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Abstract: Based on the panel data of 18 cities (counties) in Hainan, China from 2012 to 2022, combining the
non-expected output super efficiency SBM model and Tobit regression mode, this paper analyzed the spatial and tem-
poral evolution characteristics of agricultural eco-efficiency and influencing factors of agricultural ecological efficiency
in cities (counties) of Hainan. From 2012 to 2022, the average agricultural eco-efficiency in Hainan showed obvious
grading characteristics of central region>western region>eastern region. The agricultural eco-efficiency at the county
scale of Hainan improved significantly year by year. The average agricultural eco-efficiency was 0.541, and the number
of cities (counties) above the average value was 7. In terms of spatial change, the overall distribution characteristics of
agricultural eco-efficiency were “spreading from the middle to the east and west”, and the distribution characteristics of
full efficiency and high efficiency were block and chain. The cities (counties) with medium efficiency were distributed
around the cities and counties with full efficiency and high efficiency. The trend lines in the north-south direction and the
east-west direction showed the characteristics of inverted U-shape. The temporal and spatial evolution of agricultural
eco-efficiency in Hainan at the provincial scale was influenced by several key factors, including the level of farmers
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income, intensity of agricultural mechanization, use of agricultural chemicals, and urbanization rate. At different re-
gional scales, farmers’ income level was the main factor affecting agricultural eco-efficiency in the eastern region, while
urbanization rate, intensity of agricultural chemical input use and farmland irrigation rate were the main factors affecting
agricultural eco-efficiency in the central region. Urbanization rate, farmers' income level, agricultural industrial structure,
intensity of use of agricultural chemical inputs and farmland irrigation rate were the main factors affecting agricultural
eco-efficiency in the western region. On the whole, the agricultural eco-efficiency of all cities (counties) in Hainan showed
an upward trend, and there were some differences in the agricultural eco-efficiency among different regions. In the future, we
should explore the priorities of agricultural development in different regions according to local conditions to effectively
improve agricultural eco-efficiency.

Keywords: agricultural ecological efficiency; influencing factors; super-efficiency SBM model; Tobit model; Hainan

province
DOI: 10.3969/j.issn.1000-2561.2025.01.024

FE RO RE, HABR 119%09 40 F i
B 1A 18%IM N MR B b4, 7 [ Fr L 3EAt
Mt R EEN ) 21 22 Lk, RER S
B, 2000—2020 ARl B (E AR Y KRGk
5.94%2  SRITTEA M 25 e o g K g [ i, 7=
AT AR HER S N . A RS G ARk
ARG R AL — 25 B 7R SR TR B
SRl EENE ST, W Rl A =it
Mgk | R R R B e, IR
WAL R, B2 YRR L R
T I A B L (), ARl AR S OR SR DA ARl A 7
AV AESGAMENEEFE, L4 k%R
NANEZ R 2 e, M e, By
ARG RS T R A SRR AN ik S H A R[]
REERIRI . ZERFSE I b, F8A D, 4
i R | 5 bRk 2 O R A3 A 1910
%5 . TONE 42 H i HE850CR SBM AR 32 i+
b A ASRCRIM B T, o) 2B R P
PWAFRIRMA R, Jadk, AT H—BHERRIAES
BOR AR L2 W A B HE FBORD AR b T 55 Y B
JEHAEE = g AFE bR R IS AR SRR, %
TR 2 25 38 W 1 g 0 R A Al A S ORI
g M e R T, FE R K6
KI R | Tobit A | ZS[A] R STIRPAT
PEAVAE AT 5T, Hod o H B 22 B9 2 Tobit #1149
i e B 7 TN -l ST ST Y N EG I
FwizdiEmn () ZEEEs () Zim
T, XU B AR b A A RSO 5 R A7 B
F R

VA, YENESEETEN “EHET” R
T R b M R A AR R LAk RO R R R
2019 4EARVF “HERR SO L JRITIX” |, HilE

T ClmE ER RS0 K K (2019—2025
) ) F—RINECR . (A TR Rk A Ff
fem, AR 25t AR . R A 7 IR S
5% BA X - 498 1 ) B A AR A IR T R — R R
B, Al Az 25808 0 B8 s X1 28 6 i 44T 1R 4K
b Frs R B A HENE L, AUFRET
WA B (1TSS ) ROERE, 2 AR
HHp= i SBM AR IR Tobit AR 2012—
2022 45 8 A A S ROR I Ho i R 2
DL A v e AT o Rl e JR il s Al AR 25 b
E BRI S Z K

1 #MR5FZE
11 MRXEBSHEFRIE

WF5E X SRR Sy v . =P . HAs I
o, SCE . BT, T, 2@ g8 EE R
IR WmEE L BN R RARRIEA
BRL P RG AR RERGEARE . BK
BGaRE . AVREKEARE . BILREARE
1841 (H)

B FZORE T ChEKRASGITHEL ) (F
MAGIHEE ) UAET (B) IIFESITHELE .
St A BUR AT A TSRS B, 48
B A SR R R T AT L A S e 2 B AR
FEBRRFE BB R g, A e e (R I R LA 3 KR
BT AR T
12 FHik
121 HEM2 M E SBM A RAEE
AR Y B AR SBM BRI T e 48 18 T

() MR AE SRR INEE R
R STv/AS W/



238 o AE A F AR o546 4%
BORSEBAFAEZS [N, X H T4 /s 0] 3 A

11
1- =N 1
i)
- {zz}

Sl+sz w:1ywk g:lygk

ming =

n
st. X = Z %iQj — i
j=L#k

n

d d
Yk < Z ywj Qj + Ty
j=1j=k

n

Vo= D YeQ g

Q.5 . fy.fy =0
=12, mw=212-,8;90=12--,5,; j =1,2---,n

K, gFRRWAEBHRME; nERERHYE 18
AT (R BP18 MYURHIT; m. s, s 05l
AREEA L IR ARE S IR ARG
ot FILrE S BN BEA B H AR 0 22 s
AL Xy o Yew o Yok STIEORBEREIT K By
WAL B wIHAEE S g WA
P Q WA ALK MR E [ . S A
FerpH st fiE A AT () Rl ES
BRI 25 R h 5 NS $<0.2 HHCR
fiX, 0.2<¢<0.4 RECFIEAL, 0.4< ¢<0.6 HHE
15, 0.6< ¢g<l WRCRKE, ¢=1 NHCRTLA
8o AWE5EIE H Matlab fF, FIHEHERAEE ™ H i
SBM Y | X FE 44 EL AN BE AR AR S AR T
WU EE 53T o

HR A O WF 58 I 25 A e S5 B, 4% 10 T4
AT B AR A AR BRCR,, A AR
RS S S . IR (LM, KEEIR ) | HEE (1
JE . ARZG RN ) o PEEUA D B (E R S i R
PR A AR M A A AR B 2 R v e An R
2 BRI BRHE BRI S Y W HEBOR 254 s B AR
Wi (£1) .
122 AFk=ENE AMESH A EHHARN
W2 T b BT A A SRR A W B A G R 4
Mo MiE— BT A 18 T (B ) Rl A%

KAHT, RS a) [ A SR AR 1 pE 44 B I 2
7 B RN AR A ZS AR 5 4 S 2 TR AR 1 A
A RRERE, #H R 25540 (Moron's 1)
Kot HAMKEHE AT

x1 BEARIVESYEERER
Tab. 1 Index system of agricultural eco-efficiency

in Hainan

—RARbr YRR <

Rrimary Sepondary Varifbiigléa??aﬂon

index index

WEEA FHIHA RARBI AR < (ol S

IAMRBC S E) ()

DR E TN AN AU S S (kW)
KBEHRA  ARGEMRERH (hm?)
T HARA RAEH BAFFE AL (hm?)
AT TN FRIEEE A (t)
RABN REGM R (1)
RN RN (1)

mer Rl
R ARk B AR

s (E)

PRAE . Ae2h . RIS, AL IEFR . R
Ml 7 18R A5 B R 5 40 3 LA g 2R £
R BRHER A (1) B9
mRYcE IR, BRRR, RN RBRE

S (1) 0

n n
DWW (X = X)(X; = X)
Moron's | = 12171

s2 =i(xi -X)/n

Y:anxi/n
i=1

Ao, XA X a3l g AR | s (e
JCRRM A SBCRIE, X AME, n g
18 il (H) Hocki, S OMREART 2 Wy A
2 AR, R EIRAI LRI X R, AL
i 5EE A AT RS SR, Wy=1; A3
AT S, Wy=0, WIAHSR 2 A~ B ales W] e s
[ OCHG . A RS =485, Z 159/ P
EAf 2 1 R A BRI A B RCR B R HA =S ) -
RIAH M, Moron's | HUEVE I AH[-1,1], Moron's
1<0 F/RAAHE, Moron's 1>0 7k IEAH S, Moron's



514 PABLLAE R A A A BRI 25 il SR i [N R S 239
=0 7R A, B ~1 o 1 T4 A A g, B =w
123 @ik Tobit M4 b T REWIRALEITH ey -
BN LSRN E M F BN R, 2% T et ‘
P e L e S N S AV A T
RCRA RSt B0 52y PSR Tobilt Kb e -
MBS Al i
Ti=Fo+ Z kB Xt + 7t EZEH:BE p— fgﬂlﬂﬁ%
A, BT o5 T (R S AR H1 2010—2022 EiHESET (B) Rl
el AR . HLSE BRI SR, 24 T, >0 K H1E

B, BCSEBRWINIAE, 4T, <O B, MEEIIHRIEL
0, Hrpi (i=1,2,3,---18) LKW 18 ili
(8, BIRSRHIC; gy Foniliiim, g bt
28, X ONfRA R, RUEMINE, ki A
RIAEL, X B H R X, = X, A 9ibr
SRIAE, g, FRBEDLIR 2% . RH] Stata 16 #1F,
IV FH - Tobit A7 R 2 AR AR S RORAH KRR A
BHE AT [ H 4347

2 HR5H5H

21 BREERIVAESYEMRFERLHEST
211 F(E)BER 2012—2022 4EifE R4S 18
AT CE) Ll S EOR B ARRCR KO 10 = 2%
KBS, 2012 47, WH . ARARMARTT 34
o (5 R TARRCGRKE-, Wil BM . K7,
. Bk, B, = WADTT 84N (B) Ab
FEARRCRKT, BIL, ELfmyih 3~Eik%
HEAERCRAKTE, (A AV, s EE AR
AT (B) B EFIOKTE., 3 20224, T
M CE) A FRARSCRANT- R UIT, A 3CE 4
TR 4K, S 0.539, #E I1Ab T4 B KRk
FAH, 4 0.663, HAl (H) ¥ikE5%E A %80K
V-, 2012—2022 4F, HAFIIFR 2014 FAl A2
RO T KA, HAb ARy — B T2 f
WOKF. FEFR T (B ) RET R 2012—2022
AEAY A B RCR I N 0.541, Fom SLPrrs Hk
A TR K 54.1%, &1 (2 Kl
A BRCRAMEABRZEN, BB AE DL Ry
BEEAE., ffgih. av. g%, LA, 3
o RETAT (B) (K1),

212 AREARBKEE FT 2012—2022 FiFR
A 18T (B ) b A S bn A B R , BT
A 184 (B ) RAAESHCRME. BT HEHM
T AR IRl B SRR R, il ik

Fig. 1 Average agricultural eco-efficiency of cities and
counties in Hainan from 2012 to 2022
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Overall trend of agricultural eco-efficiency in Hainan from 2012 to 2022

F2 BFEHARIATNELFTHEBMERX Moran's|
Tab. 2 Global spatial auto-correlation Moran's | of agricultural eco-efficiency in Hainan

W H Item 2012 2013 2014 2016 2017 2018 2019 2020 2021 2022
Moran's | 0.135 0.017 0.126 0.243 0.152 0.142 0.169 0.148 0.071 0.188
Z1H 1371 0.548 1.374 2.281 1.807 1.408 1.643 1.439 0.890 2114
P 0.170 0.584 0.169 0.022 0.071 0.159 0.100 0.150 0.374 0.035
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Tab. 3 Tobit regression results of influencing factors of agricultural eco-efficiency in Hainan

fif B A5 5 Explanatory variable Z B Coefficient

FrE2% Standard deviation

Z {4 Zvaluae W3 PE/KF Significance level

WAL E (X)) -0.0069081
R EMATKFE (X2) 0.0000296
N ALK (Xs) 0.1100697
PS5 (Xq) 0.0060073
P AL FEA ST ISR (Xs) -0.0000958
LA BE (Xs ) 0.0167138
PRHPEBR (X7) 0.0035731

0.0039100 -1.77 *
7.96e-06 3.72 rxx
0.1219765 0.90

0.0043568 1.38

0.0000486 -1.97 **
0.0074374 2.25 **
0.0029744 1.20

e wre x|

*PARFERAE 1%, 5%, 10%H K B3,

Note: *** ** * represent significant at 1%, 5% and 10% levels respectively.
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Tab. 4 Tobit regression results of influencing factors of agricultural eco-efficiency in different regions of Hainan province

fi B 75 5 Explanatory variable

A HLIX. Eastern region

Fh#RHLIX Central region PHHBHL X Western region

WAEALR (X)) —0.00358000 —0.02880000" 0.00896000 "
(0.00231000) (0.01720000) (0.00342000)

KRR AIT (X)) 0.00003440" —0.00000191 0.00001430
(0.00001040) (0.00002370) (0.00000775)

LAV AL KSE (X)) —0.03330000 0.27000000 0.45600000"""
(0.25300000) (0.53200000) (0.08680000)

R FE R (X)) 0.00872000 —0.01610000 0.01340000"""
(0.00703000) (0.01460000) (0.00215000)
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(0.00302000) (0.01430000) (0.00666000)
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Note: ™", ™" ,and " represent significant at 1%, 5% and 10% levels respectively, and the numbersin brackets are Z val ues.
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