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Evolution characteristics and mechanism of cultivated land use eco-efficiency

from the triple-security perspective in China-Vietnam border area
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Abstract; Clarifying the driving mechanism of cultivated land use eco-efficiency is a key basis for deepening the frontier
exploration of land science and optimizing the development pattern of food security. This paper constructed a triple-security
framework of “border-food-ecology” and applied the super-efficiency SBM model of undesired output to measure the eco-
efficiency of cultivated land use in China-Vietnam border area from 2000 to 2020. We also studied its evolution
characteristics and regional differences through the Theil index and used the dynamic panel system GMM model to reveal the
driving mechanism. The results showed that: (1) The cultivated land use eco-efficiency index in China-Vietnam border area
generally showed a trend of “first rise, then drop, final rise” , and the overall efficiency was at a medium level. The overall
spatial distribution exhibited a pattern of “north high and south low” , and inter-provincial differences were the main reasons

for regional differences. (2) Excessive use of chemical fertilizers, labor surplus and increased carbon emissions were
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important factors for the slack input and output of the cultivated land and the loss of eco-efficiency. (3) The change of the
cultivated land use eco-efficiency in China-Vietnam border area was driven by multi-factor interaction. Terrain slope,
urbanization, border trade level and financial support for agriculture were positive factors to improve the eco-efficiency. The
rate of water-soil loss, industrialization and the scale of cultivated land per labor had inhibitory effect on the eco-efficiency.
China-Vietnam border area urgently needs to optimize the input structure of cultivated land management, transform to the
direction of “excellent input-high output-low emission” , construct border food steady pattern and promote the long-term and

stable development of the border areas.

Key Words: cultivated land use eco-efficiency; driving mechanism; border security; dynamic system GMM; China-

Vietnam border area
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Fig.1 Theoretical framework of cultivated land use eco-efficiency in border area
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Table 1 Evaluation index of cultivated land use eco-efficiency
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Table 2 Driving factors of cultivated land use eco-efficiency
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Table 3 Cultivated land use eco-efficiency index in China-Vietnam border area from 2000 to 2020
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Table 4 The intra-regional, inter-regional and overall Theil index of cultivated land use eco-efficiency

AR X3RN ZE R 1R 2 X 3 1) 2 /% 415 4 MAZRIRAE K
Year Intra-regional Theil index Inter-regional Theil index Overall Theil index
2000 0.067 0.105 0.172

2005 0.061 0.094 0.155

2010 0.055 0.108 0.163

2015 0.053 0.081 0.140

2020 0.047 0.056 0.119

3.2 BRI AR BRORBA - A R
2000—2020 4%, i 45 i X AT 10 /b DB MR AR SRR PR UM T 1 (3R 3) , RIFF b A H AR ZS
RORERIR BB AR AR, 8 TAEA RUIX B, Ak — 2P 4R5E 10 b DB b R A 282005 00 A 7 D
A 7 R AR RO R N AR R S5 40, 38 1 TSR A R A AR AR B R A TN I T (3R 5)
AR B AR DX Y 30 B SR A R fe/ > (JA/N T 5.00% ), e 7= A it FE A Oy 0, 3R
AR ™ H I A BRI AR R R, ROWHE A 7= 4 AR R AR AR ™ ARAE | 57 3h ) R HE R 5t
JEYIRNE AL, = H R FERCR R N E BN . NS HLIXORE , 95 sh At B LR B s T B o 2,
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G310 58.47% 50.31% . FRWIPIHIERE A 7 i B TR AF AR 55 s A ™ 18R B AR BEAS o A= 7 28 i AR 45
AL, 5 FL R T T BT M DR P ARG, MRS i Dt 11 5 B0 RBFVE AR, 255 AR AL BEA A Hu 1]
FHBRHEBRA S BER T, 7 I B AN BB S (B BRI E S AT o fEBb A R R b A S b v
Bt i ARG AONE , E A 75 e 8 A B HEOIIR {605 2, B S5 el DX A7 e B M 22
ANEE B PR KRS A TR, AR DR AN A B AN T8 08, BB B A ™ P A 22 4 E TS Wil 10 954
LERE,

R5 2000—2020 F£rhHHEMRIEERHX BN -7 HR M ESE

Table 5 The mean value of input-output slack in non-effective areas in China-Vietnam border area from 2000 to 2020

BAEE % W =R/ % I R %

AR X Input Expected output Undesirable output

s W SR e SRR B e et

Cultivated land Labor machinery Fertilizer output value output from cultivated land
THE -15.14 -30.88 -15.12 -53.21 1.68 0.00 -46.21
AT -2.83 -25.60 -6.70 -32.51 0.21 0.00 -15.99
Je B -12.66 -17.59 -13.98 -42.37 0.00 0.13 -39.74
KA E -10.37 -58.47 -32.67 -25.30 4.28 0.00 -33.60
R e B -3.78 -15.64 -30.28 -29.47 0.00 0.00 -18.67
HTHE -4.56 -50.31 -15.49 -20.69 0.00 0.00 -30.93
JRIRE A EL -3.59 -22.56 -26.50 -15.90 2.73 0.00 -20.66
B -9.74 -14.30 -16.26 -18.83 4.45 0.27 -21.80
&8 -6.35 -13.81 -3.46 -12.58 0.00 0.00 -14.82
LR -8.46 -19.68 -24.31 -27.93 0.00 0.00 -17.44
AR Total -1.75 -27.28 -18.48 -27.88 1.44 0.01 -25.99

3.3 BRMAI AR S RCR IR sh AL
331 HAGL

Sk FR AR e PN B A g A DG T A AR A T L A SR B N P A T 2 LR PEAG &5
TERR £ 3R 8l R AR A OC R A/ N T 0.5, VIF (EI/NT 8 4B fr e 2 M i IR . S R E A T4 SR v
PEFEHSh A AR R 50 GMM FERL T U B GMM AR B 11 [E] s, 38 IR A5 1815 OLS B 47 PR 78 Ay
Th SRR A IO UE . Z55 (3% 6) B AHe 1 FIBEHL 2 X 3R o)) R Tl 1T 45 SR AR — B, 25 45 R e
AR(1)=0.016<0.1,AR(2)= 0.403>0.1, 2 BRI RY A7 7E 8 35 10— B FAH &, ANAEAE 35 00 B A A 5, JE B
BRI SIAATAE A A, HIK, Sargan K36 P EH KT 0.1, UERH F A SR h K 7R A A8 | 3 5 5 BE RUAG 56
332 IRHLHIRR

HEH A AR SRR IR — W (ECLU, ) ) i IS P (ECLU, ) ) AT REUYTE 1% 085K 7 F i
P AEIAE 0.01 ZF, HLIERECH IEAE , 32 B I 006 24 308 b 1 F A= A8 8508 BAT IE VR A vt 55 1
DX A ) FH A OB AR 2 I — i I 2, HA B i) SRR

R AR SRR R 2 N RS H, ZER KSR (B S) . BRI FH AR S350 0K 3l it N A
fA & - B ARIE ERR B A S A RKFR AMIR IR Sl R 2, B i R P R B A 28 % JR R S N IR IR B TR . A
SRACAFAE R0 UG A R AR A RN 7= 0 & S i 3 T L 1) S VR, e 8 i B h R R R A ) Kk et
2 A 5 25 BT A B R B AR CRCRAS . Bt ) PR B 9 2 i R A8 B AR AR b A 77 18 JUAS | 2 3
LMV ZE R IR EE RN TG IRl ARl 2 5F ) R AT S S TR T HE s i B % A0 52 ) 8 R

(1) BSRE A

LT 2305 o e ) A SR BT IR VR, HE G T 5% & 3 KEAG I 5 7K - T 2R AE 1% B B oS
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Table 6 The estimation results of dynamic panel system GMM model

R 1) AR GMM

B 2 R A I OLS

iy Module 1: generalized method of moment Module 2 mixed regression of OLS
Variable fhit 2%k P it 25 P
Coefficient Coefficient
ECLU; (,_yy 0.496 0.000 *** 0.678 0.000 ***
ECLU; (-5 0.357 0.004 *** 0.514 0.010*"
InNSL,, InAS,, 0.058 0.018 " 0.036 0.074 "
AP, 0.216 0.678 0.137 0.743
InSE,, -0.064 0.008 *** -0.045 0.012***
InSTL,, InUL,, 0.088 0.001 *** 0.007 0.005 ***
In/L,, -0.074 0.000 *** -0.041 0.002 ***
InBT,, 0.061 0.016 " 0.016 0.051 %"
InCLL,, InLS,, -0.075 0.002 *** -0.050 0.043 "
InCP, 0.067 0.004 ** 0.038 0.009 **
In/l;, 0.047 0.032* 0.025 0.075 *
InAES,, InRI, 0.031 0.289 " 0.079 0.573
InFA, 0.076 0.004 *** 0.005 0.012*"
H 300 Constant 2.543 0.000** 1.671 0.028"
AR(1) P K% 0.016 — — —
AR(2) P Ki3e 0.403 — — —
Sargan P o2 0.847 —

w ok w Allx x % SMHIFIRTE 10% 5% F 19% B A5KF AN B3 0 FOoRBR RS &0 FORMHE AR 9 [ AISERR B0 5 NSL: I SRE B g
Natural suitability level ; STL: #1434} 57K F- Social trade level ; CLL: #f1bA FHFEEE Cultivated land use level ; AES : R 28 & AR Agricultural economic
situation ; AS ; B HBSE- Y43 B Average slope of cultivated land ; AP 4FSF-2JR& 7K i Average precipitation ; SE : 7K £ 3 2 # Soil erosion rate ; UL 3 1L 7k
SF Urbanization level ; IL: T\l Ak 7K Industrialization level ; BT : #M 54K A7 B Dependence of border trade; LS : 57 ¥ Hi AR Labor scale of cultivated
land ; CP; #f3th2E 7= % Cultivated land productivity ; IT; J# BE 8 24 Irrigation index; RI: A& & A4 UL A Rural income; FA ; W B 3% 4 7K 3 Financial

support for agriculture

JKAF- b B B R G 0 Bk A A e A
(PRSI =& STRURTE 3 é % L il o U R AR
PRI AR 25° 72 47, BT Ak IR FUBREL A B A X
BN, 57 8 ) T3 B N A AR, A F T AW 9 A
KA 78— 2B LA R 38 710k 3t A A2 25 8%
R, R, HA A A X K R R R BN
Gy RAAZRIKHE | £ A 3 B AN #E40  H
BRI, W) I S B0CT BRI 1S A XU, 5w Bk i A E
BRGEMTETNE,
(2) H2A K

AP AR SR B 19 9 2 35 TR 5G , BE A 120 358 1 IX
TFA B NG, $h 858 Tl B AR+ 97 20 )
Fet% By BB BT IR i BB, B B AT

KGRIV
3N
B F

AR ELR P H WA ARSI . e R oh 54K
7R B 35 M DX ) P A 252803 S B 1) BK 5
I T 5% 1% 0 E TER S . SRERAL AR A — R
FERE_EAT B TRFAKT I 55 3 01, A H] T BE A 29 4L
WAL S L5 G T DR SRR | 11 5 A S vl g i 355

B 5 whilhiEih X A E SR ERRELE
Fig.5 The driving mechanism of cultivated land use eco-

efficiency in China-Vietnam border area
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