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Table 2 Value coefficient of ecosystem service for each ecological land type

( /hmz) 7 372.60 42 322.43 16 807.65 26242.71 10 890.91 1297.20
5 90%
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2009—2015
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Fig. 1 Area changes of different ecological land types in Guanlin town from 2006 to 2012
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Table 3  Area transition matrices of ecological land types in Guanlin town from 2009 to 2012 and from 2012 to 2015

2009—2012 347432 9237 49.19 10.06 0.03 1.52 5.66 0.22 32.48 134.97 52.00 378.50
3999 22232 10.86  2.06 035 0.18 1.04 0.01 15.35 6.51 4.09 80.44
157.41  33.57 3036.03 1.72 0.04 5.00 260.40 0.87 28.46 54.18 36.79 578.44
23.77 50.66 1.60  55.09 0.63 0.26 0.00 0.00 13.55 26.48 5.41 122.36
0.33 1.22 0.17 0.30 26.75 0.00 0.00 0.00 0.06 0.66 0.52 3.26

21.49 8.74 7.94 0.39 0.00 3.70 0.00 6.13 8.33 16.84 3.07 72.93
4.35 0.94 136.99 0.00 0.00 0.00 905.21 0.00 4.78 1.59 3.95 152.60

14.12 3.53 0.87 1.36 0.00  0.01 0.00 2.03 3.25 51.78 3.81 78.73
48.09 25.41 2243  4.12 1.97 1.11 0.11 0.00 129742 2333 12.06 138.63
11395 15.16 3491 7.89 0.32 835 0.00 0.81 69.95 1120.71 15.78 267.12
15.97 3.60 2.86 0.91 0.12  0.68 0.41 0.00 13.86 15.98 329.01 54.39

439.47 23520 267.82 2881 346 17.11 267.62 8.04 190.07 33232 137.48
—60.97 -154.76 310.62 93.55 -0.20 55.82 -115.02  70.69 -51.44 -65.20 -83.09

2012—2015 2643.75 24197 65097 23.73 1.05 1291 18.63 4.27 119.72 88.32 108.47 1270.04
235.11  60.00 61.15  6.51 0.99  0.59 6.11 0.08 43.38 20.76 22.84 398.52
489.69  92.70 2136.56 5.93 1.90 1.53 326.82 0.63 128.72 83.41 3596 1167.29
24.85 2.74 3.79 2790 1.79 0.14 0.38 0.00 4.76 6.75 10.80 56.00
0.30 0.06 0.05 0.03 28.84 0.00 0.00 0.00 0.02 0.28 0.63 1.37
3.79 4.47 2.26 0.00 0.00 4.48 0.20 0.00 0.55 4.42 0.64 16.33
42.59 7.15  201.26 0.70 0.37  0.00 916.89 0.00 1.21 0.67 1.99 255.94
1.32 0.39 0.25 0.00 0.00 2.80 0.00 291 0.00 0.69 0.78 7.16
13221 2772 57.62  5.06 0.18 2.72 2.15 0.24 1141.15  65.53 52.91 346.34
61.32 30.87 2732 15.03 232 449 2.22 0.54 70.74  1183.37 54.81 269.66

184.89 29.25 40.14 2199 200 1.72 11.44 0.46 57.84 66.80 49.96 416.53
1176.07 43732 1044.81 78.98 10.60 27.83 367.95 6.22 42694 337.63  289.83
93.97 -39.80 122.48 -23.08 -9.23 -11.50 -112.01 0.94 -80.60 —67.97 126.70
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578.44 hm’
439.47 hm’
2012—2015 2.2
1 270.04 hm? Logistic 4 ROC 0.80
Fz 4 2009—2012 FF1 2012—2015 FE S A Z BT LAY Logistic E)A%5 R
Table 4 Results of logistic regression of spatial variation of ecological land types from 2009 to 2012 and from 2012 to 2015
ROC
A B C D E F G H I
2009—2012 0.85 B -0.303 -0.136  —0.452  -0.140 -0.333 0.059 0.670 0.086  —0.083
OR 0.739 0.873 0.636 0.869 0.717 1.061 1.954 1.090 0.920
0.30 s —0.288 -0.74 -2.125 -0.012  -0.198 0.047 0.385 0.063 -0.019
OR 0.750 0.477 0.119 0.988 0.820 1.048 1.470 1.065 0.981
0.88 p -0.334 -0.026 —0.999  -0.251 0.075 -0.074 0239 -0.155 —0.140
OR 0.716 0.974 0.368 0.778 1.078 0.929 1.270 0.856 0.869
0.83 p 0.754 0.374 -0.656  -0.140 —-0.036 —0.008  0.388 0.044  -0.477
OR 2.125 1.454 0.519 0.869 0.965 0.992 1.474 1.045 0.621
0.98 s 1.108 0.281 -7.131 —1.838 1.020 -0.275 0.626 -0.064 —0.383
OR 3.028 1.324 0.001 0.159 2.773 0.760 1.870 0.938 0.682
0.94 p 1.462 0.638 -0.864 -0.755 -0.118 —0.083 0424 —0.075 -0.743
OR 4315 1.893 0.421 0.470 0.889 0.920 1.528 0.928 0.476
0.94 p -0.698 -0.413 3.509 0.508 0.178 0.144 0.222 0.038 0.177
OR 0.498 0.662 33.415 1.662 1.195 1.155 1.249 1.039 1.194
0.90 s 0.644 0.793 —0.163 -0.265 -0.247 -0.516 0.395 0.022 —-0.499
OR 1.904 2.210 0.850 0.767 0.781 0.597 1.484 1.022 0.607
2012—2015 0.86 p -0.143  -0.288 —-0.297 —-0.145 -0.359 0.079 0.628 0.097  -0.256
OR 0.867 0.750 0.743 0.865 0.698 1.082 1.874 1.102 0.774
0.82 p -0.459 -0.237 -0.258 -0.105 -0.507 0.062 0.379 0.067  -0.077
OR 0.632 0.789 0.773 0.900 0.602 1.064 1.461 1.069 0.926
0.86 s -0.084  —0.059 -0.182 —-0.090 0.045 -0.073 0.365 -0.131 -0.063
OR 0.919 0.943 0.834 0.914 1.046 0.930 1.441 0.877 0.939
0.85 p 0.864 0.13 -0.258  -0.031 —0.088 —0.070  0.229 0.057  -1.099
OR 2.373 1.139 0.773 0.969 0.916 0.932 1.257 1.059 0.333
0.97 p -1.505 -0.622 —-0.582 -0.179 0.976 -0.283  0.883 0.087 0.355
OR 0.222 0.537 0.559 0.836 2.654 0.754 2.418 1.091 1.426
0.86 s 0.713 1.006 -0.056 -0.387 -0.088 -0.197 0.220 -0.105  -0.285
OR 2.040 2.735 0.946 0.679 0.916 0.821 1.246 0.900 0.752
0.95 p -0.328  -0.147 0.085 0.653 0.304 0.077 0.402 0.052 0.192
OR 0.720 0.863 1.089 1.921 1.355 1.080 1.495 1.053 1.212
0.92 p 1.514 0.342 -0.180  —0.182 -0.363 -0.560  0.163  -0.070 —0.944
OR 4.545 1.408 0.835 0.834 0.696 0.571 1.177 0.932 0.389
A DEM B C GDP D F
H 1
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GDP
GDP
GDP
3
3 GDP
3 GDP
3
2009—2012 2012—2015
GDP
GDP 4
3 GDP
3
GDP 23
CA-Markov 2015
GDP
2015
GDP 2015
0
0
4 3 90.25%
GDP
3 2021
GDP 2024 5
GDP 2
#*5 EHT CA-Markov B EMEZXESHERKLER
Table 5 Areas and proportions of ecological land types based on CA-Markov prediction in Guanlin town
2015 2015 2021 2024
(km?) (%) (km?) (%) (km?) (%) (km?) (%)
38.20 30.81 38.45 31.01 36.07 29.09 34.62 27.92
4.97 4.01 4.32 3.48 5.71 4.61 6.77 5.46
31.81 25.66 33.28 26.84 31.29 25.23 28.76 23.19
1.07 0.86 0.98 0.79 0.80 0.64 0.68 0.55
0.39 0.32 0.37 0.30 0.44 0.35 0.40 0.32
0.32 0.26 0.34 0.27 0.40 0.33 0.34 0.12
12.85 10.36 12.73 10.27 13.43 10.83 15.03 12.12
0.09 0.07 0.59 0.48 0.08 0.06 0.05 0.04
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Fig. 2 Spatial distribution maps of ecological land of Guanlin town
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5
2.43hm*>  1.10 hm? 2.4
3
2015 2024 218.05 hm’ ( 2
24.23 hm? 16.97% ( 6
2009—2015
i 906.74
2015—2021 2015—2024
2021—2024 14.89%  18.56% 566.73
178.00 hm’
131.23 87.16 hm®
368.90
39.32 hm*>  3.93 hm? 66.09
0.51 1.10 hm?
2.43 hm’ 2.88 2.65
Fz 6 EHIE20092024 EEFREERSMET L
Table 6 Changes of ecosystem service values in Guanlin Town in different periods from 2009 to 2024
2009 2012 2015 2021 2024
ESV( ) (%) ESV( ) (%) ESV( ) (%) ESV( ) (%) ESV( ) (%)
3063.75 13.14 3222.80 14.38 3182.75 14.21 3 080.46 13.81 3051.52 13.98
19 774.22 84.84 18 946.39 84.53 18 901.20 84.37 18 924.59 84.87 18 532.30 84.87
298.25 1.28 141.02 0.63 179.84 0.80 133.71 0.60 113.75 0.52
78.74 0.34 79.27 0.35 102.35 0.46 115.29 0.52 105.23 0.48
83.46 0.36 22.67 0.10 34.85 0.16 43.97 0.20 37.50 0.17
10.48 0.04 1.31 0.01 1.17 0.01 1.09 0.00 0.66 0.00
23 308.90 100 22 413.45 100 22 402.16 100 22299.09 100 21 835.43 100
2015—2024
3
84%
13% 9
65.09%  23.16% [28-29]

11.66% 0.09%

2009—2015
Logistic CA-Markov

2021 2024
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Simulation of Ecological Land Changes and Corresponding
Ecosystem Service Values in Rapid Urbanization Area

XIA Min', ZHANG Zihong', ZHAO Bingzi’, WEN Bo', LIU Jingjie'
(1 College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China; 2 State Experimental

Station of Agro-Ecosystem in Fengqiu & State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Regional ecological land has changed dramatically with the rapid development of industrialization and
urbanization. It is essential to study and predict the changes of ecological land and the corresponding ecosystem service value on
a small scale in order to provide reference for ecological land protection and land use planning. Taking Guanlin Town in Yixing
City as the study area, the ecological land changes from 2009 to 2015 were studied based on high resolution remote sensing image,
the influential factors were analyzed by Logistic Regression model, the changes of ecological land in 2021 and 2024 were
simulated using CA-Markov model, then the corresponding ecosystem service values were calculated. The results were as follow:
1) Ecological land in Guanlin town decreased from 2009 to 2015, and the main influential factors were elevation, GDP,
population density and the distance to river. The influences of natural factors on the changes of ecological land type were
gradually weakened with time, while the roles of socio-economic and location factors were gradually intensified. 2) Ecological
lands would decrease rapidly from 2015 to 2024, in which paddy field decreased mostly, decreased by 358.25 hm?, while
aquaculture water increased rapidly, with an annual increase of 24.23 hm?, totally increased by 16.97%. Ecological lands mainly
were transferred to aquaculture water, dryland, industrial land and traffic land. 3) The corresponding ecosystem service values
decreased continuously from 2009 to 2024, significantly correlated with the changes of farmland and water body. The above
results can provide reference for land use planning in Guanlin Town and has practical significance in protecting ecological land
and in strengthening the ecosystem service as well.

Key words: Town scale; Ecological land; Change simulation; Ecosystem service value
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