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Abstract

Improving agricultural eco-efficiency is crucial for coordinating food security, ecological security,
and green transformation of agriculture. Based on panel data of 13 provincial-level administrative
regions in the Three-North Region from 2003 to 2024, this paper uses the super-efficiency SBM model
with undesirable outputs to measure agricultural eco-efficiency, adopts the Dagum Gini coefficient to
analyze the sources of regional differences, and constructs a panel Tobit model to identify the driving
mechanism. The results show that: 1) During the study period, agricultural eco-efficiency in the Three-
North Region displayed an overall fluctuating upward trend, rising from 1.0697 to 1.1184, and re-
mained DEA-effective for a long time. Spatially, it presented a gradient pattern of Northeast China >
Northwest China > North China, with significant differences among provinces and regions. 2) The Da-
gum Gini coefficient decomposition indicates that regional differences are mainly dominated by inter-
regional differences. North China has the largest internal gap, Northwest China shows a fluctuating
downward trend, and Northeast China maintains a high level of stability. 3) The driving mechanism
reveals that labor productivity, urbanization level, agricultural machinery density, and forest cover-
age have significant positive driving effects on agricultural eco-efficiency; farmers’ disposable income,
agricultural disaster rate, and agricultural planting structure show significant negative inhibitory ef-
fects; the effect of agricultural large-scale production capacity is not significant, and the green scale
effect has not been fully realized. Finally, differentiated improvement paths are proposed from factor
allocation, structural optimization, disaster prevention and mitigation, and ecological barrier con-
struction.
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Table 1. Input-output index system of agricultural eco-efficiency (Super-SBM model)
L RWAEZSHEHA - P HIEFR(EHE SBM 15ERY)

=g it HARE bR Feba it B
R TFEN ) VAN INGIIPN]
FEFh I RAED) S FE R AR (T2 )
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RN AR AT (t)
R LE AN B HI A (hm?)
o VA= ] RGN S P E (JT8)
JEE ™ . L
WRER~ & WEEPER®
JEHHEE = 235195 RRE R, R Seul. BHAE. MEE 6 SSBRHRRBUR S A I (1)

3.2.2. R FMERIFNIE RIBIREF
ARSCRA Tobit FRURIR T = ALt X AR A SRR R . W EE . SH M FAH W T[4]
[19], FFaiG =dbHIX 13 A GATEBUX ER (K AT SRAFVEAT AT AR 1, 308 U R AT SRR (E) AR
RVENLT AT, RMERR)ENBEREM, FE R RIWAZKE(%) RS Al
WUBHR 3 ROV RUSEAL A 7= B DI AR S A o =AbAROD  AR A5 28 5 i R SR A Ak R 042 2 B

Table 2. Index system of influencing factors (Tobit model)
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3.3.2. Dagum B & #
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3.3.3. Tobit 8¢

Tobit #A!, FRERFEAMRAY . SZRNASRAA, R Tobin T 1958 4EHEH . 1ZBIALE TR AR &
BB 32 B 5 FPR B 5, RN R EONE S A &, (HILOMME 7 /e T PRk ERRET, EAARBUN N ZE
By R —IG T E AR BUE A Z (S —HE), 1 I % PG WA IE B A S O 36T AE SRR
A SNAMERAE, A7 ia FIHB Tobit [8H4047 757%. #fiRAR B oNi@ i #82% SBM AL 5145 H 4=
BHFRME, ZERBTZWAER, BATHEAR AT MR 24].

4, =4eisX R A SR SRE ST
41, =4 R ESHE FRE ST

iz F MatlabR2021b 3 A%+ 2003~2024 4 =Jbih[X 13 N HATEUX A A SRR ST, &I
ZAbH X R MY AR SRR AR B sh LA, SCR%ME H 2003 F£H 1.0697 IR F-E 2024 £/ 1.1184, K
H4LT DEA B RCIRE, R XEA S0 R KRS T, 458 W% 3 Fis.
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Table 3. Temporal evolution results of agricultural eco-efficiency in the Three-North Region (2003~2024)
3. DAL X Rl A ERAT IR LE R . 2003~2024

4 X 45 BPATHUX 2003 2024 15 BEEH A
1 #1k TS 0.5909 1.1145 0.794 0.5236 —7.22%
2 #1k Bl 0.6909 1.0743 0.8805 0.3834 9.28%
3 Kk ORI 1.0124 1.3039 1.2692 0.2915 55.49%
4 ]k KRBT 1.3206 1.4431 1.2142 0.1225 88.61%
5 [ il 1.025 1.0992 0.8896 0.0742 3.93%
6 Fadk BRvE A 1.1028 1.1774 1.1929 0.0746 6.16%
7 ARk 74 1.1443 1.2148 1.131 0.0705 -18.33%
8 ik e 1.0435 1.0845 1.0173 0.041 28.79%
9 [iiiE]d s 1.1707 1.13 1.1077 -0.0407 6.76%%
10 [iiB]4 HilEE 1.2775 1.2063 1.1723 -0.0712 7.24%
1 ek Jextii 1.1469 1.0641 1.1704 -0.0828 —5.57%
12 ARk A 1.3121 1.0716 1.1021 —0.2405 —48.05%
13 [iiB]4 THE 1.0686 0.5551 1.0447 -0.5135 —3.48%
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1 AL X 0.9586 1.1561 1.0153 0.1975 20.6%
2 KA IX 1.1563 1.1968 1.1674 0.0405 3.5%
3 [iife]s: AP 1.1289 1.0336 1.0814 —0.0953 —8.44%

=AbHhIX 1.0697 1.1184 1.0758 0.0487 4.55%

o IXRE, RACBXBEA AR, & 124, BRIL. 7. SMHRERZEREXE, Bk
MH GarE AP RVER B A MR IME Y 1.05, B, TR . HilRIRME, HifpsiBok,
£ EBEIETE AL oA X RCR A AR, 0 0,91, P KA TRACR X TE], b, S
BBl

4.2. RAETSHE TS 7S EBEHE

2003~2024 4, = Jbh DX A AR 25 05 B Ak 5 /NIE FE RS, 240{E 1 1.0697 T2 1.1184, A2 Z)1{H 0.0487,
R 4.55%, —AbHLX Rl LRt R AKFIE DT .

MERIXIRF , 28] 53 5 2 - HR AL IX 2 THIR B A oK, 24% H 0.9586 FF %2 1.1561, Jik i =i 20.60%,
BN KA RAbH X MER K, 2R H 1.1563 T+ 4 1.1968, H0E N 3.50%, BEAMERFmEA-Ffaizs
175 MPGAbH X HAA R %, 2Rl 1.1289 FF%4 1.0336, [KIE A 8.44%, ZME—HIIFEMXE. NE
BATHIX KE, BbrZERUE: 1174(0.5909~1.1145). Ji1t(0.6909~1.0743). HEEiT(1.0124~1.2692)1% 1%
SERT, K 88.61%. 55.49%. 28.79%, fRACHE A LI E; T 5 (1.0686~0.5551) ik
(1.3121~1.1021) [ % & %, 43 ) N B& 48.05%. 18.33%, #(F KIg A 7% ; Jt5(1.1469~1.0641). ¥ iff
(1.2775~1.2063). Hra8(1.1707~1.13) /Mg T FE, fRFF/AMEIE K. Bk E 2RI E . RIbkd. 70
JEFIB IS, ARIEE KRN = B E A B 25 03 A ) o

4.3. ET Dagum ER AR T BERIE
wmEL 4 Fas, XA ZRIFMRE, BAb XA RELT M, £=1tHX N ESR

Table 4. Decomposition results of Dagum Gini coefficient

3% 4. Dagum R A ERFRER

I LNSEOEES (¢ LNEEIEES /4
b b 7EdE ARdbetEdr Adb&pudb fdb&Adr k&L Pidb&ARdL Pidk&tEdL

2003 0058 016  0.043 0.135 0.055 0.135 0.128 0.055 0.128
2004 0.034  0.163  0.056 0.13 0.05 0.13 0.14 0.05 0.14
2005 0033 0169  0.035 0.129 0.038 0.129 0.131 0.038 0.131
2006 0029 0159  0.035 0.123 0.035 0.123 0.129 0.035 0.129
2007 0018  0.092  0.036 0.071 0.031 0.071 0.081 0.031 0.081
2008 0.003 008  0.039 0.056 0.031 0.056 0.069 0.031 0.069
2009 0013  0.038  0.028 0.03 0.025 0.03 0.035 0.025 0.035
2010 0018 004  0.097 0.035 0.069 0.035 0.076 0.069 0.076
2011 0.03 0034 0.037 0.039 0.037 0.039 0.037 0.037 0.037
2012 0.041  0.033  0.035 0.046 0.044 0.046 0.036 0.044 0.036
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2013 0.058 0.038 0.035 0.058 0.056 0.058 0.039 0.056 0.039
2014 0.07 0.032 0.123 0.064 0.116 0.064 0.089 0.116 0.089
2015 0.067 0.037 0.133 0.069 0.121 0.069 0.096 0.121 0.096
2016 0.062 0.087 0.129 0.103 0.121 0.103 0.116 0.121 0.116
2017 0.071 0.138 0.119 0.15 0.123 0.15 0.14 0.123 0.14
2018 0.086 0.162 0.101 0.16 0.121 0.16 0.147 0.121 0.147
2019 0.092 0.154 0.039 0.164 0.088 0.164 0.123 0.088 0.123
2020 0.04 0.139 0.036 0.134 0.077 0.134 0.108 0.077 0.108
2021 0.062 0.172 0.039 0.155 0.065 0.155 0.138 0.065 0.138
2022 0.053 0.173 0.044 0.157 0.054 0.157 0.148 0.054 0.148
2023 0.054 0.184 0.045 0.157 0.054 0.157 0.152 0.054 0.152
2024 0.043 0.055 0.107 0.062 0.093 0.062 0.097 0.093 0.097

BORHIHBIX . 2003~2009 4E 1 0.16 742 F 4% 0.038, 2009 4E /5N ETHE 0.184, 1fj 2024 4N KR
FEFFEZ 0.055, UiBAAEIbH X KIH N AR AP R R, SRR BE IR ARACHIXHN E R 2
L Sl f5 RS, #2003 451 0.058 JRGE T FFF] 0.003, [X Ik &6k bt . 2008 )5 i& 8 FFA-F|
2019 “FUEAH 0.092, Fifif5 2019~2024 4F [Hl7& HfAa @ fE &K, X R AT iige /s, JFIRE A K vk
Hi X ZH A 3 JE BB EETK, M BOMERFE W . 2003~2009 fE AL HA2E, A#ZER/N. 2010~2018
SEAWTEEN R T, AR ZEEE R IRE Y K. 2019 4FfE, BR 2024 SRR AL, 2 BEE G [RIAMRAL . S A
KFH, LL2009 4R, 2003~2009 =t IXHHd A 2 R iE k)N, 2009~2024 4ER], A2k, ARIEA
bt LM X R B, AR R SR A I

MK IR 22 55k, RAb&MEdL. Hdb&ZRdL, ARIb&Fidh. Pidb& ARk, #db&rhdk. Fidt&HEdt
I ZH E) 2 O FRRRIE . FE AR S b, AR e R A S AR b b X 20 4 = EEARRL, A 2009 4E K
AL, ARG R . EARIESTEILT, 2010 A1 2019 SN0 A, RELH K - m - K7 IURHIE, BEAROK
PR AR X AR fEARdb S, IR e RECEATT 22 ST AL, 2003~2009 AT 2024 4
NI

4.4. DRBPHLEI 34T

1IZH Stata A, KM Tobit BEALHAT A1, BIAVEARPLEROR RIF, URLLALS 2 = 119.145 HAE
1%/KF T3, AR = JbHh DA AE SRR IS 7 [ SE SR AR B2 . ARk 5
FiR: ZAb X RN A SRR R IE M 308 F7 A 3 BT R BE . ARk
B ARHEAHEERN: RSN R Z R R RS R B3R, el
RUE— e R L e T e ik

A R AT SN RO AR S 803 R ILR 3 fnls e, [BH REE 1%K 7 N REFE RN, SEIS T
o IXRFRIITE = A X AEZSMESS « AOM AR =7 SRR BRI 6L, ARA R BRI K v R A R
RGBT TT . WNTIFRTHTE 2 IRB AR DL KPR RS 3 b RE AR 2445 N 554 40 7 B sk 7= B 3
K, MAERA KR IR ESE AR A AU RO, e I BE VR T FE S5 T RS 4%, AT AR AR A8 2%
T AN HIE o

S
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Table 5. Tobit regression results of agricultural eco-efficiency in the three-north region
5. TR A A Tobit EYALER

e A ZE PH
AR RN -0.000" -6.73 0.000
WA KT 0.004™ 3.455 0.001
R 0.043™ 5.884 0.000
V52 5 F —0.000"* -3.087 0.002
ANV FpAE 25 1 -0.003"™* -3.781 0.000
ARV U P 0.035™ 2.983 0.003
TNV 7 e 0.004 1.524 0.127
AME SR 0.005™* 5.492 0.000

7#: 'P<0.1, "P<0.05, ™P<0.01.

I 1% F KPR, B AT AL AR SRR A B35 IR R BN E A o SERAL R (R
HEBNA ST 42 55 BN 1A ARAR P ML AR X e 78, A BB AR b 57 3 i ) 5 e LA A ) i, sl 3t
i S E, ZMPBARALT R EIIR . [N, WEUhX KA, SR 5E AR MR
WX, DAk sR A P SRR A SRS TS, BRI T R AL R
M, STt R AESE.

55 A F AW S BRI IE RS o, [PV R KON 0.043 HAE 1%/K s R . 57304
PR IR AL A BRI EC B AL . BORBED RIS A= B IR, RENSAT R MR B for
PR R BTSN S A SRR, TR A R R S RRAT s SEBLA TR A B AE S A P F]
$eTt, R = AuHl DXCAROD AR AR AR T A B KA.

AR B2 GRS AN A SRR RN 83 DA SN, A8 1%7KFF 8yt =deith X DR A KRGS
N E, TRAW, T5 R ARG FFRFIR, Rolk AR REAEIZE R B, I
PO R N IRAMRRA ARG, BB IEAES R S7, TR “ 320 - 0™ - B3 - i54e”
FPBAE PRI, XA A SRR ] S I A
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