R M R

(10)

(11)
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L IR R S S P e e S ANIE K22 OIS S Y ST
M REFE T 7 91 AT 200 M B R A 7 08 43 A DA
TEZE R fd kAl A g r s e T 48 . B
BT
A 7SR FHORE AR Ml 42 AR X 2 2 WA 1 PR &%
N RPN E LA RS RO LA R 22 H . R
Y, (1) W IiTEREARE T MR EWR AR, 8 T
CER KRR MEL W EAR) B BUE ., B RPR
JEWANE SLIA P TEE B R A — S RER L B
WLEL R, A 2R HIRE HEA B AR X G BE A 1 5%
WA 7,(¢) = Y, (1) = Y,(0), K HEAR M F AR KU
A B2 RN (ATE) M
ATE=E[Y,(1) - Y,(0)] (12)
A5 G WA Y 4 AR AT DL 3E 3 v A AR B M5 T
A PR BEWCN W M, Ce ) A A AEAE, 43 9k
M, (1) F1 M, (0), HSZFr H B85 3 H i —A, HAH
I FEEEWCA N Y, (1, M, (1)) F1 Y, (£, M,(0)), =05 ¢

=1, Fi 8 Imai S5 1 S, -3 AR A 8500 (AC-
ME)N:
ACME = E[Y,(t,M,(1)) - Y,(t,M,(0)) (13)
XFF =05 1, AR TR BUE R Al 2 AR X
FHEWA -1 B0 (ADE) A -
ADE = E[Y,(1,M,(t)) - Y,(0, M,(t))

4 HER55WH
4.1 BERUHEART R AE=HEMREVND
Al

PRI O HELO H AR SR HT) 5 45 SR (A=
FERCRFN R BEWCA ) IR ST A 145 R A0 2R 2 7w .
ARG Z 8 p, 20 WITE 1% F1 5% B9 K- 5 A
IE, UL R AEAEREAS [ R FE I 12 , HoR FHZH A
() A 77 850 T R B WA B8 v T AR A v Rl LA 1Y)
AR RBEWCA o J7 R b A7 PR AG 55 S AU 4D
B A B0 1 3 /038 5 5% AKOF 1Y B E ARG 5 1
AH A FH P A 2 e [l A R AR5 B
411 HAEREFE KRR RS A A FEA S
1h it 4 R

J AR AR AR SR AL AR P 0 A P2 30R A

(14)

R2 FHERUBZARARRRESE Y REBMRERANR BRI EITER

Table 2 Results of simultaneous estimation of precision agriculture technology decision model, production efficiency model, and household income model

N ZER ZER T
kit <%%%§§£§ . k) BNC N
KA R R4 E AR E|

FU AR 0.004(0.008) -0.001(0.001) -0.002**(0.001) -0.010(0.008) 0.000(0.007)
P EZHEHER 0.040%*(0.020) 0.011**%(0.003) 0.005%*(0.002) 0.074**%(0.020)  0.044**(0.017)
PR 0.175%(0.101) 0.049%*%(0.014) 0.045%*%(0.010) 0.077(0.105) 0.034(0.083)
SNy 1| 0.379%*%(0.107) 0.019(0.013) 0.011(0.013) 0.172*(0.096) -0.033(0.103)
AT B -0.021(0.047) 0.005(0.005) 0.004(0.006) 0.245%%%(0.039)  0.326***(0.044)
A2 W 4% 0.211*#(0.116) 0.002(0.004) 0.010(0.013) 0.082*%*(0.028 ) 0.178*(0.106)
KL B S B -0.002(0.007) 0.002%*(0.001) 0.003***(0.001) 0.007(0.007) 0.002(0.007)
EREg AN 0.002(0.002) -0.0001(0.000) 0.0001(0.000) 0.003**(0.001 ) 0.005*(0.003)
FEAr AL 0.880***(0.161) 0.103**%(0.017) 0.088*¥*(0.031)  0.508***(0.128)  0.585%*(0.234)
+ Huaneeik 0.002(0.010) 0.0004(0.001) 0.001(0.002) -0.002(0.006) -0.007(0.012)
SR 0.001(0.007) -0.002**(0.001) -0.002*(0.001) -0.010%(0.006)  —0.022***(0.007)
P BHA R 2.313%*%(0.250)
Eevelil —2.592%%%(0.550) 0.289*%%(0.076) 0.312%¥%(0.060)  10.164***(0.568)  9.587***(0.476)
P 0.336***(0.114) 0.334%%(0.142)
Po 0.103(0.187) -0.261(0.157)
UL D BEAS 6 100.63%** 135.85% %
ROEAEV L IE/S(EN 152.618 -1338.067
I RE ST A 5 6.86%%* 5.48%%
e 724 290 434 290 434

TE AT 5 ORISR
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XFTFoR AN S G HELO H AR BAT 5 2955 8 11
S TE— R B ORAN TR AR P IRAR I 3R
T BIRE 1 95 B EE , SOP AR X R 4L A
BRI A M AN R . P EZEFFER P F
JERE AR O A Ao L A R X 7 2L A 7 B A PR R A
FIE MW, 5 SR 2 RS . XOER
= EH B — e R L ST B R S AR,
57 8l 1 R, 55 sh B A R bRy R R
AR T A P RCR M o 77l A 2R B S LR
BRI ZE AR P A 7Ry AR 2 Y I [ R0 R )
SER 5 koK R A S G IR AR AT o TR R A
P R B P BB R AR HOR B 5 48 255 IR 5%,
AR T4 A 7 A4 RE AT BEAKSF , AT 1 A= 7=
ORI T BIEBIE SRR R P I FEER
BUA S A F T A A A 7= 8 HUE S, T
A 77 R A R ]S
4.1.2 HEREERKA ERES RERNAER IR E
iR

P EZHBER K730 18R AR
AT B b B ASE L R 7 2 40 R A AR T IR
Wi 181 5t 2 S O, S5 @A B BT 4 AT, R X
SRR B TR REER NI FLSHAR Y
PEA AR AN A Al S AR P A O R
AR AU S ) dp 25 R IE = PR R SR AL AR P
&R0 A AN HOR T 2 i sk BRI Ak
AR 7 48 A AR a1 AR B e, B A BRI B X
PRZELAR P O AT i 2 A 1) 5 T 362 DR A L s 4
BRI WA P A28 AU B A AR, T I B T 2 1Y
A AR DL LSS A R TR
4.1.3 AR LB AR P A F R R T TEKANN
S EEE SR oA

R HEAR M B AN AR 7 AR 77 R R G MR Y

SR AL BRSOV 45 SR ANFE 3 IR . 1 G, AR PR AR
ATTAE TS SRR A SR SR T SR ARSIl
FAR B B AR R R E AR, A = OB T R
0.044 , 76 1% W7k F L i 2% T R Ll 7.8%; ATU
AT 25 R, 76 R 35 S T, ARk ADRG EAR
A FE A A 5 R R AR, HAE 7= R0 $2 T
0.015, 7 1% By K I B2 2 T+ il A 3.4%. -
IR 25 5L DR 7 18T U BA TR ROl R B S A1 1E A
FUAE PR R AR T HLAS AR . %45 AL 7R~
ERGUEARN Z T A P2 ORI A T
PN FE AR L BRI A ST 8 A
BIAE R, U B SR FEORS o Al B2 R i A P2 A A
R

HWR ZIEWAI ATT A 25 R R W], 6 TR
FEUEAR ML B AR B PN 7, 5 AR R RS A+,
A FEEWCA X B T B 0.798, 16 1% 7K F 1
3% R R LA 6.8% ; o T A SR RS Ak 47 AR
AR T 75, R RS A H R A )
X HORE 2 # 0,107, 78 1% K- W3, 5 Bl
9 1.0%. U6 BAAE HELO R B B TR P K
BEWCA , RIVSR RS A Mk B AR 1 e P o2 AN 30557
(), AR U8 H2 15 LASSAIE o 2% 25 58 ™ A 14 J P — T
FE TAGUEAR M H AR BA $& B3 77 2800, 75— J7 T 7E
FRE AR A 2R AR A A P R
T RO B 30
4.2 FEER N E AR ST R PR SRR WA T [E 3R

AR SCHE— 2R IE T RS HEAR L AR AE AR AN TR]
WA TKSE T B S SRR DR RO . S5 S an il 2 i
o WTULE Y BERCHON 5 B N AR R
F, LA T4 R ZH0R P mi ok RO H R BE
i STIARCR FUR A M PRI . 220, DU A
H RO A I A BRI G 1T LU HE XTI A B AR Y
AP REAR RS AR B AR BGOSR T4y, HO Rl A IR
KGN, PR AR 2 380, 2F— 25 U B ORG Ak

R3 HERUBRARIRPEFYRMREGNG T B

Table 3 Average treatment effects of precision agriculture technology on farmers’ production efficiency and household income

Ak Vi IuESill AR EEAR AR R E A ATT ATU AR %

EPERCR SRR RO AR 0.566(0.004) 0.522(0.004) 0.044**%(0.005) — 7.8
AR G A B AR AR P 0.484(0.003) 0.469(0.002) — 0.015%%%(0.004) 3.4

FREWAN  RAMGHER LB AR P 11.694(0.031) 10.896(0.048) 0.798***(0.057) — 6.8
AR G HEAO B AR AR P 11.116(0.022) 11.009(0.027) — 0.107***(0.035) 1.0
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Figure 2 Analysis of synergistic effects of precision agriculture

technology on improving farmers” efficiency and income
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PERAEF o WG HE A B A X w3 40 W A A R P 1
AL PR AN T 2 X IR AR A R B A P 2R
BCRAE 1% B7KF 0 258 0E, 55 R i 45
TAAF o X PR R 5 v 1) b 20 AR b R R RS T
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X G HE WS B4 52 e 235 SR 3R Y i R AR 2 — AR
A PR FERS U AR 4 AR Sk 582 WSO 1 - 2 4k B A
W43 A 1.231 F10.807 , Y7E 1% Ay K- | 2, {H
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AR 1 55 B0 ) R IR R TR I 2238 B8 AT LA
PG AR Y 4 AR Ry HAT 2910 55 3h 1 i e B T
A B AR BT, M S B A B R . A T
AN A AR K A b 20 AR A0 R A e RN AT AR P R R
JEWSCA A A G 25 T T AT - e 20 e A A
AP BE S RGE N E  (1.225>0.487) , X JE RN+
b2 AR AR E AR AR P AETE OB AL &l R4S
5 T S LA B, SR RS AL AR S BE S AR AR T
1= 25530 2 o
4.4 FZHLHI 54
4.4.1 A5 ERLH R R P A 2R F w AL F
ST

i A B AR AR T AR 77 330 5 e L i A

T4 BERUKRAMTREM R AE YRS HKEYANR R RS

Table 4 Heterogeneity of precision agriculture technology on farmers’ production efficiency and household income with different endowments

Gh AR B A Al SR RS AR A AR AR A Al B A ATT

e PRk At 0.555(0.008) 0.464(0.010) 0.091*%*(0.012)
£ 0.580(0.004) 0.560(0.006) 0.020%%%(0.007)
e AR 0.598(0.003) 0.589(0.006) 0.009(0.007)
TR ARl 0.519(0.006) 0.451(0.007) 0.068***(0.009)

FRERA B 11.752(0.087) 10.521(0.125) 1.231%%%(0.153)
Z—ft 11.672(0.036) 10.865(0.062) 0.807***(0.071)
e AR 11.753(0.037) 11.266(0.077) 0.487**%(0.086)
AR AL 11.589(0.063) 10.364(0.057) 1.225%%%(0.085)

(50 AR ST IS A Y 1k I 4 PR A 1) R AE T 7 X T SO TS5 AT R VR 30, 15 B S SC— BN S5 4L IEW] T AT S 4518 i vk

MRT R AICEE2R, BAr R
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e RME SR, FTLLE I SRR LR H A
XTET I 0 ATT H7 0441, 76 1% (7K I 1 2,33
WY 2R FEDHR 1 AR Ml 152 AR B 8% £ T 1 18777 2 14 %o 25 4
TF0.441, %45 F 0 3R R ARG HE AL B R AR AS 5.
FHRTEE Y 0 AR T BT A PR AR
P AU Ha f3 DASSUE o R, RS VAl £ AR X R
Y755 8 1 BB AR A B ATT 43 31k -0.356 F
—0.146, ¥I7E 1% MK 1 8 2, U B R FERS ARl
AR BB AR |7 X5 55 B0 7 RN 58 A A X453 5
FEAIK 0.356 F10.146, %45 S [RIAE 22 B R RRS A
A REAE 215 2957 8 S g AR A e 4
A 0 B A 7= OR35S HIb AT H e
PP LASRAE o [ i &5 S SRS i Al 2 AR A Ry —
FRELAC AL A F AR SEAE T A B4k RS HE AL 7R
SN, BB R TG R BRI DL B R MG
P AT S5 8 IR AR & T R IEA
R, WEGE TED AR &0 R8T T, By
R TE T AR P A PR
4.4.2 H AR LRI R P RN Z5 R HUH
LT LM S5 H 7 R A S L A 55 45 SR an gk 6
Jis o ARHES (1) S5 5 R Al B2 AR X A P R e
WA RIS FE 1% B KF- T 3 1E o 4 511 (2)
S5 R RS ME A F2 AR XF £ b e 5 A B 52 R 7R
1% A 7K 1 3 25 R 1E, 0 B AR P SR RS Rl
REFFLERENY K. RG] (3) 45 5H ¥ H

HEAR M AR S 4 e i A TRl g AR ), —
H X FBEWA R M EIFE 1% BKF Lo IE, ik
S5 SR B E TR A A A S o AR A R
ZE MR T R E WA o [, 25450 (4) ((5) 45
T AR PR FIRS AL B R GBS 10 2 A2 E 55 157 8
FIBEI Kk e B AR R 5 55 155 8 ) [R) B
YRS | 38 X BRSO 152 M 34 E 1% 7K
S ORIE 2645 A RS v A AR 3 AR A
A THEF RN o

& 7 A T T R R A 2800 A AR g S e L
R as o M A AR o £ O AR L ACME
0.131,95% I & {75 X [1] 24 0.020, 0.293], AL 0,
Ui B 4 Hb g e A T A 8O0 3 . ADE I ATE 53
51 0.344 F10.475, B4 X BIAALE 0, 36 3%
BCNE R RN S, R A RO o RN L i
27.6%. ULHAREHERO B AR B R ER P PRk s
PR TH R B, B8 H2a 159 LLEGAIE . [ 3, 24
AR N5 1558 10}, ACME . ADE 1 ATE 43 5}y
0.078.0.415 F10.493 ,95% A4 & {5 X [a] 4 A 4155 0,
VLS5 155 81 J1 i A 0 835, B oA 2000
BN A SRy 15.8% , 2 RS o Al 4 AR 3 o 418
PN 55 TR R U (B H2b £3 DARIE . |
IR G S — T T R RS A B AR o A
PR G E B RNSN H1 55 T 90 S BR A 32 THH R Bl
A5 93— 7T, LA AN 3t R R Rl

RS RBBIDHLER

Table 5 Results of efficiency improvement mechanism analysis

5 ik RS O HE AR AR HIRTHEAO F AR ATT
GRSl 7.161€0.010) 6.720(0.009) 0.441%%%(0.014)
RSP N 2.127€0.054) 2.483(0.065) =0.356***(0.085)
H A HEAA 6.164(0.027) 6.310€0.489) ~0.146***(0.056)
F6 ETZHMRBAIBUHLEI 2R
Table 6 Results of income increase mechanism analysis based on linear model
- FEREMA + g A FREWA % 195811 E4UN
(1) (2) (3) (4) (5)
HaEAO FAT H 0.494%%(0.076) 0.265%*%(0.029) 0.346***(0.079) 0.183%*%(0.069) 0.416**%(0.070)
RIS TN — — 0.561%*%(0.096) — —
%5 1578001 — — — — 0.425%%%(0.038)
P AR i RRCH e e RECT BRI
F 28.66%%* 19.51 %% 30.28% % 11.79% % 40.71%%%

Adj R 0.315 0.235 0.345 0.152 0.417
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Table 7 Results of income increase mechanism analysis based on causal mediation effect model

B2 B 25 A A {E 95% 5 X [H]

FEWELR M AR — = g A —>F I AR (ACME) 0.131 [0.020, 0.293]
Y AN (ADE) 0.344 [0.200, 0.493]

S8 RN (ATE) 0.475 [0.260, 0.739]

KA H AR — 55 T35 8 1> FKEEWA SER A ALY (ACME) 0.078 [0.024, 0.141]
Y AN (ADE) 0.415 [0.286, 0.548]

S35 AN (ATE) 0.493 [0.311, 0.684]

PN UE 7l Db A v WIVR N 4 B 7 S 1
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Synergistic effects and mechanisms of precision agriculture
technology on farmers’ production efficiency
and household income

LI Jiahui, LI Han, NIU Yongze, CHENG Wenxin, LU Qian
(College of Economics and Management, Northwest A&F University, Yangling 712100, China)

Abstract: [Objective] Exploring whether precision agriculture technology can promote the
synergistic growth of farmers’ production efficiency and household income is crucial for its
continuous promotion and application. [Methods] Based on the micro-survey data of 724 grain-
growing households in Inner Mongolia, Shaanxi, and Shanxi provinces in 2022, the endogenous
switching regression model was used to empirically analyze the synergistic effects of precision
agriculture technology on farmers’ production efficiency and household income, as well as the
underlying mechanisms. [Results] (1) Precision agriculture technology could significantly improve
the production efficiency and household income of farmers, achieving the synergistic growth of
efficiency and income across different income groups. (2) Heterogeneity analysis showed that the
enhancement effects of precision agriculture technology on both production efficiency and
household income were higher for the new-generation farmers than for the old-generation farmers,
and higher for farmers with lower levels of land fragmentation than for those with higher levels of
land fragmentation. (3) Mechanism analysis showed that precision agriculture technology
improved production efficiency by saving capital and labor inputs and increasing agricultural
output. Precision agriculture technology improved household income by promoting farmers to
expand their business scale and engage in off-farm employment. Optimizing the allocation of labor
and capital resources constituted the mechanisms through which precision agriculture technology
exerted synergistic effects on farmers’ production efficiency and household income. [Conclusion]
Precision agriculture technology can achieve the synergistic growth of farmers’ production
efficiency and household income. In the future, it is essential to continue promoting the
development and expansion of precision agriculture technology, thereby improving the efficiency
of agricultural production and increasing the income of farmers.

Key words: precision agriculture; technology adoption; farmer; production efficiency; household

income; endogenous switching regression model
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