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Spatio—temporal evolution characteristics of cultivated land based on dynamic stability verification and CA-
Markov prediction: a case study of Ganyu District

ZHOU Yihu', FANG Tingting”, CHEN Zhen’

(1. College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China; 2. Nanjing Institute of Geography and
Limnology, Chinese Academy of Sciences, Nanjing 210008, China;3.School of Sociology and Population Studies, Nanjing University of
Posts and Telecommunications, Nanjing 210023, China)

Abstract: This study sought to clarify the importance of verifying the dynamic stability of cultivated land change and, on this basis, to
predict cultivated land change in the “14th Five-Year Plan” target (2025) and long—term target years(2035) of Ganyu District. The aim
was to provide reference data for relevant academic research and future cultivated land protection projects. The coefficient of variation of
cultivated land, geographical concentration index, imbalance index, and trend analysis method were used. The dynamic stability of
cultivated land change in Ganyu District was verified in three aspects: cultivated land quantity, spatial distribution, and spatial
development trend. The future change in cultivated land under different policy scenarios was simulated by a CA—Markov model. The total

amount of cultivated land in the Ganyu District continued to decline without major repetition or fluctuation. The spatial distribution of
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cultivated land was relatively balanced, and the spatial development trends of cultivated land occupation and supplementation were

relatively continuous. On the whole, the changing process of cultivated land had high dynamic stability, consistent with the preconditions of

the CA-Markov model. Under various policy scenarios, Ganyu District will still experience a rapid process of cultivated land conversion

before 2025, and the rate of cultivated land reduction will slow by 2035. With regional advantages, the northern area of Ganyu District will

be the key area of cultivated land conversion in the future, and cultivated land will gradually transfer to the southern inland area. Verifying

the dynamic stability of cultivated land changes can effectively improve the simulation accuracy of the CA—Markov model. The future

situation of cultivated land protection in Ganyu District is not optimistic. The relationship between economic development and cultivated

land protection should be reasonably coordinated to ensure social, ecological, and food security.

Keywords: cultivated land change; dynamic stability; CA—Markov model; spatiotemporal pattern; Ganyu District
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Figure 2 Actual and simulated land use in Ganyu District
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Table 3 Actual area and simulated area of various types of land use in Ganyu District in 2016

H2 SEBRTEAR L EPATTRAS T FRPE it % 23 [] PEiC 4% (Kappa)

Land use Actual area/hm’ Simulated area/hm* Area matching rate/% Spatial matching rate
Bt 7106291 61625.72 86.72 0.828 8
TG 6563.27 14 320.73 45.83 0.402 5
I R 1 22 309.90 27 068.36 82.42 0.808 5
22332 Ky FH Hb 6 670.88 6725.35 99.19 0.959 2
FRI K KA it FH 37 191.41 31 665.47 85.14 0.836 7
FoAth 5 1560.33 1.390.60 89.12 0.853 6
FofthAfe b 6024.87 8 590.47 70.13 0.686 7
FoA AR A 53.85 48.57 90.20 0.883 8

HUREBE T #E AR T %2 J R 3, DT ki X 9 £
A TAERR S |

Horp, A SR K JRA S G I 9 10 N A X b A
FAASAL R BAT a3, FLR U4 B0 S R T e (R4 Y
T bR PR AN AR B I DL A DX Bk A Jmy 72
20254F 5 2035 4 AR AR A5 R . A TF LSS RAE AR
K IR R B Al T RRE A A 2T B R T
By T M 1) T8O fidg FH M 58 38 3 i FH b A
T M AL R, 32 T T B A A
HREAR T 3 45 2 0 1o Bk M 5% AL %) T REAE
LRSS B E 2R T AN b S & Ue e e hy
HEREERIE LT, S X Rk 0 8 A8 Ak
B BRI BT FIRE L A SR % JR a3 R L hl (R AE
M AR b A% B T T A P L 3 A
FH M 3B R A 8 PR AR o5 B, 9 4R T TS 2
AR FH il 1) B b A A RABE R . I BOR G BT BB
S5 DURBLTE ORI 2 4 L PE LR 3 1 R

HARTT , st X AR DU 1 HARE S0t 5 H R4 #F
HARAAE O . & BURIE ST Bt X P e A 55 0
WER N 4 IR

CA-Markov BRI 5 R BRI 58 T i IX
HRb BRI HE TR (RS) . ARERES THH
MAEA T 5 464.43 hm?, 455 248 3 -0.40%
Horpr [ 2025 4 i X Bk b 1 LR 66 217.29 hm?, 44
AR /D 4 845.62 hm?, (5 Bk 9 6.82% ;5 &
2035 4, #k i A R E — 2P 0870 618.81 hm?, Gl i B &
65 598.48 hm’, {4 LI AFEFF L S 19 92.31% . & T%
PeAe i 5 T Bk S T R Sy ], 2025 4E
2035 4F B8k b T AL 40 1 4 63 344.07 .62 354.55 hm?,
43 BV R AR 9 /L 7 718.84 .8 708.36 hm?, 43 51 5 4
HiE 4 10.86% . 12.25% , - F- Y18 8 h -0.64% . #F
i CRAP I 55T S DR b Al A Ak A TSR L 1
SRS PR AT B 3, AF P 4 38 3 -0.28% . I
, 2025 4E#F L FR N 67 449.68 hm?, 58 5L 4 )i />

4 2025 F 52035 FREMRHHEBRE
Table 4 Probability of farmland transfer in Ganyu District in 2025 and 2035

B4 A2 Probability of farmland transfer in

B A% H A2 Probability of farmland transfer out

Wk 2025 2035 2025 2035
Land use HAARRE 250 Bty ARk @il Sitiir ARk KTt Bttt ARk R &5t Bhbiidr
Natural Economic Farmland Natural Economic Farmland Natural Economic Farmland Natural Economic Farmland
evolution  priority  protection evolution priority protection evolution priority  protection evolution priority  protection
s 0.8787 0.8519 09055 08557 0.8240 0.8874 08787 0.8519 09055 08557 0.8240 0.8874
ToGfEMAE 00195 00137  0.0254 0.0299 0.0209 0.0389 0.0093 0.0121 0.0065 0.0106 0.0138 0.007 4
WP EE M 00112 0.0078  0.0146 0.0124 0.0087 00161 0.0595 0.0774 00417 00712 0.0926 0.0498
sk A 0.0174  0.0122  0.0226 0.0197 0.0138 00256 0.0235 0.0306 0.0165 00281 0.0365 0.0197
IR KA 0.0593  0.0593  0.0593  0.0823 0.0823 0.0823 0.0009 0.0009 0.0009 0.0013 0.0013 0.0013
FH
HAbg A 0.0548  0.0548  0.0548 0.0614 0.0614 0.0614 0.0001 0.000 1 0.0001  0.0001  0.000 1 0.000 1
HoA e FH b 0.0282 0.0282 0.0282 0.0337 0.0337 0.0337 0.0281 0.0272 0.0290 0.0329 0.0317 0.0341
HAbAF M 01154 01154 01154  0.1646  0.1646 0.1646 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.000 1
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&5 FAREBRERE TEEX T EARELILER (hm®)

Table 5 Simulation results of areas of various land use types under different policy scenarios (hm?*)

. 2025 2035
L:fie H8RE e H b g ARk R Z Ul Hi b 4
Natural evolution  Economic priority ~ Farmland protection ~ Natural evolution ~ Economic priority ~ Farmland protection

it 66 217.29 63 344.07 67 449.68 65 598.48 62 354.55 67222.36
Tl 9900.63 10 255.91 9 785.85 10 341.85 10 663.40 10 112.51
A S 26 040.97 27 322.58 24 638.84 27 530.24 29 063.85 25 856.33
223 32 Ky FH Hb 8629.71 9924.09 8 851.73 9175.07 10 617.58 9339.38
IR B K R it FH b 31754.99 31 685.34 31714.34 29 648.60 29 607.01 29 633.02
A 35 FH 1371.04 1 405.89 1376.31 1349.29 1385.95 1 356.46
HoAth e i 4t 7 480.97 745532 7 576.95 775743 7705.14 7 875.82

A A ) FH 43.66 44.22 4372 40.04 39.94 41.53

3 613.23 hm?, (5 B b 5 19 5.08%; & 2035 4E, #F
TR — 250 227.32 hm?, MR 67 222.36 hm?,
JFEIAN 94.60% . RAARE 2025 R A X AT
W 28 Iy — Bk s PR ST [ 0 B B, T 2025—2035 4
[ b T e e A 1 T 2 AR

HEH AR fE i 23 [ R AE Q] 3 5 & 4 B o ZE AT
R R [RBORE 5T 2 T, B s/ 119 B 57 X I 2 4
AT X . 4 GIS B hnar#r o & BH, iZHb X
2 A DAl A A P FE S X, R b 1) T
Ot F M S e I b | 52 38 B P S 45 s
B AL . CA-Markov £ 481 45 S 8 /R, 2035 4F I
W 3 HR M B B AR R R B T 4y ) ik 2
10 341.85.27 530.24 hm* #19 175.07 hm?, # S WY 4F 43
K 57.57% .23.40% M1 37.54%, o, h4E M A
5 FH b 55 A8 38 38 iy 2 B AR AR AR i 2By ), Y
F 035 5 FHHE L 4 759.39 hm® 12 980.24 hm?, 7351 (5
B 5 FH 2 (10 676.00 hm?) 14 44.58% F127.92% .,
LR SE BT R B AR AR AL 0 R B A P, & 2035
AERH AT 5 12 499.93 hm?, Hirf 52.62% H#k 4
FF L R IAE N AT P, 25.57 % %% A2 i is i i Hb.
W43 50 5 A 6 577.58.3 195.93 hm?, #F {3
158 T A AE AR AL R A B TR (A5 7 994.69
hm? #F 098 A7 o P 3l R A b A7 R B
3 541.78 hm*, 22 i iz fiy I 4 5 A 1 997.81 hm?,
4390 7 BE b 7 LR R ) 44.30% .24.99% -

5 R SRR A DX T R bl S oA T b g
HHLIX . F 20354 AR AR AU SH A BT
AR S 211.58 .4 391.57 hm*Hi15 766.28 hm®,
b VA B T K T B T K TR S PN i K 38
K, LA KORT FE 0138 [ 1 52 B 2 1 Bk b 19 = 22k i
HIATE 3R ECRAE 5 T X4 ik 29 3 100 hm?; J5 34
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Figure 3 Spatial characteristics of cultivated land change in Ganyu District in 2025 under different policy scenarios
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Figure 4 Spatial characteristics of cultivated land change in Ganyu District in 2035 under different policy scenarios
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