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The Green Development of Agriculture in China: Innovation and Evolution

LI Zhou

Abstract: The evolution of agricultural green development is a gradual and cumulative process. Its exogenous intervention mainly
takes the form of innovation. Innovation enhances the viability, symbiosis and harmony of agricultural green development. Among
them, technological innovation enhances the viability of agricultural green development, organizational innovation improves its
symbiosis, and institutional innovation promotes its harmony by means of stimulating people’ s innovative vitality, regulating their
behavioral norms and coordinating the relationships among people, between the present generations and the future generations as
well as between people and nature. Based on examining practical cases, this article discusses the impacts of innovation on
ecosystem protection and the evolution of the viability, symbiosis and harmony of agricultural green development. Ecological
compensation in China began with the central government’ s vertical ecological compensation, but the horizontal ecological
compensation is very likely to make greater contributions to the ecological compensation system and go further. It is necessary to
carry out ecological compensation innovation according to the marketization, socialization and performance-based principles. The
problem that the distribution of ecological compensation funds by area cannot motivate local participants needs to be addressed.
Green development needs to be oriented by the government in the initial stage, but it is not appropriate to stay at this stage. Market-
and people-led green development is conducive to improving the symmetry of rights and responsibilities as well as the coordination
of green development. People need to have tools to show their contributions.

Key words: Agriculture; Green Development; Evolution; Innovation; Viability; Symbiosis
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Can Agricultural Water Rights Trade Promote Agricultural Green
Development?

YAO Peng LI Huizhao

Abstract: Promoting agricultural green development is an important transition related to the adjustment of agricultural structure and
production mode. Using the panel data of China’s prefecture-level cities from 2015 to 2020, this article uses the
difference-in-difference method to explore whether agricultural water rights trading system can promote the green development of
regional agriculture. The study shows that agricultural water rights trading system with the function of increasing the opportunity
cost of water use can significantly promote the green development of regional agriculture. The mechanism analysis shows that
agricultural water rights trading system can promote the green development of agriculture by encouraging farmers to save water and
improve the planting structure. The heterogeneity analysis shows that due to the different degree of marketization, economic
development level and development orientation in different regions, the policy effect is heterogeneous, which means agricultural
water rights trading system does not always promote the green development of agriculture. Therefore, this study believes that the
promotion of agricultural water rights trading system is an important measure to realize the green development of agriculture in the
new era of China. However, in the process of policy implementation, policymakers need to promote the implementation of
agricultural water rights trading system according to local conditions.

Key words: Agricultural Green Development; Agricultural Water Rights Trading; Agricultural Water-saving; Planting Structure
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DMIEBRAESN ARV ER R A 2 3R (BHZE5E, 2021 o RAER], R4 ARG 44
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SEARBELHEEERRATIN, T ESIRE 37 XA LS. AHELT O SR, Al
WATINE PR Ho—, ASTHEEIIIREAE . BRI AR —# R ER ATHELS, 00755800
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FIRHEGHER U 1 PR,

*1 TEAMST

TR L Byl PRz M I ON:
eV HE M/ /B 0.843 0.238 0.458 1.693
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W BRGEREEEIL. B2 7R T 1999—2019 Fr EfMVERHEGES, B 3 R T 1999—2019 4FErE £l
s
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HE 2 [RZEIEAWH K. 2004 ELART, AR 7 XAEER A 3= X 4RV aRHEO LT R REE K
s 2004 FHRAIIREEFEXZ G, ARE =AM BHA R m I KR, MRS, RE
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ZJa, FETXOMARRE 7 X AV ERGEE T AR, H 2005—2009 4F, FRE T~ X AR
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R E P IX O 22 BE ORI 2010—2019 4, ARE T =X AR E 3= X AL~
BRI AR, A BRR AR . AR P XMV AR 2% i T ARRR A 32 XX — IR
Y], MR XA IAROGS SHE A A 1 2 BRI . UL, AR TR E X,
FRRR P X ME AT EIRI LB R, S5 R R ) B A S I, MRS 1Al
BRI o
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—— REFTX —e—JEREFTKX
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B3 19992019 FrHERIMIREEL

i 2 MK 3 "TRIE Y, 1999—2019 4F, H E AV BRAFBCEAR RSN ETHESY, BT HER
BAEX, RREE XA ERRRHEICER /D, SR 3 X RO MR B Aa = i A
B ASE. PEAO R A R R T Y, (R E T XA A R
EIRZE T ARG £ X . ACRHEE S R SME TS (20200 « HAAIFFER (2022) 4
WAL A

() R

HURE 3 XA RBCE R S, AEIAS TR B 22 A BN BRHFBRE ) “1 X8 BN
HMeo JEPFAALLT 3 mi: o, MR T KBUER IE B AT 24T, AT RN, AR
FEURE 3 KAHRBER VA tHU w2 =, 120 455K, DARE L&A FAEBERZE AT,
ASCHEDLRAR T 7 KA RBORE —— RIS 0 DT Rl o, =, BUARZEARVECE
B Z B 5 MM BB EE RN, PRUASCIER R SRS, DAZ0URE R Rt G PR iR A
S A [ R SR A R A A )R

AT R IR ME AR, AR SR 2004 4FE Z0BAT 13 AMHRE 327 XX — SRR R G R
FE SR IEFEX— R R FEG T 3 S H—, i ROEEEY, BOmARE 3= X 0k
e | R B 2 A BRI H AR ARRIEBOR. (PHEs%, 20200 5 K=, WOZRE 1 IXBURI NI
WA, B T ATEIX I BRI E = AR & 2 X 28k, IS GG ORBEAR 22 4 ) — 3 T
S, TIXLCECRAE 7 I B B, XA DR AR S SRR S X AL B A S R A SR A
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AVER]; =, AR A E 1 OB AN SRR 7 XA B 7= X el HE Ak P 2L 1]
ZERIGRT, #E 2, WO E XA TR RN, X — e bk 1 ) A
FFEE R AR I R

LA )3 BEAL, ASCIG B ARE £ XAE R — RSN I FARSEEE, DL 2004 S ABUR 11
PV A, 04 31 MBI NS AR HIZ . BRI, 13 MRE IS X A1 A6,
SIADNERIRIT. HAR L S b TR iR, YEOR. 2B YOPE. L. IR, Ui,
HiAth 18 MBI AR . AR 1999—2019 4F 21 1 31 NME I BCESE, 7 2004 4EHT
JEACFRA RN « s, ASBIE 22 030l Aa o ] s S AR B RN, T BRAC IR A
A 2H 2 [ R b DRI ) AN R I 2D R Fe « SIS 22 e (5, IR R roin N — R A4
e, Rk, ASCHMEEZ A, BABEE T

Y, =a, + B (treat, x post, )+ y, X, + 4, + 6, + &, 3)

(3) R Y, FRE I AE O R BEHERER AR . treat, AHIX RS R, 25
i NENETIRE T ME 0 IRETEXE, BRBUEN 1 K2, WM 0. post, &
SRS A K I TR SRS . 247 =2004 1, BR{EA 1; 2, WEUER 0. X, Forn—5&
FURN PRI R, g R B RE RN, S, TR RN, &, ForMiRER, o &
REHO, By, NREEESEL (D) ARG, RSB AR X
AR BB

2FATA YA T 5 BOR A A 5T JRIE T 24 B RS L IE R SRR A 377 X SR
IRHERIERIER 2R, S [N ST U SR B ST A AL A 4 A R g, A
27 Moser and Voena (2012) W%, ia A TEIT AT, FRlt—PairiRe 3= X
MASCBRIBNAS M. B JEAB DR S X 48] (2004 45) AREHE, KU R I
A R IR, ACBRA AT 2RI (IR KBl A B — B, PR RIBOR St 24 1A
J5i 15 VRO RS BRBOR R A R ST, SR AT BUR AL B OB A A S L. BT
JEMNT:

5 15
Yit = a2 + ZﬂpretDpret + ﬂuurrentDcurrent + Zﬂpoststosts + 72Xit + /ui + é‘t + git (4)
t=1 s=1

(4 b D D, D, ERRORE R AT S W B2 R 15
SRR 0 AR B AN B S0 treat, AE BAGASTRT, 4R HEAMAS AU RAOSTRT: B, -
Borers ~ Booss SPRRBIN I REG @ FoR850T: 7, MFFHBAL US4 L5 3) st
HIF.

SHMBENHE R, B KAECR A SR B KB, B X
(TR LR PR ) T R R BRI BRI M, A P BT T A A
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ESIAREHE, HASCR MIRZEAIT IR . B, vl a3 X it
UL B SRAFHEN, IS BRI, ASCAESREHE [ SR (At AR, M P sz, iy
FHABGENTT

scale, = o, + P, (treat, x post,) + y, X, + 4, + 6, + &, (5

Y, =a,+ B;(treat, x post,) + B,scale, +y, X, + u. + 06, +¢, 6)

(5) KA (6) Roh: scale, FFRANWMBEE: oy, QFFHET: B Biv Bis 7.8
NS B EE X5 (3) .

TSR IR, B AW R A 7 X FOBRHI . B h R R A
SRR, 3530 /s I RSB B i B AR IR, A SCBe s /R
TR SR R, (R IS5 3D IR AR BT T, K33 R B A
RPN . ASCHI = 25, BT

Y, =a,+ B.DID, + wDID, xtransfer, + Otransfer, + y X, + 1, +6, + ¢, 1)

Y, = a, + B,DID, + @DID, x transfer, + Otransfer, + ktransfer;

(8)
+7(DID, x transfer} )+ y X, + u. +95, + ¢,

(7> XF1 (8) . DID, FoRtreat, x post, , WVBERSHIN; transfer, 2558117
transfer; FoB5HITHERIGT TG as . oy FoRFEHI: By v oy 0. kT Ysn ¥
Nt S Ee MRS 5 XS (3) .

ABREIMARR . FRIEEE 250, BORBED AT RERIRERE WS BAT ORI . E Z00 A2
TRAP AL SR IR R LA BSOS, ARG =X N, BRI IR R LBV R
$eTt b, BRI A RAIMRBR I A = SR BRI o RIS EORBED BRI, AL
P g N FARAY

M, =a, + B, (treat, x post,)+y, X, + u, +0, + &, )

Y, =a, + Bi(treat, x post )+ fM, +y, X, + 1.+, +¢, (10

(9) 201 (10) e M, FotioRitbh, USGHABES AR A SRR o)«
FRHET: By Bos Bos 7re vy BINEHIBEG BAGEELS () AL

SRV AU T, DU TE 5 HOREE 25 A SR 7 X A A (B, JURE
B SHARMES T 2 R EAE BRI AR T SRR I HZN R, AR F 7
A

M, =a,+ pscale, +y, X, + 1+, +¢, ao

-52-



UL 5 HARBED X AR 2% AR R FA S

scale, =y + M, + 7, X, + 1, +6, + &,

(12)

D R (12) e @y« TRFEEOT: Lo B~ Vo~ 1o WSS Hfb S

HX5 ) XA,

(—) FAEMYFEER

M. EVIERSHH

ASAERE RPN E ZZ AR E, DO [ RN, A4 03 ] 5 RS ANy [ R SN, i

[EES5 AN 2 .
2 AR R X AR HBI R B FLER
AVsHE VBRI
A e bR A4 TR EPER! a9 2 EEK 519 4
FE hWER R bER | R0 BER O R AR

BTN 20.086™ 0014  -0064™ 0014 | 0032° 0020 002" 0022
FebgER 20259 0.063 0.040 0.177
AAVESTR IR R 0.031™" 0014 0.003 0.018
Wi -1.836™ 0228 -0.886™ 0231
NISTHIIX A= 7 AR 7 35 0.048™  0.017 0107 0.019
WS — kR B 0206™  0.045 0.054  0.051
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BT BN P2 B E IR 0050  0.057 0.116 0.163
A 0018 0.007 0.018 0.014
R PR A1 0010  0.032 0.039 0.027
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A3 I E RO el el el el
B3I E RN il el el el
PRV 651 630 651
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TE: @, oA 0N 1% 5% 10%HIBE KT @M TREAIN Lifgi R ie A48 0, #i%k 21
AU, RBE, [H1UA 2. [0 4 S MEMHERCA 630 /1 @bskiARafdbrEiz.
2 2 AV 1 AR 2 AR 3 OM A B HEBGE R A T 25 R d[sl)e 1 ANl 2 5 58T
A, AR RTINS, BORSSRITE 1%4t1H K LR2, HRBOTmNf. K451
R, BOLRE 3 OV BRHFBE A S Bl ER], BB H1 A5 LASSAE. XFEElm]) 1 Afal) 2
SEATTAN, BURALTIUl T REUE -0.086 224-0.064, Tt AT 2 Hhn A ds Az & m LA Rt i

IR SR THR R .
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FR[EE 3 FIE)S 4 S5 5RAT A AV IS AR R, BORRS RIS & 10%50 K L2, H
FHOTWINIE; ISR ER, BRI EE 1% /K ER3E, HREO7mAIE, U
WAL E T~ X 2 E RO AR R . B AR 57 X SR MV BRI mT e PR AR B s
ZPERF AR, MR X DR AR 3, P AN T, AR AR AR MY
FRHE, AR 3= X FE G Y LA iy m] DU SRS e 5l AT PO s e .

(Z) TR0

AT BRI IR — R AT T, AR 37X, AFRAURHEHIZH R
MO s BAT AR R AR S, FE RS XU 72 A Al T H 25 R B S iR B 377 X
BOR 5L IR R R B 4 R 5 APAT SRR S N SR a3
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PSS 4 R S TP, TEi @ A BIHEROR R ARG IZ TN 5, 1999—2003 SER%L B, —H.
75 O fEAHM, VEIITE BN G EF=XZ A, A REHIAL R ar b, Mk, ASCER RIS
B PATEBRIRIIEE . R 3 A, TR BMAEEILE, 15 1999—2003 FAR T 3 /= X AHEL
RS2 T, AT REGIERA AN RE, UECR S AT A ERE A (A EEa S B2 . (E
2005—2019 FARE E 7= X AHSCEOR S 5, WA 7= X RIAE A AR S X e il 1 1%7KF
kG BEVERLS, X — 25 T AT SR I A B

=3 BUERSCHERT AT A A ERTHA B & it iuss R
R RS BRRASR MR SRR
F il & pfH F4iit& pfH
BSRSRT:  1999—2003 4F AVBBHE 0.69 0.631 0.66 0.650
Ho: B ==, =0 ANV 024 0.944 021 0.956
WORSEE: 2005—2019 4 AVsHERL 4.29 0.000 2.76 0.000
Hy o B == Boous =0 AR 113 0.329 2.37 0.000

(2) BERSUR

SEAEIIALE T, VIR PR B B2 (M. A BTkt
B TR AT, AT 2004 4E LR R S HIEHER R A T

W 4 . REFAOMBREIT S, 2005—2019 4ERIHHRRLB, . Bk SBU BN STLE)
TR . SRS F— B 2005—2007 46, K7 M SO R HE S ik
R, X IR R, BORMIBIR R S R 5 BBk 2008—2014 4,
(ERHLB, . (HFRFLE RIS, BIEATRA IR A R AT R T, ERROr e
PR TR a4, TR Iy 2015—2019 46, (RS, i
SR RS . IXUIIEE 2015 FEEAOILERENR (5] 2020 (EALARAEF R R KATZIITE) A (312020
ERGMFRENKTINIE BRI S R, RULIERZE TR, 10 H R e £ X0
B 1 ..

W S i, A TABERRETTS, 2005—2019 427, HAs 7 KAHSCEC B I et
SEAFE, BRI T . BRSSO F e 55— BrBCh 2005—2011 46, X BOR 277X
B A S T B, 55BN 2012—2010 45, KA E P I ARSCEUR B TR 0
TIREE ETF, BB A X o TE LR R

LSRR, AR R K RO AR, TR (RS MR E RN R S

CBIL R T IR (1 2020 EALIBM IR THKATAIR) A1 (] 2020 ERZEFIRTHKATINR) (KiBx),
http://www.moa.gov.cn/nybgh/2015/san/201711/20171129_5923401 htm.
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UL 5 HARBED X AR 2% AR R FA S

SEY L (AR AR S AR S PR Y BTN, 2004—2019 4E1E], = IREVEYARNE T 196.5
TR EIEFRT - 30.53 70. JEH, 2016—2019 4EA], = EEYNARNEES: 4 /£ 5%, i,
ASCATULAEHERT, AR TARRE =X, REEZ XA FAEIG KA AV RHER A
KK, MM FERRE /= XARBOR T R RRE .
F. PR HERE IS
(—) FUREENRBHAHIRIEER
FK4FIH1 ERER, OOREEF XA RIS E . R 4 FEIH 2 5145 5% 0,

e R B A B T SEBAOL BR85S REME Rl R A THEE R, BORSSRIUG T R B X E
0.064 2279 0.028, X Ut BRI USRS BRI AL AF 2I90AE,  RIMEEE H2 fHE. 34, K4

HREE 3 EIREIR, FRE IR BRI TC R, 5% Heckman etal. (2013) 1575,
A BRI SR SEIA MV BRI 52m RN, A2 B3 X Bz )5 ,81 FELAE RP AL
TR S AV BRI E RN G5 SRR, A 3= XA SCECR IR AN E I 56.28%AE B AL AR

BB SR
x4 FUREEZ NN HIFAREM R ITHER
RNV IR E FOVIHERL VRS
AR EEAR AR [E1J5 1 E[EP) [ 3
0 PR M FrifEiR 2 FriEiR

ORI 0.073" 0.009 -0.028" 0.014 0.047™ 0.022
Ol HIRZE -0.494™ 0.072 0.071 0.081
A 0.571" 0.258 0215 0.376 0.489 0.575
A i et (e (e
AT E R (e (e (e
B E RN ezt e e
MIEEL 630 630 630
R2 0.903 0.940 0.884

TE: @i 3 RIZOR 1% S%HEENERT @FERONE AR, @R 53 2 M.

AT ST IR, IR 7 X U oD . 385 A 1 &R 8o, 553)
TR I = BT 1% 481K ER2, HARBOTFNIE, W5 IR AN tss, e
TR, ST AN IR VT I = EASTRIHE 1%
Gt B, HARBUTRON, SIS BN IR R G 3 DR R 1 P R A AR

AR AMRIHER I HRAE FIBOR . 2R 5 817 2 45

B
202/t20220223 6389342.htm.

(o —S S ERESCE R AR ? ), https//www.moa.gov.cn/ztzl/jj2022zyyhwi/wijd_29031/202

CREERIR:  (EAR A FORRE L 2021) , https:/data.cnkinet/v3/Trade/yearbook/single/N2021120016?zcode=Z009 .
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fiEe ZRERS A 1 AN 2 S55RATR, WD 3™ X RRIGHE RN B 57 31 e i BN 53 K
1E U BARNERHE . BTN : B P5 i 2 BSE — BB, BRI A SRR BRI HERL
I By i e ANV R (S P S o Nl S 7oy e 12" SO ool ) i = i i 2 2. A P
BRI T7 21 7 1R RIS 8 37 X BRI RN 55 EIRBURI AT IR, 57 3 IR B
PEIXBOR AR BA R TR, B H3 4540k

xS SN SRR IIR B E P XA AR EU A T AR
ANVBHHE ANV BHGRIE
AR RAHRIR AR @ER: 5115 2 EIEE eV 4
R PNER O RE BER | R RRER O REC bR

B e -0208™ 0033  -0455™ 0065 | 0.118 0054 0233  0.109
IR 0214" 0078  -0914™ 0262 | -0160  0.108 0.162 0.268
BORRSTRT x 580/ | 0356™ 0068 1556 0.281 0160 0116  -0722 0.480
B EyaL 2 ARl 0.773"* 0231 -0.357 0.244
WORACRET % 55 5)) ) et% -1.389" 0317 0.649 0.546
P75
A Cupaihil Ll WEEH Cupaihl
AT RN WEeH CLgstil Cupaihl WEeH
A E RN Cupaihl Wikl Cupaihl Cupaihl
BRI ¢ 630 630 630 630
R 0.935 0.937 0.885 0.8856

TE: OF R 50N 1% 5% R OFERONFR AR, OfEfAcR 53 2 M.

(Z) BARESHIRARHIIIEEER

UKL B 57 51 ) TR A PR R £ 3™ X AR N ARANIE 78 70 $5 K, AR
MWEARBEE AT 0 HT, B AR RO e (bR 7 X SRR AE o

6 M1 FRER, BEERIAZEL 1%5ti K R, HAATHREOVE, SoREI™
DAHRBCRRE M HER & = X SR R . 3 6 [AlH 2 SR BN, BURSSRIASRALE 1%581K
T EOAIE, BT XA SRBOR RE IR RN, 8563 6 [ 3 A THEERAT AL, A
DXARREHOE S A UM AT SEID ANV BRHET T EIRAE T . H13% 6 [a1J3 1 AlEl)e 4 £5 5K mT %0, R
P X EHEE S ORI SRR R L IEIRAE T . BOREBED faR B BoRBEE RIURAL K
SPERAE, Ptk VA ESAEZEREY], KA E ™ AR RESON SRS BAAIERR M, JEHROR R
P X REER BB SO BHE, BB H4 43IE.
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%6 RS IHR B P XA HE R S A RE G T EE R
GBI MUK oV BEHIR BNV BRI
A REHRR =15 1 [E0H 2 EVEK] Bl 4
FH R[N FH Pz FH it ES (i

BT 0.183" 0.039 0.094 0.035 0072 0014 0.071* 0.022
SRR 0.041 0.024 -0.105" 0.025
UK -0.058"™ 0.014 0.197" 0.031
A ez Cupaihl CLfEtil WREH
AT RN cAz Cupaihl CLpstil Cupi
A E RN el Cupaihil CLfaEtil Cupih
EEL 630 630 630 630
R 0.964 0.942 0.934 0.889

T OFEOR 1% RE MK ObRERONFAEbRER; @FHALE 53 2 FHlF.
SHRARELHINENERRIEEER

7 EE SR TR, LROVHIEEETE 1%k ER3E, BHREOTMNIE, R EH
BRAEXS R AR B B IR, R 7 A 2 (SRR, RMRAE AR, IR
ERURZE XA K C R 50 . R 7 [BIH 3 585 R ER, SOBRIBEE 1%501HKF B
#, HAREUTFINIE, SIS EOEARIEERAOVIRAE A BE LR, MR, ReEies
XL ORI M IE R EFE K. BT S, SHOERIEE SIREHIIBEE L A A, 15

(=) ARgE

i, HIRREE SHERBEE BA D ENER, iR & 327 XA RBUER BN . Rk HS
13 LASSIE .
=7 FUREESRAHSIENERRIGIREME AR
GROFARIES MUK TV
A EBHRAR A EER [y 2 [ 3
M PRtz FH ERGAIN FH Pt
fROFARED 0.043™* 0.011
ikt 0.002 0.014
Ol E 0.782"* 0.225 0.031 0.190
P Wz e (el
SR E R ezt e el
B E RN Wz e (el
IEEL 630 630 630
R2 0.964 0.941 0.894

T OFFOR 1% BFMKT; @ObrfERRafEbntER; OFHATE 5% 2 HH.
255, VUL X BRI 7 37 XA B, (HE 25 BRI 1R P X AV AR HRI
SRR A R XA RBOR AR R 240X — HAR SR B, AP EP A SRR, o e
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XA BRI AE G2 I

MU I AE R AER I, AR 7 XA OSBRI E I U AR BRI, AT SEEL
TR T X AAMPIEER H AR, 5580 /IR R 7 X AR HERS B IR . 1A, HoRt
AR R IR B 7 DX 1 ke RIS E KR, IS AT S AR N XA
B X BRIRHESN AR AT BRI PHEINURI TR, IR RAE Saxtbo R AR
8, “HEZIBEAESRIUFEE, SRR I R (HBURINRE, fEEZR A LA
FIARAT “XUk” HARHIXELAR T, AR 3 XS O R R A U MR E &I . 5 FE AL AR
REFE T B AR B (VA b, AR R 7 X PN R IR AR AR B A B A R R A
F, CAESRAS S (R B N AN SR ORI, I AT, AR B X RO e it — 2
TRE, Al RSB T e th b2 I RO R R

o #E—Eiie

PAEMLURI I BTISAIE 7 ER AT i SR ) 4 DITTUBA . ASCH N ORI & 37 DHRBR 1Y
BRIRHEE RS 13 ARE 7 DX TR BRI ) 5 i

(=) REEFXERBERARRHHE SRR

ANV ASCRaRtEE) AP RE i efibh . (B, A2y, AL, A FISEM LU S HE
TR FH F P B e S BRI RIHE G, R & EE T2 7R I S AR S (4%, 201D) .
DRI, ASSCAHAE it 58 S AT LB FH SR EE PR AN T, IR TR B 7 ORISR Rl R A i
R HIH 1 48R R, WA R DO ALt A 55 EEA A2 2 BB WALt b ™
DHIRBUR S BRIHRSN 1) — 26 B84 32 8 [AlH 2 G5 5REIR,  BOLKRE 7 DO U F 5 A
KBVRZERON BART, WE 7 DOHREER SO BRI 12, 208 BRIt 5 5

T EA U F B
<3 TR HHE S EERISAMREYETHER
ANE AR HUAE
A REHRR AR [ 1 [y 2
FH iR M RN
TR e -0.035™ 0.007 0.036 0.029
Gl -0.362 0.223 0.020 1.026
P e Azt
AT R CLfasthl Clgsthil
B E RN CLfasthl Clgsthl
PURIUTERA 630 630
R 0.928 0.943

P O 30R 1% R HMERF

Qb EbRER; O E5R 2 M.
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(Z) WREEFRERBERRBHBI N X 7 B

NG IRE 7 X ITBORAR, AT 13 ME RENAS B 5 BURSS RN ) = B A TRIUHE
—[EA N, ASCHERITAE AT, 18 NMERE T XA UM AT, Bl RERE e
NS 2 [0 2+ [ 4 fRBF—3 ARl 2R A BN BEJR, ASURIR
XA I B WL TR AR, VEOR. 2. VIP. Wb, WIE. DU )EREUH R Ak
i3, BEAGE] 13 MRE BB, B 6 B 1 13 MR S BRI =&
LI R I R HUETHE (CARBHEBON R R .
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Iy 37 IR YR, Wil 5 ME O IBERESRIES T B2, RO E 37 XA BT,
W LR IO WHE S ANEOAFEAE B B HRN”, FRAENRIE T RIS R . BRI
HRANKE, WD 3= XAE LR BRI 8S  i,  AERRRVE, VLR, 107 3 MME BRI,
w2z, EEHFEE (2014) PFFEEIREA—E. S5640CL 0, HaTRem IR RS B AL 7
PR MR A I SR, EE AR B B e LLRFIV LR MR B 7= B i BRI P R R Gk
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SR R S AR A
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The Impacts of Scale Management and Technological Progress on Green
and Low-carbon Development of Agriculture: A Quasi-natural Experiment
Based on the Establishment of Major Grain-producing Areas

WEI Mengsheng YAN Tingwu LUO Sixuan

Abstract:The report to the 20" National Congress of the Communist Party of China defines the major strategic goals of
accelerating green development, advancing rural ecological revitalization and building a beautiful China. A green and low-carbon
development of agriculture is the inevitable choice to achieve this goal. Achieving a win-win situation of “increasing production”
and “reducing carbon” is the meaning of promoting the green and low-carbon development of agriculture. In order to reveal the
mechanism and path of agricultural carbon emission reduction under the pressure of increasing production in major grain-producing
areas, this article uses the provincial panel data from 1999 to 2019 and takes 13 major grain-producing areas established in 2004 as a
quasi-natural experiment. It empirically investigates the carbon emission reduction effect of the establishment of major
grain-producing areas from the perspective of the synergistic effect of scale management and technological progress. The
benchmark regression results show that the establishment of major grain-producing areas has significantly reduced agricultural
carbon emissions, although it has increased agricultural carbon intensity. The mechanism analysis shows that the establishment of
major grain-producing areas can achieve the carbon emission reduction effect through scale operation, and labor transfer has a
regulatory effect on the carbon emission reduction effect of the establishment of major grain-producing areas. The establishment of
major grain-producing areas has promoted technological progress, thus achieving the carbon emission reduction effect. There is a
synergistic effect between green technology progress and scale management, which strengthens the carbon emission reduction
effect of establishing major grain-producing areas. Further analysis shows that the carbon emission reduction effect of setting up
major grain-producing areas has been mainly achieved by reducing the intensity of fertilizer application, rather than the intensity of
machinery use. The regional heterogeneity analysis shows that the establishment of major grain-producing areas in Shandong,
Heilongjiang, Jiangsu and Liaoning provinces has a stronger carbon emission reduction effect. Therefore, the study provides
empirical evidence for designing the mechanism and optimization path of carbon emission reduction effect in major
grain-producing areas.

Key words: Carbon Emission Reduction Effect; Major Grain-producing Area; Scale Management; Technological Progress; Green

and Low-carbon Development
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HUGHRAFEAR Z4H, SB=FE, RS AR 2 PRI D MEART, et FeAtt. fEry
THEFN, WE RESNREARRFENLIERR0~30 4 7, SO R 1 3R 2, 3HiHeEes0
FIREARA

AR )35 R B SRR A 045 2 = AMARRHERLR 2 R EERFE, AR P R A ARt A L, DA
FA PG ERER AR AT NS B, BREO N20214F . BRI AL SE 56500, BIER 0 Hols
BRI GG, REERNE220, MEH R HN95.69%.

(2) TE%EF

1AABBT S, SECHIR CRESE, 2020) , AR RN 2 AT G
R S SRR AR AT N o BRIt P S PR R R At FH D, A A el
B . HELOACAT AR L) PR — R REEOR. RIESHEdE, S EREY R
FHE L) 2.6 1%, RN 2.5 157, AR . M T AR e, S5t &
FAAEI G L . — R R, AICES M APT. HaT, FREAVIEZEITEIE/T2 7000
LT, SEBRFIFAAS AL 40%°. fEAOl AP B BUC R &, RO AP R B B A
i (GRHEEE, 2019) .

QSRR E . ASCHEH R APPY CRPZREEHSERMER AN APP) a3y
) AR SERFMEE AN APP, BUEN 15 RZ, WHUER 0. B4, ASCTEMH “APP
AN CRPTFRER AR APP MO R “AS " CRPURE FGESERFER AN

R (BeP: RBHEIRSSE RV |, https:/www.cnr.cn/sxpd/sx/20181114/£20181114 524415246 shtml.
R 2021 SRR AR B T (MU 2022) 5 htp:/tij.shaanxi.gov.cn/upload/2022/7k/
indexch.htm, 2021 FAE LA EEHIRT (PESHES 2022) 5 http:/www.stats.gov.cnvtjsj/ndsj/2022/indexch.htm.
ORI B Z X A, F— AN 2R AK, O T B PRV E AR A T e
Hz—.

R R TEIR (B 2020 EALARGEFH B KATEIR) 1 (B 2020 ER 2 R E M KATSN T
%) HEENY L http/www.moa.gov.cn/nybgb/2015/san/201711420171129 5923401 htm,
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B ) SRR

ARG KRR, DA TS AR g S . AT BRI Ay i e,
HNEL D MO A B AR P FHBORHES APP FIA DS IR U B 5T HE) . AR &5 2 T 5
T, HARHE APP FIAASVE BT I EZ 7K, AMRERRAE Ay, e JaR, i Hag
RR PN ARG, AR EEH N (Oyinboetal., 2022)

3PAEE. T RSO AR S T EISA U 08T, A SCERER AR aREA
SR AR AT ARG INEIP AN ZTH . Hodr, &P SO AEEAR R AT AR - BT E.
AL RFHE. AEVRER AR R PV ERER MR A S RS AN 258
FRINGD, FELE ETE AU RN IR ? 7 A YO AERE S ARMION
(R 2 7 PN IRl AR o

AR LT E. SHECHMI (Arounaetal, 2020; Saitoetal., 2015) , ASCIEH T HAhgzmAk -
WHERERIRZE, ARG EFE . PR P EZEEFR. PR ZEAD. FEER. &
B, HARREtE. ARERE . RRERE . HIEAES). RN, AEAH R AR, ST HbIX
i, ADEBHEIEASIE, WE A S M EYHIX AT,

AR UG RIRES T R 1. AR 1 AT, R S RT3 R P 1 e S A MRt FE 2 FH 2
79440 76, EMALHIEA 79.84 T, FEAK b, fEFISESRFMEEORIAE ™ APP A7 (AN

26.8%:

*1 TES NSRS
AE s AR AT A ORIRE e Nl
WemrrAs | mIIEHFEZA | 2021 R ERA T EIEILER S O 794398 479582
& IR RE | 2021 R ERAEIMIEERE daliE, T 79.843 43482
- B {fH APP PR RFIMERANET APP: £=1, %=0 0.268 0.444
- APP /ML R PEFE R EEARET APP AN (D) 0.584 1.234
ARG R RBRIENRFMEEANE ARG 2=l F=0 0.378 0.485
[ 2021 A4 PR R AR R R (T30 54973 201.033
FmANUE 2021 A PR R R AV UEEAE (T3 459832 441335
KK 2021 A FERAF IR KB AE (T7D 625235  1341.971
AR AR 2021 AR PR R YRR R (T30 84.837  180.737
AABGETNEN WA RS SRR JEEaA=2, AR, BER 0.892 0.834
Wi=0, AFll=-1, JEHAFI=-2
LRGN HAERE ROV JERAR=2, AR, AR 0744 0.840
Wi=0, AFll=-1, JEHAFI=-2
AR FESERRERS (3 54.120 9.565
R JIEM: B=1, =0 0.939 0.240
R | FEZHEFER | PEZEREREE TR 5 7.805 2497
R FERBIERRIRG: =, RB=3, =2, £=I 3.143 0.910
EV:INE FRENOHE JO 4235 1.604
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B ) SRR

#z1 &
FifEZLS JIEERAEAERR () 24.730 8.970
ZEERL RPERFIEIR (B 16.490 15.990
HpGE AR PIERFMER R (B 4435 16.630
Ll s LAERPER S =1, =0 0.804 0.397
R A PRERAEHELE 2017—2021 SE52 R IEL (O 3.564 2.089
e i[uya) SERE IS =4, RB=3, =2, %=1 2.605 0.878
FARAN 2021 2RI A SHETEIEBANE: =1, F=0 0.019 0.138
B KPR NEERRR: =1, =0 0.240 0.427
)11 RGBT =1, 1=0 0.185 0.389
I KEPRERETE)IE: =1, 5=0 0.148 0.355
Syi€= RPEGETEKE: £=1, =0 0.185 0.389
B RPEGETER: &=1, 1=0 0.148 0.355
TR RPFEGBTERE: =1, 5=0 0.164 0.371

TE: a M RRE AR LT TR TR ™ A 2 ENG AN IR R . A AR P SR T A o A Ll
WRRRE, E A SEARFE IR S EEY 100%,  UMEHAIDN TV R 7, AR RIUE Y 1, TRIHUEN 0.
BEAh, AR T ARAE I SERAAESOARIE " APP (A4, A FSERFESORIE APP B4R B
T FH Bl A B A, IR T RE B MR RN . A SO P REA AR P R T BT
Jite P 5 AT R AL At P A ¢ AR, S5 SRR DU FHSE R SARAE APP (A R B ALt 5%
FRT S A it FE B 0 2 I T A S SRR A APP [F

M. EVFERSHH

(=) BT R PR EREERIFER

ASCE TR GHTHE IA AR e B o B RS2 1 bIX [ e RN, AR
PERRIRS@bRELR, IR RAIR 2 Fin®. MRAEMETHEER, EIHREANMARRHE . SRR X s
fiLja, R APP 27 1%40 /KT EXTA ™ R ATt A 9 P AT A S AL B A 8 A7 s,
IX R AECTAHE R SR P A IR, Bt H B LAISIIE . 3X — 45 RN SR AT ReE T~ — D71,
B A B TR X R BT IEEOR ) 7 ERREEATATIRRRE, (R RIS CEIESOAR, i
ARTSLOUALIRE; 53— 0T, e mE mReR . SAUE R SRR B E S
R GEGF RGN SR IBIREN S, ATTA AT SEI T .

CPRTRE, RIOARARSIL, BOGERIIEE rE g e R
CATOH P AR SR E A R R R, AR B IRTRE, FIRSEASIE, B
Ve AR g A R R A
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B ) SRR

*x2 R Ik PR E B R 5ER
A 2 RS AR FH
A RIRAA R 11 [l 2 =)= 3 [l 4

M Ptk 3 itz FH PRtk FH itz
E{EH AP -0296™ 0066 0284 0064 | -0421"" 0075  -0404™  0.073
JR AR 0.002 0.003 0.004 0.003 0.002 0.003 0.002 0.004
PR 0.021 0.106 -0.044 0.106 0.111 0.106 0.090 0.104
FEZHEFR -0.002 0.011 0.001 0.010 0.014 0.011 0.016 0.011
VRER(E1 -0.042 0.029 -0.047 0.029 | -0.089™  0.031 -0.093"  0.031
FREAD 0.004 0.017 0.005 0.016 -0.012 0.017 -0.010 0.017
FitEZ 0.001 0.003 -0.000 0.003 0.002 0.003 0.001 0.003
ZOE -0.004 0.003 -0.006™ 0.003 0.003 0.003 0.001 0.003
AR E 1 0.003 0.002 0.004" 0.002 -0.005" 0.002 -0.004 0.003
Ll AR 0.125° 0.068 -0.019 0.074 0.057 0.069 0.017 0.075
SERFEE 0.005 0.012 0.003 0.012 0.004 0.011 0.007 0.012
B -0.023 0.031 -0.024 0.030 0.019 0.033 0.021 0.032
HARAN -0.227 0.229 -0.200 0.222 -0.135 0.191 -0.085 0.189
Gt -0.110° 0.061 -0.046 0.064 -0.026 0.059 -0.021 0.062
FINIE=] 0.270" 0.084 0.116 0.081
H)IE 0.330" 0.092 0.094 0.091
FIKE: -0.066 0.084 -0.110 0.081
B -0.022 0.096 20282 0.106
IR -0.102 0.094 -0.057 0.091
TR 6.572" 0.276 6.615™ 0276 4.149" 0.276 4264 0272
WA # 622 622 622 622
R 0.070 0.121 0.111 0.146

VE: D, e ISR 10% S%F0 1% Z MK, O AR riEis.

(D) AEMAME: TRTESE

A SCRIEC ) A BB AT 25 RIS, (ERIZAE AR AT RS2 I N 2BV 1] R
SIAIRIR A AR AN R ] RE S MR S FHSE R A IER AR APP,  BIALAE At E  A
R RESET R TR A SER PR EOARAET APP, AT S [FIRIER I R P s LB e, FIRES
STt A MBS AR EAERL, (AR R S RAMEEORHE ™ APP Z2 30 HEAEEAR . Ik, AR
B RRAAE R AT e, Rt AR B ., TRl Fir A S P AL IEER R R, Aot
R BRI PR AR (AR, LS IE T R ROAC R (IR S R IRe . A
FIERARIKT) WA (S FSERAEEAE APP AT NAMLILIREAT Y, SAREHRRIE
AR ORI N AR RS, LEAh, A SERFEEOARME APP (AT 8 SN AT AR ]
BEAFLE RIS RS ) B 2635 ) L

e
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B ) SRR

2% Kolko (2012) [MeE, ASCEEAR ) PR TR TR R - = B H APP (1T
BAFE (IV) o R RPIECHE F2 R A PR - 2 B APP 2 LR 2 R B BCA B EE A3
32, RSP R SR P RSB APP SIS, — AN PR FEA e, Ui
IR B, FLIRIA R ey, 2R (RSB ARHE ™ APP SRR
b, 2T RAR S ARSI SR HR, AT HE T AR T eI SRR 5 B R R
JUSERAE VAR SRR PR . AR — TR, A DU A — @45k &
WACKEE . ARG S BOEL, AR RS, (5 EERmiREE=, R RSO
FENEEARAKFBTE ST, WA A EIRE AV A RAR . ZREOFEICEARE R, AR T SE AT .
TR P TERRMIX AT E . AFE R IEIREBCE ST I R EREHE, &FFKE
PR, Bt TR S, BRSO SRR LT . R P AR R X A s S, K
FESP R R R AR ] DALRIS Y & T HAR S RAHOCERAMAE 2 0, R — AT A &

T3 7 THASERASE R . HE—FrEREASE R 5, TR SEENERELE 1%
ACE EREIEADS, M HA RS S T (Kleibergen-Paap rk LM statistic) p {E/NF 0.01, R
AT AN AT BB F {68 55.99, KT Cragg-Donald Git- &I FHE, WEHIAAESS
THAFS R, B3 2 FIEE 3 5 T ZFrEemDags i, LA, w2 A a5 e
Jite FH R 3R B80T TR R KT S R R 45 SR — 3. X AR f ) T R AR A s o A e R
B AR A AR BT B R, Bt H #E— AR 3500

*3 B R PR ERY TV-2SLS fhitEER
FE E ]
A RERARAATR A HH APP RS 2 RIS
515 1 511 2 [E) 3
Je i APP -0.500 0731
(0.203) (0.192)
ISP ) R 0317
(0.042)
I 0.387" 6.721" 4425
0.170) (0.290) (0.282)
P CLfasthl CLfasthl CupEl
FEFHE 55.99"
Kleibergen-Paap rk LM statistic 42.448™
MG 622 622 622
R 0.102 0.105

T ORI 5% 1% BB KT @FE S FouRatehaEi. Oz R 2.
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B ) SRR

(Z) fRfgren

NG ORI RURR, ASCRAIAR ™ APP AN AR S MEREE R R, B
XSFEUERHSE R TR A A S0 . 3R 4 TR T APP IR A RS A TR RIS . [31)H 1
AN 2 AGTHEE RS, APPSO AR i ALt FH 2 PR R 2 At P B2 A B2 D Al
Wi, X5 RIEFFTREE T, APP AN ECE IR B T 23t TR CUBIEEOR, AHI TSk
NEURE . [B107 3 FE]E 4 A5 THEEREIR, A SR A AL B AT AT ATt s 7 A
F AT SERFIESARHE AAT REFFSAAR T HEASERAE BRI E R, i O SRR
UG SRR USSR R ATTSEBUIEIRE . 2% ERng, Seiey e EETr
Ja, U EIREE K IR R RORAEAE, i PUESARSCHAME A 5 R AR

4 W MK DR E AR M IR EFER
ST——— EBMERZ  ESEE R e e E
[l 1 =14 2 [E10H 3 =1 4
APP TN -0.080" -0.128™
0.042) (0.041)
AVASE) -0.137" -0.127"
(0.059) (0.056)
A 6.509™" 4.120™ 6.516™ 4.102"
0.278) 0.272) (0.278) 0.273)
P ezl el ezt Wk
MIfEEL 622 622 622 622
R 0.107 0.129 0.097 0.090

TE: OF, BFI RN 10%, 5% 1% REART. O SHosfafdbneiz. OfHA R 2.

SRS, NBAERT A ARAR i E, ASCER BB mE, RIS BA R R A A1

BRPFEABORIFEALE, DU AR @ MG . (A1 J45 SRR 5 B [ 25 R A3 (U 5 )

x5 B SR P AR E AR ElALER
S - AT 2 S
ELER 15 2 EVEE el 4
R APP -0.315™ -0.294" -0.419™ -0.397™
(0.069) (0.067) 0.077 0.075)
Vel 6.577" 6.675™ 3.997" 4.160™"
(0.287) (0287) (0.280) 0273)
PR (e (e (e (e
MEEL 622 622 622 622
R 0.073 0.127 0.113 0.150

T @R 1% BENMKT. O S HORMEbaER. CFEHIZERZR 2.
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B ) SRR

(M) {ERMHIETE

FIREVAZE R R, B ) A AT B R, P, B E
TR =AM ? N IASONB B, 2 AR S BT HET (R A ek
IV E L

LBERBEARZE . CHFITEYN, SO S EAERROCR (HREME /NE, 2018) .
AP AE =R, A RIS A NUIESESR OICR S, BRI L. HAAck
b, —J70, APREAM A= AR R OB SRR BSOS R —T7TH, EMAEKTR RS
it EE R R 1) P (R it FH i () CO IR A JE o B HE ) G P O A = RS B ANGTFR,
FERESROTEIEEARE R, PRIRR RS 2T I, SEmif A ar e EoR TR RN TTRRE, {2
fEHCR SR REERoR, SEOLIEIRE (Dengetal., 2019) o [Kit, MIERE EHTar DA, $ordE
i SR P AR SRR ATy, AR IR E . N TRDE R B /Ao e DASGAIE .

FHEERIEL 6 Frm. MEIH 1~4 SR UG 1, FEESHIREARMARHIE . ZURERAEAII X
fEJG, AR P FSESOME ORI APP MECTT I F s A UL R KNEFI YIRSk o ekt &
P BT ER, SRV FSE R AMEEORHET APP (154K R SR AR, AT Ak e
B ASCHRH SSVEARTT R AR KA 22 7 Probit YA 7 Probit BAYHEAT[RIH, EJ9ML
fl AR RS, [RIEEE RIEA . Rk, e Reimd (bR PR ak (i IERoR R 1L
e, Bl H2 73 DASSIE.

o6 B SR PR E R EREIETTEER
) BB LYEERIN I PV
AR N — — " [ N
P Iyl r A B e AREEL AR B
[ 1 ELEp 1= 3 EIEE} EJER EVENS
A APP 207.764* 97.705™ 1131.418"™ 202.089*" 0.633* 0.379*
(123.138) (48.624) (358.134) (44.283) (0.065) 0.075)
TR -3947.207° -53.656 -1320.993 447647 0.255 0467
(772.585) (230.330) (1809.575) (224.533) (0.320) 0.327)
PR sl Cugsihl gt Cugsthl Cugsihl Lt
AL 622 622 622 622 622 622
Wald 5528 50.42" 49.84™ 69.56™
R 0.205 0.133

e @F, SRR RN 10%. 5% 1% RE K. OFF SO ErrER. OBRIEERRE 2.

2 BiINFa BT o BUTHE) RS AR P ARG A G N — T, ) R TER S
SIRBURE, R TE Z@E 1 I St 4 IR T AR RSk B, S
RPN, AR 53— 7T, He e SNk ot Se e R R AR T = T,

CIRT RS, [RGB, OGRS B R R
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B ) SRR

Rt P T A LA 2 AT AR ) 25 AR IR (S 4% (Campenhoutetal., 2021) o #(
B FERG T D R m R SRS R ARG, (R . N TREIE A4
HNCABRAIE

L5 R N2 60 A 5 FlEIT 6 (L5 RAT LR H, FEREARAMAREE . SRR AEATH X
fiEJ&, A HFISE SRR B APP A6 525 H At I IR B2 AR G AR A, (eIt
AR DRIk, {3 H3 13 LASGALE.

() BEMMT

LT 5RPIERE: £ THFERE T BT ER MR TR N A BRI
BEAFE, PUEGRHEIIFREER. EE. BAEE. SREENGEESR. BAmNS,
T RIEM S MERIEA R A G T8 B RS DL R AMARRHE BIBERA ACT 3L
. DRIk, T SCRELEERAASE P 75 SR ELIR N 2 B R AR P B T B R, TR T RS SRR
PR EIANRI A 2 AR

BT XA EFEAT N RSB TR P BB P A 3R AR SO R AR AR 7 % 1) 4 v
OB NS CRWBARIIRE FSiRG 28?7 MRS, A AR SR RS
PPN, RS RWE 7. 27 A | FIEIE 3 (g5 5k, 2T APP XS4
AR PR SRt P 35 PR Ry ALt o 503 A7 v S B A6 F B0 i 1.52 F12.01,
RUPHCTAHET S 2 SRR P A ST A P AR IS A E A 22 5, K o ST AR O
WA K

x7 W AP HiERE: ETRFEFERM
AEIEE A 2 TSI FH IR 2 TSV
A REHER [ N (152 sz K2 | e E RERN | m R (RE
EAN I AR AR AR M M I HEE
[0 1 [l 2 [E1)H 3 Bl 4 [E1)H 5 =15 6 [l 7 5104 8
AR APP | 0302 -0.197 | -0428™  -0378" | -0319™ 0.003 0405 -0.595™
0075 (0.139) | (0085  (0.148) | (0067 (02000 | (0.075)  (0.253)
gl 6.801™ 6424 | 4501™  3.999™ 6.444™ 6.870™ | 4.076™ 4335
0347) (0464 | (0372)  (0434) | (03210  (0504) | (0312)  (0.587)
PR 21 I ezl e e e CLgasthl Clpasthl

VR RIS R L B L3125 Y. Eshet-Alkalai 32, J5 1 Paul Gilster 75 1998 4EHIRRKIZE1E (Digital Literacy) H1I1E
P, IR RITE SO IR RE B SRR RE /), SRR T RORME A A TR R B2 (Gilster,

1998) o X—MEESERZ 2| EPRE RS2 (International Federation of Library Associations and Institutions, IFLA) +
LB AR S R IEHZ (Organization for Economic Co-operation and Development, OECD) . S:EB:AE B RS 4 (Joint

Information Systems Committee, JISC) Z5[EFrZHZLAH .
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B ) SRR

=T ED
IEEL 394 228 394 228 513 109 513 109
R? 0.155 0.132 0.170 0.192 0.139 0.257 0.154 0.250
ARKGISF Gt 1.52° 201 1.69™ 1.32
0.077) (0.005) (0.036) (0.182)

e @OF, #RFP RN 10%. 5%A1 1% REKF, @FG S ot gbrttiz. O FE 2.

BEAh, SRR, DLEIBM R ANE BEORIE S 13l =3, SR e g g e
CRAKIESE, 2019) o [FNF, BRI BT I Y, T DA AR A 5 3 AR oR
HE™ APP. AR EEAN ELAN, BRI N2 SATEERREDR, 2 RN, AT S
. R, ASCHRAR Pt “ B RA 2 B2 7 R, KREA S i B B A
IRE I B M A 2H D, S5 R K 7.

27 B 5 AR 7 MgE SRR, B = B0 R B S AR P e e B P AT R Y
AN F AT 2 T n e . BERLARKTEG: F Gitt 2000y 1.69 F11.32, FREIECFHE 0 i ELIB A 2L
PAEAR IR ELIR B A P Ee ANt FH 2 P RO SRR AEAE 22 53, 56 v ELIER TP ER AR P PSR B K

BT BRI, ASORIIAHET B R TR BRI BT A B TR 2 R m AR F 5k
B . FTREMYREIE T, SERFIERAIE APP 2 EbES SRR ILH =4, R RERLE
—EF R T R IR, ARe T I HE SRR RARHE T APP SRECEMMEME S . RPHTHR
Tk, HASZHEERYIRE R, BEEMERFMEREARIE APP HRHCE Z ARG R, (b
NEYREE .

2EFH); BERAMIERE: KA TARTAE TR TR AARBLH 2 2 & TR
REJ1. — 7, AR BEANR P IRAEE A PR, PR S ERURE, (A G A
SRR F3—T71H, AL BEAHIS pE 2 2 SO AR TERIRIAE S5, 224 ] B i S S A
FORHET™ APP 27 ) St e A A AE 7 2, A P S S SOMERORHE APP SR 8. (A,
ASCHPEAR P T IR ABEIE, KA mtt S SRR S BEA P g2 R, 8]

IHEER WA 8.
<3 W MK P UERE: ETHSEAERM
I 2 R e
A RBHRIR A S RA AL AR [ERERA ((IFIRAS AN
EILER [ 2 EIVEK =15 4
S APP -0.329™ 0221 -0.387™ -0.387"
(0.092) (0.093) (0.093) 0.116)
Gl 6.392" 6.720"" 3.920™ 4.408™
(0.505) (0.338) (0.502) (0.324)
PEbAD (W (el (e (e
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B ) SRR

=8 &
IfEEL 249 373 249 373
R 0.185 0.113 0.263 0.103
ARG F SiitE 121 125
(0.238) (0.238)

T ORI 520 5% 1% MK OFF S dbrig. GFHleaF 2.

R 8 MLIRRY], B Wit S B P ANIRAL 2 A B B AIETE ] 2 AT AL e
TR B2 REan, X R AL 3% 7 R R R B VAR PSR T A 22 . ST
FRALARILS: F Geit @l 1.21 A 1.25, RUIECyHE) et 2SI AR AR Uit
R RE 25 . PTRERIRIE T, Byl SR s sUMH S A (it st A 52
APP 58) HISGIEREEGR, AU EA S TR LGSO AR NS, e 5858
FRREFERIXTEAR,  BOREA I THE AN A2 GEAA P AT R AR 22 57

3T BRI E: RTEEAEE . FERIMBREENRRE, RS
FEERIH, TR, BURKMEETIAERE 225 S5/, B E R SRS G0l
PR R EEFGEOR, BRI TS m A T, A S TR By, SEOA T
Bk, SO (FPREE, 20200 , ASCHAR ) QE IS AL ECREAEAS 73 A AR AN
PRALEITIEIE,  [BIRZER IR 9.

*9 BFEEr MKk ibRE: ETEENEERM
RS 2 BRI A e
A REHRIR AR Hs R FRL IR
[l 1 [ 2 =14 3 =15 4
A APP -0.282"* -0.238™ -0412™ 0371
(0.080) (0.113) (0.087) (0.138)
el 6.662" 6.648™ 4278 4357
(0.382) (0.406) (0.386) 0.427)
A ez e e el
EEL 376 246 376 246
R 0.148 0.150 0.154 0.178
4K F SiitE L.64™ 0.97
0.037) (0.499)

T ORI IR 5% 1% K. OFF S dbriR. GFHaEFZ 2.

RO MGIRRY], B R AN a7 2 ALt 9 AT T B It I B B2 47
[N, SR AR IR ) S B VAR R RN PR AR 22 5. BRALARIG S F Sit- &0 A0 1.64 A1
0.97, RYIECTHE XAV B BN 2% IR AE g 22, R B A At
FBRIRISZMSE R, AR A A AL F B (R A BB 2 5
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B ) SRR

Ik, ASCRIET O, B A BT I SRR . AT, AT
FSIEHE I, By XA FAR ) AT AL S P Ao = 5 B . AT RERBRIAE T —T7
i, ARECT /N, B S BAE B, DLSRHURRA. MR Aol A= N, Tk
NESBNSA; 53— J5TH, B XMOIERREER, fILRERIET 7 B BRI, Abi TR L
AR A PAFEARACACYS, ITFEARACACBN A

I SR EBERET

TR I A AT R R, SR, AR Bt FH i A0 ) R B 5 /K5 e S i S A
IR, U T R A, AR AT RS R R . AR 2021 FEBEFEASER 377X 622 R
FOPE P R SRR, RGPPSR R P A IR R S A E AU, SRR X — R
HFETE ARG E A F MR 2 5

A EERFAGRAFELLR 3 AT H—, FMERIASRRY, B A B0
BN, EAEHIARRE . IR AR NS HAB S R R BN, Bt A e
RBLBEALE RO 5, HURIHTERM, B auid (R el FoR S R R . sk
PR A SRR AN R A, SR . 55—, SR MR IRARE,
— 7, ST EBMERA T, BT e R IR B BE RN, T &
FER PR 571, W TR R, BT m A R IR AR A R AR B
o WEEFINARE, e RS w0 It 2 FH 1 7 ] s e B B X o
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Digital Extension and Farmers’ Fertilizer Reduction: An Empirical Analysis
of China’s Major Apple Producing Areas in Shaanxi Province

MAOHui LIU Shuwen PENGPeng YANG Zhuoyue

Abstract: Fertilizer reduction is an important measure to achieve sustainable agricultural development in China, and digital
extension can provide farmers with personalized technology extension services at a lower cost and faster pace. However, empirical
evidence on the impact of digital extension on farmers’ fertilizer reduction is still scarce. Based on the survey data of 622 apple
growers in major apple producing areas in Shaanxi Province, China, this article analyzes the impact of digital extension on farmers’
fertilizer reduction and its mechanism. The benchmark regression results show that digital extension has a significant inhibitory
effect on the cost and amount of fertilizer application. This conclusion remains robust after a series of robustness tests. In terms of
action mechanism, the results show that digital extension can reduce the cost and amount of fertilizer application by encouraging
farmers to adopt green fertilization technology that can replace traditional chemical fertilizer. Besides, digital extension can reduce
the cost and amount of fertilizer application by improving farmers’ awareness of the ecological and economic benefits of fertilizer
reduction. Heterogeneity analysis shows that compared with farmers with low digital literacy, digital extension has a greater impact
on fertilizer reduction of farmers with high digital literacy. Moreover, compared with small-scale farmers, digital extension has a
greater negative impact on fertilizer application costs of large-scale farmers.

Key words: Digital Extension; Green Fertilization Technology; Farmer’s Cognition; Fertilizer Reduction
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SMIRSSIIRTSE T WFFUARH U E AN A AL 2 R 55 AR IR o

TES—HrBeh, AR RN SRS TSR R — e a8, BT LA TR U &
AU A ARB UL HOIR S TSR REN, B SER ] Logit BALRITOITL, BATEALIT:

CTEEAR T, AZIANIIRRR SRRSO BRI, 2018 SEIZSERRAAR BO “CRHLAIEE AN
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Y, =F(X,,X,...X,)+¢ (D

P
1-P

Hrp, (D AOWERMERL,  (2) 2SI Logit /a8 Y, A AN AL RS 7T
Bk, P NP EZRIRNASWIRSIINER, X, X,..... X, A AN RS rT A
n BRE (BB EAEEEE) , & NBENLITII.

NT GHREATREAFAE RN AEPE RS, AT Katz (2001) A1 Coupé (2005) HIRFFRER, i#—
SORIEE SR E 20N, Logit #7 (Conditional Fixed Effects Logit Model) #FFUARHUIE B AMUSRF-4 A
BRSSP e, DMESS SRR BIIR ). AR T-15 4t Logit BB, 25 E RN Logit A54Y
WORT S SRTRT IR, EAT RIS 2k — B REAR R, (ER L0 R T T DA AR 8] ] 52 %
JE, ATV R T i B R AR S R A AR IR, BRI, P RAR ARS8 Logit BEALIAREMERRSS .

RN AL AR SS PTAS PR T LA b, ASCHE— B S R U B AN A P AR LA 20 R
5 RAFFNBLI M . {5 %6 Barrett (2009) SEMIHGZ:, A SO FULE AL 0 ) ] 58 RN, a2
AN B ST T A A A AT S5 B P AR L A A BN T2 A PR RF I AT SRR SE2ME) (A 2012 4R AN “ 2240
TP 3] “AMIEHL” AN AR, FTREZRTEE R A5 ) RGN AEPE . BRI

In(

)=0,+BX,+ 6, X, +... +B X, @)

In(y,,) = a, + a,subsidydummy +0Z + o, +y, + €, (3)
In(y,,) =In(subsidy) +0Z + o, +y, + &, (4)

(3) A, subsidydummy NEIERHIGEAMEAIRER ENAE S, @) X, subsidy X
AN EANGE; Z AR EH, o) WFEBOR, o My, 73 AERAMATI (B[ 2 R8N, &, &
BENLTHT. 25 &SRl H AT BEAEAE R 7T 22 S P HAHSR IR, AR SCR A R T 70 4T o

(=) TEiA

LEZERR, (1) PERARRE: RYAESUIRST AT, A ARSI, XA R
Il SOBRAR S I PRAF AR AL S IS5 A AR P IS RAS AR B LA S IG5 7K« AT e e riiia
RMWAL AR ARG T LU “HURIEL SR (FBbsidRey: AR AN U TS I 5
F1D KR, BB I EAEIAA G U E L 2% Ao TARBLAL S IS5 AT A2k “ il
WL AR AL R, BARTIS, 27 “HUELSR " KT 0 WARN AL AR rTS
PEEC 1, BWEL 00 B TR RSN, ARSCELERRFIE HPH A ZIHZSAE R T ISt F o
HObs, T ARfd s

() B fREAR B AN UGB AT RN EANIEA. IXH AR 7 S WA R R AR
WU E AN CLSA AR E0E. 7E e i, AU EAMIEETAT AR “ I B A
HANLEANEG” REoR, AU EANETAFEN A “ N BTN EANG” (R B HIREER
s B Mg BAEHAARNLEAMNG” KT 0 MIARHUGBEAMIERTASER 1, S 0. (HARYE ARG E
ANUETRVRR R, SRAFHMUG 4R 8 R E AN AL S IR S B 7, i AR i SR e ks
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MRS TR, ARG AR IR SS Z ad EARMA S, 74 TN “TER 2" BLE,
BE, NSRBI 55 IRIERAG 2 52 B IR AR A P AR AR S 2R i . AT, X
NI R P PSRN IEEANE , S AE RS e, X80, ASERNEZ S
JRT I W B AR AN LEANY” A B AU A A TN DA AURAE — 5 DX AR NI RS
L. BARME, ARG ERTEET 1, WARNUIEEAMNEPER 1, S 0. KYUEE
ANUTEIDIN 5 O E, - T RERSIEIS AR S A BN AER PP AN RCR -

(3) PR ZFREFAN A LEMHmA. KB P FEEFEBON RIS
JUEAERE . SRR AT EARBIE SIS ek A2 E T, UeE o7 sh s,
LAY B EE B 57BN AR, ARWITUESE 1 B 57 3 I 8Um LAzl AU 2
Aol ZEBIERS, HukRz g BHbmR (BOEo Mg HRtREom s, AT SRR
Mg XA Ut AR S5 (I SRR, B AASSOR X E AR ION. CROG SO i 742 3%, HREEY
X TG EINURACREEE R R, BT DR RS R IR 5 B2 P ARl P SR
PERBIEINEIL G 7 2RSS, MIREDY 1, SRS 00 287 FAMARE R AT GERTAL
WAL AR S5 O SR FG A5, Az BEAh, 83 2012 48 K 2 J WA B AN H “ %
IAHL” RN RAEAY “MIaNL” JaRAMER R, ASCRE T BOREMACE (BORH RS
B 1, BERHERTIREY 0O o MPAERZRANUE AT RRERER, ASCHH (hEE G 4
SEFGIHES (2012) ) AR, KA 31 B URE R L X BT S R Al
DAPPER XSS, 3AE 1 AT 0. Her i e XAHE) 0 S3Ml. DU =/ =il AR, D)1
WiE. WS HOR R WP, WHE. R, ivESE, CPEIXCEEE i R dLRT. e,
o5 b R 2R, =i TR LT BRI EA. SR Wi, iR

2R EFFAN L. AT RIEZ IR, 15 3 A2 5N RHE R TE S
X PRERIFE (2018) K DX EIHHIZE E I 3 A5 LU A YGRS, HFARATHE
ARPILEIBEREE A 2 AW (30 B BLFRY, s E B 10 BEARE SR, #H50
BEBITAR 10 B LA N R 5 Borh AR OISR S BRIE,  ASCRARIRAR S 2B B BIAR “ /)
T30 8" A “/NT 10 B PIMREERFE IR

R 1 e, ZEPHBEPVNT 30 B (BURRFR “/N 30 577 ) FgEHHtm i
10 B (URTEIRR “/NF 10 877 ) s T AT KW £ BAF B VR S5 . AR ap
AIGETEERAT LRI 2945 2% A T3 TR 2RSS, P IIRSS SR IEZ) N 650 78 &
AT 23%HIREREG AN E AN, ~FIRAIRAG R RN U EANESIE D0 1164 70, AR EER

A 2012 R NZEEREE E 2013 FEREBAN A ARSI, TARFE AR IX B R R A
 FEBEL X BB o A A8 17 e SR DX B SRR DA RS ¢ R LT L.

¥Rk “World Development Report 2008: Agriculture for Development”, https://openknowledge.worldbank.org/handle/109
86/5990.
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PR, SRR B AR LI BN /D 4953 TG, IXBEWIARAT LI EA NI — TR S AECR
B EAANIERT SR D AV ANIFECR, A0 10 5, LEPRBIBVINT 30 BIAR T2 54k
A 94%, /NF 10 BRI LAG 74%, BT EETREVNR P EE N ERDUR, BEAh, NI
WEEME T, PR, (A g, HIZERIIIEE .

WS EAME AT ORI 7 3 P BAER 2N 53 %5, —ERRRE I 1 E AR R AL
A 7 M SCHRR AN, PRIERIN (02008 7 48, IFH P EH RS AREIEIII LA L 7%,
TN IRV TS, RERZEFAKTHRAT .

1 FETSHAMEST
SREAR (n=104740) /N30 BT (n=98112) AT 10H P (0=77005)
A S HL A

BE it By i e it
ARG IS 0.719 0.449 0.708 0.455 0.663 0.473
TMAA RS IRAG 649.333 1432.811 487.053 849.048 320.442 430.220
B (o)
T E A MR 0.235 0.424 0233 0423 0.229 0.420
RHIGEANEET (o) 1164.044 10606.990 1091.868 10808.740 947.199 9845.122
FREFFEN I (N 2.683 1.736 2.684 1.729 2.665 1.714
LUERHIAR (B 10.010 21.203 6.503 5752 3.994 2.460
LR (PO 5.357 5.588 5.175 5320 4810 5067
FEEFRN GO 36428.130 38874.080 35233.360 37862.970 34300.030 37771.120
RAERYIFESE 0.727 0.335 0.719 0.335 0.695 0.344
JIEAER G5 52734 10.795 53.061 10.808 53402 11.011
P SRR 7.010 2,510 6.992 2537 6.993 2.560
(TERSEHL, 4
P EAESE VIS 0.067 0.250 0.064 0.245 0.065 0.246
&)

T FEANTA 2009—2018 4 RHIAESAUIRSTSRAGRUBL, AHUEERMEEL. FEEFUSNEIE CATHRALEE, 5
N 2009 EITATELARE K RN E AN, R EAMEFCR IS8 RIS L, “HEEH%
PR ORI 25 R RIERD ” T

(M) REMIHe

HoG, R AU E RN RS MR AV SCRBOR,  HBGR B A2 BifE
TN, AN T AN AL IR SS T 5 JE UL S INAR A s IR SR A3 ) T [V FE 2 (R, IR
24 CONR LN IRSS AR BN A 2RSS T A G — RM UG BRI TA 1 J52 17 R SR ] R
EAG I RITKUE: H—, MR TEALN 2RSS T rsemass s, 2020,
FT RN UGB MGG FARFIRSS 3 58 EAAAH S B RVRERRTE, AT T AR UG B AN SR 22
THINSHAE, TR G2/ NP, BASINR PO TR IR SS TS T AN AN RS2 mm 22 B /)N
=, BN T AR BN RIS TS, X EUIRSS R B A IR B R LR (it
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(K1, N IR S R RO T INEBE, TR ARNUIEE, Bl s i, 6=, &
HUBSK I EIRASANI L BER A, TIANZ TR 25, RIERTIN ARBUESE, A& AR RENETAT AN
XRPIARH UG EANEEAOAE AN T BOVRER, ERAT “Hff k", — RIS RA TR, A
R S B W KRR P HSRESRATANI,, XA d A e, TR T BT AR A
HAEANITEREIN (B SR e, 20210 .

HR, IR, 2, SSTREAIERRIAR, AU AOLARTFR A A ] U 1 2009—
2018 AEMAAEIEIEAT /AT, ZEIEE R T AR 31 A (XL T, S HARHUE B MBSO S X
N 2009 FIFARTREN T EE RO S, FrORAIEE RS B2, T HEHRE,
HTARBUE “WR 28”7 BEREL LA A I AT, PASANGAIA ™ CBIIESRANIEARALIA )
BT 5 L B DRI IR IR,  BEFABEEAANEAE, JEH, AP G R
PRAT AN AR B I HGEAT LA 1 7T BE AR 18P B N ZE R A

a, WRARF. fSCOIRE], ARSI RN, Logit AR [ E KM AL AT LA
AL A SR DRSPS S O DR 2 AR SR TR A A 1 PR 3R A R B A B ol ) PO A 2 [ L

M. SSEERS O

(=) RUVEEANEZ MR PRI SRS AT SRR

ARSCWTTE 3 53R 8 Logit RN 2% [ 72 UM Logit AL BAA T T A H U BN T AR AT MU
EA I AN IR SS FTAF RN, A THEERAER 2 Fs. MR 2 i as R ORI

Fs R HHEARAN U E AN ISR P PAFARN A RSSO B P, 5+ ELANI
WL et RS I S 35—, R EERIBHBIATA, HPREAN USRS
Wb, R EAZEERBEORIIA PR ANUER] OMXU S B8 iss, WEAEIMIRS) MR
Bere, T ARNLR B FIPERUAOL A= (3051, 2R B WU RIS RO P R UL AN
ZeTE,  FHBEARBUIRSS 1) B RSMEAAEE €N HANC R, G BRBIIAECR IR B E
FIMERPAFAN A 2AURST . =, FEEFEWRANRA R RS AT R A IE R . XA
N B BRAONMERAR T R IR S SR U RS K, BRSO —E R b
BRAE AR  IR AN 55 TR CREA AR MOl THHESOGEE TR SN —2) gl
(K57 sh ik, MIMHEAE VAN USRS TR SBIU, ARAEDIRMEEH CRRRELED XA A At
SRS AR RA B IR . IXATRER AR BB 5 SO UL, AT A LA 2 AL
FIFRE . HTL, FEEST AN IHONA AN U SR ST FIAE AT TR, IRBISFEAOL
PN S ST A E RO R, AR EANK R BIUCRR MRS B R P Rg =
EZIARNERTR, BANCRMER ST SR AR T B4 IS5 RE T, AMUIRSS R RIg . 25
7Ny B IR ECRE X R AR S FEARAR T (AN AL AR5 A3 IR PSRN 2L
WRSTAFAESE T PR, AR AR RAT L AR SIS Z A, Wit P RIS A ik S5 . Bk
4b, 2012 £EJE AN UE BANEECR IR IE A AN A AR S AT, X AT RERERDN: fEEL
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SOREERT, AR AEEARNLIN B 2 206N, A Arnd “ZMapL” , mfEBskiER R, K
JULTHE “ AR 2 JEE RIE FRRA RN, AR TR TR LR, AR IR R
AR TN, ST RN U 2 AR S5 I SR A U K

2 RGBS N PR SRS PSRRI EILER
AR AN A A RS AT 1
o /INF 30 E /NF 10 E
o ¢)) ) 3) @)) ©) 6) @) ®
Logit FE Logit Logit FE Logit Logit FE Logit Logit FE Logit
AN E NG 0227 0.175™ 0180  0.127"
AT 00200 (0.037 002)  (0.042)
AH B 0.029"*  0.013" 0.021 0.006
CHAED (0.003)  (0.005) 0.003)  (0.006)
KIETTE) ) 8L 20028 0.001 -0.028™  0.001 -0.028™ 0007  -0.028"  0.006
(0.005) (0009  (0.005)  (0.009) | (0005  (0.010)  (0.005)  (0.010)
ZEEHHIR LI87™ 1297 LI85™ 12957 | 1512  1519™  1510™ 1517
(HURED 0015)  (0.056) (0015  (0.056) | (0019 (00700  (0.019)  (0.070)
ZER S 20075 20006  -0075"" 0005 | -0105" 0002  -0.104™  -0.001
(0.002)  (0.006)  (0.002)  (0.006) | €0.003)  €0.008)  €0.003)  (0.008)
FEEFIN 0.270" 0.026 0.269" 0.026 0.278" 0.062 0277 0.062
CHOAEO (0012)  (0.034)  (0012) (0034 | 0013) (0039  (0.013)  (0.039)

VL et | L7817 2184™  1779™* 21877 | 1909 2335 1908 = 2340""
0.023) 0077 (0.023) 0077 | €0.026)  (0.08)  (0.026)  (0.087)
JA AT 0.009"*  0.009™*  0.009™ 0009 | 0010™ 001"  0010™  0.011™
(0.001>  (0.003)  €0.001)  (0.003) | (000>  €0.003)  (0.001>  (0.003)
SRR 0.060" -0.012 0.060™"* -0.012 0.058"* -0.011 0.058™ -0.011

(0.003)  (0.012)  (0.003)  (0.012) | 0004)  (0.013)  (0.004)  (0.013)
P EEEERIER | 0.155™ -0.023 0.153" -0.021 0.087" 0.009 0.086™ 0.012

(0.034) (0.084) (0.034) (0.084) (0.037) (0.092) (0.037) (0.092)

BRI 0.204" 0.291"** 0.204" 0201

(0.018) (0.018) (0.019) 0.019)
HOTARHE -0.564 -0.563" -0.580" -0.580"™

0.017) 0.017) (0.019) 0.019)
A 2 RS e Cidsthl Cugsihil Clgsthl
B ) [ A5 Cupaihl Cipsthl Cugsihil Cugsihil
A -5.468™ 5450 -5.804™ -5.880™

(0.142) (0.142) (0.155) (0.155)
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=2 (&)
th R2 0205 0.119 0204 0.118 0209 0.128 0209 0.128
NMEH 97618 33262 97618 33262 76521 26155 76521 26155

TE: S AETNIEEIN BRI ELR; * AP p5IR0R 5% 1 %R E AT RIUEE RN, A&

HUWE AN A2 Z NS
(Z) RUVEEANER MR PRI S IEARSSIRISIHREIZNE

BB UG BN AN U IR S5 RIS R UK 3 s 2 DRSPS ALIRSS
RN, DAZE RN T 30 B 0, AN B AN BRI A T AN AL AR ST
RAFREIR = T 9.70%;  AZAN W EANEEEESE R 1%, HAAR)T T A0S IR 55 DU 712
0.015%, FEFH] 1A E RS [] [ 52 R0 e 45 AR ARG . RBEEEION . RAIRE LS (i
FREED XA BIARBILA e IR S5 SRAGRIASAT 5 S AR AU, g el P LR AT 22 (R 2 B A
HEREUNAH TN AN AT AR ST RAFUBE K 353 2 FIER 3 AMETHERAT AU, AL
VA EANWECRTE T ARGF ISR, B AN D ER A RIS AR, AT N R DL

PR e R o
%3 RAABAMERS VR PRAAE SR SSIRSHIERZIIAYE]) L5 R
RPN ARG SRAFIE. DO
/NF 30 T T 10 E P
A

e} @ 3 4 3 ) @) ®

OLS ] FE OLS ] FE OLS ] FE OLS *L|a] FE
AH BN 0097 0.034™ 0.101™  0.015"
AT 0.007)  (0.006) 0009 (0.007)

AH BN 0.015™  0.006™ 0.016™  0.003"
CHOAEO 0.001)  (0.00D 000D (0.001)

KIEETTE) ) L 0.002 0.001 0.002 0.001 0.004™ 0.001 0.005* 0.001
0.002)  (0.002)  (0.002)  (0.002) | €0.002)  €0.002)  €0.002)  (0.002)
ZEEHHRTIAN 0.865™  0904™  0.863™* 0903 | 1.023"  0950™  1.021"™ 0950
CHUHO (0.005) (0018  (0.005) (0018 | (0.008)  (0.023)  (0.008)  (0.023)

LB -0.013"* 0.003 -0.013"* 0.003 -0.025"* 0.001 -0.025" 0.001
0.001>  (0.002)  (0.001) (0002 | (0.001>  (0.003)  (0.001)  (0.003)
FEEFIN 0245 0.064™ 0245 0064 | 0193 0047 0.193"  0.047™
B0 (0.005)  (0.007) (0005 (0007 | (0.005)  (0.008)  (0.005)  (0.008)
AN 0482 0283™  0481™  0283™ | 0532 031"  0531™  0312™
001> €0.025 (001> €0.025 | €0.013)  €0.029)  (0.013)  (0.029)

JA AR 0.004™* 0.001 0.004" 0.001 0.004™ 0.001 0.004* 0.001
(0.000>  (0.001>  (0.000>  (0.001) | €0.001>  €0.001>  €0.001>  €0.001)
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=3I ED
JFESANTRRE 0.009" -0.001 0.009"* -0.001 0.005™ -0.001 0.005™* -0.001
0.001)  (0.002>  (0.001) (0002 | €0.002) (0003  (0.002)  (0.003)
FEREFEI 0.045" 0024  0.045™ -0.024 0.021 -0.030 0.020 -0.030
T 0.012) (0018  (0012) (0018 | (0.013)  (0.0200  (0.013)  (0.020)
BRI R 2 0233 0234 0228 0.229™
(0.007) (0.007) (0.008) (0.008)
HOTARHE 0211 0212 -0.176" -0.177"
(0.007) (0.007) (0.008) (0.008)
AL E RS Cidsthl Lt Chgsthl Clgsihl
B ][] 3557 Cidsihl gt Cidsthl il
RO 1234 3156 1239™ 3157 | 1609 3310™  16l6™ 3311
0.056)  (0.087)  (0.056)  (0087) | (0.063)  (0.100)  (0.063)  (0.100)
R 0418 0247 0418 0247 0333 0212 0333 0212
IME R 69300 69300 69300 69300 50876 50876 50876 50876

TE: FESANETNIREEINGUR I RIFRELR; A 50K 5% 1% KRR T

s RHUBEAMERTE, A&

HUBE AN A2 Z NS

(=) TRfEtes

B 1996 =LK, 1 E FABLES XARVZE D E i, 15 XA RS S R XA S 5 18I R
SERIT. FTRARR TAO 2, A SCEEHAEA SR A 2= AT A U E AN AR B U2 iRk
S LRI A R AR, DMEAE— 2R RIRgg AN WES XPR AT, To% T4 s X A
b, ARSEHBERA S, AR (BRSSO IS [ RS FL AR RO (1Y)
Z B RAHSRTERL S (Tobler, 1970 , [Aitk, [AIPRAGZ S X MRS H 2 B s R A2 S As, ARALAE:
bR RN (HAREESE, 2017, Fdamsd, 2021) , Frilef H 2 bres X ARl s .
R 4 PR TGRS SR AN UG E AN AR AL SRS I, AT R SR, TER e
PRI ERZ M, RGBS S E (et TR SRS R e, AR B K T AN =1k
&5 Hids.

=4 FREEMEREmRRR RIS
0 @ 3) @ )
B3 RS ERRRSS FRREHE  FERESIE  ARRS
AT AT OO (CIS0E-9) OO

FA G E AN AT 0.775™ 0475
SREY) (0234 (0.114)
A U BN 0.092 0.054™
CRZ, HOED (0.036) (0.016)
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F4 &
T A NI 0.022*
B, BED (0.010)
P B CLfasthl CLfasthl CLfasthl CLfasthl Cupsthl
() R? 0241 0239 0429 0428 0.774
MMEE 3272 3272 3272 3272 303

Vi 35S BT ORISR IR 5% 1% B IR TRSIE, R OuReS T AR R A
RV IO IR TR RIS, BRZTS, Sk RHIG T P R A

FREF|— RN RRIR RN S VEHLRA B2 MR PR IEIRSS, TR TR RATEH AR AN %L
PEOTRIAFE, AT FAREE: K S ETERA A TR T, AR R EUR RS TR
BEARSIRR G FHENE, S5 HOREE . AN, N T 8 2017 SRS AL Pt SRR S5 50 H BrEcsi® i)
T, AT 2018 SEEEEREATIIE, S5 RFRadE” . 22k, ARHUEBANEAELE 1/ AR
WAL 2RSS AT, I KT RGSFRAFIEL, R 4 FHIE,

(M) HHETE

MU B AN S AR A AN LD AR ZARR AN P 2R R AR R T AR B2 IR S5 T 11
RE, I TN RN RS 3- 5. B3R 49 (3 ~ (5) FIMEROEIERNIGE
ANEEE T AR AL IR TR B, A4 AR S0 SR AR A TR G o

H RHUWEANY EELR SRS B . AT TN I B AMIEE N A BT
NP, BRI E AN, Bifibdm TRNOE R, ST REAE S RS TS . AR
T B AN G T AR R SIPELTR? AL R A AR AN G —: Zeldes (1989) N34l
FEBIMENRT P H K AN K BE e SUNIRANTELIR R E, HAAE (2018) HINTIXFMEiEI 4G
OIS E RIS OURE & Yietal. (2015) B BERANTET ™/ NTE5ET 1 7oiIAR ) 8 SONTE)
AR BHMREESE (2018) MR EL I AR I I B /KPRl i AN P2 R . A 2238 % Tt sy
LRI T T BTz, TARNUEE AN — T RHER R RN SHFBER. (7 G FIR T,
2021) , HHEMERZERNIEER T ELR, HAME ke 7N 58I Re AR E AN, Rk
ARSI T TN AR o 24 A P A IR R B AR LI BN T DA LA s 24
WIMGEARAER (WK S .

CBRT R, FEIRSSEASI, AP Al e R

CEARN, CETIMRRRAN AP RIS SREA)  CRER (2017) 6°5) « (R ATT T AR LA
FPEEERHE SR CRIME (2017) 195) FI CRAARNFHINVATT WEGHIMA TR TS Aol A=t E 2
ZLAEMEEDY  CRIMH (2019) 54 5)

PR, EIRGSRARIIE, A G R R

O AR R ORRAE AR X AR PSR A P A B P R S B R T S
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x5 EERFEENE S BURFIHR FE = HERRIER G

ERLAR Ay Kb (%) EFREHE OO ERESEEE (o)
oA 2009—2018 5.520 139576.900 185937200
AANI 2009—2018 70.370 60105.267 78588.871
AN 2009—2011 100.000 44909.091 54039.725
AANI 2012—2018 50.000 81000.000 104153.708

VE: RPN R AR U E AN, AR AU EAREZE S A AT AN 0 FIREA

AU HHIRBL EBOR T fa— IR G BORERIEH A, FERGHLAR 7, SRR
B HE BT APPSR L) (70.37%) WSS TIOAMIG - (5.52%) I AT HERH T oMU
S FRANELIR, T SARRHE A NRURB LR, BrLAICREEE AN U5 i e
SR B SEHIRAURHL, AR TR TR U EANERSCALE 1 AN (214, 2013).,
5 R, AN RN R AR A i TN, X ARG B AN T AR
FRREITELIA

SITHERE, 7 “EMBHL”  (2009—2011 4F) BB, #hi) 5 2 sl TERIWHL, (EAERE
BUNT “aIapL” BrBt (2012—2018 5£) , K2R “ZMIENL” Fris, ARNUEE AN XA =51
AT EIAT THN, RPOAREL BB, MAE 2012 SFJa1) “aMapL” Bris &
PG AN UE FIsANIG, sl RIS, I AE T 2 SR e AT It S :
BRI TAN AL T LMY, TERGEAEDISCRE, ML BOE & itt. i, iRy 2014—2023
SRR (NGB ANESEtifE 3R WD) 89 7S SR E 2.
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How Does Agricultural Machinery Purchase Subsidies Affect the Acquisition

of Mechanization Services for Smallholders: An Analysis Based on the Data

of the National Fixed Observation Points of the Ministry of Agriculture and
Rural Affairs in China

LIUJin JIAJiefei XU Qing

Abstract: This article conducts an empirical analysis of the impacts of agricultural machinery purchase subsidies on the acquisition of
mechanization services for smallholders based on the data of the National Fixed Observation Points of the Ministry of Agriculture and
Rural Affairs in China from 2009 to 2018. The results show that, first of all, agricultural machinery purchase subsidies have
significantly improved the availability of mechanization services for smallholders and expanded the scale of their access to socialized
services. Secondly, mechanism analysis shows that agricultural machinery purchase subsidies have affected the acquisition of
mechanization services for smallholders by changing their liquidity constraints and the relative price of production factors, which can
promote the development of agricultural machinery services market. Thirdly, the effect of agricultural machinery purchase subsidies
varies due to different endowment constraints. Compared with other regions, the subsidy effect is more significant in areas with larger
market capacity of agricultural mechanization services, areas with less land fragmentation and areas with smaller terrain gradient.
Therefore, it would be necessary to actively eliminate the adverse effects of endowment constraints and give full play to the role of
agricultural machinery purchase subsidies in the organic connection between smallholders and modem agricultural development.

Key words: Agricultural Machinery Purchase Subsidy; Mechanization Services; Smallholders; Endowment Constraint
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PRTHRITS 5t M ORFPIR B R A %R R, TRANIRFALN TS 3 1 2 iR & A
FEERIGKAIEEM, R SRR ST S IR S ER,  [RIELET  CHERAR . “an
AR A FPLT” SFEREISE TR . WA IAEES, PO D har 2 B e = 28
K, WEGHEKERrd FRFHAE KR, 2021 o EREETE, ETRPA, RISTEI 18R
R LR AR A F NG AN ? A7, LR A 7 i — LRI )
ARETT RN A2

CAFFRIAE T AT B JE it Aol S b . FRELEFUSERISEN, (BB BT EREC
AT BN I ZZ R E A= 25T . FRT TN, BEEARNUIRSS I A, RERATPAES 3%
HPFA AR 573, B B E D= R S b B R A B 2R GHE A
BIEET, 2012) o BB TSR NIREE RS AR AR T &, ANARMEUMRIHE L RERS SR NE
SEAOV ST IRRE T BB, A0k D7 3 2RI AL SBUEE & N CEOCRIRZE L, 2010).
AR, RS IERARIRIFRRE A ) “NEH” , BRI AR = R EH

(R, 2018) . WARIFTRY], REHXPANTTEN 2R R, IR B HEE
MR PR EAE S, AR ET AN IR AR T R A R I R (KSR, 2017)
TWLAFIR BN (2020) FETHHHBREIRSHE S R SR, RS2 S ER a4 6
TFP H4K2 [ £HLH BEWIE U BOCR, RIREE LS55 122 S AREE MR, AR &4k TFP HKAF(E
JeIk G E IR S . EAMIFTE FEMR R, RIpdkR, FEEE AR A 573 1%
WA . FESZ /R 2RO E 2K, B DAl b2 TR INE WA I L folk A r= 2= K = A 1
fIF (Barnes, 2022; Duesbergetal., 2017) . Fried and Tauer (2016) F&T-3EEEdH10Hr4h
BoR, AIFTENIE RO TFP S AFAE G, 2R KR AL 57 5) 2 e 1 Aol

O T AASCAREAR LA 57 3)) ) J R PAR B TFP MK (52 BEE | 5, AR5 sud 28] «
S, RN b, CARTREESEE T AR 32 WA RR & 3™ 252, (H DR TFP

RHRAR: FORF AR RIS R B (2020 4E R EANBOR SCESIHER) 5 AR SRS SRR
ek B E S Giit /5 MG, https:/data.stats.gov.cn/easyquery.htm?cn=C01 .,
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HERAE R TN B FISHE S ATIRIAAN L o bt 578055 EE A=Al L, KR TFP 39K
RESY BRI, PR Zh I e AU & 2 e B ETE M . 26—, fEWPsidE b,
CAWHUE 2 SR BRI T SUE T, M EAN A LSRR A 37 8 122 ke
PRRBRA R, ANRERERA SO 55 3 I E W ISERREEN . FR7M I FEAERT T AR IF A P R 24
PEHATIAE T, AREFE RS 2 10 fEkrh AR 373 1 2 AL HERE AN R T TRP S (RN .
= WAL, SRS S I RN FIG R (B AR RN AL, 384T
FrEAAER AL AL 55 BN T E A& TFP S KR

Xt ASCEZMI LR St 5, M@ A M AL S R TEP 3K 2R
WANTHERE, FFLUNZENB], I8 2009—2020 44 FEACR [ 2 UL i A AR HEA TSR e G o
T ESEEAM, EHSE T RASRRKIRUA VAR, R RE ORISR A BRI R T
BN ZEVERE, AERRAOL ST RS /N 22 TRP IS S HA . 5=, Shrdolloiah
JIZERAMNS/INFE TRP HEFEMIR R B, SR RO A 57 3 T Z WAL AT RETT 6o

= ISt
ARE TFP BKEEE S T HTRIEARR K BRI EK, a7 HTEEEHAK R, T

RECE AR, AT DU SRR E 2B PSR E . RS FIGIER V57 8 S WAL xR
& TFP KA, SHEDAEMTRIMEE (GRRREE, 2014; 2RMEE, 2018) , B s ahiEmm
R AT AR P BB -

Y =K“[Lay (1)] (D

(1 A Y e &, K L3N EARARNTTEHN, A ForBoRE T
o~ BIOrMFIRGEARGT RN 1otk . 578N L s 4Es7sh ) L, MEEF555) 71 L, i
U, BVL=L, + L, o y (1) RELEHETHIERREIE, AR sh s aAr=ie ),
FARI AR

w(l)=4,1 + A1, @

(2> Kebr: Ths y Mo MR EES B IARLET ST, A, M A, 3K EETS)
TIMEAESF A I 2K e [ AN ¥V RER R 55 8 IR 3780 S o5 sl L EE,

L, L
G+L=Q?Ff:hzfQ)ﬁ¢,%¢%¢%ﬂﬁmi#%ﬁﬂ?#§%ﬁﬁﬁﬁﬂfﬂyﬁﬁi
PR IR G PR Ty (1) WIS N:

w(l)=1+(4,-1)L, 3
3 N (D R, IERHEATECET
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InY=alnK+pBInL+pBInA+Bny (1)
=alnK+pInL+pInd+ |1+ (A,~1),] 4
~alnK+pInL+pBInd+p(4,-1),

(4) REWH, L7 IERESE R B BN R —. (B E T IER KRN
TR, Al578) JIE R FTARE TFP Z [HIff R AR U1 T

InTFP=InY-alnK—-fInL=LInA4+p(1,-1)l, (5
FAZ IR RIORAN ST AT & TFP K, nif5:
AInTFP=AlnY-cAlnK - BAInL=pAln A+ B (A,-1)Al, 6)

T (6) &, FIAL %t AInTFP ¥,

OAInTFP
. F (2,-1) D
D KEM, pRT 0, A, — 1 REFIFEN SIS . H 8 BIFRIE KA RN D73 AE ST
WEIRE A 2T Re 0 TR, S8 CAMARIBIERZS (PR, 2011 mPRBAE, 2014) , AT
SEA, KT 0 HAT 1, BIRZE5al AR eEoiah sy, titk, mIfg (1 sUEAPIIE/ N
10, BERMVITENIIE RN IR TFP M. FET 0, AR IMES HI.

Hl: RWIFHN AR IREAR & TFP Hi K.

HIE A RIETTANIINENTTENBNE MZE RAFE FONE Ly, DL P ERR & AR AR
BARIHAVA IO (VPREE, 20115 AEFEATEH, 2021) , ASCEZLRRET TFP M IMEAHAR L
FRAMMBARBG AT, BB TR 573 /2 R AR TFP S FISZ AL AkT73)
TR TRP SEKIMLHIIE 1 FiR.

|— _______ 1
B | |
R EREARE [ AR
W55 % ) | !
%mﬁ | ! FATFPRIK
B ‘ N | |
JMENT > WEEARR e A
|

1 RASFEHFIZENAFNHRE TFP IEKHEELHLH
HFAN ST AR RPN B A, ARV S7 B TR AR B A P BRI R AR A
AFAEIE P JT TEIIRENT . BRI, EEEARM ST B NS5 SN ECR>  BUE TRE, WRECIE
T SKEAE I BT B A7 3 I RSE A RN REIRIUA ST B RE /T %, BRRHR AR i)
“HEHEL” MBI AT CRBERAZILR, 2011 o« WEEE “HgE 2”7 40720
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IR, A578) IR s AR A — e R BN SRS E L DA IR DT SN BREE, DAY
WREFBERDH TR (Fanetal, 2019) o WA “RUEAY” AP T5 s WKIMAES, NIENAERIEK
HRIIZTENRES 1A, BAEANV 7B I AT RESIMMNEAAL 22 A BNSRIE, DA RST 30, HEm
IEACHE BB SR (HNERNE, KESARINZRI, 2 ERls72)
TIEA—EBARBCRS, BEVSHRIE —FB 0 1 To7 80870 R R R A SR CRRRRS A A & 5,
2015) o [FAl, BEEAOLHUMMNKCTIZ R s R R AR, e S s AN ®
RAWHE D FEH, RIBFUETTIARIPOER R, IR 3 TR 2 EHUERE 14
PRI, AN, Al578l T2 RO TFP B ARG AR B AR X — Bk
SEIL o

HFAON TR R B RFCE I, AR S7 3 IR EE b e
BRI . KR, REAARNNIFE BRIV AI Y. REERHEZ . —
Jii, AL R EEAOL S AN ), BRI EN IR AR R ENRRIH, RIBEN. IR (M
N, 2018) o IXEME ZEEAL TN I BB B )2 S A I TR AR FIAER AL SR,
AN ZTAN IR FARA RATTREOR MR, IREAR R BRI (ERARGENR], 2009) .
F— i, ARSI A RGN “ORE SR L, (AR
(KIS ARE T 358 10T BRI AR AR A XU, A7 3 1R AL A
BEA 22 BONBHAF B B AR A AR P IE . (Brown etal., 2019) o HUAREZ TR TAREE
PR STERNRE A, BRREFEAN DTN IAFAETE MM Py WSE RS s A A, (I
R THINFIRE ) 2# 2T BEI LSO TR A HoR . BT E T (AR . R, Rolkoy
BN IR TR B EARR RO BRI, #Emisse 7R E TFP B, BTk, K
SRR B H2.

H2: A0V 578) SRR B TFP 3K K S TS I R BOR B SR S

= BiEKRIR, RENREMTEIRE

(—) BERSRIEAFFAIEE

ARSI AT FH AR Hd Sk AT A AR AN ] e 8% R B 2 . AR AR ] e W ¢
REFEHATCAE R 31 M8 XL 1) 1375 MEARR. 2.3 JiANidkf CBo F, A R IRER A
FURNFBERROUE B APPSR . AR P FERRA A, A KR e ol 55
SRBAEFRINEE. EXEFEERRRE S, KPS — R, AR
T WAEEES TN S S B A a5k . IXBEEER N LR A SO 5750 )12 08 A SR
£ TFP $5KZ [RIIF R ROC R IR T JI3%.

A AT [ e SR AT AT 2009 AEXHE KA 57 3 )RR B BN= I R AR A T T 1%,
BRI E R ZE R, Az 2009 —2020 ERMARAR FAEAREA . BAKTITS, ASCRAV/NZAtE P
M, BEEAO 57 ) T2 AR A TFP 35K 1M A HRER AR, N IR UM B
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HBNTRE, BRI S ST/ NE TRP B4, ek Aol 55 5 J1 2 # A0
AHATAK TFP K AEENaS R HES % . 27858 =R AR B L, ASCHFERKTSET 16
HHARAE B, —AEATEAR SBSSRI AR TA5T 30 R (BEPHRNY “FpEs g Rkloish#” )
RIZKBERK RS E AT B F )0 AERREABEAT IR IS, FEA55] 2000—2020 SR /N A [HIREA
NEME 44648 4>, FEA AN TT B JIERANEEARE LR 1 Frs.

N

i

1 HARPRR SR ITFERMEER SR bEE
e ) RNV 1Y LAEARNWITEN A (%)
F (B =55 % =60 % =65 %

2009 4691 34.79 1947 8.89
2010 4749 37.30 2142 10.09
2011 48.14 39.18 23.09 11.15
2012 4892 41.15 25.53 12.02
2013 49.50 4258 27.54 13.14
2014 50.10 4371 30.22 1501
2015 51.18 4523 3342 17.30
2016 51.55 4591 34.67 1845
2017 52.59 4897 37.01 20.57
2018 53.03 50.72 37.38 21.60
2019 5491 56.98 41.87 27.09
2020 56.03 6021 42.78 29.52

F 1 EFREIR, 2009—2020 FFEA 7 RNV ST B LR ACRERE IR TREEMPL. 3 2020 4F, FF
AP AN ST B PRSI E] 56.03 &, L 2009 GE4EE T 9.12 %9, XA CAT R ST, F A —
H GEFRAETEE, 2015) o =17 B, FEA R RT3 7 PR G KN 1.83%,
BT T B LS1%EEREE . B 2020 4, FEAST SS9 K DL EAREET BN 5 HLIA F
60.21%, L 2009 FF4Em T 2542 D3RG 60 5 KL EL 65 % K UL ANV S 7 5 H A BliA E] 42.78%
F129.52%, 437kl 2009 S 1 23.31 NE 7 5 20.63 N E S R

(D) 1=BIgE

L Ao iR s & TFP 38K AE 2 . AHELTMVERT], AR 25 5 2 RIS KA e R &
(FIgEmm, KRN LRSI FELE Y B LTV AR SEE S R TFP 344K (Gong, 2018) o fEREHLAT
WAL, XHRARARBCR IR, 13245 Rt AFE 2 5 HoH, Battese and Coelli (1992)
R O A RERR R A VP B AR AR AR TR 11254, AESEAERF A5 2) 1 P2 N BRI A =
BREE b, AH BT RS AR 7= R ORI o B AR A P R, SRR B8O U A = R U T 22
MR, PEHa AR LR, BRI SEbR RO, BT RN R AR

ST B LR RSEAL rPA BLS R S AN BRI T AT, AF 4 MAK R K TR, AT AR 31— 8L
T 45 R (Greene, 2005; Belottietal., 2013) o AT TIAEMTHR P REAS & b E0L,  BHAERZIT%.
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TR, A SCR A B A/ N2 = s

Iy, = fe+ By I+ Bk, +3] B, (I, ) + B (1nk, ) + B (1nd, Ik, )
®

+45,T +%ﬂrr (T)2 + P (Tln Ly ) + Py (Tln ki, ) TV Uy,

(&) 2rb: NbRI « ¢ HETRAST 4, Iny, T/ NERIS R AN Inl, | Ink,,
SN E 5 BN ARSI R S8 AN B IAR L, T T TEEEA T, — &5 S it
S v, RREHIENIL, RAMIERIME: u, , AR, IR IR .

HECARFURMEE CRIKIESE, 2019; FBEFEMIEH, 2021 , EAEHRMAZIIEE T, &
WG /INE TFP 8K AR NBR IR AR (technical efficiency change, fiiFR TEC) Flfsi R3S (technology
change, f#% TC) PWiHlir. Hot, HARMEAMATULETHE HAR 7 4FEH AR ZE (technical efficiency,
fER TE) ATV IR 1, BRUL FAERHARBERACT S s BRSNS SRR AT A E
SEEORATVATI A . 7EbIEAE b, /NZ TFP #§K (TFPC) AR AR SR AS AR AP 3t
R, BRI

TFPC/™ = TEC™ xTC/™ ©

(9) 3r: TFPC!™ B/ MR i 46 ¢ WIS £ — L BHI TFP 2L, HAKT 1 42/
SR P RS T TRP WK, o2 WHBLT Rl TEC™ AITC Sy NERbH i Mt — 1
IS I ARSI AR IS, KT 1 R R, R BT

2AEH AL 35 A AL I TFP 3K AR . 1T/ TP K2 (B
ARSI RO B ARER A S Il ST O, A SC AP B RIS A7
et 7 A PR P ORI BT T R, R B3 1 B B AU Gl
RN, RS SR IO I R F R R 5 TSR GREEMRIRIT,
2022) , BRI, IHRSTE LR RVNE TFP K 2 MG ECR, A RRE RAT (A
S

FEFIA AR 2 SR b, AT R — B S R R P R A 5530
SPERACHE BRI TFP 5. Jbh, A0lko530 /)2 LRV P TP 2 [T 7 PR R S8
PP, 5T TFP SR, AR INZ IR, 205 — M 4R
FEUABITEACIL T: DM T TEP SCHABI0% ™, it B AR I 38, 4l 37
SPERACONTRE St B, AR RS RS b, SEREL A TR R AR
AP ST, ASCRFIREE 16 % W FARBAEA SR EY TRAS RIS, 85T
LHREHAE, SRR ST Eh VRSN R, MRSE R S RRTE AN TS (7

CHARMRACFIEAR: TE,, = exp(-u,,) .
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RIS, 20200 5 PEIBL, RS AR ST PR L B DR R [,
FIEPARBEE T AT PR ERLAIS AN, IR E P2 E R R, AR BRI
TFP 34K ASCPNAO T B 12 AT /INAE TEP S [l AR B e i -

TFPC,, =a,tpoold,, + 6, X, ,+u;, +1,+¢,, (10D

(10) Krt: old,, FoR RN T TR ORRAS R, X, FontEhils. u,. n o
TR P T AR S SR R TR TR 52 RO, 6, , AFRZET. o, AHEOI, 6, A
HIAERIRHGTE RS, B, WS IB AR/ NE TFP SR 1ibrsm . # B, <0, WZFRalk
PN IERAIRER T /NFZ TFP 4K,

(Z) TEIXFFHAA

LA T, WIE/NE TFP K, F[FERCVERANHE R, ZHEOAERRMME (En
%, 2017; Charietal, 2021; Linetal, 2022) , ASCLU/NERME (R =2 /B~ AR s, L
By57 SN TR E RS SRR AR &, DL E = BORIIR S S M A B AN RS . 1
B P BORM IR S S B AEFP R S . AOAEZR A ARG TR HUBGRR 5E 2 FA A /K B S 21
TR RE (XL 1D R A BORMN BRI T T . BT DA BN A, ASCDUEH
BEA RS AT EAF 21 TFPC R AR &

2ECEBREE. 5PFEFR. RV E VSRS TR E R NER TR RFELL, FREEh Ak
V573N PP A AR B B8 L b S WA - R TR0 55 30 ) 2015 (Burton, 2006; Barnes, 2022),
PRI, AL A AV 5 S TP R R DR B (AR, PRIt
ATEAREERI T AN B 120 X T DR EFEASAAFIR S, REHRNST I
WEORREER, (W T ZE A8 ARE, FEATIEER LS. Fit, % OaWANNE (5%
FATHE, 2018) , ASCREIN GI N AEFR B R, B4R AW S BE Ak
NV BFEN IR S R R e bR (55 %, 60 $EL65 %) o Hirh, 55 &R AFEE =4 E
SER NI R AR N R R —, 60 5 2 ER AN IIAINT 27 S5 B ER bz —, 65 &
HE LR S B2 AR IR b —, LA 3 AMRRe it 2 O e RO 57 3h
JIERAS T FEE

3EHEZ. ZHEOAMANMEE, ACHLL N EHIERPINTIES . 58—, ORI
AN EBEIEDL . BRSNS A, RWZFEN SRR RREs R E B
BRI WS 30 12 B L 5T, ATREXS /N TFP BEKAFAE RS 28—, SE R, HI8R|%
EFUSANAE F= 2 2 AR BEAFAE R A OC R, A SCERE LA IR/ N IR PR TR R IR IR B IS (Sheng
and Chancellor, 2019) o 5=, LM, AVANEBAIERS N = 2 50m GRRgaE, 2017),
AL A A AR b R MU AT E AR AR AR B, JLH 2009—2015 AE A RTHARR B BN
RFFENIE LR B2 B AN 2 A, 2016—2020 F N IIREH /{4 NI S8, 500, #E2xfbiiss. A
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SRR PR MR IS AL ARARZE TR SIS GRS WAt e 52 7 A T A IR S5 AT 0L

PR AN UBAR 5 9 A A P 2 b A IR S A 0L BB 1L, EERIERN. HRERIE EALRT
/NFZ TFP B FTREAFLENIREM CRAKIESE, 2019) , ASCRAR PR EHEN DM R E L —,
F7N NBMON . ASHEIAE AT R SR AR N I NI AL . BN AR, %
OFRAC R, RIS TR S S5 R AR 2 PR

2 TEMETEAFHEASITER
AR WA 7792 BfE PR

BN AR

INZEPE NEEHrE (TR 363.14 128.70

BTt N ANEA PR ST AINT (D 1127 8.90

ZEABN NP TR SRR GO 270.78 117.35
IR B

SRR FRELMZFEN IR () 51.78 10.86

ZEERP (55) FREAMNZF AN FRRBRTET 55 % =1, B0 0.40 0.49

LR (60) FRELNZF AN FINPFEI R R B R TET 60 & =1, &=0 0.26 0.44

LR (65) FREAN NI FRRB R TET 65 2 =1, B=0 0.13 0.34
AR

SUAHERE FRELM ST NI P E IR () 6.48 237

LGB FKEERN BT BN JRATE Ml ARt R B G B 2=1, 0.19 0.39

=0

ZEEEL ANEREREAR (R 428 3.61

ARAVAMIE SFEARAMPRANESE O 85.58 49.89

RIS GRDD | REMNRESE. SAEFHAETA Tk =1, f= 0.06 0.23

HEIRS G | ANERMERSRHURLE T O 75.40 47.89

HIEME RPN GIMN: =1, = 0.24 043

USION FEEFAEANOFIASLIIN O 1243536 10423.74

TE: ORPEABN LAANE. H2iRkss G7rD o AN BIEE ST PR . @%h s
MR AS B E R RAEZ AR E O 5 SRl R 5 SR04

M9, SSUESHA

(=) /N&Z TFP 1EKAUNE RIS
ASCis BN LRVABAS (8) AT A, WEASRNEZFE K TFPC, FE AR AR AL
HATE RIS PR 2010—2020 SEAEA ) TFP B4-KAF AN 2 Fizs. TFPC [IHME A 1.0398, 73
AR AR AAIIE ] 0.9922, HRBEAIIETY 1.0482. XKW, 1£2009—2020 (0], FA®
Wt/ N TRP S KN FEER .. X—450 5 CAM RS —8 CGREBFIES, 202D .
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TFPC 1.05 f

HT 2009—2020 4 FE AT E 2

1.15

1.00

0.95

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

i

2 2010—2020 FNEFMEFAY TFPC Tk
W IEVNZE TEPC B E—EEdR IR, Bk, EHIE 2009 /8% TFPC Hidf.
(=) EERVFALER

WU R RN A, A SCLAISEAS 2 TEPC A A4 ire

B, AU A A ST B PRI R AR TR NI DR AL R, UIEF 16 % L
FARBUEABER A T RATRY, PR AR 5 ORI A TR e A, BOUER P 0L R
KA, AR RINER 3 Fs.

M F5 8l 1A /N TFP

#

*3 RS RIS NE TFP 1K S E fEEYILE R
WefER A E: TFPC
AR EHER AR Y @ 3 4
FH izt FH Pt L RN FH Ptz

SRS -0.5640™* 02075
BAAR (55 203132 0.1208
BAAR (60D 03673 0.1431
BAAR (65 203861 0.1482
SRR -0.0648" 00300 | -0.0729"  0.0344 | -0.0711"  0.0342 | -0.0378  0.0215
A HFEE 0.0033 0.0102 0.0009 0.0105 | -0.0025  0.0111 00052 0.0110
ZEHR -0.0377""  0.0060 | -0.0423"*  0.0068 | -0.0438"*  0.0071 | -0.0430"  0.0069
AN 0.0056° 00033 | 00063  0.0035 0.0033 0.0038 | 00036  0.0037
MRS GZRiD 00101 00091 | -00099 00093 | -00111  0.0095 | -0.0075  0.0095
MRS P | -0.04007°  0.0025 | -0.04027"  0.0026 | -0.0407"*  0.0026 | -0.0399""  0.0026
ERAEEEIN -0.0178™  0.0055 | -0.0158™"  0.0058 | -0.0226™*  0.0065 | -0.0328""  0.0089
NN 00168 00044 | 0.0128™ 00046 | 0.0125™ 00047 | 00070  0.0055

CRANEAEAR IR B R AR IR R EEAR 57 B I FHIER FUEAF RN, RILTESAIE T, ASCHSEH 16 LA
AR N RIS EE b A A5 3 ) PR A O EA  (K T RA R
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=3I ED
ANPAHIIRT B[] 5 R ezl e ezl Az
OIS 34207 34207 34207 34207
LM it 59.64 32.88 2823 34.96
Cragg-Donald Wald F 243.30 94.93 79.72 103.70
Giil &

Vi ORAFFAEAFELBIR RIS . @0 R HIZTR 1%, 5%F 10%IIEE K. @%bk
AR B[R] B R

DA AN S5 BN TP AR I O R R B IR AZE SR, k3530 1 AR i G AR T
/N TFP K. R, DL B NEFRPVENIZ ORI R TR, MR, 28
RPN TFP MGG . IX—S5I07E 3 g iR R FritE TR AL, R H1 ZEAASIE. Itk
A, BEEZER T HIER R PRUE N 55 SHEE] 65 %, SRRty K. XPREUE, K575
JIASAT T /N TFP 34+, H HEAE ZRACFREENIR, Rt /INEZ TFP YK 47 T st 23
Jil, SIS RN L. (AR ERIR, ASERMERIEEA T, SRERNEEPHNT
HUBRLER Y], FHERshl R Brh gy N 1 4R B2 h IR T S b RS I oL . XM, X THUb L
AP AR IRS AN SN A= S, AT B2 AR TEP S A S I .
LM 4iit&. Cragg-Donald Wald F Gttt & Eor, AMEET LEAAENM, FKEF 16 5 DN AREE NS
BN TFP 35K SR ZET (B A RO AR OO, SR T HASE )47,

M58 IR NFE TFP 3G KAFE SRR R AT ETE T X2 A A =R B
gg i, BHELNTTENIIFIARNRE ) F S RE IR AS AR/ N R PR . TEASCS K
IREAS TR, 2009—2020 4F 60 % K LA EANV T8N PP 20 RN 5.20 4F, KT 60 S LAT Ak
8071720 FHIZHEFER; 60 & KLL A0l E7 ) 28 mk ARz R E s LA
9.11%, &T 60 % L R4S AN I ELG] (14.51%) » FEATHR, 2009—2020 4 60 5 [ L) FA&
W57l JHEA AR . SRRV ECA 735010 23.55%F1 5.48%, 43 MR TR 60 7 LA Al
FENIHEAMARR SN (35.36%) FIANHAERENE (21.67%) [KIELE]. ZAEARN T EN K
%, RS T IR HUBAGTENEE 25540 T 2R T3 JIII5T3hRE T T I, AR IF AR SR AT
FIRETI IR LT . 1, FEST SRR OR. PRSI Ts b, ZEfl578) ik
UERAST N U AR R R S (FhdAdSE, 2017) , IX7E— @ REfE Fkes 7/ha2 TRP 9K,

VTN AR A SRS 4 B B, ASCEIHL N TP K (KRR B Hoel Ui 65 S L S TE A
PR IR SRS IR A A Kb SR BN BRI AUE N, - th TEP S B RE i A,

FITRARR 3 w7 A it RS I AR B . ASClE—P DNt SRR AR . CHEES_ BRI 1E R
BAZRREE RN, PRI 2 AOIR ST RENS Lt N ™ A, (Rl AN A R L
T PR AR S ST UM A 73, (A N B KR
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(2) MR
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How Does the Aging of Agricultural Labor Force Affect the Growth of
Total Factor Productivity of Wheat?

WEI Jiashuo GAO Ming

Abstract: Based on the household survey data from the fixed observation points of rural areas in China from 2009 to 2020, this
article empirically tests the impacts of the aging of agricultural labor force on the growth of total factor productivity (TFP) of wheat
by using a two-way fixed effect model and an endogenous transformation model combined with the instrumental variable method.
The results show that the aging of agricultural labor force has mitigated the growth of TFP of wheat, and with the deepening of the
aging degree, this negative effect is likely to expand. The reason for the negative impact is that the aging of agricultural labor force
has reduced the probability of wheat farmers to adopt new technologies and hindered their technological progress. Further analysis
shows that agricultural education or training, pension income, agricultural technology promotion carried out by rural collectives,
agricultural socialized services during the pre-production and production stages can alleviate the above negative effects to a certain
extent. In order to cope with the impacts brought by the aging of agricultural labor force, this study proposes building a technology
extension system that conforms to the background of the aging of agricultural labor force, improving the basic pension income
standard of rural residents, and promoting a high-quality development of agricultural socialized services system.

Key words: Agricultural Labor Force; Aging; Grain; Total Factor Productivity; Technological Progress
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B 5 RIS R IR TG ) B AR A I BRI ARG 7 0 1983 4, X/ INPAERFFIARAL 7 A0
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AR S B S50 R A T LU B, RV 2 SORI S 5 J8 3 S o RN R R B AL
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PISkIZARLE: — 7 EAMEHA A IS S SR T s, 55— 7 T R 52 1 A R R R St
SZBERANINE K. 2009 4, AWFFIEH, BEERREURZ DFIREHCAIZ ORI R B, & 45
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(—) BRBEESTIRNE

Ly B SUR R T A NSRS A R, XL eI, terisk
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ISB R AT, vl iE S SRR FAEA T RAR 22 5% DL SN SR R AR B AR . T,
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AR AEFEBFRBI A B & R RIIIMERAE, 5 N A SRR (R 1D o #EAFE=3 4
SEMETTN TGOS, TR A TSBEE RS B R IR R B rmiAaAE o
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AT KALAT A it A, ﬁjm\ifﬁﬁmf R T T R R P s kA, BEANIL 3 2
PN = 0 N 1 SN et o = 4 = W b = K€1) 1 SR G115 Elﬁ)\/—\f&IX
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PRI AP I AR AE LK 5 oS AR 2T AS R e B — B0 e B g SRR BV ERFAE
A, AN RAEHEACTE S BN R, SR 7P AR s A ] B2 BT AL SRR,
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MR T SOAM AT Xt s, AN REI RO E S B 77 G2, BrdlaiAn2ie
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BRI R H bR, A2 WIS, HTairttaAKIE, Kl NEAREASI 4
B R RTINSO ERRABE LR g nt, il Camlt
NHAT AR h Rt 2 SRR TP A T HE N RARAERBOR B S . SLE T 5 va 83 SCRAL AL
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BT R ARHC A B R, XA T e A AR et . I, IR B
AR NRAFAEERRABGAHIE, UAGHINER. SR HIGE5LR R R EAZ D
HIRE, DHLS M ECA TR 2RI RO ORI S HpESAT L “— sy TR
I PIZE I3 SRR BEI B AR IR 2R, X BN T BRI B sy, (H R TG R IR R, S
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1 3 7GRk P i A9 SR AR AT R 5] 7 AR B 454k o ho AT AR LD 24 T BB 1 St AR AL A TR P B A 24
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1990) o A LTI AR R T e NTEN NEFIF T A NI ). X #RAE IR T A 1 BT
K, VWRANFERERIAEAL, DRI S v B SCRE L) SOM 43 . AT AN D a5 AR BRI

VHIF ARSI S M. https:/www.oecdbetterlifeindex.org/#/ 111111111115 [FRARAEEETT S M. https:/www.ons.gov.uk/p
eoplepopulationandcommunity/wellbeing.
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CERIRIR: (A N SRS IR (2011) ), http:/Awwwstats.gov.cn/ztjc/ztfx/fxbg/201112/4201112
19_16151.html.

Rk (hERATNEY | hitp:/www.gov.en/zhengee/2021-09/28/content._5639778.htm.
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(2) HEEXARBIDMERIENSG R

FeFAt e T ONRARAE) PERATRFAE LUSON PE 5 AR AL B =22, NERARHEN T SnT
BRICE NS AL S5 PN o IR RN, A RARAL ) AL AT
P17 /S ST N RN S o 7 L QY 2 ovg e L R T B S s R R S B e S i P |
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NFRAwIE HEfEAE 2R AT
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FEANKIERT B N AL RIRT PN J7 T AR 5 =I5 RIS, Wt 5 HIFFI H AR H b5,
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A Study on the People’s Well-being Under Socialist Conditions
TAN Xuewen

Abstract: This article examines the notion of people’s well-being in China’s context and addresses the following questions: What
does people’s well-being mean under socialist conditions? What are the similarities and differences between people’s well-being
and international human well-being theories? How are the theories of people’s well-being reflected in the measurement of
well-being? Marxist theory is a theory about human progress and liberation, which contains scientific views on human well-being.
People’s well-being is the embodiment of Marxist well-being and the representation of the degree of human development under the
conditions of under-developed socialism. Specifically, people’s well-being means the degree of improvement of the material and
cultural living standards of all residents, the degree of improvement of social relations, and the degree of development of physical
and mental health. Based on the basic principles of Marxist well-being as well as the comparison between people’s well-being and
international well-being theories, the study puts forward a set of people’s well-being measurement scheme consisting of an account
of human development and an account of social conditions for well-being.

Key words: People’s Well-being; Human Well-being; Marxism; Socialism; Well-being Measurement
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How Can Innovative Delivery of Public Services Promote Digital Marketing
of Agricultural Operators: An Analysis Based on Examination of the
“12221” Market System Construction Initiative in Guangdong Province

YIFamin GU Feiting KANG Chunpeng

Abstract: From the perspective of public service innovation to bridge the digital demand gap in rural areas, this article investigates
the process of integrating social service resources and matching digital marketing needs of agricultural operators in the “12221”
market system construction initiative in Guangdong Province. It aims to examine how local governments can innovatively increase
the delivery of public services to meet the rapidly increasing digital needs in rural areas. The study finds that innovative delivery of
public services in the “12221” market system construction initiative in Guangdong Province is reflected in the construction of a
public services ecosystem by local governments, and marketing actions are implemented to match the service resources of multiple
subjects in the system and the digital demands of agricultural operators as well as realize the value co-creation, thus achieving the
goal of promoting digital marketing of agricultural operators. The reason for the successful realization of innovative delivery of
public services lies in the fact that multiple agents’ long tail digital service delivery meets agricultural operators’ long tail digital
demands which are widely subdivided and personalized. The local government systematically provides the facilitation conditions
and transformation factors needed to realize digital marketing, so that agricultural operators can break through the availability
constraints, and digital marketing availability can be realized. The value formed in this process ensures that all parties involved can
obtain corresponding benefits, thus ensuring a sustainable development of the public services ecosystem.

Key words: Innovative Delivery; Digital Marketing; Digital Technology Affordance; Public Services Ecosystem
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Formation Logic and Solution Path of Inappropriate Expansion of
Government Responsibilities in the Construction of Service-oriented
Government at the Grassroots Level: A Case Study on the Government’s
Promotion of Rural Toilet Renovation Projects

DU Jiao

Abstract: The construction of service-oriented government at the grassroots level in rural areas is the comerstone of the
construction of service-oriented government in China, which is related to the happiness index of farmers’ life and the harmony and
stability of rural society. With the enhancement of national financial capacity, the concept of the construction of service-oriented
government at the grassroots level has come to reality. However, many service measures to improve farmers’ well-being have not
only failed to achieve the expected results, but also put local governments at the grassroots level in a practical dilemma of
inappropriate expansion of government responsibilities. The construction of service-oriented government at the grassroots level can
be represented by rural toilet renovation projects implemented by local governments. The analysis finds that under the background
that public service provision at the grassroots level in rural areas is mainly invested by the government, local governments have
been increasingly adopting a centralized service delivery model with centralized control over service delivery based on the
considerations of security of resource use and the timeliness of public service delivery. The public service delivery at the grassroots
level is reduced to the process of application and realization of public administration technologies, lacking basic care for the nature
of rural society. There is a misalignment between the centralized control over service delivery and the characteristics of rural society
without universal rules. This misalignment provides a breeding ground for farmers’ rights to claim against the government, causing
inappropriate and excessive expansion of government responsibilities. To solve this dilemma, it is necessary to transfer service
delivery rights to the village, reset the role of the government and that of farmers, and establish farmers’ dominant position in the
process of public service delivery at the grassroots level.
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