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Urban Expansion Simulation and Early Warning based on Geospatial Partition and FLUS Model
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Abstract: The rapid urbanization has constantly changed the transformation of land resources. With rapid
growth of economic and population, urbanization has also led to many ecological and environmental problems.
Simulating the mechanism of urban expansion and providing early warning of the risk of urban land use change
in the future can help to regulate and control urban development. In addition, most urban expansion simulation
studies select common drivers and uniform transformation rules for simulation and prediction. Insufficient
consideration of spatial heterogeneity increases the simulation error.This paper proposed an urban expansion
simulation model based on the geospatial partition and Future Land Use Simulation (FLUS) model for
simulating and predicting complex land use change. The model used multiple indicator data for spatial clustering
in township streets and grid units, and divided Pearl River Delta into 10 sub- regions. Urban expansion
simulation was performed under unpartitioned and partitioned scenarios with geospatial partition results. The
simulation results of the urban expansion in the Pearl River Delta from 2005 to 2015 show that the simulation
accuracy under the partitioned (FoM=0.2329, increase 9% ) scenario is significantly higher than that of the
unpartitioned scenario. Land use conversion potentials in different districts display spatial differences.
Combining geospatial partition with FLUS model can simulate urban land use change more effectively. The
Markov chain model was used to predict the number of future land types. The model was further applied to
simulate land use changes in the Pearl River Delta in 2025, 2035 and 2045. Based on the impact of urban
expansion on urban form, ecology and intensity, this paper constructed an urban expansion early warning
indicator evaluation system to assess the alert of urban expansion. Furthermore, this system can predict the level
of urban expansion deterioration and provide a scientific reference for urban development planning and

monitoring. Based on the simulated results of land use change between 2025 and 2045, an early warning analysis
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of urban expansion in Pearl River Delta was conducted at the partition and city level. The results show that the
urban expansion of most cities in the region will reach above the middle and heavy level in 2045. Dongguan will
always maintain heavy level in the future. Urban expansion in Pearl River Delta is not optimistic. The analysis
suggests that strengthening macro-control on urban expansion in Pearl River Delta to alleviate alarm of future
urban expansion.

Key words: urban expansion; early warning; geospatial partition; FLUS model; cellular automata; land use
change; Markov chain; Pearl River Delta
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Fig. 2 Spatial variables of urban expansion simulation in Pearl River Delta
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Fig. 8 Comparison of simulation results in Pearl River Delta in 2015
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Tab.3 Accuracy comparison of simulation results under partitioned and unpartitioned scenarios in Pearl River Delta

b I3 RIrIX

OA/% Kappa FoM OA/% Kappa FoM

43X 1 92.81 0.8826 0.1617 93.37 0.8915 0.1466

4rIX 2 89.68 0.8570 0.3289 88.47 0.8407 0.2625

31X 3 83.17 0.7532 0.3824 79.97 0.7044 0.3466

IrIX 4 87.82 0.8351 0.3621 88.24 0.8410 0.3231

I3IX 5 91.76 0.8619 0.1280 90.55 0.8416 0.0899

J31X 6 94.43 0.8262 0.0722 95.05 0.8412 0.0735

IrIXT 87.40 0.8166 0.1411 88.11 0.8262 0.0858

31X 8 93.65 0.8520 0.1141 94.36 0.8674 0.1011

43IX9 82.37 0.7443 0.2414 82.80 0.7493 0.2505

J3X 10 91.07 0.8409 0.1697 91.50 0.8477 0.1430

BRI =AM 90.04 0.8418 0.2329 90.32 0.8463 0.2127

F4 2025 F I =AMNS T inH ALERER
Tab. 4 Area of land use type in Pearl River Delta in 2025 (km’)
XI5 i it Fith KA ikl A1
I3 1 1830.90 3387.38 282.44 455.70 44132 0.20
S3IX 2 584.14 792.71 17.38 301.18 500.54 0.48
43X 3 1301.88 470.40 6.45 473.43 1921.88 0.95
31X 4 1216.81 1142.58 4545 556.39 992.84 0.28
4rIX 5 856.72 2166.74 52.45 380.71 335.75 0.00
3% 6 1401.23 8739.94 306.72 172.99 208.79 0.32
A3IX 7 1054.23 1528.16 63.32 414.65 547.31 1.44
4rIX 8 1366.78 4665.10 142.02 126.71 189.26 0.67
431X9 863.18 1678.80 74.20 407.43 2593.18 0.47
43X 10 1448.89 4059.79 177.35 23521 818.44 0.94
BRIT =AM 11 924.76 28 631.60 1167.79 3524.40 8549.33 5.74
5 2035 FHKITI=FAMNS TR LB ER
Tab. 5 Area of land use type in Pearl River Delta in 2035 (km?*)
X sk Bt Mt it SN b A Hb

43X 1810.13 3318.92 304.97 483.88 479.93 0.11
4rIX 2 552.09 770.63 19.61 297.85 555.94 0.31
I3IX.3 1229.49 450.24 6.08 436.91 2051.36 0.91
SyIX 4 1184.11 1116.49 44.41 526.61 1082.45 0.28
3K 5 843.89 2143.37 56.27 374.93 373.90 0.00
4rIX.6 1397.98 8679.47 347.34 173.19 231.68 0.33
4rIXT 988.42 1505.87 62.17 42124 630.28 1.13
31X 8 1352.80 4634.83 156.18 133.51 212.58 0.63
43IX9 757.94 1623.29 67.79 402.38 2765.34 0.52
731X 10 1384.17 3996.43 176.81 244.53 937.76 0.93
BRIT =AM 11501.03 28 239.53 1241.64 3495.03 9321.22 5.15
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Tab. 6 Area of land use type in Pearl River Delta in 2045 (km?)
X ek Bt s i IS ki KA
IrIX 1 1794.87 3256.80 323.86 510.33 511.99 0.10
IyIX2 527.24 751.38 21.45 293.51 602.62 0.23
5rIX3 117135 434.01 5.79 409.46 2153.51 0.87
IrIX 4 1156.35 1093.35 43.51 503.71 1157.15 0.28
4yIX5 834.13 2121.45 59.40 370.11 407.29 0.00
4r1X.6 1398.02 8626.52 381.33 173.46 250.33 0.34
GrIXT 939.43 1484.33 61.14 4471 698.48 1.02
31X 8 1343.34 4607.75 168.14 139.59 231.10 0.61
431X9 690.54 1580.65 63.09 397.12 2885.30 0.56
31X 10 1334.29 3938.84 176.26 253.11 1037.20 0.92
BRVT =AM 11 189.56 27 895.08 1303.97 3475.12 9934.97 4.92
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Tab.7 Early warning level of urban expansion

in each sub-region
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Fig. 9 Simulation of urban expansion for the years 2025, 531X 10 Jo e s

2035 and 2045
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Tab. 8 Early warning level of urban expansion in each city
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Fig. 10 Integrated early warning results of urban expansion in Pearl River Delta from 2025 to 2045
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