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Dynamic simulation of landscape change in the Baiyangdian basin based on the CA—-Markov model and MCE
constraints

ZHANG Chen—xing , XU Jing—jing, WEN Jing, YANG Xin—bing', WANG Jia—huan, ZHAO Bo

(College of Forestry , Hebei Agricultural University, Baoding 071001, China)

Abstract: The accuracy of the CA-Markov model for landscape dynamic analysis is usually affected by environmental factors. In this
study, the MCE-CA-Markov model with control conditions was used to predict the Baiyangdian basin landscape in 2023, based on
landscape data for 2008, 2013, and 2018, and it was also compared with the simulation results of the CA—Markov model. The results
showed that: From 2008 to 2018, the total area of farmland and forestland accounted for over 75% in Baiyangdian basin, which illustrated
farmland and forestland were the substrate landscape. Landscape patches were fragmented and scattered, with the dominance of farmland
and forestland gradually decreasing, and the diversity and complexity of the whole basin landscape pattern increased during this period.
From 2018 to 2023, the farmland and forestland areas would decrease, while the area of other landscapes would increase. Landscape
patches would mainly be compact and clustered, and dominance of construction land would gradually increase. The whole basin landscape
pattern would tend to be diverse and even. The MCE-CA—-Markov simulation accuracy (0.900 7) was higher than that of the CA—Markov
simulation. Furthermore, the change range of the Baiyangdian basin landscape structure and pattern in 2023, simulated by the MCE-CA-
Markov model, was smaller than that of the CA—Markov simulation, more congruent with social development in landscape transformation
characteristics.

Keywords:landscape structure; landscape pattern; CA—Markov model; MCE-CA-Markov model; Baiyangdian basin
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Figure 1 The location of the study area
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CA-Markov #E Bl S8k A6 AL E0 4T K LAl . 2T
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22 =MEMTHSH
2.2.1 sOULEFAR L RRE
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Table 1 Actual and predicted area of landscape in Baiyangdian basin in 2018

SZPR Actuality CA-Markov MCE-CA-Markov
RUREL T B T et PBIRE/E S R Wl PR
Landscape type Areal Proportion/ Areal Proportion/ Proportion error/ Areal Proportion/ Proportion error/
km* % km® % Percent point km’ % Percent point

Bl 13 470.53 39.76 12 571.71 37.11 -2.65 12 966.89 38.28 -1.48
it 12 841.34 3791 11 190.79 33.03 -4.88 12 057.60 35.59 -2.32
b 3030.14 8.94 3382.78 9.99 1.05 3356.16 9.91 0.97
jeiseazibiil 3689.52 10.89 4 860.36 14.35 3.46 4384.48 12.94 2.05
K3, 262.83 0.78 952.35 2.81 2.03 304.53 0.90 0.12
ARA TR HAL 583.29 1.72 919.65 271 0.99 807.97 2.38 0.66

B N N N

a. PR Actuality A b. CA-Markov A c. MCE-CA-Markov A

0 40 80km 0 40 80km 0 40 80km
WO —
I #h I o O s D A [ kdk O RA AR A
Farmland Forestland Grassland Construction land Water Unused land and other land

B2 2018 &£ B iE Ais = W HE A L BRANE AT E
Figure 2 Map of landscape types forecast in Baiyangdian basin in 2018
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CA-Markov B RUE 4D 25 FL 35 B | 2018—2023 4E K] ji
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2.3 =MBEHERT S
2.3.1 FMRARUKF AR AE S B

H T 4 0] 0, Bk st K H 9l 5 S 0 2008—
2018 FEBEHCE LR N, BB FEFR B A )N, R B
Ui HL Ay 85 e KBEHAE Fi N Rk 3, R B Fh
P X 37 JaRep i) S 05 5 s TR IR A B PR R
R UL BE PO AR T 52 2% s #Ai 5 9T 48 Bk 2
B, F BRI X SR AR A0 S X2 A i s B
i PR ) R B AR BOC A B AR b . B S AR B
BRI 5 I 508 BN A A S AR S b i 3 — 3
A 5 I 51 48 B0 1E 2008—2013 4E B8 A T [,
2013—2018 4F- W A7 b Fh . Atk FHHb 2008—2018 4 5
Pofoe IR IS B B FRIRES ORI TR
Z% . VEREPEFEEOIE 2008—2018 4E WS A A0 , 34 i 1k
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Table 2 Landscape area, proportion and rate of change in Baiyangdian basin from 2008 to 2023

WiH B it E i b K3, A FH b B oA
Items Farmland Forestland Grassland Construction land  Water Unused land and other land
2008 4 17 F/km? 14 963.05 13 020.52 3070.79 2110.85 171.96 540.47
2008 4 L A4/ % 44.17 38.43 9.06 6.23 0.51 1.60
2013 A 1H B /km? 14 347.17 12911.60 2979.67 2788.25 293.71 557.24
2013 4 Hefdil/ % 4235 38.11 8.80 8.23 0.87 1.64
2018 4 1A F/km? 13 470.53 12 841.34 3030.14 3689.52 262.83 583.29
2018 4= Hefdil/ % 39.76 37.91 8.94 10.89 0.78 1.72
2023 4F(CA-Markov) i F/km? 11 867.34 11 332.07 3828.17 5715.16 284.57 850.33
2023 4 (CA-Markov) Fe /% 35.03 33.45 11.30 16.87 0.84 2.51
2023 4F (MCE-CA-Markov ) [ F/km? 11867.11 11 360.01 3818.18 5678.49 304.28 840.57
2023 4E (MCE-CA-Markov) FeA5l/% 35.06 33.53 11.27 16.76 0.90 2.48
2008—2013 4 sh A /% -0.82 -0.17 -0.59 6.42 14.16 0.62
2013—2018 4F 8 A /% -1.22 -0.11 0.34 6.46 -2.10 0.93
2018—2023 4 (CA-Markov) 155 /% -2.38 -2.35 5.27 10.98 1.65 9.16
2018—2023 4E (MCE-CA-Markov) Sh 5 FE /% -2.37 -2.31 5.20 10.78 3.15 8.82
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Figure 3 Landscape transfer map in the Baiyangdian basin
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&3 20082023 FEEFIUHBEIERATHF R
Table 3 Sorting table of major landscape transfer map units from 2008 to 2023

2008—2013 4 2013—2018 4F
i fith SO SR THIAN kAR ity FOM A RN A fp
Coding Landscape type Areatransferred/km® Rate of change/% Coding Landscape type Area transferred/km” Rate of change/%

14 Fitth— 1 b 589.28 44.20 14 Hl b % I H 895.20 51.50
23 P Hl— 5 99.29 7.45 23 Ak H— 5 152.94 8.80
64 At S HC A — B 98.25 7.37 12 B — bl 107.37 6.18
12 B —Hhih 67.37 5.05 32 FHL— bR 79.95 4.60
35 i — K 63.51 4.76 21 Mk H— 4 72.67 4.18
36 b —> A FH % A 62.39 4.68 51 IKIR—HF b 61.41 3.53
25 M7k I 53.48 4.01 16 HFb—R A L K Al 52.78 3.04
21 M H—AF b 51.05 3.83 41 HER L — b 47.15 2.71
32 F L — PR 50.97 3.82 31 O 42.73 2.46
16 Bt — 2R FH b e AL 41.82 3.14 65 A FIHL K AL — KR 41.51 2.39
31 b — Pk 31.61 2.37 13 B — 53 36.82 2.12
41 R F h— Ak 28.25 2.12 24 AHb— 3 FH 21.07 1.21
13 A — b 23.51 1.76 34 b — R 20.35 1.17
24 MRl — 1 13.83 1.04 26 Ml R H K HoAth 17.71 1.02
&t 1333.179 95.61 54 TR I — R 12.70 0.73

At 1662.35 95.63

2018—2023 4 (CA-Markov) 2018—2023 4 (MCE-CA-Markov)
iy SO e AR Hirfith FOW A R RIS
Coding Landscape type Area transferred/km” Rate of change/% Coding Landscape type Area transferred/km” Rate of change/%

14 B Hb— 5 1970.33 49.60 14 b — 3 2285.80 46.22
23 A — b 909.10 22.89 23 MH— 983.97 19.90
21 M —Hf b 325.06 8.18 21 McHL—Hf b 583.09 11.79
26 M Hb— 2R F 3 K FAt 137.11 3.45 41 VI 266.50 5.39
24 R H— 1 F 122.37 3.08 12 HEHL— AR 172.25 3.48
16 Fb st — A T S HEA 118.51 2.98 26 MR RAFNFTHE K HALL 136.78 2.77
46 FEBREFH AR i S A 82.81 2.08 46 FRE A KA 98.09 1.98
65 IR FH b, B HoAts — 7K S5 80.72 2.03 31 b — b 87.55 1.77
31 H b — Bk 70.32 1.77 16 AFH— R A 30 K HoAll 87.13 1.76
51 KB 55.34 1.39 65 A I Hb B HoAth— 7K 35k 44.16 0.89
it 3 871.69 97.46 Gt 4745.33 95.96
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INBESIE BCE R 0 BRI B R B, B ks T
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PP BRI A4 51 BE T8 B BT, 5ol s ks T 264k
Y5k, 52018 A L , 2 F MCE-CA—Markov #&
AU SOUL K P48 25028 A 1 32 1 /N T CA—Markov
BEAY ()1 5 2
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2023a, 2023b indicate simulation results based on MCE-CA—-Markov and CA-Markov models, respectively
B4 2008—2023 F HFRRIFER ALK F EIMIEHTN
Figure 4 Comparison of landscape pattern indices change of each landscape type in Baiyangdian basin from 2008 to 2023

R4 2008—2023 FF HF R AR IAKFE LS FIEH
Table 4 Landscape pattern indices based on class level in Baiyangdian basin from 2008 to 2023

A0y PEH SAURARIEE PRI RAERE TREFEER ARESERK
Year PD Ls1 AREA_MN Al SHDI SHEI
2008 4 3.1427 149.488 4 31.8199 85.5165 12117 0.676 3
20134 3.546 8 167.602 7 28.194 8 83.7412 12595 0.7029
20184 43334 192.701 6 23.076 6 81.279 6 1.299 2 0.725 1
2023 4 (CA-Markov) 23671 113.901 3 42246 3 89.015 8 14133 0.788 8
2023 4 (MCE-CA-Markov) 28115 130.539 2 35.568 2 87.383 7 1.4127 0.788 4
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