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Abstract ;[ Objective | The coupled and coordination relationship between the ecological efficiency of cultivated
land use and the urbanization process in Shaanxi Province was explored in order to provide a theoretical basis
for the formulation of policies related to urbanization development and cultivated land protection in Shaanxi
Province. [ Methods] Based on the panel data of each county in Shaanxi Province from 2005 to 2019, we
established system of ecological efficiency of cultivated land use and the evaluation index system of urbaniza-
tion process, the ecological efficiency and urbanization level of county-level unit farmland use were meas-
ured, the coupling coordination degree model was used to explore the coupling coordination relationship

between the two, and the spatial autocorrelation method was used to analyze the spatial pattern evolution
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characteristics of each county-level unit farmland use ecological efficiency and urbanization development.
[Results ] The level of ecological efficiency of cultivated land use in Shaanxi Province decreased from 0.765 in
2005 to 0.684 in 2019, but the overall ecological efficiency value of cultivated land use was relatively high and
there was spatial variability among counties. The ecological efficiency of cultivated land use in each district
and county clustered in clusters, and the differences between northern Shaanxi, central Shaanxi and southern
Shaanxi gradually decreased over time. The overall urbanization level in Shaanxi Province had increased by
198.24% from 2005 to 2019, with an overall distribution trend of ‘high in the central part and low in the
north and south’, with the central Shaanxi being the core area for population urbanization, economic urbanization
and land urbanization, and the overall rate of change followed the order: economic urbanization™population urbaniza-
tion=>land urbanization. The level of coupling between the ecological efficiency of cultivated land use and urbani-
zation in county units in Shaanxi Province was mainly in the transition stage from low-level coupling to
antagonistic coupling from 2005 to 2019, with 25% of districts and counties increasing their coupling. The
type of coupled coordination between urbanization and ecological efficiency of cultivated land use in Shaanxi
Province from 2005 to 2019 was dominated by three grades: mildly dysfunctional, on the verge of dysfunc-
tional and barely coordinated. The number of districts and counties with primary coordination and barely
coordinated had been increasing during the study period, and the overall development trend had been impro-
ving. The degree of coupled coordination showed a strong positive correlation in space, but there were obvi-
ous internal differences in local spatial aggregation. [ Conclusion] The coupled and coordinated relationship
between urbanization and ecological efficiency of cultivated land use in Shaanxi Province from 2005 to 2019
showed an overall trend of becoming better. In the future, Shaanxi Province should formulate differentiated
economic development policies to promote urbanization in an orderly manner, while optimising the spatial
layout of regional development and accelerating the formation of a positive regional interaction pattern.

Keywords: ecological efficiency of cultivated land use; urbanization; coupled coordination model; spatial auto-

correlation; Shaanxi Province

WMEZEREXRANKEERET KR AR
A R A 370 4 Je P J R s ] R o i DA
kR EF AN BB R H 1978 4R 17903 K
) 2021 4RI 64.72% o Pl 0B I0 HE 3 3R AL &
0% KR TR I, R T H % ™ A BE R A k.
JEMRAL BRI R R AR . 2020 AR AT
CoF R A G e A 2 400 R L 2017 4R 3. [ R kL
W A 8.3 J1 t, M HEAL & 7.62 U5 v, M i
FE 141,93 J7 t, BF A0 FH A 30 A 25 A A1 3 7 2R
L, 2 T R T RS AR A b R
FMRELEMRAF S, 2022 4 Je— 5 30
AR ZE R K R T R ORI R R . L, 7
B R AR AL R AR S S R T BT ST M A
FAAEZS 2 505 WAL 22 G2 18] 1 38 TLRR A ML X412 F
WAL HE U B A SR R PR G — IR R E R
LEHAEER L,

MR BT WS B R Z R Y
WF5E B AR R T K5 1 - (1) 3Bk 0 7 X Bk i %5
RS AL . AR S5 R H R Gt sh ) 2R A

Xof K A3 DX 1) B b v AR AR AT N ATE Y 44 5 5
B TR ) 1) O 3R, Ay DR AR B il DX b 0 0 ) 5
FFI B2 LA 205 1A 45 0 7 T 30 =5 20 4R BF
b THRR 1 A8 T 34 S g e R 48 S AR N T8
e PR K B B b A D ) R IR A R
(2) SERAL 5 B i K] A3 ] R A R R DG R .
JE R SCHE « BT AR IS R S 2 H AR 2t A R
B0k AN Y IR B A A5 A M T BT o 5 T A Ak AN B
e LR KT B — 3% AR A Dl G &R0 22 AL A5 A
YR FE R R T B N 1 B Ak S B
R RS R . ASEM T VR DOR RS
W 5 0 A o A 2 T SR A — 1R
AR Jry . FB 223 T Ih 0% 1 W R 5 Bk 1 R AR S
BUORZIIM R . R IZE A 7 R BOEOF 58 T
8 IR L 5 Bk ) T BR B0 D) 4 R A P R OG R
Hou 4532 F§ GMM Z G A5 5 R 3 (B A5 R R 58 T KL
28 R T A B A FH A S R SR A R BLD L & B
38T A T A S e A R R A RO A T 5
i Bk b ) AR SRR L 2R B TR A SRR A A



340 /e o B 1

530 45

BRCR S WAL A P A 058 Kk = AT
AR T I S5 VR X0 RN T R L B AR R
X6 F PG b 5 XM e g D, R AT A
F2 B P T I A G B b R B T R i, X
IR GE I AR G P H G R IR A .

S iR VA == ([ a7 ] R i o R 2 O 2
Ue A8 O FOIB Ak E B DG R 2 VU ER KT R R 1 5
Jite o B PG 44 [ B o 2 B ) Al AR 7 S b, Hf Ok &
JROIR 10 B AP b £ 24 15 280R] FH X ) s 4 MR £ 8 A A
JREAEERMY, 2019 4E 9 A, EFRBiCH
PR B BT I S AR S AR R o T R R R E R
W L A SRR A A S L X DT G ek BB Ak & i O KR
B AR D7 2CAR 4R TR R R L PR AR SC AR P
B EHWCABFGE AT, BT 2005—2019 4E B F] H
FOBE B G it 8 15 1 SBM A5 75 S 2 0 98 8 A
T, PR B 7 A48 3k B KT 5 B A 2 R AR Y e
23 ARL A B0 DL SRR G BRI 56 3R L D SR B VG A4 kLA
TF % FBE Hb B 47 4 OC BOR il 5 42k BRI A o . BF 5%
B PG 2 3ok Ak 5 B0 b ) P A 2 OR A A P U G R
T U R I8 UG 4 $nl A 5 R R P S L R B AR
Uhr SEPIX T RRs kR A R X,

1 REXHEER

e TG 2 b Ak Hp ] DA ki R M T R i b
PERER . R 2019 4FAR L BEPTA A AT 3 944 TN,
WAEN AL R 3k F) 59.43% 3 GDP iy 25 793.17 12
TG hi A 2.61% ., IR SR B pE AL L P AR
G348 JRy s AL 2 EE A R A B b B 4 L O v T
SRR e 2R L L DX = R AR X, AR D AR 2R X
B 25 5 W 5 AR AR AIE A7 TR R iR 22 1 R ) B L A
Jb 3 e 85 TR BB IR R A 3 AN A 5 1
FERUFIBEAE O 28 2 B, B B K - 22 5% K. 2019
AE R Bk B A 293,43 T hm?, Ho, A 196.42 5
hm? , (58 Hb T FR A 66.94 % . 81 % 1 #4346 7E
e At v O R

2 HIRFTERBRERIE

2.1 HEFRIR

A SCLARE PG 48 B 888 B 5T 5T 8 53 T AR X AEF
TN B Ml 5 R D BB R R R R 101 A IXEL 4R
FTECEA T, - M) A A Bt ok U b R o B e
RS 5B 88 PO (hetp: / www.resde.en) . ##
HE ) % 4 b R 4 28 0 0 45 5 R T ST Y
LUCC 7r 2R 258 LA 2B I3y 6 4> — 23k
Bl AR R KB R A R R S T

FFH 5 B b ) FH A 2528038 L Rl L A S 25 0 5 4
o 5 Bty A5 2 R IR TP [ BSR4 ) (2000—
2019) (¢ B () 4k & &0 S E AR 48 ) (2000—
2019) (CH FE AR A G831 4F 45 ) (2000—2019) (B PG 44
it 4E %) (2000—2019) ¢ Bk PE X 3 48 3 4F %)
(2000—2019) %
22 WIRAFE
2.2.1 #ARMESKERAAZME T
FFHAE SRS ™ N SBM-ML B 1
FEARTR N T = MR B i 3 AT I
PEATHRARBE . 762 7% Wi AW 58 BT 3F 2k 5
UEZ BT A Bl 1 L e O B LA R 48 A% BRI 36 1) X Bk
VY28 B 1 1) A 2 OB 0 AT I B 5 40 B R AT B AR IR
JIT 35 16 AR 5 0 L 4 T Hi S Rk A FRAS

F1 BALAHBF AESEETMIERER

oy T R
BE% we L
I, kM REVERER ()
I,  3shh F—r=l ok AR O7 A0
A L R R O
Lo RBL RABLRAE (W)
I, REE R O

0, HoME RELFRO
) "k‘;i

MBI pmas ML

EWEERIEE O, BAER BHBRIREL R (O

FL T T 8 A Bk b )P A 25 R0 7 D R 2 i
BRI 0T B 7 R R AR 2 A RO A 7 R R Y TR TS
GeMarHERL DI . e HE A 2T 1 PR T G B AL e
PRI EE R, 48 A B L i TR A b AR S ROt I T A Sy
ME— AR B = AR AR R AR
P=XP,=2Q,9, @)
A PR i R S s P 3R 4% 28 Bk IR A R i
HQ: KNSRI FE 0, w45 KERIEY
BRHE R B, 2% AR IR A I BIE AT R K
AR FIHUBE 3 1 AR 25 A AT it 1 A7 20 6 | 9 e f
PR 4 Ffs DR Ay ) 2 B HE S B TS R AR . A5 2K

T s A HE i R A LR 2.
F2 FEmIEHAIRRLE
Tk 5 T HE B 7 %K b3
A TV S 3h 0.18 kg/kW  West and Marland™"

A e 0.8956 kg/kg West and Marland!*"!
A 24 4.9341 kg/kg  Post and Kwon'?"
A 5 5.18 kg/kg Ak, Tk 1 g

222 WAAHARAANE B%OA N

S LT A R ) KB A 2 B R TR TR
WA Z20 4 3 R FE S T B A TR



%4l

N B B =k Mol A B3 HEE L A3 GDP . 3k 4
VR I B A A X T A 6 AR AR A
TAE 1 0T BEPE 48 20052019 4F 48 Ak & R 7K F ik 47
AT (R 3. SR B MB A EE B
Mr MOl A B HEEE B A B R 3 A AR A B
351K 0.201,0.185,0.168, 7 BB 5 18 P B 74 45 ik
B K K B R 32 N O I AL T 2R G RN 28 T I
LT R MAEK .,
3 BEASAHALITNIERNE

Y2 iU 2 52 &
A Yt A F B (A /km®) 0.157

AR g AR BT 0,185

A¥ GDP(JiJ0) 0.145

MR et AR RIEGE k) 0.201
[ 52 B 7= 4% % (U3 70) 0.168

HHd A BRI (km?) 0.144

2.2.3 ABAWOAEAEA FA YRR T
S R S KT R BE AT L S B 2R S 1) Y A AL
MO AH B 29 R B bR EE R R A A AR G R R
KLPERE A R BE 0 K/, ol DLGR B DR R R
N = R VN /N o (1

Uy
w tu,
( 5 )
X C MRS A R (0<C<< D), {H
R 2R G 6] AR B AR SR B0 5 00y 50 239010 S B
WA A= SRR TN 25 B B 18 B & O T AR

AHFFEH 2.

k

C= 2<k<5 (2)

D=.,CXT (3)
T=aU, +8U, (4)

XD REMAEIHE, (0<D<1); D M k%
RS RS G AR R K%, T R R NS
D EHAEE 0 FIB NI E RE (o HA=D) . IR RS
[i) 23 45 A FH 3 32 R A 2 A 0 9 T g b ) 2B 5K
RMZEA WAL AR SR S5 HEE L, LR « =p=0.5.
SO A BT O B VE A B A A S 0k
FUAELAL 0 R A B U o) B T R 45 SR ) o B 4 A5
P10 RIH, HARF AR 4,
2,24 =B AMXSH &R A SR X
U P PN 45 AR 5T 50 T M L 1 3 s i) 4 SRR I 22
SERRAET, JE S AR G AT DA SR RS 42 R A OE A T AN
Al LA 2 1) )y 5 4 18] 2R 4 RN Y ) RO Sk B
4 T JR R BV A8 45 B8 BR TT Bk R A S AR I
BA & R 1 23 TR0 A% Jd B ARRAIE A SCOR I 25 ) [ A G
I3 M I GeoDa B4 4 57 A A G 43 B 1 48 42 4L
ARG 20052019 W R A U EE &

R 08 0 45« 9 VG 48 0Bk 5 B b ) P AR A R R G B R B S 43 A 341
J5 Moran's T $8%%, 3178 GIS @k rh ik — 2 dr 2 s
2 [a] Y B2 SRR PE

F4 BEMAEERDER

HE R E N MEWmHE AP
. FKERAMB 0.9<D<1  ERBERS

0.6<<C<1 .
0.8<D<0.9 RFHARE
04<C<0.6 VB 5 Wi B 0.7<D<0.8 KA
0.6<D<0.7  HRBHRE
0.5<D<0.6 RIS
HH B 0.4<<D<C0.5 Wil KR E
0.2<<C<0.4 0.3<<D<0.4  BRERMRE
0.2<D<0.3 WELRRE
. TATHAEWE  01<D<0.2 W|EEFRSE
Pes02 0<D<01 BUERIRE

3 #ZRE5SH

3.1 HFAESHERETON

OB FH 5 T RS S B 1T A8 (VRS) B 1Y SBM-Unde-
sirable FEAY , 13875 3Bk 74 48 A iR T 2B S8R0 A 1
WA b IR S 25 SR S5 R 4y AL b (B =K
DR, IR A M ROR I (& D . BRI B
B RFHE A ] A2 B ROR K B 2005 4E Y 0.765 TR
2019 4F11 0684, FEAR B 1A FH AR 25 850 (B AH XT38 5
R 1 A 35 B 58 2 SCIRAS  BE AR A S R0R B AT
BRI TEZs 8], DA M BE XA ok & L Bl 56 Hh Fnpk
T L DX AR B R A S OR AR 22 5 (AR Bl
P ) A5 £k 22 B 2% 3 4 /DN . JHC v (B i s DX B b R A=
BRCREZ W S TRt 2005 4£19 0.843
TRER 2019 519 0.653 5 & H b X B 44 L AR E L &L
R AR A K 5 B A6 i X 52 B 9% 3h b T 0 L 3L
R 2005 4E#Y 0.672 35 F) 2019 4EHY 0.720,
Sy B BERE 20052015 4F L Bk g L IX Bk R A 2
RIS TP R b M X 25 5 R K AR SCR A
X ARSI A N X R AR A . B b
X SRR 2 AT L HLA B Al Ak A
Pt 1o B, T 4 A 08 B R A S ROR R
0% T Ml X B P A 1 28 B R R T B R SRR BF
Hb T % R FH W 1 52 20 MR BELA & e il 24 5 B b IX
ARBTG5 A Bt JE Al A% 25 BF K Rk
A ek 7™ PRI 0k G v R b XRE R R S
BORAH XL 25, 2018 4F 25 IX S Bk b ) A= S AR 3k
B B KAE . 534 :0.817,0.817,0.882, M5 )R 4%
DB 2t ) ) AR S RORAA I B 3R, 2016 AR B VE 4
e A B % DX b ) A SR A A LR
B R RS, FEE ARKEHR K. 2016 FREVTH K
AubEr TR OB 8 KA KK E 428 WL ¥ K 10



342 Kt PR BE 5

530 45

AN 102 A8 X R FRARAE Y52 K S BO9F b A
A BBORBERBAR ., 20172019 4F 4% KR A A
T2 P 0T B R L I Tt DX b ) P A SRR B T 1%
P, B 2017 4E 9 0.818 R %= 2019 4E % 0.653,
2 TR A A b U 1 10 B AR A A DL OB AR R
5 L T B R b X TG I R & R LA AR
R A 25 AL I B2 A R 55 3 4% A O ik =X A= 7 O 5K
el 4512 b, DB Bl R A2 SRR KT S B O AR T
BT AL .

VIR PE 48 2005 4F.2010 4F,2015 4EF1 2019 4
O B ) 807 B A T AR B 4,
GIS B R 47 25 18] i) MAK SR F SR I8 a0 120K 25 L3
BT 43 AR A DX AR A% DX 3 e A5 X
RORIX 4 S 2) . A Hral A, Bk v 48 L S b )
AERFOR IR 2 5 0 2, A5 8] 40 A0 N 494, 300R = E
BT P AR H RS AU iR AR . BRI N BT A
e A A 25580 DA AT IR SR A Bk b A FH AR A 0% I
TR HC ] S DX 3 B, 2005 4FL 2010 4F
2015 4FEF 2019 AF kM A F AR S 850R 35 3158 4 DEA

75 150

AR B 00 R 11 A4S 15 A 11 AR 9 AN, i b
A3 9H 10.89%,14.85%,10.89 % H1 8.91% . # %k
R ORI A IR, LB R AR SRR —
AL T KR AR A e B DX R L % AR B
4 AN, BB AR W5 30 DBk b R A SR
EE2 S R =1 G N

300 km

R R &

[ ] Z&#ERE

] &EERR

3.2 2005—2019 EPEAEAWEALZRIE

PL 2005 4F 2010 4F 2015 4F 1 2019 4F 34 Ak 257
BB LR A2 F A SR S PR 101 AN B TR
Gy R B AR VB K 5 AR 3) . MY
] 1% F . 20052019 4FBE P4 44 25 & B AL K7 &2
PR AR T 198.24 %, Hoh A 1 R Ak F5 B
0.30 ¥ K F 0.60, K ANy 6.6 %, LT IEL(L
FEBON 0.13 AR 3 0,48 AE K F o 18.45% , +
IR B K $2 T 29940 AR K R h 2%, A
Tl R R AR R I Ny - VR AL > A H A > + b
WAL . NZS ) PR BEVE 48 27 G LT AT B AR

0 BEEERR
B2 BEFEE 2005—2019 EHMBFBESHETEAD B

N 3R

SR R AR A3 A REAE DG Hh b DX £R A I
K38 30 2 T B AL R e M DX, BFSRI Y, e
Bt R0 Bk R Hb DB N E IR AL A 2 3G KR g S
1.78%6,0.89 Y0 F1 0.81 %0, &b X b JE F-3H , 7 SR B U
BEMRGT, 2 B VG 48 A 1 P 3 5 4R 110 32 b X, 7Y 22 7T
PR A R DX SR XL 39 3k DX R AP X 45 2 3 XN 11 9 4
POKV-dRe R . 28 U Sl B AL 1 G R R B AR R B . e
(74.76 %) >kt (43.58 %) >k g (23.74 %), 2010 4E 2
S WAL b X 28 55 Sl B A A8 38 ik 92, 28 F B A KT
e FH AL v 1 b DX 32 B0 A 7 O Hh i IX A 4 PG e T 32
X, 5 R T A RURH B e 1 B AT DX Ja B T A AL



%4l

I 15 45 I G A ol A 15 0 M) T A AR S B 9 I 2 A0 A 343

SR EL i TL R BH B A M 5 o S5 M DX 0 A 7 R TR
AR EER =R IR L N e = O e Rl s 11 R S5 O ]
5 LR B 55 3 L oy o3 A A SE 22 TR AR 5 22 TF
IR LA K PR Y M DX B 55 AR T 9 L L T
EOBEI X e A H R B R BRI DL U
TG 7 5 LU B L | 22 BRI A B 22 BL |t 22 LR

20104F

20054E

FEE., 20052019 4R PE 4 + bW Ak ) 1 1 R K
RNy Pl IX (1.85 %) >BRAb X (1.79 %0) =Bk
HBIX (1,55 %) » 5 Fb b X 4 Ml 3k 4 A B 5 % F e 9 W
. BARORE P Bk R R B s
Vi) 2 5 1 O vl b DX P 4 Tl R ) 300 M DX N T AR
b 25 WAL L SR B A% O X I8

20154 20194F ‘N

ratul S eEe L G
- ‘ O P - W
oy et e "
= N T

Lo 75 150 300km

LFERBEMIEE fiK B

=

L g

B3 BEAEL 2005—2019 FEAWELXSES R

33 HAAESUESHENBSEDSIN

HeHm 2 4 XFBEPE4E 20052019 4F A HE & B 4 4%
HEAT R 43 5 43 B R T, BIE 5 P B G A L 3 T B b
F A S 808 5B LR & 55 R 2 AL FATKF
R T FE DU G 2 B B B, I R G 2 ) ) SR AR 5
AT PR B Ak R A b, i FH T ok sk B A
PR T S AR P R G 2 ] A B R

2005 4EPRPEE LA 2 KRS X B B0 T
LT A B B RS o B 11 XL A S AR R 430
A 37 AN 36 A~ ARZS [H] 53 A7 A AE ] b 25 Sk BB S B B
PR DX EL 34 0 A A O v X X el 3R A v A S 5 I B
DX EL N5 S 4575 b 43 A3 75 B AL R e i DX, AR K PR
(DX EA 26 A, 328531 7E B pg AP AL i X5 2010 4F
IR GRS A A, e AR DX EL AR 1
B4 A A B B XL 7 () 43 A ORI )
2005 AELERFAR A 5 PR B IX B i 36 A8l 27
A, B AR A By B, H B2 & B e pedt
[X 52015 4FFF 4f B V6 45 # & B 18 B 7K OF 3% (R B i 42
Fh o AKCERR A B BE AL AE 2019 ARIRE] 12 A4S, o
SR E) 11.88 % . 78 25 6] b Wi v 6 R i B 2 AR
B FhE B BORIR K S5 A B B X B Bl R S b
£ 2019 4E4r G N BEE 33 A1 18 A4,

AR TF O RO A B B X B
2005 4E[Y 26 NI/ F 2019 4E (0 18 A HE PR B

BEAE A B By IX B g0 AR R AR E KRR A By
B 1 X ELAR s 1 0E A KO IR A B B
IKFEREA BB IX B 1 2005 4R B9 2 A48 & 2019
R 12 4>, 20052019 4EAF 25 %0 1 IX B4R A AR
B,
3.4 WHEASHBANAESEEZBENAEDNTOH
S5 GRS VR 28 LA S5 b o X B VG 44 RS T 0
FERIEAT R4 (IR 4, 25 S SR WL B 4 4 W Ak 5 8F
bR A S BOCR AR A U BE AR TP R 0.3~0.6, LI
IV W O PR A LS B R 3 AN L 2005 4F
B V4 45 ¥ A b 0 2 20 A0 455 v B L 0 D O L R 5
DR WG S T B S TR R R R AR O 6 Rl 2L, 5 )
A 645 A 12431 4039 AN 8 AN, A S ATE
WM E LA i X B30 T P8 221, Jm A A I By
B A S RAE WG B DL L5 Lk 3 53.4%0, FE
Sy AR AEE T R PH T A ST R TS M B R
I I A BE G 5 L4 R 38.6 %0 ,8 %6, EE A AE
B AL g L XL J T R AR B BE . 2010 4R, P &
T Z2 40 XL A e DX 3 B DX 3k A R e P 9 28 0, 45 T
PR BRI B 0 3 A4S 2 A4 AL 18 A4S 40
29 ASF S AN S S R B 2005 AR RE— 3L, 6
o R BT RS AL T RIS R BA . 2015 FF 4R AT U B B
B A F A, 28 R R & U R B A T T, X E
BRI TE S AR AR S SO R 2 R L 45



344 /e o B 1 530 %

7 BURF T 36 5% 1 3B A A T8 T i A (8 A Ml 2 7 [
FR S K A FEAS AR T R | iR A0 B 3 ot b - | o
2E 3R VA R R b v R A A T A — R Y R

FBORMES AN 2% (0 K e . I B B X e K Ji A Y
LW oAk A7 25 A B BB 5 1 2 LSS T L s B
TN TE e T A5 2 Ml DU T 22 BRETT L A AR T A
Tk P B B s 22 R L SE 2 T A B XL A T R R R

il S

20058 AL

20104

Bric. ZRa ok TS N DRI A B AR AR SR
5 IR RS A DI I 1 S R R A0 2 0 O BRI 9 )
DX S O AN W30 5 B0 G IR 2 19 IX B AR A BE 5
30 P A DR R R RS 5 T B B S R R o R 2 R 2 Y
F14 S SRR 2 AR L U T B PG 4 0 R 2R 2SR
RIS B ) 5 B 8T P 28 R A e 25 AN W i 4 4% X
SRR A bR S B T =S TR B

20154 20194 4

T TN et
L
- '
=

0 75 150
HMEhARE
THWX B B =2ERR o A ERRE | | BREXRA Wil 2 A
B3R5 ¥R o F g N mFhiE Bl kR

B4 BREH 2005—2019 fﬁ%#ﬂﬂﬁﬁi?&s‘&%'—ﬁiﬁiiﬁﬂﬁémﬂ%]f&?éI'ETJﬁ?E

3.5 WEAESHMFAESUEBENAEZEE

EES R

2005—2019 4E % £ Gt i 45 Uh V8 B 4 i) Moran's T
BT A G R WK 5, 2005 4E.2010 4F,2015 4F Al
2019 4F W0 R G 1Y A 5 U R B2 42 JR) 5L 22 48 B4 i
0.443,0.460,0.464,0.456 , ¥ 4 IE 5 H.7E 1% 1Y 7K F
E T PRSI L 1 T B PG 4 B b R AR SRR
FURAE AL O FE A n 08 B A 23 8] 3R 30 A5 1 1E A
Kk, W N 4 ) 5 2= 5 BN 0. 443 31 K F)
0.456 , BEAT I Tt , 16 BH 42 48 25 [] SR A4 Jmy A X R

x5 BMAMEAELE Moran's I 5%

FAy 2005 4F 2010 4F 2015 4F 2019 4E
Moran's I 840  0.443 0.460 0.464 0.456
Z 145 7.285 7.711 7.720 7.45
p 1H 0.001 0.001 0.001 0.001

8 R E Moran's T #8%545 1 2005 4F., 2010
4F.2015 4F, 2019 4E () LISA BE K (WL E 5), 2005—
2019 AR U A HEHLUA A2 S R0R 5 WAL A D R
) H—H 458 X L—1 4 5 X 70 5 & 25 (] 4%
Jay b ARG AE AR R . P 2019 4F H—H R X
S A ) 14.85 %0 . FEAS [H] 1 DL ROR 28, F2 B4R
ARG X, DA PG 2T b R SE i, L LR
RIXH 2005 409 12 DX EB K #] 2010 4E1H 13 4

X B 5 TCHT Y . A v AR B Y A 2 T R B R A
B R A I B, AR E BV A B R AR S AL
R ARG P U B R AR M A s ] b R B e
e B AL R0 e A A 22 S A R s ABIGERE 0 A R L S
WIN H—H R XA L—L 4 %X 0 5 8 500 5o
— B R AE 25 0] A O B 3 XA 90 %6 22 4. LA
HHA RS 0] B ER2ZE R BARDL,
BTG 45 AP A% L BB b A A AR S AR S
PR R I AFAE I B 2E 0 H—H 4 B XK S H X
D7 3 ZAR TS AR K R A AN SO K 5 A
) S R 800 R B 4 AR AR PR ] e

4+ e ssp

4.1 it ig

AR S 3o X B P A 45 XL Bk i R AR SRR
LRA WAL KO B SEUE SR BT A BB RUBE B IR AR ST
T BTG A B MR AR 2S8R R B AL K T HE S
KZR ABAAEAE LU (0] 850 {H 75 R0« 52 008 4R IO
PRS2 0] o A BB K A ST T BT JooBi 47 003 s TE A 1R R 48
PEMT R BRI R B, 52 M) DAL 340 AN 805 4 T8I, 461) 40 7 #) 2 3k
BRI R bR R B, 3228 AN B A L 28 B I B Ak
UL 3 AT TR R B 5 2 AT A I s B
b A= S HEA T 5T s LR A FEAERF M R T2 25



%4l

I 15 45 I G A ol A 15 0 M) T A AR S B 9 I 2 A0 A 345

BORIGHR IR R R 5 B A A 7 2o 7 v A T
15 IXAURE R AR AT T B AL I Tr . SRR

20104

20054

Lo 75 150

LISAR & | EHERE rRE

5=

— LR R G AT R EE R R S AL 42 H B v 2 B s A
FHAE SR 5 R A VA 2 e O AL

20194 /%

A

20154

.#b

300km”

- - S

B S BEfE& 2005—2019 E#MAALESHEESHELNBESHIAE LISA RER

(1) 4 T8 A A= 250K 7, A 7 4 o i Ak &
J& . YA VE A B R AR S AOR S 2R A W ELE R
B P R AR AL TR T Y B T AR G (R]  EE  Bh
A Ak zs ], i ELAS 6] 4 X0 R A B 98 K OF A7 7E 22
5L RIL T BEEE A 2 o SE PR 0 i 2 25 Ak 4 T
KRB S AT RE R A 0 B Ak 15 oo R o) A b ) FH %
A Z BN 1 BTS2 T 5 () B0 K A% B b 9% U T R 4
R A o L o 7 A A ROBR b R R XA 3l AL
il o 1k 3h B b A 80 1 52 T4

(2) PRAGIK IR J 2 () A5 Ja s PR IE B X 48k R
BliAs IR, PEE XS U U & P R] e BB A HE R AR
ES € e v E O LTS E R s < I 22 ) 2k i | K 3
25 DX ELAZ B b DX X3k 3 ) 2 R i e i, N7 X B
[ R 25 50 2 R AR AL . 750 B #E H—H R X 5]
ATUVE R RNt 550 o 0 58 28 5% B AR 28 3 A2 0 DA G Hh g
T E Sy 780 %) 2 308 il IXC ) HG Al DX SR B AR B . DA
A Bl JE 300 X BBk A A SRR A R
42 4 it

AR SC AR PG 4 B8k o B 5 B L A B AR DG KB &
TE 1 XV 48 45 DX EL B st R AR S 0R TR A 0
B = KT R G A AR AR R R BUR R £
MBS BT o G HEA T, B G i B2 A AL 5 28 ()
FI R O 23 BT 6F 19 3R Gt 6] 1 R A B0 ) D6 R IEAT IR R L IR
9% HLAE M B 25 (0] I %) % SR A Jmy R Rk e, BRI Y
Z5enE .

(1) 20052019 4, B 7Y 45 Bk b 1) FH 2B B A%
K 0.765 FREZR 0.684, Bl 56 v F1 Bk B H IX ]
25 S5 I R[] 28 20 45 /0N, 803 o (B 8 W R P ) 7R L P R

WAL AR R . B SOBE R AR A R0OR 28 [ 40 A A
WA, A0 9 30 PR % DX L AR Tl R 2B SRR DL AT
AR AL B Hb A FH A 252805 IR T B v 1) A1 IX 38
WU

(2) 2005—2019 4F, BEPYA 545 WAL K P-4 i 1
198.24 %6 Il EEA R R i B AT Wl 25 1Y) 2 ) 2 S Pk A
S L AU o A R AE G H i X 25 A SR AR K
S8 T e b R g XL S N T SR AL L 4 B
b - HIRAE AL A A% 0 X 3, NARfL ROk B, ik R
PN - 2 B > N T A > - U A

(3) 20052019 4, Bk 74 25 E 35 5 oo Bk b 1)
A S HOR G RE A B A g AL TARK R G
BECER  Fapun S W RO R E 0 i R 7 NN
WA NG K 7 #8 A B B X B B0 1 2005 4R 11 26
AW F 2019 AR 18 A LA G B B RLES & B B
1 I B AR R R RS E L ARK A G o B 1 (X B
MRV 356 32 1 N B R KT R A B B s R KRR B B
X B 2005 4ER9 2 NG AN E 2019 4Ry 12 4,

(4) 2005—2019 4F, B V5 4 3k B 1k 5 #F b 1] H
AR A MR EPE 0.3~0.6 Z [0, LR E
R R WG % R R R BIR R 3 AN ER O . BEREIIN
00 2 B R L St B R 0 DXL 5 S DT 3 O O
RS X B BE A PR AR e RS 5 5 B 2 R R o B R
FERY X LB R R AL AR R RS HE AW M 4. #
A UM AR 23 18] 1 28 0 HE A 1) DE A M L BT SRy
25 (i) SR AEME A7 AE WA I D90 25 S L e WA DX 38 A s
Wl N 2B B LI — T H—H &R XA
S L— L R XY 48 [ R AE



346 /N s 3 & 0 530 %
PR 2‘(?16’23(5):‘214—221.
[16] IR, PhIE, sk S AT R A AT AR & 7= X B
(1] REHGAE V% BUFD 07 00 09 A4k 35 5 F B M 452 47 i) S50 % AR I 23 3 A R AR () . 28 BF M B, 2017, 37 (12)
HLI] b E AR Z7 4 P K - 2022,19(5) : 14-16. 163-171.
[2] RUEH . SRE RSB Rt o ompe s L17) R e AR 5 s R DRI A R
AL T AR R 1 D 2 % R 4470/ OL .o RN I 22 I R SR W T 3R 93 < L4 R L X )
Al HE W 51X 40 : 1-15[ 2022-10-20 T.http: // kns.enki.net/ ke- LK ARAF O 5E2020,27(2) - 323-329.
ms/ detail/11.3513.8,20220107.1028.009. html (18] 2, s A . B T 3 P A st Ay 2028 A1 9 R 00N AR
(30 SRABEY KA 2 b K V128 U5 45 Mo i FE 2058 23 SERZEHITLL] LI 2012,52(D) 1 135-140.
AE ST BF S D] A AL IS 2021 a2y, L190 BESG POy B30 S0 5 SRS Y £ 277 DX B S
579-588. R X 22 5 57 [T ] 4l TR ~# 42,2018, 34
(4] R EFURTE R 45 25T SD IR Y = e e X b ik (D 178,
B A BB A 52 () K Tt v g S sk, [20) Tristram O W Gregg M. A synthesis of carbon se-
2018.,27(4) :818-827. questration, carbon emissions, and net carbon flux in
[5] F#G. 220005 20 4F o |6 B o B i 28 4k i 4 i FL oK 3 agriculture: comparing tillage practices in the United
B T80 v Rl Y T 51X K], 2019,40(8) - 171-176. States[J]. Agriculture, Ecosystems and Environment,
(6] JRIRSHE « FoAi Sy % BUIR KW AR T L Ak 2002,91(1) 217232,
5t R 2 F) T K B FCER A U G« LT T o [21] Post W. M. Kwon K. C. Soil carbon sequestration and
AR T B IK ST, 2019,36(6) :1333-1343. land-use change: processes and potential [ J]. Global
(7] 2 AL I SR SO SO T BEA 1R 5 £ Change Biology,2000,6(3) :317-327.
M PR A LB T, 28 B U, 2020,40(8) 1 67-75. [22] 2RI, SRR 2R . i R M R HE o 2 AR 25 i
(87 Zefl Bl 01 F 45 7 A0 LAk 5 4l SRR AL B 3R 2% JE BF 5 FOMRLT )R LA YRR 5 BR 8, 2011, 21(8) £ 80-86.
(DI KB IH K2, 2020. (23] sK5|. A5 PR, IGE. 5 PRI H B A A B i 5 AR A FR B K
[9] Hou Xianhui, Liu Jingming, Zhang Daojun, et al. Im- BTG SIHTL  3 3741, 2016, 71(5) - 817-828.
pact of urbanization on the eco-efficiency of cultivated (241 BLmg i 86 5L SRBK » 45FUIA 30T A kT 4 3t — B b
land utilization: A case study on the Yangtze River Eco- A FARS3 18 £ 0 5 [ . K £ ff 4 4l 2017, 37
nomic Belt, Chinal]J]. Journal of Cleaner Production, (6):261-268.
2019;238(C):117916. (257 sk G us . dhAs WL b At i E AR S
(107 /B LT A W1, % 0 S 1L 15 B 4 24 SRELACRS & Dy A AE BT LT ). AR BT854t 2017, 52
i 8 R it 2 S B < LA AR k0], A B (6):1002-1015.
FALBESE ,2016,37(5) :831-839, [26] Z=T &, 28,0k 4, 55 AR AL =& 5 R a1k 5 Bk 4k
C117 S, SR 4 db B4 3 A 5 80k 2 240 0] FH 8 2 B LR O AP A S I L) ] K £ PR R RIF ST, 2021, 28
] 2 R 5« LA M T il 9 (.0 0 A % 4 (6):260-267.
2016,28(2):132-136. [27] FEx, TR KILET WS A S5 NG P
[12] S4TSR 42 B WBLIL 500 ) FH 5 29 1 19 50 75 Bl R IELT] AR 22 5F B 2019,33(3) :58-63.
MR e R T 40l TR 2447 ,2017,33(12) : 262-269. (28] mEE%, mAEMRE R X AR ET SREZ S
[13] 4238 I 5 ¥ U6 3F 55 18 S 6 L 25 15 30 75 W 0 9 5 2 PRI AL ] LB LT -2021.37(8) :93-99.
(V] 3224 . 1997 ,11(3) : 225-230 (297 ) JE 3, BRIV 5K 6 4 , 55 70 R 0 30T e IX 28 R = ) 3
C147 W], 250 . B 9. e 75 45 Bk ) Fi 28 3 S 5% iy 2 PR Bz A% SRy 3 A L) Aol T Fs 2 4 . 2019, 35
FHFE LI R 3R . 2011.25(2) 4754, (15):284-294.
[157 B3I 0L, T 5 BRI E S s opefl g 90 FRIEE R AH R R IR A S R SRR 2

BRI 2 22 S ROHR o [ 2 e A (D) K R R R

A AH T [ ) AE S 255 ,2021,37(8) :93-99.



