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Influencing Factors of Cultivated Land Spatial Protection
Pattern and Countermeasures of Regulation Planning

—Taking Kongtong District in Pingliang City of Gansu Province as an Example

Jing Shengpeng', Chen Yawei', Zhou Xiaoming®, Kang Hongjie', You Feng'”®, Wang Limei'
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2.School of Civil Engineering . Lanzhou University of Technology, Lanzhou, Gansu 730003,

China ; 3.College of Resources and Environment s Lanzhou University s Lanzhou s Gansu 730005, China)

Abstract: [ Objective] Through analying the causes of the current spatial pattern of cultivated land protection
and its spatial correlation, the scientific zoning of cultivated land renovation planning was divided to provide
reference for further optimizing the layout of cultivated land, improving the quality of cultivated land, and
scientific utilization and protection of cultivated land. [ Methods] Taking Kongtong District, Pingliang City,
Gansu Province as an example, landscape pattern index method, multi-objective decision-making method,

Spreaman rank correlation method and cluster analysis method were used to analyze the synergistic or
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tradeoff relationship between the current situation of cultivated land landscape pattern and its spatial
existence by selecting cultivated land slope, cultivated land protection policy and urbanization impact, and to
construct the correlation analysis and evaluation index system of cultivated land protection pattern. [ Results ]
@ As a whole, the cultivated land landscape pattern index of the study area increased by 3.55% from 2010 to
2022, and the degree of cultivated land agglomeration showed a downward trend in most regions, but it
fluctuated during the whole process. The regional land use degree showed an upward trend on the whole, and
the characteristics of cultivated land layout and land use degree of each township were significantly different.
@ The cultivated land protection index in 2022 increased by 315.30% compared with 2010, the cultivated
land on 2°—6° slope increased by 120.96 %, the cultivated land on 15°—25° slope decreased by 32.64 %, and
the cultivated land in > 25° decreased by 100%, which was highly coordinated with the cultivated land
landscape pattern in space. The urbanization impact index showed an upward trend, which increased by
25.17% from 2010 to 2022. The urbanization impact on cultivated land distribution increased, and there was
a significant spatial balance between urbanization and cultivated land landscape pattern. @ Four units of
cultivated land renovation planning were divided as cultivated land quality improvement key area, cultivated
land quality improvement general area, cultivated land new development potential area, cultivated land
coordination protection area. [ Conclusion] The distribution characteristics of cultivated land in Kongtong
District of Pingliang City, Gansu Province are different among different towns, and the overall protection
effect of cultivated land is obvious. The main factors affecting the spatial pattern of cultivated land in the
study area are policy factors, the impact of urban development, farmers’ planting willingness and cultivated
land protection awareness, etc.

Keywords: cultivated land protection pattern; influencing factors; regulation planning; rank correlation method;

Kongtong District; Pingliang City, Gansu Province
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Table 2 Correlation analysis and evaluation index system of cultivated land grid protection
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Heterogeneity characteristics of cultivated land spatial pattern in research area

Fig.1
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Table 3 Analysis on change trend of cultivated land slope index (X, ) in research area

2010 4F 2016 4 2022 4
ZH3 X,—F, X,—[0,1] X,—Grade X,—F, X, —[0,1] X,—Grade X, —F, X,—[0,1] X,—Grade
XZ, 18.955 5 0.547 6 4 18.686 9 0.537 1 4 31.084 4 0.485 7 3
XZ, 23.093 2 0.848 4 5 23.050 3 0.897 5 6 37.812 3 0.595 2 4
XZ;s 20.584 6 0.666 1 4 20.591 6 0.694 4 5 46.910 3 0.743 3 5
XZ, 19.271 3 0.570 6 4 19.241 9 0.582 9 4 16.023 7 0.240 4 2
XZs 25.178 1 1.000 0 6 24.290 7 1.000 0 6 62.672 7 1.000 0 6
XZs 23.925 7 0.909 0 6 23.564 9 0.940 0 6 15.608 5 0.233 7 2
XZ; 22.220 8 0.785 0 5 19.506 4 0.604 8 4 40.230 4 0.634 6 4
XZs 23.100 9 0.849 0 5 23.027 4 0.895 6 6 12.406 7 0.181 5 2
XZ 16.822 9 0.392 6 3 16.814 6 0.382 4 3 29.550 0 0.460 7 3
XZ1o 18.209 4 0.493 4 3 18.164 9 0.494 0 3 19.227 9 0.292 6 2
XZu 20.894 6 0.688 6 4 20.838 6 0.714 8 5 19.915 8 0.303 8 2
XZy, 22,944 8 0.837 6 5 23.032 5 0.896 1 6 24.365 9 0.376 3 3
XZi; 11.422 1 0.000 0 1 18.645 8 0.533 7 4 1.257 7 0.000 0 1
XZu 24.773 9 0.970 6 6 15.248 8 0.253 1 2 31.782 0 0.497 0 3
XZis 12.231 1 0.058 8 1 12.185 3 0.000 0 1 8.632 4 0.120 1 1
XZis 14.483 0 0.222 5 2 14.486 3 0.190 1 2 33.810 5 0.530 0
XZy; 12.698 7 0.092 8 1 12.615 3 0.035 5 1 36.820 7 0.579 1 4

I :Grade R EEER., TR,
x4 PMERHMERPER(X,)ZLERSH

Table 4 Analysis on trends of cultivated land protection index (X, ) in research area

2k 2010 & 2016 4 2022 4
a X,—F, X,—1[0,1] X,—Grade X,—F, X,—10,1] X,—Grade X,—F, X,—1[0,1] X,—Grade

XZ, 0.002 2 0.001 9 1 1.490 9 0.029 8 1 31.084 4 0.485 7 3
XZ, 0.000 0 0.000 0 1 17.177 8 0.343 6 3 37.812 3 0.595 2 4
XZs 0.000 0 0.000 0 1 28.675 4 0.573 5 4 46.910 3 0.743 3 5
XZ, 0.006 7 0.005 7 1 12.119 0 0.242 4 2 16.023 7 0.240 4 2
XZs 0.001 1 0.001 0 1 17.079 6 0.341 6 3 62.672 7 1.000 0 6
XZs 1.176 4 1.000 0 6 21.037 2 0.420 7 3 15.608 5 0.233 7 2
XZ; 0.000 0 0.000 0 1 1.199 8 0.024 0 1 40.230 4 0.634 6 4
XZs 0.000 0 0.000 0 1 6.312 7 0.126 3 1 12.406 7 0.181 5 2
XZs 0.002 0 0.001 7 1 8.661 7 0.173 2 2 29.550 0 0.460 7 3
XZ1o 0.000 0 0.000 0 1 18.206 9 0.364 1 3 19.227 9 0.292 6 2
XZn 0.000 0 0.000 0 1 50.000 0 1.000 0 6 19.915 8 0.303 8 2
XZy, 0.369 4 0.314 0 2 45.865 4 0.917 3 6 24.365 9 0.376 3 3
XZy; 0.000 0 0.000 0 1 44.447 0 0.888 9 6 1.257 7 0.000 0 1
XZy 0.384 9 0.327 2 2 48.204 4 0.964 1 6 31.782 0 0.497 0 3
XZis 0.000 0 0.000 O 1 0.573 0 0.011 5 1 8.632 4 0.120 1 1
XZis 0.000 0 0.000 0 1 0.000 0 0.000 0 1 33.810 5 0.530 0 4
XZy; 0.117 7 0.100 1 1 0.000 0 0.000 O 1 36.820 7 0.579 1 4
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Table 5 Analysis on change trend of urbanization impact index (X ) in research area

4 2010 4 2016 4 2022 4
a X,—F, X;—1[0,1] X;—Grade X;,—F, X;—10,1] X,;—Grade X,—F, X;—1[0,1] X,;—Grade
XZ, 40.174 6 0.303 4 2 42.879 4 0.505 7 4 46.402 0 0.541 6 4
XZ, 50.495 7 0.465 2 3 52.051 7 0.616 1 4 60.165 1 0.705 2 5
XZs 51.718 3 0.484 4 3 53.989 6 0.639 4 4 57.194 7 0.669 9 5
XZ, 51.568 3 0.482 1 3 53.238 0 0.630 4 4 56.392 9 0.660 4 4
XZ; 20.819 5 0.000 0 1 0.852 5 0.000 0 1 0.852 5 0.000 O 1
XZs 45.445 2 0.386 1 3 45.526 8 0.537 6 4 49.117 1 0.573 9 4
XZ: 49.459 7 0.449 0 3 51.282 4 0.606 9 4 55.731 2 0.652 5 4
XZs 65.381 7 0.698 6 5 69.337 2 0.824 1 5 77.802 1 0.914 9 6
XZ, 84.606 2 1.000 0 6 83.788 3 0.998 0 6 82.232 6 0.967 6 6
X710 80.691 2 0.938 6 6 79.557 2 0.947 1 6 78.304 4 0.920 9 6
XZ1 61.614 7 0.639 6 4 62.670 3 0.743 9 5 66.557 2 0.781 2 5
XZi» 59.570 0 0.607 5 4 61.892 3 0.734 5 5 66.138 6 0.776 2 5
X715 61.642 1 0.640 0 4 64.224 5 0.762 6 5 72.784 4 0.855 3 6
XZ, 67.590 8 0.733 2 5 67.718 4 0.804 7 5 73.348 6 0.862 0 6
XZis 57.782 9 0.579 5 4 61.446 7 0.729 2 5 52.620 8 0.615 5 4
XZs 78.928 9 0.911 0 6 83.951 0 1.000 0 6 84.957 7 1.000 0 6
XZi7 43.200 6 0.350 9 3 47.448 2 0.560 7 4 51.794 0 0.605 7 4
33 #HMRPEESEERSHE/RNEES T i), —0.829<Tr, <C0.829"°), g 20102022 4F #a # 75

PL 2010—2022 AR B[P 50 o A fF st st 0lA% SR b AR5 5 - =>0.829 I, R B3 ETHEH 4 r <
BCED SR (XD BF R i (X)) Vs fe —0.8200 , 2 R NS, X HHAEN.E X, 1K
M (X OMRIEG D KRR - B E. AR AR X, 5 E BT 4 r. NIEHEIE,
R R FAE . 2 n =6 B CRC M T HW 6 a %0 X, REIBRICR (X, 5 E MBLIEMAIO (LK 6,18 2),

Fo6 HHMRPESSEEN=MHE/MEESF

Table 6 Spatial and temporal cooperation/tradeoff analysis of multi-factor cultivated land protection pattern

EZ ik X\ %E=¥VHFM X, %EVFFM X, ZELHM r (E:n X)) r (E:nX5) ro(E. . X3)
XZ, 22 9 14 0.371 477 0.742 9" 0.600 0"
XZ; 48 5 17 —0.371 4"~ 0.857 1"+ 0.514 3"
XZ, 21 11 11 0.400 0 F 0.685 7" 0.685 7"
XZ, 18 2 14 0.485 7°7 0.942 9"~ 0.600 0"~
XZ; 50 4 25 —0.428 6° 0.885 77" 0.285 7"
XZ; 42 29 11 —0.200 0~ 0.171 4 0.685 7"
XZ; 17 6 5 0.514 3*° 0.828 6" 0.857 17"
XZs 57 2 50 —0.628 6" 0.942 9°* —0.428 6"
XZ, 2 5 29 0.942 9" 0.857 1+ 0.171 4"
XZ1o 21 21 41 0.400 0" 0.400 0° 7 —0.171 4"~
XZy, 6 29 6 0.828 6" 0.171 4" 0.828 6"
XZy, 34 10 17 0.028 6°° 0.714 3°° 0.514 3°F
XZ1s 12 36 11 0.657 1" —0.028 6"~ 0.685 7"
XZy, 17 17 22 0.514 3" 0.514 3°° 0.371 4°F
XZs 0 1 29 1.000 0" " * 0.9714* "7 0.171 477
XZ1s 11 0 54 0.685 7" 1.000 0° " —0.542 9"
XZy; 13 4 9 0.628 6" 0.885 7" " 0.742 9~

T x AR, » x FoRLFH: —RABELR, +RmBELER.
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Fig.2 Multi-factor spatial coordination/tradeoff analysis of cultivated land protection pattern

mE6ME 2. ONE,—X, BEWEKE.
2010—2022 4F , Bk Hb I B A8 fb 5 Bk b 5 AR JR) AH G
PR RAEAN R E BHFEES . LS WA 28
b3 85 A A Xt Bk b SO0 AK SR 1 R i) B G, D P
2018 1 2020 4F 4% £, F ¥ £ B o b6 0 B #5703
2%, > 25 BB BHE 2 5 B b OR 4 4 it A8 A6 5 B b
WA R A DG E (B X o) A8 fb fa S om R 25, Horp K
BOREE M RY S FES RS kTS
B,k S5 IF X 2016—2022 4E7E LA | & B R MRAR
S it - M T 2 #E BRI H DGR BRI MOA B H A L
HoAth 2 BUR 1035 5 AL 5 Bk b S5O A SR AR DG (E
X)W fbla sk bR B EF BAEMEEE, 5H
2018 4F Ji5 JT 1f I 1 RS | S B b L R o Bk
KRN NBAZBLFER XK, QN E, — X, 25 [P P
KT B3 B A AL 5 Bk UL R 7 b B A L B A
HEEE S R, FEH T 20102022 4F, 15°~25°, >
25 B Hb LU BB AE T L 2°~6°, 6"~ 15 B b Lh 3] - Tt
HiE . XOhRtEREMSHEEES KES . L

ERE Sk SUEAN S EAN U RS 3 RO aE = i
SR M AR R S AL CE L X, P [ i 8 A v 3k 13 A
20102022 4F AR R AR - b - R B B H | 4 4
L BRI S SO BT 3 A, B T B 4 p i
FERERCRI G . A 2014 4F JF bf 52 it 18 Bk 18 ARk 5
=25 W BF A5 AR B D TR M L D T M
Jezs [ 38 UV E) BT+ T B b A0 34 8, o P ) AR
o A B R R 2 R R O R AR R 1L X KK
Gl 1l [ 2R PR B X, 02 32 B0 R B R MR GOE B X
N NI 7 E AN RS ok S NS I
X Ko 3 BB 0T St X AT A L S & - M
J2 T H H A S DX R S B e R Bk S B
A SR AR CE 3 X o) 78 I AL & J8 K F- 5 i & b
PR R AT KB S (] 9, FERERES
S R IR DXV A DX, A6 T B R s U X5 )1
ELE b 2 S U T R R A ] & R Ak (0 HEA
FEMr R X TR R | R R, S SO ik
TR o pl o S A 1 B DR B L DA B A X



442 7K R E

%43

FEME BT A SO, B HE T DX SR A b T R R B
H A K S it AR 2 T B A R i Ak

M E; — X, 25 BB PR . KB M &
T 2 F b I B i RO O Bk Ml A% R 4 B 2D, B
ISP i 8 F B b B v R RN . B b B
JE 5L ILRS R (E X ) 7E 23 8] b 5 BLALAE C &R
2 AR 1 K A VA VT ) R B T A
B, e T HE N DX LAk R R L R e R B
b o5 R L A R 3 0, [R) s bR R T AR R I AR X,
AR IE TR L B XL R R R A K. B
BHE S BEINR , — R AR B L R AR T Bk ) 4R P i R AR
. M T 3 IXRT A b Bk 3R R
L TR) s 3k L T bR, R T 2 T OB e i R
K. REY S BT RIF AR X, I oo 52 it 5 8
b3 P i SR T, AR [ B R T AR R B R AR T B AR
FRRERE . AR AR Y S B OIS SR (E, L X ) 7R %S [H]
T R G R LA S B s A% R (E
X OPEZS ] b 3R B OC 2R A B B, I Ak kR

WA TR E DT R ARY & R S IE
FH I AR 5 72 BH 8, 3 19 A~ 2 0 30 B Ak 52 T 4 85 %
I BOUAK SR AR BT, 2 TR £ b F KRG i
I AR X, R & &3 TREHRKX, A
20162022 4E A £ GLR A | A Mg 31 B2 KL (45 4
b SO FE B2 AP B R AR A 1 I
JEE 0 L BSR4 /N A5 IR I Il L 52 i 8 H50080 /)
PR G ASUAT G 2R 1) B

4 DR RETR LRI 5 4t X

3T A8 1 B 5T Ml B W 2 ) 7 e B
G DX [v] 258 ) R 22 vk 0 T LA AR LR AIE Y B0
SR I3 — A FE AR L DTS2 SR Bl 19 93 2 GR T
Sy SRS W ALK B 2 R o3 X AR SCaE TR i ik
FHIBEFEIX 20102022 A4 3 55 WA Jmy e HA [A] 32
Wi DA 2% 1) 2 () A2 A B AN [ PR 3R 5 B b 5 LA R A
i 25 b R / B I 06 R BIE T L 7 A ) U O L
R ) 7 A ) 1) = R IR O3 X

x7 TREEERHZEFFEST

Table 7 Analysis on significant characteristics of different factors
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Fig.3 Zoning map of cultivated land consolidation

planning in research area
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