F40% 216 Y] Kol TR R Vol40 No.16
2024 4 8 H Transactions of the Chinese Society of Agricultural Engineering Aug. 2024 229

- LREESESRE -

ET MGWR RER T 7 & Mt i E == B8 B S5 R E & 57 ih

KERY, sRET, A5

(1. bR R2E b BER, 223, JE5T 100875; 2. MERIFVE KA Rl 225 0t, i 200241)

W OE: HHARAEE SN SRR A S, BRI EIRRHb AR A R S IR BN R R R R AR
PrhAme i E AT HE . XS DAL IR R 7 X, ANBESRE BEFE 2. TAUINALCT- BRI, AR RS, Bk
G B 4 MRS B AR B, HEIET Komeans J732 50 W AN [B 4 FERE MO Q00 FE I SRSAHAE . AEBSERE |, %
SCNFH % R M FR A B VAR A (multiscale geographically weighted regression, MGWR), MIMFEERAL. H3EHAR . 35
WAL FIRSREE . BRI E 5 ANEFEIRTT TIL 58 & B AR EE K Bk R 3K . WAL SRR VLR Hi 2
MAbZER, BRI Y B SRR &, ERZ R SIL & ™IS, &5 B mRIK. 4 MEENE
DR HANSEFRFR RIS 3 B AR GRIER - NHEE) 1B 2K (K& /NHYEEED BX A T4,
PIRIH BEPUE B R, TR, A2 FEVER R ARRE, Hoh A BB X B REX BAHE SR E 1, C 26
CREE - RS BX B BERAC, TR, THAR 2 FEEAC B0y By, B AT 7E TP AL X .
BEAb, ANIRI AL X S 20 1) DR 5 8] 3 2 300 L 2 1) S S PEARPALE , T ) AN [R) 3 DX R R X 22 e A (R AR A Vv B S . 7l
HEX (A MBI PR E FZEZ B RE RIS, M EAIbEX (C28) Bk ane &N 2 3 A E A
GEFEREEN, ARERHECHIE . PR BIEN . TS R RN IRE A P AR B A B, R R R
SUEIESE RS

KR LHAVH; PR, HmAAL; K-means; 3b3Enix e )3

doi: 10.11975/5.issn.1002-6819.202405037
HhESHES: F32321 SCERARASRS: A

KER, HEE, BN ET MGWR EEFIAAHMAEE T EEE5RHME R oM. RV TIESFER, 2024,
40(16): 229-239. doi: 10.11975/].i1ssn.1002-6819.202405037 http://www.tcsae.org

ZHANG Ruisi, YE Sijing, REN Shuyi. Spatial pattern and driving factors of cultivated land fragmentation in Jiangsu Province
using MGWR model[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2024,

NEHS: 1002-6819(2024)-16-0229-11

40(16): 229-239. (in Chinese with English abstract)

0 51 §

HuBRTET AN TEARAHEN L B BN 7 0 ) 20 4
YU AP OB R B, R R an sk, B an
FEALAE D9t SRR I AE AR R B 5, AR IR, ARBR
BN DA K e A e R i, A S TR
AT PRI 40%, JF2 2L AAL. BHE AT
SRR ST AR 2 R R RO IR BRI A
PR B3 P A SRS 28 . S5 —T7 i, 20 e
70 FAKRIFUE AT I S BE B AR B I RIE — € fE ¥ b
P ARRA B, (HIZBOR SRR b 3 TR
NV Bt o B 31 38 OBk i 7 ik — 2D
R e AR FERETS SN, B SR AR
ZIEM R SR, A A R et b
VHRMALECE . iy o e 4 B EE e L,

Wk H H#E: 2024-05-07  EITHHIE: 2024-06-11

HEWH: EBXRARRHIELSTE (42171250, 42230106); HFRLFES %
PAESERE A=A BRI E (2022-ZD-04)

TER I TRAE, BFFUT7 R B SR R T S T ReE R

Email: 201911051208@mail.bnu.edu.cn

MOEEES . HEE, BEER, WiLAES0, PRy spb A S
A o Email: yesj@bnu.edu.cn

doi: 10.11975/5.issn.1002-6819.202405037

http://www.tcsae.org

AR, 22 A A M & L PRAL T
W R AR TS OT R T AR L. M T,
BINNS #5120 G2 it 4 5] LA ASAR AR, BN
AR A — A 2 ) X3 A B A 1) L2 18] B AN A
(BB E A 1 . KING 25U 4 ot s 4t 5 £ At 3
By FUONTH AL N Z A s EABEBEAT S BT A &
RO AR S IE, U A R fe— R P 2
—He UL AR B A AN, X AEEAT O SR TR
MBELE IR, 45E, BR8N N3 BL
BRI R ILFAE T, Bt o> 5109 2 S AR RN 3
B, SPLHKEAREL . SEL TEFPRPIRES, MELUEEAT
R E =2 BRI eV 7 VL5 TH , B
TR PE PP — PN FH SRS SR T 805, R SR Bk L ) B
AR TR A S 2 B Ve AR FE PP Fa bRk R, JF
TR FE M B T SR A B R b s
Ay 2 B S SO AR EEAR K, X 2 4k 50
R ARAR AT R A Ia 5, RALRAL B AR B 2 45 5 IR
WU IR A AT A G T, MR
PP R TS A7 AE R B SR DF B st el e 2 2L, o
BRI SR 18 SO R SR BOE AR AL, T


https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
https://doi.org/10.11975/j.issn.1002-6819.202405037
http://www.tcsae.org
mailto:201911051208@mail.bnu.edu.cn
mailto:yesj@bnu.edu.cn

230 flk TR (http:/www.tcsae.org)

2024 4

BIBEHLH A MPS . BESETE PD [HAUIMBURIRTEEL AWMSI
GRREL VPARWILA TR T 1992 4E. 2003 AEAT 2014 4
P AR RE RS S FARA IS O, 49 tH Tk Tl 1992—2014 4
HAHREFE AW N, MBI G RIEH X B b
FEAm K518 . R AR FE R Fem J7 TH,  F8 4 Wt AR 4
h, OB ST (S5 il ®D, B an Ak
TE 22 FEACAE P FhoE AR AR AR b A= 7= JRUS 55 7 T B A R AR
S0 (H R R 22 () SR AFF 7T 58 T T R e, A
TN S MHAGVE A, BRICRBR TR, AT
PNV HUALHET, DY B SN, I T Al
B2 R A Hi bRk, 2RI IR
ff7=Ae,  BHAS AR R R I B B SR i 22 2020, fE R
KA, CAVARME, P sk R8s |
M. BIERER. @R, b bl x4 J7
U205 AR R R AR E R R, A
W SRRRAE . B R, BARRESE. #ll] YUCER
203 e ot = FE LM A0 R Ak (R F 70 4R H L e R
DX Pt - o PR, A B i R DX 408 R B s i
JERZR F 2RO S S Hl B 25 b -l i B AR
et o] P 25001 it KAWASAKI 251400 72 9F 5t H A
b A0 B ) AR S5 i I R B, B A A
RPHHAN 5 HZ B R A N, T F BB A AL 5
LU R AR P BN ik g
AR, Billn QIU ST W e R B, A F fE i@ i A b
A Bt — M E JE R R s AR RO A,
JRA B R 25 2 AN P, T B b A e AL 4L
AL R AR & MO SR RIS R, BG4 K
RS TR NTITRS e 51 LA F A

CA TR AT IR T BB IR 575,
R AE Ry T R — 7 1T, v R R SR A
I 9 AN P VEAS R AR AL 1B S MO SCRE, (A
T MRS AR Y 2H 2B R B R AR BUE ) 2
FEAA PRI S HhIE 1o 25 5 TR 2R 5 R A R e 5 100,
FJ7, KT RSO GRS AUE A0 B FUAE AR A
DX 35l RRE 5 TOULRUEE 23 30l T g 850/ 2 4 DA DX 3l R 4
Hr BRI R 5 BOR R 2R 25 5 1F T B8 Hb 4B R R 25 () 4%
Ja B IR R K B2 1850 AR ES 2 5=, B
B 50 R I MO 4B R P 1) 3 5 DK Bh DR 38 S SR B R A AR AR
()73 AR AE, /D STUE I SR 20X — 25 [0) 43 AR AR 1Y)
al1E 9 SIS PSS e B wb ] TP P N D S W X S E
BT J& SEAEAF 7T, TR ke E LA (2007—
2009 £F) AFHLEIPE R AR, N PR R, T
BB TARIE R AR Z R 5. BRI Ss & e TR
B, MANNELL R E. BIa7HE 7 =AY T
I8 B BT AR P A5 (Rl ) IR K-means J7
A BT B R U A [ 24 B b 200 A R A 11 215 (1) SR 2 A
e EREAL B, N 2 R H B0 A H] )3 AR A
(multiscale geographically weighted regression, MGWR)

II AT B AR AL U RT3 44 B s 20 R A AL 10 )
PR BN ] S L2 6] 7 R iR AT ST AT DO RRILIR
A8 DX I L B A A R SRR SR S B S, IR
AR SCRIFFE T 15 AT LA Ay H A X A B2 A ) 5 IR S I 5 2
WA S,

1 MR5REE

1.1 AREXER

TLT5 44 Hh Ak A K i 25 30T i L IX, % DAE T Ry
F, AT, RimwEd, BRI, MR KK R
(B 1. Lo Sa-s-FE, (A FRE 3 s, 3
o R TR A L 86.9%,  FEFRTHIAR &5 Lk 11.54%, 1L T
A EE 1.56%. 4244 93.89% Il st i L Ab - 0°~2° 1
Werhrp o TSR AR B 2 RS R, DA b
WL N, DLRgHh X O # 2 XS A%, DLABHEIX A
BRI 2 A% . SRRFIE AU ZE B R RV R 2
MHFEII] . PRk EE, TR 4d TR 107 218 km?,
2019 FE SN H1 8470 5N, Hod 24 Pl A 51 2 567.05
TN, NOE 753 N/ km?, &P E 13 MRE X
2, AR /N RUKFE R 3, AR [ SRR 2 A
PR TTER. YR 2014 4 R R AR B A HUE, TR
4 Hh S TR 4.583%10° hm?, 5 4 44 L b s T R R
42.75%; NFIHFTH A 567 m?, 230 R A DR AR 2 2R
(FAO) iR 533 m* k. 1 2019 VLA H =K
E AL R R, LHEPHER A 4.099%10° hm?,
NI BB 480 m?. 25 E, VLR BEH B IR AR 30
PR, ANHLOP G W, SR IX b gn e L e, I
Hapgetb AEARAE R X 0 & 2 4.

117°0'0"E 118°0'0"E 119°0'0"E 120°0'0"E 121°0'0"E 122°0'0"E

i & i
Y

35°0'0"N 135°0'0"N

134°00"N

300'NE

33°0'0"N | 133°0'0"N

Provincial boundaries g
[ AT BUA S
Municipal boundaries
A (10 KA HEEE)
Cultivatedland (10-meter resolution)
0 50 100 200 km ’

32°0'0"N | 132°0'0"N

31°0'0"N |

. { 131°00"N
W WY .
117°0'0"E 118°0'0"E 119°0'0"E 120°0'0"E 121°0'0"E 122°0'0"E
B 1 AR East

Fig.1 Overview of the study area
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Fig.2 Spatial patterns of cultivated land fragmentation in Jiangsu Province
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Table 2 The results of Pearson correlation coefficient
SO SR RS

) TiH Item  PD AWMSI SHDI-S COHESION
Landscape pattern index
D R IR 0.18 -0.82"  _0.10
PiA 0.08  <0.01 0.31
FORIAHFNE 0.18 029" 012
AWMSI P1H 0.08 <0.01 0.24
J R -0.827 -0.29" 040"
SHDI-S P <001 <001 <0.01
BURBMME 010 -0.12 0407
COHESION P18 031 024 <0.01

e e LR 0.01 G0N ORI, MHRMERE FEASYN 102 4
Note: "**" Correlations are significant at the 0.01 level (two-tailed); the number of
samples is 102.
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Fig.3 Spatial clustering characteristics of cultivated land
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Table 3 The results of variance inflation factor (VIF)

HUFE AL IR Wite GIEE: S TRiP I
Topography Soil properties Urbanization Utilization intensity Protection efforts
i H . " e - - N N — B m
gy DR CERET MSULE AR ERcop A 200 2010 FRAIBHLEE
Item  @&fE  HE ; . ol ; . ] . . A4k i Average annual
. R Soil organic Bulk Urbanization Agricultural production yield per unit  Cultivated land area .
Altitude Gradient . . . change in cropland area (2000-
carbon density rate per capita area per capita 2010)
T 0394 0354 0.475 0.567 0.657 0.413 0.759 0.347 0.614
olerance
VIF 2536 2.824 2.105 1.762 1.523 2.423 1.317 2.880 1.628

>z

%

[EIEES-'

~ [EVEES 3 [EVEES 3
3 31 2 2 R - Regression coefficien Regression coefficien Regression coefficien
JRHR? Local B2 =y
e Lol “%ﬁ £1023-028 £10.29-047 . 0.36-0.35
ot (LA L NERRE  Em>028-036 [ -0.47-0.68 B 035032
E S oo oy .ﬂ" N 4 3 I >0.68~0.82 B >-032--027
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iO.Zl~0A74 .»m [ A5 % Non-significant [ 4342 Non-significant
%1 Null value {7 1 %[ Null value )% Null value
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Spatial pattern and driving factors of cultivated land fragmentation in
Jiangsu Province using MGWR model

ZHANG Ruisi*? , YE Sijing"™ , REN Shuyi*

(1. Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China; 2. School of Geographic Science,
East China Normal University, Shanghai 200241, China)

Abstract: Cultivated land fragmentation is often considered to reduce agricultural productivity, leading to threatening food
security. The pattern and drivers of cultivated land fragmentation can be expected to serve as an important prerequisite for
scientific management. Taking Jiangsu Province as the study area, this study aims to assess the cultivated land fragmentation at
the county level from four dimensions, including PD (patch density), AWMSI (area-weighted mean shape index), SHDI-S
(Shannon's diversity index of area), and COHESION (patch cohesion index). A systematic analysis was made on the clustering
features of cultivated land fragmentation in different dimensions using the K-means. MGWR (multiscale geography weighted
regression) model was applied to explore the driving factors of cultivated land fragmentation in each county from five
dimensions: topographic site, soil properties, urbanization, utilization intensity, and protection strength. The results showed that
there were north-south differences in the cultivated land, where the PD and AWMSI were higher in the south than those in the
north, the SHDI-S was higher in the north than in the south, and the COHESION was higher in the west. The four dimensions
of the county-level cropland fineness index showed three types of clustering: Type A and Type B counties were located in the
southern part of the province, both of which shared high patch density, irregular shape, and high area diversity. Among them,
the Type A counties were higher connectivity of cultivated land than Type B; Type C counties shared lower patch density,
regular shape, low area diversity, and high cropland connectivity, which were distributed mainly in the central and northern
parts of the province. In addition, spatial heterogeneity was observed in the driving factors of cultivated land fragmentation in
different types of regions. Differentiated fragmentation management should be adopted for the different regions. Among them,
cultivated land fragmentation in the southern counties and districts (Type A and Type B) was mainly driven by natural factors
(elevation, slope, and soil capacity). There were the more complex factors in the central and northern counties (Type C),
including cropland allocation and urbanization. Cultivated land in the Type A counties exhibited a high density and irregular
shape of patches, but a high degree of connectivity, which was a greater potential for management. Some considerations were
given to promote the merging of adjacent cultivated land for large-scale production when the soil properties were similar in the
topographic conditions. A low degree of contiguous cultivated land was observed in Type B counties, indicating the more
complex driving factors are more difficult to manage. More attention should be paid to protecting the existing cultivated land
for future urbanization. Cultivated land in Type C counties shared a low density and regular shape of patches, with the large
cultivated land and continuous distribution. Cultivated land in Type C counties was the most affected by the topographic slope
and protection. The central and northern regions were mainly plains with flat terrain and arable land, indicating the low
potential for management. However, some attention should still be paid to regulating the use of cultivated land. The finding can
provide a strong reference to managing the cultivated land fragmentation in Jiangsu Province. The cropland fine fragmentation
model can also be optimized to develop the sustainable use of cropland.

Keywords: land use; cultivated land resources; cultivated land fragmentation; K-means; MGWR
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