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Abstract

This paper is based on the DEA-Malmquist, Tobit model, and grey prediction (GM), aiming to evalu-
ate and optimize the new-quality agricultural productivity in Hunan Province. It studies the panel
data of 14 prefecture-level cities in Hunan Province from 2017 to 2023 and constructs a three-stage
framework of “efficiency measurement-influencing factor-trend prediction”. The DEA-Malmquist
model is used to measure the spatial-temporal evolution of agricultural total factor productivity
(TFP) and its decomposition items (technical efficiency, technological progress); the Tobit model is
adopted to identify the key factors influencing TFP and examine the roles of variables such as agri-
cultural science and technology R & D investment; and the grey prediction (GM) model is utilized to
predict the trends of TFP and its decomposition items from 2024 to 2029. It is found that during the
research period, the average annual TFP of agriculture in Hunan decreased by 0.9% and rebounded
after 2021, with significant regional differences; agricultural R & D investment and mechanization
configuration have a positive impact on TFP, while energy utilization efficiency has a negative im-
pact; itis predicted that the TFP will increase at an average annual rate of 2.65% from 2024 to 2029,
driven by technological progress but with concerns about technical efficiency, and suggestions such
as strengthening innovation are put forward.
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RN A )17 BT DRI G NN AL, IR RS A R, HES AL AR R
—HAT A AR EEME A B, SO SR . AR T R ER T B IR R R IEAS [ 1] e IR
PR GE I EENE. ERIE RN R A . PR R IR A AMESR A m R (K. A
ZHEABRPMERLN R EBA R,

1245 TFP 43 HTHE BRI i 5 R 3% (Technical Efficiency)53 R ¥ 2 (Technological Progress) - #4E£[2],
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2. WARFEMBEERIE
2.1. fiRGFE

2.1.1. DEA-Malmquist 4 P 3 ZE4EFY
AW FTiE N ) DEA-Malmquist 4277 RCR RS, %F 2017~2023 EiEE 14 MM s8R
AEFEREEAT oy X3 AR R, HABUFER AT RN

D(x,y)D(x,y)
M X,y Vo Xy Vi ) = t t+12 71 +1 x t+1 t+1° . t+1 = TFPCH (1)
oY%t Vo) met,yt) GRERY
M, =EFFCHxTECH = PECH xSECH x TECH 2)
D,
EFFCHZ t+l(xt+15yt+l) (3)
Dt(xﬂyt)

A BER A PR RARH(TFPCH) & M B F A 14 MM 58 RO AR R, W BRI TR
JKF; EFFECH Ml TECH /) iR /R R BCR A ABE S ;. PECH A1 SECH 43 7l /R Sl AR 2 R A AR Ak
o HHARBORT 1, RRCEREN HRTH 8 E, 5T 1, RRBEaEN, AT 1, R
(] T B B0
2.1.2. Tobit &Y

AHIE T AR AR P BB AE 0~2 2 [A], AT I tobit A5 4% B 35 Az 7 2 (TFPCH) 1 5% M [ 3% Jie I SIHiE
SHTe AT RA R (TEPCH) MR RS &, LRI R BN (ardi) AR ORE AR R, A2
EIE R .

TFPCH! = B, + B,ardi, + B,ea, + Biie, + B, fpq, + fsamd, + Btres, + finf; + Pieu,
+ Bymacl, +u,

Hodr, u, IRMIEN 0, T7 28 62 BIIER /A o

2.1.3. ZRBFRM(GM)
RIE— G AR R A AR L A B AR P R (TFP) K 3 R FE AR I AR SR AL R, 188 i ff 5 6 IR0 58 1) o ) T
ESEME, SIAKGRGHIET GM (1, DRI, HECER T R8N

“

A (k)= Zx}‘” (1) )
[a.5] =(B"B) B'Y ©)
2 (k) [ j %
a
£ (k)= & (k) - (k-1) ®)
_ std( 7’15) ©
sd(X)

BRI N Az IR R RN A (IS A AR B BEALYE K ) —~ f ) T RE SRR S R E
RFEARE AR, ARG & 2 U — SO0 P S 55 S e+ B 0R0E S5 (75 21 SR 46 48 b s b T 4B —~
Je U6 72 R I (U UE AR TR AR, B R TN AT 52, SEBREAY 4 B3R A 7 28 TEPCH) S H 7 F b AR SR
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2.2. BIEFKIRSHEFRIER

2.2.1. HiEEKE

A FERIREAR ST GO 4 2017~2023 4 14 HhTT RN 572 H R AR B4, $odiE £ EoRIE 2 R
BHIFHELRY GHRALNGITFES) 4] WA ST MNETHEEMEREF ISR ES T AIRE,
X843 R R PR I 190 R FH 6 M A (B TR AT S
2.2.2. MAS~HIERR

DEA-Malmquist #%84 DABEN 577 A9 daHR, A 7T 1 2050 4 R A P A 40 4, IR A 4 28R
PR (TFPCH RIS - 7 AR B IR A R, BRI BT & 1

Table 1. Agricultural input-output indicators

= 1L RN = HIEHR

H — Ytk =tk UG
e ol SR (2. 7)
ERTSN KB LB (T-A 5D
S5 S S50 1) ARG ML AR
BB KB % KALBURRE 417 T )
B ‘ e I 8 F B (0
ST - e
A A 5 7 5 H (%)
i TR L H R (12 T SO
BAHAN o JHRRCT D
IKITEIRFEN B R T AR (12 7T)

2.2.3. Tobit {RBVIGHR

AT FTIRLE LA R AT BRI R A A e R AR R, BE e SUIURERE . A
i SEE SN NORBEEA AOVHURIZRE . PRI ECE . FEaBE. BeIRA A . AL RHEHT
RN, BAASEART 4 2.

Table 2. Influencing factors of agricultural total factor productivity (TFP)
2. RULEREFRYMER

2SN (i % =7 7
Pl IE B LA AP S T Ak 2B S YR
TR EA (BRER LA 524/ 4510 > 100
ANA w58 H 41 TRES RN B RS2 R
UNEE5iE- i FPQ NN AU 5
ANV AURAG TR AMD A 55 B R 2R
FHp Ui e & MACL (BB B 70/B TR > 100
FErt 3 it INF Ao R B 2R
REVEH H EU (B RO AVAF ) < 100
FANVFHAT RN ARDI ok R&D 4 %/R&D W4 %7
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3. R EEFH RN E S51FM
3.1. 2018~2023 fFiARg & R A = 2R AT F 4

Table 3. Malmquist index of agricultural productivity in Hunan Province (2017~2023)
= 3.2017~2023 Fi#iRgE Rl & 7= 2 Malmquist 55

(X 43, Tfpch Effch Techch Pech Sech
2017~2018 1.048 1.002 1.047 0.994 1.007
2018~2019 0.935 1.002 0.934 1.013 0.989
2019~2020 0.945 0.993 0.952 1.005 0.988
2020~2021 0.965 1.001 0.965 1.002 0.999
2021~2022 1.049 1.003 1.046 1.001 1.002
2022~2023 1.012 1.007 1.004 0.999 1.008

%3 ERINT 2017~2023 4T AR A EEER AR R Y Malmquist F8 5508 FL o0 R 0 B0 B 45 R
MWEARIIE ARG, B R R(Tpch)MEM FTCIAN T8 0.991, FH R 0.9%, WA A= 80RAT
RZ—EHERE ). XA SR E = mIE 7 g BT AR IR B AR L R RS . {H
152022 SE 2 J5, FEBE “WIRRDS” SSBORH %D 500, TFP SRRt A f EF 1 4.

MAEFE A K F, 2017~2018 4F TFP HK: 4.8%, XK T TE 25 % E R LW E AN BORE
R YK :2018~2019 f 2019~2020 1, T 48R 5 9 55 152, TFP H 3L T B, H 1 2018~2019
FEREZ 09355 2021 FF2 )G, “EELOIRE TRE” RGN, B/ ke, 2021~2022
£ TFP LJH2 1.049, 2022~2023 4 HEE RV 2 1.012, {HA5E T 2020~2021 K.

Mo fRFE bR R, AR D (Techeh) 5 H AR AR AR (Effeh) 3 [F{EH T TFP [17223)), {H = o
BREAR . BEARMEDIMEN 0.991, 7E 2018~2019 4, BT A FHE R FE AL AF TR 5, Techch 4 0.934;
M 2020~2021 FEiE, Bl R EURO B AR SO R R A 45 T H K SE i, Techeh B2 [T, 2021~2022
EILE] 1.046, 2022~2023 FHERFLE 1.004, KRN A= 2 MR THE FIFF S . FORBERAE
N 1.001, ZEIE TR A ARBER (Pech) I E A 1.002, HIREZ (Sech) I 4 0.999, 1 BA % FH /K T
A R R LE ARSI, T IR KR R S I R AR T S B i X7 T i 4 R ) PR A

3.2. #FEE 4 HRRIEFRZHXIRER

4 I 14 T ARME R A TR R AR E o R DL, 2018~2023 4F, Kb HRINAE 7 T
TFP ZZE KT 1, &b THKARES, Hd Kb it LA D 3 54 K (techch = 1.047); W PG M (TFP = 0.972).
ME T (TFP = 0.960)%5 7 1 TFP KT 1, FKZEK A 1(TFP =0.981)%2 £ B L L R AR M . ™ B X 5
AR R 52 5 YR SR (U] BT SR A AE R vs WP LD XHOTE AR ) BOR MR AR EL A M IR A
vs fiaze H X BN S )FEN, R SEIL I T AR T .

MEARRED(TCVE, BARBELWZEYIE . KIDTT(1.047) IG5 L AL GUFT 02021 45, SLB
FAEREEAR LA T I K 25%; TGN (0.972)Z FRF LT, RALIE R BN SR ELC 2B IIME 173, 7
MEARIB . RARTHHBORL. BHTRBEIRSIIE K, 55340 R Z R LA, HE AL TFP XI5
ZE5t

MEEAR R (TE)E , BRAEMI T (1.017) 7K 7 (1.009) T, 28 117(0.983) il 7G4 (0.975) PR E#E 2.5%,
HAHTT TE 8258 1.000. H, SRR PE) ZHFEM R EGIMH 1.001); MAEHCR(SE) K HE 3,
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TR R FET(0.968) K HF i B (R ERTH FH<S 77 (5 ELAE 60%). RHLERPEZ, SE FAZE 0.968, KibE(1.003)
R B R . SFEHURAL R TS, SE REAE 1.002, A WL, $ARZCEERXT TEP Mg 2 “ R 2 - &
At IR AR T 1L X T, 2 AR BCR SR At T i sh 4R AR RS

Table 4. Regional difference analysis of agricultural productivity among 14 prefecture-level cities

4. HEE R 14 MR AE = RP X ER S

X35, Tfpch Effch Techch Pech Sech
Kb 1.059 1.000 1.059 1.000 1.000
PRI T 1.004 1.000 1.004 1.000 1.000
R T 0.966 1.000 0.966 1.000 1.000
1l H i 1.010 1.022 0.988 1.012 1.010
BRBA T 0.990 1.024 0.967 1.018 1.006
T BH T 0.992 1.000 0.992 1.000 1.000
AT 0.961 0.999 0.962 1.005 0.994
[ il 0.974 0.981 0.993 1.000 0.981
i B T 0.974 0.997 0.977 1.002 0.995
MRS T 0.987 0.995 0.991 0.997 0.998
AR T 1.010 1.000 1.010 1.000 1.000
AT 0.999 1.000 0.999 1.000 1.000
LT 0.978 1.000 0.978 1.000 1.000
WV LR R A M 0.979 1.000 0.979 1.000 1.000
SARYE 0.991 1.001 0.990 1.002 0.999

NOBT AP I D R AL, XA IR AR B2 “HORBIITARE” [ “ A7 R sl Flbi &
GUPERERL . B 2R A R AR BOR (Rl B R B BB SR (T NI R G QIR R,
WAVE . TR S GEE VRIS . —O7 T, REE AR CONRES T RHIE, RERT. PR
B XRHERTIT BRI R 25 RE 0, SEEOREHE RN e, 55— T, a@RetEHE 4 FR ot
i, WRHRIFE A 21 [ 3k (1 “ BORFEAEE " Wi, BORbRdE. BRAEMIE S A LR 3 5T, Toik
TR “ BORUH - ZEERA - BRI WIS, i dug e o “ ER AP E” R

IS, 7 bR e R e Ja IR RCR AR o WA T BORARME TR, “ B — 25417, AR s
BN, 2R ORSWAEM, M@ PR EAS . E BTSN TG giat, Pk
HEMIMEIZE AL, “FORES” “=REEWE T SRR, FIRBEAMEE. WIWREE R, S5
BORBEG UK “ A7 17 Rl P W RSO “ RERBLSE” 5 7 Ml e R R PSR 3 o A
TIER.

i1 XS JE R, SR RAE P S DB (R R BRI E . PR )X AR 5 73
Ao KID L AIHEE “HORBED TSR My, RIEE R AL AL 08 &, RERIEHR, SSBlAED
TR BOFBORE “ROAERIHT” » IRl “Brdmt” PR, R QU R A A P i B R
(B REREBL ARG [), REH A 71 “HORIE)” B EZ 4 [F, P RS AT (AR 7™ i HL R
ML P X)), NEORB AR “ vk 57, ERTE RS PR, B
AR =7k = R [k AR E .
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SOUHITE I« SR T4 “ BRI 7 X, 2R T Ih e AR LR, RS (ERECHE).
PP A AR 5 ARV R A AR ) FORARIERE ) (B Z KR RIS 6) M DLE RCET B A R —
Jit, M S BRI IA PR K, BB ERA “mBN ARBCR” P 50, SRS
PR JE O RIS AR A, FAR BT (N AE SR A) NI 58, P R E “HoR + kAT RS S
R FARBUNTRRCR . IR UG, Fa et xR AR B s b TR i ae, Wl
SR ATiEA AL EE, BEPERNE S ERNMAZHE.

4. R ETRE T REMERRTIED
4.1. RN G 5L EHEMRY

AWFFEET 2017~2023 il FE 4 14 DNHETTH D THAARCEAR (N = 84), B RAZ QAR AT [ #id 14
T dT, SERE S PR R ABEREFF(TFP)IIIME N 0.998, HL 1, RUHFRIIN 2GR A7
R AR AL T F VS T PR, (B A e Bh (hRAE 22 0 0.121) o AR AR B i L 2 55 7K T (IB)  SCALFEFE (EA).
FVAUIRAC L B (MACL) S R I H — 8 B X3 e itk 5 S SR A4l 17 kAt

Table 5. Descriptive statistics of variables

F+ 5. TEMARMST

Variable Obs Mean Std. Dev. Min Max
tfp 84 0.998 0.121 0.644 1.591
ie 84 3730.9 259.529 3256.315 4293.364
ea 84 11.79 10.092 29 36.527
fpq 84 17444.88 2813.391 12656.82 24504.94

amd 84 3729.349 290.914 3163.048 4387.919
tres 84 2.854 0.224 2.429 3.425
inf 84 19.503 1.637 15.875 23.376
eu 84 0.503 0.227 0.275 1.822
macl 84 1.091 0.614 0.569 4.447
ardi 84 7.143 9.162 0.14 40.39

4.2. HEHEMHRE

TR T O HER P, AT TEREAT 1 2 IR IR IR(S] (% 6). FTA AR Z K T (VIF)
B AT 10, P8 VIF 58 3.01, RUBRAAEAE™ B 2 FALLNE RS, B Z5 1A (5

Table 6. Multicollinearity test
= 6. ZEHLMHR

VIF 1/VIF

ie 4.36 0.229
eu 4.192 0.239
macl 4.18 0.239
amd 4 0.25
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Bk
tres 2.877 0.348
ardi 2.21 0.453
ea 2.151 0.465
inf 1.83 0.547
fpq 1.295 0.772
Mean_VIF 3.01 0.772

4.3. FERVTFGER ST

RN BT PR B AR b 4 B2 2R 77 5 (TFP) I SE I, AT FURA I 17 [ R R0OL T AR A A AT R v [m]
SRR TR .

Table 7. Benchmark regression analysis results

7. HEEPIADIER

TE (1) tfp (2) tfp (3) tip
0.040™ 0.040™ 0.040"""
ardi
(2.266) (2.178) (5.298)
' —-0.000" —-0.000
ie
(—1.875) (—1.396)
-0.020 -0.020
ea
(-1.270) (—1.657)
—-0.000 -0.000
fpq
(—-1.214) (—1.118)
0.000" 0.000
amd
(1.925) (1.438)
0.224™ 0.224™
tres
(2.113) (2.366)
-0.019" -0.019
inf
(—1.704) (—1.569)
-0.731" -0.731™"
eu
(—1.891) (—3.545)
0.299" 0.299""*
macl
(1.994) (3.506)
0.709*** 0.947"" 0.947**
_cons
(5.541) (3.771) (4.319)
[i] 5 2K 2 4 4 2
N 84 84 84

¥ *P<0.1, ™P<005 *P<0.01, ¥ESHHE AR,
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M) I E RRNAEAL ] LA, AR AR [61FE 1%/KF_EXF TFP BAT B 2& IE N, &
H0H 0.040. XKW, SEIALAT RSN« fEEEARBSET, RIS E R R WIRA IR [, Rk
HUBAL IS B /KP tAE 1%/K 1 Ext TRP AR R 25 IEFREM, RECN 0.299, UEWIHR R LR 4 7K1 5 M
FEJE RS A RURHEAR O A7 B4R T T

77 BEPRA RIS TFP A7 R S RISEIR,  REON-0.731, XMt 2B Al G A F 5
AAUVBHL, BRI R BRI 7 A R 5 m . HOREZR WL 5K SRS R
AR B, HHEN T B e R T RS .

4.4. BEMRELE

NISAESEHE PR TR S5 I AT FEVE, HEBRIE A BOE iR . Ao e B J5 22 P 45 SR I AR 2 7]
AHFFHAT T AREVERE IR 8)o AR IR BT IRAE. B, W AMEsARRAE 1% 99% 73 ir
HOKF B AT 4 RACER[S],  CAIZ IR s B X Al T &5 ARG R i 22 . LIk, fE M7 SR 2RI B b
Wy GRS NSRS TE BT S B HEWT 1%, TS = e T Aer i (0 7

Table 8. Robustness test results

8. RREMARWmEER

TE HHE FE % E FE ®AKFE
0.0397*** 0.0397"* 0.0397™*
ardi
(0.00749) (0.00749) (0.00749)
' —-0.000208 —0.000208 -0.000208
1€
(0.000149) (0.000149) (0.000149)
—0.0201 —0.0201 -0.0201
ca
(0.0122) (0.0122) (0.0122)
—0.00000766 —0.00000766 —0.00000766
fpq
(0.00000685) (0.00000685) (0.00000685)
0.000185 0.000185 0.000185
amd
(0.000129) (0.000129) (0.000129)
0.224™ 0.224™ 0.224™
tres
(0.0947) (0.0947) (0.0947)
—0.0191 —0.0191 —0.0191
inf
(0.0122) (0.0122) (0.0122)
—0.731**" —0.731"*" —0.731**"
cu
(0.206) (0.206) (0.206)
0.299"* 0.299"* 0.299"*
macl
(0.0852) (0.0852) (0.0852)
0.947"* 0.947™* 0.947"*
_cons
(0.219) (0.219) (0.219)
N 84 84 84
#: "P<0.1, "P<0.05, "™P<0.01,
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P QLR TR RS M SE . AT LR, RS BIRE A IR TL S, RO R B RS
KN S 8 KT 35 45 o (1] D 25 SRAR B — 3. RO AR RN (ardi)TE 1%K°F ERpE8ER E NIE, 3
A A 0 A = e R s N BB R E P . RO ATURAL T B /K P (mac) [FIFETE 1%/KF ERZENIE, #
AL F 6 RO 38T B SR AR o RSN IR0 (eu) A SR TR FEMA MR SR S 35, S e H RE SR JBCA X A=
72 BRI 20 AT AE o LAt ) B AT T SRR R AR B R

TEFT SO R 8 AR b 4> B3R AR 7= 32 (TFP) JJ7 SEREAE B 52 M (R 3 kAT R G0 o W 0 ity b, D3 st 72 1)
BURSHEAMME, AP 5 NKE GM (1, TR, A 80E F T/ N )7 Z10 500, F 10t
2024~2029 4[] R 44 A TFP B Ho o it b 18 A8 s 34 3047 700

5. RFKERHEBTM

TE R SCRHHIRG 4 Ay 4 B R AR 72 S (TFP) [ SRRAE X S M IR 3 BE AT R G M R FE Al b, IG5 1)
BURSENE, AW FE—2 5 NG GM (1, DT, 1ZA8 A& H T/ INEAES (8] P50 805, B 5%
2024~2029 A ET B AL TFP K H o il e b 1 e ARt S5 3k 47 7
5.1. FRMESBERE

FERAURE G AR PR SR i B, BL 2017~2023 SR8 AR, 70N A 4E TFP f5 8. HoREED . 4%
REE, AHERBEGMBREAEAR A GM (1, DERL. Fra SRS 85 R IR, SFIMRZER
i 5%, JekZE E(C)MMRT 0.35, HADR AR “ RiF” R UL ESES, RTINS RATEE, aTH 1
WS

5.2. MMERS 5340

Table 9. Forecast results of agricultural TFP and its decomposition indices in Hunan Province (2024~2029)

529.2024~2029 FE#iFg A R\ TFP R E SR BTun s R

TR B TFP 83 BAR#D BARBER ABARYER kS S
2024~2025 1.0607 1.0781 0.9950 0.9951 0.9999
2025~2026 1.0888 L1115 0.9919 0.9924 0.9994
2026~2027 1.1177 1.1459 0.9887 0.9898 0.9989
2027~2028 1.1474 1.1814 0.9855 0.9871 0.9984
2028~2029 1.1779 1.2180 0.9824 0.9844 0.9979

MEAEERAE (R 9), TFP FEECEIRFL: LRSS, B FEIIEKELN 2.65%, 2 2029 4L H|
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