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Agricultural total factor productivity: Evolution process.,
calculation method and specific practice

LIN Qingning, MAO Shiping”

(Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract The aims of this study are to clarify the evolution process of agricultural total factor productivity, and solve
the current problems such as unclear concept of agricultural total factor productivity, biased selection of measurement
methods when calculating agricultural total factor productivity and unreasonable selection of input-output indicators.
From the concept of agricultural total factor productivityr, the evolution process of agricultural total factor productivity is
sorted out, and the main calculation methods of agricultural total factor productivity such as non-production frontier
methods., production frontier methods and micro-accounting methods are summarized, and the advantages.
disadvantages and applicable conditions of various methods are analyzed. The advantages, disadvantages and

applicable conditions of various methods are described and the shortcomings of existing research and future prospects

are put forward.
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Fig.1 Measurement method of the progress in agricultural science and technology

2.1 dE&EFENAEAE
2.1.1 A&k

DRIEAME L K EE TR

FIUEAE I A B R R o B R R 2 DA B
BHE L RN RSB 2R B R DR
T AAE N LA TR 0% L DR L R 0 A VT O R B
AR R TF L&, 1957 4F, LR A FH FH R
WA 2 UE K 97 Bl L AR LA Y 38 A R 4 3 AT
B U 5, B RIS R AR RIERMELIT
B R MR L R T AR R L B R
TALAREAR KT T HAR A R ol AR SO B 4
HEAL A 3 A 5 4 B OK T LB R R R I BIL I S5
Bt . RIS AESTHEEE, SR, 2
AT A AR Tz A A v i MR D A R
T HIE R

Q = A f(L,.K) (D

A Q e BFIAR R L, Jy e B4R AR 57
ik K, e BRI AWM BEA R A 0K BT
BRI . e BRSO KR GQ T LU
BEHARBL GA 57K 3 GL U BEAN KR GK
454 Tk, I /E : GQ= GA+oGL+BGK K 1.
B 43 2 55 2h R AS 1 7= sk . v, 55 Bl
K& GLUEAR K F GK — k2 1] DLk 47 5 =
PRI M 22 T 15 4 v T8 vk T 98 A #0957 3 o ik i LA 58 B 1)

CO R R R AR kL B
GA = GQ —oGL — fGK @)
B R 2D R AR
AA/A = AY/Y — AK/K— AL/L (3
2)C-D A= 7= BB
C-D A 77 bR Bl 7 v 56 B8R0 G AT L 28 35 2
FAB P e A 5 L A IR A A e B AL o
AT EARX—ZFR 0 LT 2000 s, &
MHGN & AT AT R AU . HEA R
B2
Y = AK°L? 4
K.Y A= L 5 K 3000 57 s & A it 5 3A
TAE A HFEARIKFE ;0 HNTF 0~1 B 5=
1—a, fEX —H A B F, Tinbergent ¥ 4% A& 7k
VAR BB B ] AR A B B R K A (), TIEA
Y = AKL?, FHt, A, = Y/KL? = Aje, 2451
55 ¢ FEARKEC A O, B AT oR R
L RE .
3)CES 7= R %L
CES BIV #2508 AR 58 1 2 2 2 7 o 250 a8 28 ]
PRI R A B MR B, 1T LA T A A 7 R R R BT
5B CES A= %k, CES 477 %2 Arrow 2019
A ABATEE T W =AY/L) ., LB 3R A
L G 58 A TE g, NTHE S R T HA 577 Z R 6



55 4 3]

M T R TR AR N kSRR RS 251

2 HA AT R A e g, HIEEAIE AN .
Y = A (K L) M (5)
K.Y s KL a3l & 5558 T AGA
FEHE K 0 B4 R B 4 5 55 B 1 i oy B R L
HZMET 1;p RERSH, HEAMMY o =
1/ p) s M AR R BRI 25 . 248R A, ]
VI Ave” 9T BOE X RAE , Rl bt R H U
R SEL B AR ZECr SEARKFE A, Biw]
Y = Age” (K + AL )M 6)
4 8 B X KA 7 R R
JE CES M= R BUR AN T A28 B AR 3P X —
CESA L S ER LB = A & TR A= W S i
Berndt 24 T M RO B0 PR R X — A R R
BANNATHEHEE, 40k THRAZER, HiK
R .
InY, = 8, + B InK, + B InL, + LB, (InK,)* +

%@ (InL,)” + & (InK, * InL,) +

Bst + B InKt + B Inlt +V, — U, D)
K.Y, e BRI BRI I AR s o R BEI G
BN T BN TGS EG Ve ARV, ~
N(0,62) IES M W BEHLIR 22500 U, A TCRCE
LR U, ~ NGn, »o2) B A ER R 1) IE S 5015
Vi U, BARS S, BT B i B 2805 .
B RT A s B R A R
2.1.2 #WHx

TEBOE 45 S SCH I T 46 0% 3l ok R AE Al
FHE L BB B0 BRI ROL B 0 20 & =7
HH A8 B BTN AT 2445 0, PR HOG B R AE T
BERME . F8BOE AT 2 & T — M R
271 e 2 S 1 U = Ny 7 N S U U = B G IR 61
Tornqvist-Theil 850 (TT #5550 % .

TT fe %8s T8 80 HE R A AN

T ol Ol e
B8, /2
(i)
Arf: TEP, R L STIRA 5 v, ke 5 L 2300
PR A AU ST B TN a0 5 By WA
A5 95 8l S AR 28 T 15 K TTBR I AR Al
ZHH 1,

)(nl/‘Fa“/ /2

X

(8

TR AT L JE T4t 2% 7 vk . 8 f Divisa 18
B HM $8 %81 Fisher $8 0, Paasche 8 #( . Laspeyres
T8 8 A AR 7 i i BB AR A [R] B A 5T
RIVJE: 48 8028 3l ok R AE A0 B 42 i 20 1 A8 4k, 7R 48
FAMES KR A4 (OECD) By (2B 7= 3 R W 5 F
WY T B W R, AR AN P IR
2.2 AFRIAEAE

A7 RO S HR RO AR S AR AR P T T
1 BRI , 2 A TR R )iz A AR AR 7 i T
J7 0 5 58 R ARROCR I B, BVBR 2503, an g 3
IR VG IKE S L S 100% 1, PP K g e H A
TR X TR BR i AR RN H G B, Ak
PRI AR B E IS UL R . ARy
TH] 77 VA MR Al 2 15 T 2R 7 pR B o S S 80k AR S 4
J7 ¥ e S 0L DL BEAL AT A 77 BR L (SFA) 5 3t
R v A R (MF A B H B i 32, dES 80k LA
BRIk (DEA) b . HpiE A oA
J7:(DFA) JEFTHY J7 % (TFA) 55 [ AR X80
2.2.1 HKIEEBHH(DEA)

B L4 70 BT (DEA) & — Bl 5 T 90T f X R
(DMU) [AIAE X Fo 85 B AAE 2 850 AE 77 i T T 1Y 42 R 2%
M Ty . B Y o i I B2 1978 4 36 [
2 %% %% Charnes %" = A L[4 1 (1%, ik DEA
B — > BB R TR B = N B 2% FR Y 5 bR A 44
(CCR)., DEA fy 3 A 5 3 B AR 4 A W] DMU # 4%
AT 2 G o R 3 A T T S A R R
T3 R 454> DMU i 5 A= 7™ BT i A9 2 B2, AT
MR A = 2%, W B DEA BRI 45 28 i iy
CCR A1  BCC #E A1 L K BLAT SCHR % I 9 SBM A
B LI K DEA-Malmquist 851,

DCCR R

BRI ATTEEM B n A A2 7 BT (DMUD B 2103
AR AN 2,(i=1,2,3n) MFELA v,
TR A Y, r=1,2,3m)  NELL u, I,
PR CCR AR R AR $i T AS 728 ) 1) B0 40 oK fi
TR

minzzlilv,z,k 9

s. t. § w,y,; — 5 vxs <0
r=1 i=1
: :uryrk - 1
r=1

i = 1,203 r = 1,20q; j = 1,2em



252 e SIS | A N S 1

2023 4F 55 28 &

X T AR
Maxg (10)

n
s. t. E 0; T i < X
j=1

D0V = eva

i=1

i = 1.2 ns r = 1,20q; j = 1.2+m

WedE B0 TR RN o B RAEME

5.2 N N N SO | [ /N 7 < S D e ) 1 1L

(max)e” —1, HT ¢" =1, B, R A2 HAF
2)BCC #iA

BCC A kA 1 CCR 8 5¢ T MBI 25 AN 2%

AR SE 5 BIVARASE S 4 2 AT A2 A DRI O (8 A 5 A 5 ki

B3 HR R Y B AR B3 AT LIORE KA A 52 i 5% 85 4 Ok L 15

B AEEARICR”, R T BCC AR BIRILA N

Min¢$ (11

s. t. Z;Izlpjx,j < a2y

ijlpjy,j > ¢y,'k

Z;Pj =1
pe=0;1= 1,2"'77!; r=1,2-q; j = 1,2-m
3)SBM # #Y
4 DEA #5 (CCR\BCC) 3 T4 R AT U % e
TR HTC (DMUD (8™t #E AT PE A DT A5t A
R, H 200 T A% 1) B A 1) T Rk
SBM #5 B A] LA ek — ] i, A B nF .
minose = (1/m 20" /a)/ (Vs D) 3 /9)
(12)
X = 2::],,#@70;‘

S. t. N < Ej:Lj#kyrjej

T Tue Y < Y

4 DEA-Malmquist #57%)

DEA-Malmquist BE#1& M 45 4 5 DEA 4l 45
B AT R E R A R — MR Ty vk AR A
A B B3R - Malmquist A2 7 S48 Eoal Aoy
fift A A A AL AN AR BRI 43, B

ML,,, = TP XTE (13)

Hovp
L+ Dy (s yit b 590 s — b))

TP[ +1 = p - - - - -
1 + DE).Hrl (I;~I+l ’y;.ﬂrl ,b;.l 1 ;y;.ﬂrl , — bir 1)

TE.., =
1+ Dy ™ syt sy — bf’[“) > e
1ob Do Gy b s i = b
1+ Dy Gty yi b syt — b))
14 Do Cart oy 5 b7 530" — 077')
Al B A R AW BE Y R AE ¢ BHRT 1
Bt O A X AR R B R S B T X R e R i U
[ 3B L A 5 Al B R A5 I B Y AE ¢ I 2R
e+ 1 BHHEOR A D Rl 1Al 4 8 A e R AR
Bt Al R QFT B9 RO 2 2. ML, TP, TE # K
F 1, SRR B A = A Al BERFOR Rl 47
ARPEL T T IR R Z IR .
2.2.2 FALAT B 5T (SFA)
BEALHT 5 L8 (SFA) J& T 2 802E 7™ 1 i 1 7
2, W E REOE . BAIL AT U5 B AN AU
FA T XA 77 bR f (200 58 BRI B E o 38 BE AL v
dr g A B eR BB AL b, B de B Aigner UYL
Meeusen 21 FE 1977 4R BARIE N .
vi = f(z;,Pe (14)
K.y A= 5 e, HRCEKFEEF 0~1, H
FAOM AR P B P A AR H R R S e Ut
BrBEHL vh I e g A B BERL e,
v = f(x; Pee’ (15
X — k., BT R ML b A, f(a
Bee [AHTT A& BE AL A9 o P58 B 22 A A AL 1
AL (SFA) . % b xR 80
Iny, = a + E:Lla”lnxm +lne; +v;,  (16)
K Ine, MTEE LR p, s BITCECERIA, JC R 3T
FerR AN A 7 e 2 Sme U0 T A AR B X — R 4 ]
DL o B2 48 KO 2 B AR A I AR = O L T
Al A 7 e T LA A 5 00 o, 3RO BE AL 1R 22 I
AR AR A 7 T e R . s BT
BRI ey o AT IR DT A AR T AR IR AL
R0 AR Ak 3R AR T AR B ATL T AR O b R
RN
2.2.3 ERAE S H(MFA)
DEA 5 SFA J5 i BUE v A 1Y A8 77 3 Ak A [6) —
A A P ET I T b ABAE S B A 0 A R XA [ 22
R A ENTIRm A RAELES. R IEH
Battese %% i #i& . 3 8] 57 ¥ A= 7= o 80T DL S )
HOAR KT AS R SR T (R0 0 I B3 B L e . SRRl A iy




55 4 3]

M T R TR AR N kSRR RS 253

A 7 R BRI A 25 AN ) B A 7K - 5 T I U 4 T R
B0, FOE I 1 il 24 46 i AT AN [R) 4 R 7K 7 46 B 1Y Bl
FLATHE R (B D AR 7E X, MBAT, AR
TKFAS ] 4 B A6 L Bl AL BT 0 4R b 0 ™ 4y R
Y\, AR AT T 2 B e R Y, AT LA L AE
BAKF X, BEE BB T, £ AR KPR R 4 B
PR Y Y, BN TR R A B Y, AN
SR E AR ™ th 5 L R F VR b A SR R = A Y
WAEIR IR Z I3 R 2216t (TGR) . TGR W {H #&
R, 3% B AR TV R e () M 0 2 RN . B S
FEAR ARG AR E 77 35 5 R P B, A
RGN H B RS AR e
(A 77 BRECRT FRRR

Yiy = f(xucpy oBiexploig, — pac ] a7
A i=1,2,n5t=1,2,,T; Yy, Nt
DR A 7= 2 0 =, 2, R e I Xk
WA= T N B ARG S8 v, A BEALIE 3l
TG, JR AR B ANAR Ty 25 I IE S A0 A 5 e A FEARAE

A

Naia

~

7 Outputs

BRI, e NI R my,  J5 2228 o) IRANZ AL 1Y
WERA H v, 5 g ML

M Az 77 5 1 HE R 9T A 77 e AN

Yi = f(x,.7) = exp(x; ") (18

K. g AL FEIHTHY PR AL S Ehn) i, Ho 2 BOR
P/ NI S8 6 A v 0 N o 1 R 112 )
P

58 B LR B c Bl Y, W]
R

Y, = exp(— pij) X elxB;) /e, ) X

e(x,B" + viy) (19)
A o] SR B RCR R IA XN
TE, = vyi/exp(xif; + vajy) (20)
FARZWE E TGR &A=
TGR;, = exp(axyB;)/exp(x,f") @D

gig B, AT LA 20 DU ) i 9T 2 7 eR A
e fERCR TE R

TE" = TE, X TGR, 22)

L[] RS 1A Metafrontier

T

\ TV 12 Frontier 2

NI 1A 1 Frontier 1

0

v

% A Inputs

B2 HEEETERY

Fig. 2 Meta-frontier production function

2.3 WMBEFE

Wl B 28 5 R R KT 1 W7 4 i L AR P A A RO
B P R R T 58 3 L I 2 T 2 U 2 A O
BN HE AL O )2 T A 4 B 3R A 7R SR AL R
SEF AR RA T E B A A SO0 Y
AR RN AR S S A A HE SR 2 T
— B0 AR ) 2 0023 T 1Y) 4 B 3R A R L
WLJZ T CAn e ) DMU 2 [ (4 5 Pk o o i 3%, J
HAHE AR KR [6] F 72 W02 180 A < R 307 R A B
8 o BRI I (5 FH 2 W00 23 T 1% A2 33 5 325 6 0 DMU i

T aB R RE AR . L, 22 5]
P& AT 5 25 DA% figf 1 Ta) 8. OLS Al 3t L [ & %800
% (FE) . T HAS 3 (TV) 451 o6 50k e 5
130 8 P R BOE TR B OP 5 LP ik, OLS filit
J5 1 1 JEARUR A B 22 T A A TR S Rl B R R
B RAE L B

yo = dy + By + (23)
e v Lok NIRRT ST IS
PITREARTE A 5 g WS THE U Sk Rl 42 22 3 A 7
R, AHAR PG RORTE — o B TR e R0 B i



254 e SIS | A N S 1

2023 4F 55 28 &

A P 23 AR AR X TR AE AR A R R,
P I 38 25 3R ] U9 90 AH 56, AT 335 75 T 26tk Im A i
HAMBE. M. Marschak 2% F 1944 ¥ 5% 2%
AT T 4y
i =al; + ey +w, e, (24)
K w, BRI — B4 Fom A& P AT LU )
AR s P I E R AN G e B
E (A 5R 22 T, o By 4 BE A = BRI FE A
BRI BRGSO R Y ) A
AT 5 1 235 SR (R E A 1 . Ry O o R T AR
5 (5 A U 480742 it il pe 9 2B ) L OP,
LP %5k, Hid OP J775 & Olley %5 7F 1996 4F
P L TE T8 DMU (9 #% K CF WAE 4 7
RPRAE L BE = H DMU 25 H 5 24 /iR A it
AT RGP BRI mT DLl A T 1 48 98 7K 71 S 2B
PR RAE H BT OP 35 JCiE X % % i DMU
HEAT AR PR AL LP 5 WX OP ik A7 1 el i
AN A A8 9% KP4 O 2R 7= 3R RAIE T 2 8 B i
e 4% A
2.4 EEFR
DARAEF=RUE T k. O4 7= Rk . Rk R
HiERRAHTEE AN 2B R AR ik b
P Iz A L IR AR S ROl B A 0
I T % ARG — Ty i AL 4 K 4 5 3% L 97 3h i
A5 #E LAY R B E N 0.55.0. 20 Fll 0. 25, — & 2
FE L2 m T ARl B A R S bR, HR
T AAE R AR ) EL A 1 bR BB 3, R G — T i 1
i A B R BR . C-D AR P B R 1 T Bk
(R 1B (0 C-D A= )™ o BUAE 76 v P 4 R BE 2B
CRIVBE A FN 57 30 1) L A1) 5 30 B R AR SR AN AR ) L B B AR
AN AR s A AR KRR B 5 Rl i) 2B 7= S RS
6. CES A7 sR I Bl Rk B0k 58 & Wb
TR X — SR H B TR ) 28
Z , A HNAG T 7 i o 52 4%, R SE PR AR ik
B R 2K HIL N Az, TR, &R
WAL DA R IR A 5 4 7 sR B 25 6 I A 1Y
SRR, RIRL 7 3 A5 500 53 A 25 B A
N FELZ BRI A B R BRI BB 4 Ah AR A
TR I I AR BOE A AR 25 2 B ok,
I 2t 25 R 55 S B I D AEAE — R iR . @F8 %K
B A8 BOEE N —FEES B0 A B Y R EUE
2 AEAFFE R I AN AR B R 8 RS a4 o,
[Fi) B 30 2 B A R H B 0 26 1) o IR S DRI I o 5 B A o

H—E WA, 2 2y — & 5
b 7 vk S5 A HEAT A

2) A PR RTV T 5 v . AR U T AL A
2453 H1 7575 (DEA) B ML AT 20 BT J5 2 (SFA) LA
KALFRTUE B (MFA) 3 Rk, MK F X 3
T 7 v 2 A TN ARl 4 R R e R D Rl
B (0, 4 B F A Rt N e 22 1Y, A H A R Y T
FH %A% . BEL TV B AL 55 2 105 15 8 eR BOE 2 (R
RS T XA 7R R £ () SE A RCR BB 2 . 5 e )
BF L SFA J7 i ml U A B AIL 4 29 30 3k 42 il 0 1% 25
5N M DR ROl AR 5 e AR By SZ e, R AR 2
FFENNEH] SFA WSRO 22 R E - R TS
R A P2 A TS, DEA 7 e S 2% A-£ 7
I RRIR 5 DEA 7 a1z I B Al 42 22
FAE RS, R FE AR W R Rl sk
ARF RN Y, HAE WA L 22 R A
R £ 2§l DEA-Malmqusit 71, % €3] DEA
5 5 B A i B s st e DA B R R A A )L L Y
5% Z 1 ¥ DDF Jy [ 4 B 25 oA %, SBM. J7 [ 4
B R DL SRR T vk 5 DEA M5 A ok I 5 A
WA B AR, MEA J7 ik ) 323802 2% J8 R [A] R
A AR 22 5 AR 7S 8] A7 76 B 0 B R 25 B e ) 450
Al AT A R R A

3) IO B 7 3k o Al 4 28 A ™ 1) U
BIrEE RS OLS At % . LP.OP &, Kb OLS
i 75 2 W i 22 T A A B VR R ARk 4 B R A =
Y RAE AR AR P I RO AE — 8 B B T2 A8 0L I
F Y, g P 23 LR 21 AR I Y R R Al A R
B, PRI A% 25 IR [ 1 3 A 6, BT 3 T b [l
IR FEAR B A2 . & X 3K — ) 8, J5 ) LP . OP & i
J A AT SO JZ2 T AR b 4 B 3 A 7 R B ) 2
2, OP k1 1 $2 2 3 9 K OF 5 A4 7= R 2 ) J2& 1E H
KRR ATE S A 7= S B v, I R B A7 19 28 7=
DMU #2445 #9384 i, Rtk OP 2 48 J6 2 3 % 0
Z ) DMU #4742 7= A% 5 LP X OP v& 47
T AR AR AR AR AR X — 48 A .
I LP Jrik iy g 1 5 R s R AL,
3 MRARBREXRRKEE

B N AMEL A AR AR 2 M SOk BBl e Ak e R A
PRI AP S TR T KR, AR
WMTHRAFEENHBSEEEARASE, Hibh L&
[Fa) 750 {45 M 5 00



55 4 3]

M T R TR AR N kSRR RS 255

DB R 81 BN e TR 8 iy P SN
KE A BEFR ARG ATTER Z A
BT T80 D7 3% L A 2B 0 i T 07 3 DA K oW A% B Y
LP.OP %75k . XS kA H A S iss @, L F
BT AN A B R A RN AR L (H X T ik Bl
FHAT BRI 25 5 A pI ke o, JF AR 2 8 1S R A9 .
FETH R A 42 B R AR 7R — & L5 A A ™k i
RS SR RIS A B 5 v TS 2 — IR BB SR U7
LR R RS e ke

2)WER R O TT R BRI . TR 2 0 s AE gt
FrAC P 2 00 ) 42 B 3R AR 7 R R e T DEA 4%
TG Tr s X AN G HRY . IEAHT ST IR L AR R
TR WLZ T RN AR PR E B B BR KA
J2 TN, RO A 225 )2 ThT B 5 5 0E  OML AR
PUHEAT A B R A R AT AR R R .
BT REAS YA [A] A B 06 £ 0 SO 5 vk AT R R
AR T

3 MERAG PRI R . A AR TR Y
RO Al 4 B R A R R B0 E 2L B e E
B bR 2 i R R A R a2 . (HE
AIRZ BT BIEE ™= 45 bR 32 PE £ T AR ARG &S
FEE AE B AR AR AN A IF] L 45 b 328 B it 1
Ko BEAb 7 IH F He A T 28 80 n0 18 A7 7 22
5o EAERAON SR A A B R A R R AR
TE PR AR T 30 B o (e L T RS G 4D
B A I 50 L A7 A 415 o Ak B A Bt 1 1)

S EZ @k References

[1] HuR, Huang]J, Jin S, Rozelle S. Assessing the contribution of China’s
research system and CG genetic materials to the total factor productivity
of maize in China[J]. Journal of Rural Development, 2000, 23(1): 33-70

[2] Smith A. An Inquiry into the Nature and Causes of the Wealth of
Nations[ M]. London: Oxford University Press, 1776

[3] Solow R. Technical change and the aggregate production function[J].
Review of Economics and Statistics, 1957, 39(3): 312-320

[4] Romer P M. Increasing returns and long-run growth[J]. Journal of
Political Economy, 1986, 94: 1002-10037

[5] Fare R, Grosskopf S, Norris M, Zhang Z Y. Productivity growth,
technical progress, and efficiency change in industrialized countries[J].
American Economic Review, 1994 66-83

[6] R&FR. RERLERASERMES T BEHFRMTRI]. REERZ
¥F, 1984(6): 37-40
Zhu X G. Research and practice on the measure method of agricultural
technical progress in China[J]. Journal of Agrotechnical Economics,
1984(6) : 37-40 (in Chinese)

[7] RFR, BEE. RUFERFESWEOHLFEIM] LR - FERLH

[e]

Lod

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

B RAL, 1994
Zhu X G, Huang J K. Theoretical Method for Determination of
Agricultural Technical Progress [ M]. Beijing: China Agricultural
Science and Technology Press, 1994 (in Chinese)

AR B ER P S TR W E 7M. Jbm . P E AR R
ik, 1997

Zhu X G. Contribution Rate Measurement method of Chinese Agricultural
Science and Technology Progress{ M]. Beijing: China Agriculture Press,
1997 (in Chinese)

L. RERD AL S RMEHH 5467 . 1978—2010 £[J]. WALk
%%, 2013(6): 169-175

Hu K. Measurement and analysis of contribution rate of agricultural
Science and technology in China: 1978 —2010[]J]. Commercial Research ,
2013(6): 169-175 (in Chinese)

Liu D, Zhu X, Wang Y. China’s agricultural green total factor
productivity based on carbon emission: An analysis of evolution trend and
influencing factors[J]. Journal of Cleaner Production, 2020, 278(1):
123692

LiJ, Lin Q. Can the adjustment of China’s grain purchase and storage
policy improve its green productivity [ J]. International Journal of
Environmental Research and Public Health, 2022, 19, 6310

Tinbergen J. Centralization and Decentralization in Economic Policy
[M]. Amsterdam: North Holland Pub. Co. 1954

Arrow K, Chenery H, Minhas B, Solow R. Capital labor subsitution
and economic efficiency[ J]. Review of Economics and Statistics, 1961,
43(3): 225-250

Berndt E,

Christensen L. The internal structure of functional

relationships: Separability, substitution, and aggregation [ J]. The
Review of Economic Studies, 1973, 40(3): 403-410

4, XBe#H. OECD A RWHE FMIMI. Jba . oh HRHEHA U
i A, 2008

He] Y, Liu X J. OECD Productivity Measurement Manual [M].
Beijing: China Science and Technology Literature Publishing House,
2008 (in Chinese)

Charnes A, Cooper W W, Rhodes E. Measuring the efficiency of
decision making units[J]. European Journal of Operational Research ,
1978, 2(6): 429-444

Tone K. A slacks-based measure of efficiency in data envelopment
analysis[J]. European Journal of Operational Research , 2001, 130(3) ;
498-509

Aigner D, Lovell C, Schmidt P. Formulation and estimation of stochastic
frontier production function models[ J]. Journal of Econometrics, 1977,
6(1): 21-37

Meeusen W, Julien V. Efficiency estimation from Cobb-Douglas production
functions with composed error [ J]. International Economic Review,
1977 435-444

Pitt M M, Lee L F. The measurement and sources of technical
inefficiency in the Indonesian weaving industry[ J]. Journal of Development
Economics, 1981, 9(1): 43-64

Battese G E, Coelli T J. Frontier production functions, technical
efficiency and panel data: With application to paddy farmers in India[ J].
Journal of Productivity Analysis, 1992, 3(1): 153-169

Battese G, Greene W, O’ Donnell C, Podinovski V. A metafrontier
production function for estimation of technical efficiencies and technology

gaps for firms operating under different technologies [J]. Journal of



256 FOE R R R 2023 4 5 28 &

Productivity Analysis , 2004 (121): 91-103 (6): 1263-297
[23] Marschak J, Andrews, W. Random simultaneous equations and the [25] Gong B L. Agricultural reforms and production in China: Changes in
theory of production[J]. Econometrica, 1944, 12(3/4) : 143-205 provincial production function and productivity in 1978 —2015[J].
[24] Olley G S, Pakes A. The dynamics of productivity in the telecommunications Journal of Development Economics, 2018, 132 18-31

equipment industry[J]. Social Science Electronic Publishing, 1996, 64

WAERAE . T2

FE—1EEE N MFT L P ERIEB SRR AT SRR TSI R A . FESEME. =
BTG A A He AR 23 AR B BURT AR B BUOR . R ARk RIS SRR R HRF
B EH VT 10 W, LLSE—AE & S0 R AE & B 0 7E Frontiers in Plant Science \Agriculture (R R
G0 R A WE T )55 B A A4 SCT M CSSCT 2 R TIR 8 3C 30 R ML E 13, /ERHE
BN IRAT B IMPI T MR 5 B PR 2 B,

BHAEFRE A BHOF O R/ ER BB R Z T 5 &K RT3 Z 50 Rl R &3 =
A ZE % Tl W R U A G B AR 2B e 57k AL B B S EOR ARG EL S W S . B
F K A R BE 2 3 4 S s 2SR 16 T, & e N A2 AR I8 3 60 A3 F o AH JCI8 SCRE OGR4 S ) L b E
N R K=CE AR PIBR ) A SO 8, MUF AR % 3 3 38 5 1 9 58 — 52 O R A5 4Rl 38 FORE 2 18 75 i 52
MR — M =R 1 T,




