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Landscape pattern simulation within a county based on
GD_SVM_CA-Markov model

WANG Yuhang YU Qiang YUE Depeng ZHANG Qibin MA Huan
( Beijing Key Laboratory of Precision Forestry Beijing Forestry University 100083 Beijing China)

Abstract Background Dengkou county is a typical arid and semi-arid area with obviously serious
desertification. Ecological environment protection and treatment needs to be solved urgently. In the process
of urbanization balancing the three types of land for construction land sandy land and ecological land is
particularly important. Based on the GD_SVM_CA-Markov model this paper aims to analyze the change of
the dynamic distribution of the landscape in Dengkou county from two dimensions of time and space to
explore its change pattern and carry on the simulation prediction so as to provide a certain decision—
making reference for the local urban development planning the desertification control and the ecological
environment protection. Methods Based on 10 driving factors ( DEM slope aspect NDVI groundwater
depth evapotranspiration population density the nearest distance to water area the nearest distance to
settlement the nearest distance to road) the land use suitability atlas was created by using GeoDetector to
explore the relationship between land use change and 10 driving factors and MCE module provided by
IDRISI software; Through SVM to define the transformation rules of the cell thus the improvement of CA
model was achieved; Based on the land use data of the two periods of 2006 and 2011 the Markov model

was used to generate the land use transfer matrix. The landscape pattern simulation of study area in 2016

1 2018-0141 : 2018-0345
« " (41371189)
(1992—) o :3S o E-makl: seekwyh@ 163. com
(1963—) o : N o E-mail: yuedepeng@
126. com


wjf
高亮

wjf
高亮


3 : GD_SVM_CA-Markov 135

based on the GD_SVM_CA-Markov model was implemented with the above process integrated. In order to
test the simulation accuracy the Kappa coefficient was used for the test Results From 2006 to 2016 the
landscape area of construction land in Dengkou county increased from 5 785. 55 hm’ to 8 952. 67 hm® the
landscape area of sandy land decreased from 76 616. 15 hm” to 56 460. 50 hm”  the landscape area of water
area increased from 23 859.88 hm’ to 24 679. 10 hm’ the landscape area of woodland and grassland
increased from 117 452. 37 hm” to 128 120. 87 hm”. For construction land there was 15. 64% probability of
conversion to arable land. In the case of water area there was 11. 56% probability of turning into arable
land. In terms of sandy land there was 18.37% probability of turning into woodland and grassland. The
influence degree of the 10 driving factors on the landscape type change in Dengkou county was 0. 248 816
0.048784 0.134342 0.951212 0.975924 0.873667 0.520317 0.256226 0.413550 0.178 658
respectively according to the above order. The Kappa coefficient of the CA-Markov model simulation results
of 2016 was 0. 862 8 the Kappa coefficient of the GD_SVM_CA-Markov model simulation result of 2016
was 0.925 0. Based on the land use data of 2016 and the land use transfer data of 2011—2016 the GD_
SVM_CA-Markov model was used to simulate and predict the spatial distribution pattern of landscape in
2021. During 2016—2021 the landscape area of construction land increased from 8 952.67 hm’ to
11 610.21 hm”  the landscape area of sandy land increased from 56 460. 50 hm® to 67 235. 11 hm” and the
landscape area of ecological land such as water area and woodland and grassland decreased from 152 799. 97
hm” to 143 670. 04 hm®>.  Conclusions Hydrological conditions vegetation cover and population factor are
the decisive factors that determine the temporal and spatial changes of local landscape types. Thus at the
same time as urban development it is necessary to pay attention to ecological and environmental
protection. The simulation result of 2016 based on GD _SVM _ CA-Markov model has higher overall
simulation accuracy and is better than the simulation result of 2016 based on CA-Markov model. Therefore
it is feasible to use GD_SVM_CA-Markov model to simulate and predict the spatial distribution pattern of
landscape in Dengkou county.

Keywords: GeoDetector; SVM; CA-Markov; simulation; Dengkou county
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Tab.1 Area changes of different landscape types from 2006—2016 hm’
Year Cl Cc2 C3 C4 C5 C6

2006 5780. 55 23 859. 88 60 806. 47 117 452. 37 82 898. 15 76 616. 15

2011 6259.79 26 300. 71 70 150. 88 129 117. 65 81 679. 31 57 970. 46

2016 8952. 67 24 679. 10 81964. 14 128 120. 87 73 094. 66 56 460. 50

Notes: Cl: Construction land. C2: Water area. 3: Arable land. 4: Woodland and grassland. C5: Unused land. C6: Sandy land. The same below.

3.2 Markov 15. 64% X
2. 3 2006—2011 11. 56% ;
— N — N 18.37% o — N
2 2006—2011
Tab.2 Land use transfer matrix from 2006 to 2011 hm’
Land use Cl C2 c3 Cc4 (O8] C6
Cl 3497.75 18.34 707.55 278.93 19.20 0.91
Cc2 151.29 16419.75 2 446.92 1 868. 54 287.63 0.00
C3 1 297. 49 3670.96 50072. 51 1 .842.30 3897.83 248.48
Cc4 136. 58 2190. 03 9418. 54 103 763. 59 1 899. 66 155.48
(03] 1170.27 1 906. 73 3338.37 6324. 26 75 022. 93 0.00

C6 6.43 94. 89 4166.98 14 040. 03 552.06 57 565. 58
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3 2006—2011
Tab.3 Land use transfer probability matrix from 2006 to 2011

Land use Cl c2 C3 C4 C5 Co6

Cl 0.773 378 0. 004 056 0. 156 445 0.061 674 0. 004 245 0. 000 202

Cc2 0. 007 145 0.775 463 0. 115562 0. 088 246 0.013 584 0. 000 000

C3 0. 021 260 0.060 151 0. 820 463 0.030 187 0. 063 868 0.004 072

C4 0.001 162 0.018 628 0.080 114 0.882615 0.016 159 0.001 323

C5 0.013 334 0.021 726 0.038 039 0.072 061 0. 854 840 0. 000 000

C6 0. 000 084 0. 001 242 0. 054 523 0. 183 708 0.007 223 0.753 220
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10 . . “ND-
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P o .
P o
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4

Tab.4 GeoDetector results of driving factors

DEM NDVI
Slope/( °) Aspect Groundwater depth/m
P 0.248 816 0. 048 784 0. 134 342 0.951212 0.975 924
Evapotranspiration / Population density The nearest distance The nearest distance The nearest distance
(mmed~") People /km? to water area/km to settlement/km to road /km
P 0. 873 667 0.520 317 0. 256 626 0. 413 550 0. 178 658
3.4 Markov . 2016 +2016
CA-Markov GD_SVM _CA-Markov 2016  CA-Markov
GD_SVM_CA- I (5) 2016 CA-
2

Fig.2 Landscape interpretation data and simulation results in Dengkou county
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Tab.5 Model accuracy comparison
2016 2016
2016 GD_SVM_CA-Markov Kappa CA-Markov Kappa
Landscape Actual raster Kappa Kappa
number in 2016 Simulated GD_SVM_CA-Markov coefficient Simulated CA-Markov coefficient
raster number in 2016 raster number
Total 20713 446 21564 053 0. 925 22252184 0.862 8
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Fig.3 Simulated landscape pattern in Dengkou county in

2021 based on GD_SVM_CA-Markov model
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