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Measurement of eco—efficiency of cultivated land use and influencing factors in northeast China based on
dynamic QCA

WU Xinyu, CUT Jia"

(School of Economics and Management, Harbin Normal University, Harbin 150025, China)

Abstract: To reveal the spatio—temporal change pattern and regional differences in the ecological efficiency of cropland utilization in the
northeast China in the past 20 years, and examine in depth the multifaceted combinatorial paths affecting the level of eco—efficiency of
cultivated land use, based on the panel data of cropland utilization in the region from 2001 to 2021, the study evaluated the level of eco—
efficiency of cultivated land use and regional differences by using the super—efficiency SBM model and Dagum; and used the dynamic QCA
method to explore the changes of the group effect of factors influencing the eco—efficiency of cultivated land use in terms of the time effect
and the individual effect. From 2001 to 2021, the eco—efficiency of cultivated land use in the region fluctuated and risesd, average annual
growth rate of 1.01%, with the highest level of efficiency in Heilongjiang (1.049) and the lowest in Jilin(0.897), and the eco—efficiency of
cropland use in each city had spatial imbalance, presenting the overall trend of high in the northeast and low in the southwest. The overall

Gini coefficient in the region was large, and the trend was roughly in wave type, hypervariable density was the main source of differences in
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the ecological efficiency of cultivated land use in the region. The ecological efficiency of cultivated land use was the result of the joint
action of multiple factors, and individual factors could not play a role in realizing the ecological efficiency of high cultivated land use. There
were three models of multi—factor—driven model, natural-economic conditions dominant and agricultural production—economic conditions
dominant models could be driven by the high cultivated land use eco—efficiency level, and the cities in cultivated land green development
did not follow a consistent grouping path. The level of eco—efficiency of cultivated land use in the northeast region was generally high, and
eco—efficiency of cultivated land use was driven by the synergy of multiple factors such as nature—economy—agricultural production. Local
governments should focus on exerting the synergy of multiple factors, formulating differentiated policies and measures, comprehensively

promoting the enhancement of the eco—efficiency of cultivated land use, and promoting the green transformation of cultivated land use.

Keywords: northeast China; eco—efficiency of cultivated land use (ECLU); regional difference; dynamic QCA
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Figure 2 Temporal characteristics of ECLU in the northeast China from 2001 to 2021
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2001 0.195 0.215 0280  0.101 0.244 0.163 0.179 3021 14.71 55.08
2002 0.193 0.253 0232 0.070 0.248 0.177 0.141 28.17 2632 4551
2003 0.187 0.242 0218 0.088 0.237 0.171 0.147 29.96 25.83 4421
2004 0.220 0.223 0262 0171 0.244 0.200 0213 32.58 24.20 4322
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2010 0.200 0.168 0207 0.203 0.187 0.196 0.208 33.07 2038 46.55
2011 0.204 0.222 0222 0.143 0.231 0.196 0.177 31.97 25.81 4222
2012 0.216 0.174 0283 0.166 0.232 0.189 0.216 30.09 32.60 37.30
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http://www.aed.org.cn — 1629 —



R R STREEIR - E 425 563 BL

48.33% ; [X 38k N 22 57 1R 22 (30.89% ) , [X 3 6] 22 5 Fie /N
(20.78%) o SR 25 50k U8 52 B T AS [ 19 A5 4L
B, DXk P 2 5 1) T R S AR XSRS i AR R
FE 27.36%~33.07% i[5 % 2y, X3k A] 22 57 1) BT ik %
SEILE BN TR R AR R R A DT ER AR R L B R
FRAEE S, BRI , ARdu X ECLU Bk 22 57 2 %2
P 0 % T ), 2% BH DA DX 3l ) 2 S 5 DX ] 25 5
(149 58 A FH S & ) AH DG B3R T A 1 T SE B AR L b
DXk b T TR ) AT RS R
2.2 ECLU &M E & o
2.2.1 AR RHE

BNAS QCA KHE B K- A T8I Al 5040 % B 2 A 1
WS HARZGIARZEE S W R in 5 % A0 R 0~1 B
£, DU R1E 5 RERG E OB FRE . AFREED
ARG, X B A T — R R B R
75% SV E . 50% 435 BRI 25% 4351 K43 990 5% 78 R 5
2SR JE A SR SE AR R AN E R B HE
gER LK 4,
2.2.2 WhENESHT

—BME RECR T 0.9 HLAL 5 B K F 0.5 52 A
BELAEAAAE (38 B AR MR, HLJE T T AR B0 1 3 2
QCA TEJEAT B 43 B B A 75 B2 2% JE — Bk PR 4 i

F4 TERKHE
Table 4 Variable calibration

Apir 1 Calibration
Variable fiece 3 38 SEAARH R

SRR Y 1.153 1.059 0.721

i X 57.755 48.173 40.034
X2 8.197 5.849 3.640
X3 2 664.541 2524.913 2361.018
X4 1.004 0.905 0.821
X5 0.881 0.769 0.666
X6 0.557 0.432 0.306
X7 0.648 0.504 0.424
X8 13 123 83212 3800

B, R T 0.2 1, T gE— b vl BEAEAE Y
I PR R0, A b DX B0 o A5 SR AR S T o

128 5 AT, BRARZ A0, Ay 7448 2 [R]— 3
PR R T 0.2, FEE— R . AR E
B R A S M A R I 4 ] — Sk R S, 43
Pras a3k 6 o, BRA R i RN 4lilic A 2014—
2021 4F —EPE K T 0.9 HE 56 % KT 0.5, 4 Bl &
ECLU Py 2560, Hop i AR — B R ECRF 0.9
{HL B 25 i Y R 0.5, 2 AN HA b B2 451

AWFFEHE— 3T AR AL X 34 43 20 N — %X

x5 BEEHST

Table 5 Necessity condition analysis

= ECLU High ECLU

X ECLU Low ECLU

KR : ‘

Condiionl it st W g s ot el S
X1 0.578 0.614 0.344 0.450 0.533  0.498 0.319 0.554
~X1 0.527 0.562 0.393 0.511 0.587  0.550 0.319 0.548
X2 0.522 0.563 0.177 0.712 0.565 0.536 0.182 0.670
~X2 0.570 0.598 0.162 0.712 0.540  0.499 0.187 0.688
X3 0.546 0.574 0.481 0.420 0.584  0.540 0.353 0.469
~X3 0.563 0.606 0.476 0.432 0.539  0.511 0.427 0.505
X4 0.558 0.595 0.466 0.414 0.537  0.503 0.501 0.377
~X4 0.534 0.567 0.506 0.377 0.568  0.531 0.471 0.323
X5 0.602 0.633 0.290 0.463 0.509 0.472 0.383 0.481
~X5 0.498 0.535 0.368 0.517 0.604  0.572 0.329 0.390
X6 0.522 0.554 0.344 0.524 0.588  0.548 0.452 0.530
~X6 0.574 0.613 0.314 0.463 0.522  0.490 0.520 0.615
X7 0.592 0.631 0.201 0.639 0.495  0.465 0.290 0.645
~X7 0.498 0.529 0.270 0.682 0.607  0.567 0.255 0.578
X8 0.579 0.613 0.746 0.292 0.515 0.48 0.780 0.402
~X8 0.509 0.544 0.825 0.377 0.584  0.550 0.766 0.408

- FoRREAE TR

Note: ~ denotes the set operation non.
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HERER TR, LT d N —8E 2554
W T 2 A &R, R AN SRR R AN H
o X LB R FEAE L AR & ECLU
PR W5 B2 S5 AP 5 ALl Al A 45 A 2 I U L 2 Ak S T
ECLU [ ZL AT s Aolk H AR KSR K 5 TR ECLU
()W BE A5 5 N R4 A /KOS e L Lk BH S5 30 T v
ECLU My b2 55 . X R BIREIK AR FIAE 254 &
Ml AR FIN T4 AL K -5 ECLU K- (1) 25 22
K R AFAEH X B
2.2.3 SMHAESH

N HTIE QCA Jr ik I EH B R4y, B 7E R
FEA AT R S5 AR 4 A 0 5 AR S s o ) s
R T M ) — B KA T 0.75%1, AR A B 5
72 ()RR SR — B R 0.8, SIUEURI(E S 2,
PRI (M 0.7, e 200 55 559 Rl . ALk
R THR.

(1) 25 R

H 28 7 AL AFAE 40 77 A2 s ECLU AL A, B A
B KT 0.75, 2 W SR 25 0T LI g 7
A8 ECLU W3R435k o AR AZ 0 A5 44 mT LIRSS

ZWEIKh  AR-43 E AR A =-25 £ F
o B3IV N

Z N R IR BRI N 4175 1, H SRR Aol A= 7=
SN 54T KRR BRI M RS DL 2 4Rk
S e 2™ AR A ON , e [R f2 #F ECLU 7K F 1 42
o LLH BEETK ROMb R 250 A F3s A Ak K Fi
AT R BRI A A 2L [F s ma g5 2 . MR 2R 4]
ARGV P IR VB D AL AR LUK R
RAC KA N I 7], G2 % 7% S8 A AR T % Y
o RS BRIR A T NN R HEA TR R A £k
W4  ECLU AW -

F R -0 T 3 R W 75 2, 878 B2 R %L
AR B AR AZ O B G DL, B KRN H R 4
IR EEY AR EE , E A FI A KE A
VT 12 0 R L A 45 44 1) R B P A6 PT AR 5 ECLU
URE S EE NS NI oS SETTI CYITN 1o I G TR ES, N
Wy SEFERGIR R AR SE . B R T IR RS
R TR, R A PR R AT R RIS, A TR
R KRR G A, EARE R G T — R4
KEZFFHEOR , RGN B AW e s T

R 6 FEEBEKXT.2HAEELEIE

Table 6 Inter—group data with adjustment distance greater than 0.2

AEA X1 X3 X4 X5 X6 X7 X8

Year bk @l 8k #EwE s EmE H EsE sk EsE sk EmE sk ERE
2001 0.531 0.595 0.870 0.503 0.677 0.517 0.536 0.560 0.287 0.724 0.449 0.666 0.046 0.887
2002 0470 0.505 0.562 0.518 0.611 0.542 0.470 0.653 0.314 0.674 0.464 0.619 0.077 0.939
2003  0.678 0.716 0.190 0.460 0.677 0.471 0.526 0.561 0.349 0.705 0.472 0.638 0.052 0.917
2004  0.438 0.541 0.685 0.563 0.898 0.521 0.898 0.544 0.323 0.648 0.483 0.619 0.069 0.863
2005  0.717 0.730 0.381 0.612 0.891 0.615 0.878 0.658 0.365 0.682 0.468 0.675 0.081 0.957
2006  0.466 0.661 0.242 0.552 0.664 0.586 0.666 0.614 0.380 0.583 0.516 0.718 0.111 0.933
2007  0.467 0.602 0.547 0.560 0.741 0.612 0.692 0.647 0.384 0.559 0.501 0.649 0.170 0.881
2008  0.473 0.641 0.594 0.630 0.674 0.533 0.650 0.561 0.430 0.554 0.535 0.666 0.276 0.837
2009  0.583 0.611 0.597 0.601 0.684 0.597 0.703 0.597 0.473 0.623 0.562 0.741 0.363 0.881
2010  0.723 0.503 0.172 0.490 0.716 0.623 0.707 0.578 0.408 0.437 0.540 0.505 0.497 0.669
2011 0.249 0.435 0.724 0.569 0.826 0.522 0.719 0.552 0.423 0.441 0.554 0.580 0.693 0.634
2012 0.801 0.496 0.353 0.486 0.866 0.623 0.770 0.599 0.446 0.436 0.505 0.559 0.694 0.560
2013 0.825  0.638 0348 0676 0709  0.668  0.646  0.619 0603  0.604 0539 0667  0.896  0.644
2014 0266  0.653 0532 0572 0343 0763 0428 0755 0647 0588  0.617 0640 0931  0.644
2015 0455 0676 0312 0524 0400  0.682 0435 0691 0712 0548  0.686 0613 0944  0.581
2016 0789 0579 0341 0502 0354  0.641 0419 0644 0694 0500 0729 059 0969  0.535
2017 0242 0619 0576 0525 0227 0696 0433 0781 0701 0490 0710 0595 0972  0.543
2018 0599  0.697 0450  0.603 0210 0773 0414 0785 0742 0534 0673  0.605 0984 0570
2019 0728 0.660 0910 0651 0237 0740 0567 0726  0.634 0524 0725  0.679 0993  0.567
2020 0766 0731 0989 0667 0257 0869 0560  0.836  0.651  0.607 0805  0.684 0996  0.655
2021 0788  0.606 0965 0572 0.175 0719 0371 0745  0.841 0561 0782  0.603 0998  0.572
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Table 7 Configuration analysis results

S As i # ECLU High ECLU R ECLU Low ECLU
Conditional variable AE1 HA2 HA3 M4 A1 A2 HAE3 &4
X1 ® o ® ® ® ® ® o
X2 ) ® ® ® ) ® ®
X3 o ) ° ® o ° o ®
X4 ® o o o ) o )
X5 o ) [ [ ® )
X6 ° ® ® ® o o ® ([
X7 { ] o ) ® ® ® ® ®
X8 { ] ) o o ® ® ® ®
—H Pk 0.893 0.908 0.922 0.864 0.852 0.844 0.850 0.844
PRI 0.782 0.841 0.822 0.767 0.734 0.710 0.760 0.708
B 0.173 0.159 0.038 0.155 0.091 0.081 0.062 0.058
M5 o i 0.05 0.039 0.006 0.031 0.012 0.002 0.031 0.038
2 ] — SO A B 0.088 0.098 0.064 0.118 0.103 0.103 0.142 0.162
2H N — Bt R R 0.317 0.152 0.262 0.317 0.365 0.390 0.402 0.377
SR — 30 0.881 0.845
SR PRI 0.801 0.752
IEREN 35 0.160 0.165

1T : @ @ TR ARATAFTERIRK ; @ F @ FIRMERANFAFTEANGR 3 25 FAFRAFAE S R TR T

Note: @ and & indicate existence and absence of core conditions ; ® and ® indicate the existence or absence of edge condition; blank indicates that

conditions are optional.

A FRIE R SRR, SR T ECLU MR T

felb Az ;= -2 £ PRI RS 3 A 4, FoR
TE HARIIE AR FAO AL GO T , LS Z Fh e 2L
FE AR Ji RS LR A AZ O 55 il LA PR AR
MV FPRE S5, BERSAE HE ECLU ACE IR T, iZ 884210
LR 2 5] 2 B B PR YT 9 U A T AR A ik A
PR, IR BB R Y e, SR AR
JPRE LR 2 A B A e R T SE 4,
e R Tk as AWrEe T, e Bkt A1) 1 28 5 5 AR 283
fa BT

AR S | B R R, RZA BT
AR AL XA A3k 17 3 FF ECLU HAT )32 0 A 5
LA 3 A 7 5 B eI, 130 IH X % J8 [ 48 W RS &
BN o 4 SRS AR ME— T 5 N &, 1
WS ECLU /K- ¢ J i B AR MO E AN 5

(2) 42k

M2 7 0T LUE 4 412 10 I 48 5 4 TA]— SohE
FREGHR /N T 0.2, BLRN A7 78 1835 1 I (R 500 o &1 4
BN T LA AR R4 AR f a3 R AN T i AR
AT ASTE BT B D E AN &2, 2001—2021 4[], 4 >
— 1632 —

HABH—BHAKELE08 F R ksl £ 4DMAS
2001—2021 4 HA BAF i B 1 B2 .

(3) 4L &5 R

7 LR RS 2 Z AN = S B
RGN —BUERE B AR R T 0.2, RIS A SR B
NEESEAENRES XA NE R RER
HEATERG 5 5%, P LA R A2 25 R A b [X 43 AT
TE L, i 8 iR o

MRS LIE H, U1 HE 3 HHE 4 HH
PR fire R 3 BB A Ak L 2 Y X, A Ak B R AR
XPOLHE , (A AR A 7 e v, il DA SRR Ak 1 A 1) A
DT HE 3E L AT A5 48 5 1 ECLU . 478 2 %o 2B I YT fi B
JIHE SR, BIRTTAE IR E S — MR KA e R o AR
MU AR 8 FF 36 A ol 18T VR 75 e A TRl BT, K T % e
B A, AR R (o BR A R AL AR AR 24 i A B
i, AU ECLU 945 .

(4)3E = ECLU ZH 840 Hr

2 S F QCA 7 i iy SR AE X FR 1 | AR F 58 348 %
RECLU A TR I, 2 4 SR BB AE , 3R 7 iy
TRo B SR AN S IRAR TP N BUIOIRZS
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Figure 4 Plot of change in consistency between groups
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Table 8 Mean value of area grouping coverage

fi& B AR Ly
Solution Heilongjiang Jilin Liaoning
&1 0.043 0.219 0.114
A2 0.142 0.140 0.026
53 0.074 0.146 0.020
454 0.092 0.178 0.022

UL AR AT 5 AR A e AR A K -2
XFECLU A=A e . A8 1 SR 28 M
181, & BIAE Il T A 7K P AR A T R N BT A KP4
I ARARME B AR KB m (S LS AR XS = AR ™
i, T ECLU A3 & o

b5 A IR ECLU 4125 & B, SE B ECLU
SR ECLU ByRT I 4608 HA AEXTFRIE , IR A el =
ECLU A2 X5 37 T B4 SR ECLU #8642 . Ji4h,
X AR SCR A S B8 AR AT LUK B, H BRI 2 s
N AR KT e b Ji R Sl AT ECLU
A3k 5 1R

(5) R fge kA 3

FELEE SR QCA e /E 5 H A5 BN R A= 5K
Jo P AR I AT A Ry 45 SRS () SO SR A I . A
538 1 $E v — Bk B E (M 0.80 TH 444 0.85) (i E %
BSEC O 2 &N 5) v PRI (M 0.70 J& 42 K
0.75) = Fp 7 A7 R fil M A 50, % I Al A B AR O
KR A T TR, SR A BAFTEEW N FHELR,

3 e

3.1 LEET
(1) 7E Z [F 2K 0K sh A5 78 iy BE A s ) ok s, 2 vk
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T bt ) AR TR, A AL DX gl A 7 A5 F RNk b
IR ST B Sk b, UE— SRR B 2T 29 R
FRBT A AR B X B A SR 3, T2 B
BBV, i sh B 2ol i & e, DT S BBk A 1)
PRI

(2) 7€ A SR -2 05 451 32 X — 152 78U iy B A R (1)
W, B A B SRR IEIREE , LT o T, KA
Yot b, i ek iRk F- BB 5 | 4k IR AL
AL VR LRI S5 A0 30 2438 I 28 B VR T B, bt AR
g lb A 7= 5 5 R B A R0 S, 25 $E T
HEHF 0%

(B)TEARM A= 77 - 28 5 45 1 32 3 ik — 153 78 T B i
FEOYICTT , ZERE A T A el A v, ST Ik s Ak A e
ME AR A R R HLIE , B DR 2 min s ke [a]
HEE R FRANIAO I, R D A LR (8
ST 0 R B HE TR A b T T G, (e R b AR AR
LR
32 ARERE

A 5E DL T R A ST R TT B AR Ml e T
P R B3R 7 % 2001—2021 4E A JE b X ECLU /K F-
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ECLU ZKF B2 0 , SR A0 1 DLEE X B i ) 7 4 2 LR O
KR VTIEAS 2 A [a) 8, HAT 3500 i e S S B o
AT A — 2 Ja B« OASHIF 98 22 AR AL b X 34 4
BT 2001—2021 4 AR B W BSR4, Ja Se o
AT RAEAS L, 25 85 TL AR )7 XA T ) EL A #T
PATRAE T $2 85 ECLU B BE R IR R ; QA B 58 2
B RIS A AR 7 T4 B A 2 = A i TR IO
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