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Simulating Land Use Change Using Decision Tree and SVM Model
: A Case Study of North Korea’s City after the Unification
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Abstract

This study aims to estimate land-use changes in North Korea’s city after the unification through simulation. The
simulation analysis consists of exploration of urban patterns, validation of simulated results, and analysis of the
land-use changes in the future. The estimation accuracy of land use change was measured by polynomial regression
analysis, decision tree analysis and support vector machine analysis. On this basis, suitable methodologies were selected
for the modeling of the urban pattern search. The hybrid model uses the ‘C5.0’, a kind of decision tree algorithm
and the ‘RBF kernel’, a kind of support vector machine algorithm. The land use change of North Korea’s city
(Nampo City) was estimated based on this model. The scenario of newly constructing roads and railroad stations,
and developing new urban areas was used in the simulation. The simulated results showed that the urban sprawl
impact through improvement of traffic accessibility and the development of new urban areas could be linked to
the region and other regions. This study could provide a strategic guidance for policy when the unification of Korea
will be on the process.

Keywords: Machine Learning, Land-use/Cover Change, North Korean Study, Urban Simulation Analysis,
Inaccessible Area Analysis
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Table 4 _ Estimation Accuracy of Decision Tree Model
(Farm/Step 1)

Actual Estimate Land Uses Actual Estimate Land Uses

Land Land

Uses Urban Farm Paddy Forest | Accuracy Uses Urban Farm Paddy Forest | Accuracy
Urban 20,187 29,291 - 61 40.7% Utrban 13,195 1,562 70 118 88.29%
Farm 6,478 | 112,488 20 399 | 94.2% Farm 1,310 | 33,858 227 371 | 94.67%
Paddy 214 5,268 524 55 8.6% Paddy 104 544 1,165 20 63.56%
Forest 29 8,917 - 1,544 14.7% Forest 209 831 18 2,040 | 65.85%

Total 26,908 | 155,964 544 2,059 72.6%

Total 14,818 36,795 1,480 2,549 90.32%

Table 3 _Estimation Accuracy of Polynomial
Regression Model (Paddy/Step 1)

Table 5 _ Estimation Accuracy of Decision Tree Model

(Paddy/Step 1)

Actual Estimate Land Uses Actual Estimate Land Uses

Land Land

Uses Urban Farm Paddy Forest | Accuracy Uses Urban Farm Paddy Forest | Accuracy
Urban 3 1,241 18,166 - 0.0% Urban 5,812 597 1,307 96 | 74.40%
Farm 19 7,938 | 41,979 - 15.9% Farm 572 17,285 4,755 66 | 76.22%
Paddy 42 5,882 | 119,396 - 95.3% Paddy 861 3,346 | 58,547 82 | 93.17%
Forest 2 121 866 - 0.0% Forest 122 143 173 1,131 72.08%
Total 66 15,182 | 180,407 - 65.1% Total 7,367 21,371 | 64,782 1,375 | 87.23%
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Figure 3 _Actual Map in Incheon (2005)

Figure 4 _Compare Map (DT Model, 2005)
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Table 6 _ Estimation Accuracy of Decision Tree Model
(Farm/Step 2)

Actual Estimate Land Uses

Land

Uses Urban Farm Paddy | Forest | Accuracy
Utrban 11,440 2,626 45 42 80.83%
Farm 1,298 48,553 134 157 96.83%
Paddy 48 577 575 4 47.76%
Forest 92 870 9 692 41.61%
Towal | 12,878 | 52,626 | 763 895 | 91.21%
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Figure 5 _ Actual Map in Incheon (2005)

Figure 6 _Compare Map (DT Model, 2015)
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Table 7 _ Estimation Accuracy of Linear—SVM Model
(Farm/Step 1)

Actual Estimate Land Uses

Land

Uses Urban Farm Paddy | Forest | Accuracy
Urban 5,926 9,019 - - 39.65%
Farm 1,779 33,987 - - 95.03%
Paddy 41 1,792 - - 0.00%
Forest 9 3,089 - - 0.00%
Total 7,755 47,887 - - 71.73%

Table 8 _Estimation Accuracy of Polynomial—-SVM
Model (Paddy/Step 1)

Actual Estimate Land Uses

Land

Uses Urban Farm Paddy Forest | Accuracy
Urban 8,255 - 4,585 - 64.29%
Farm 248 - 15,341 - 0.00%
Paddy 141 - 38,216 - 99.63%
Forest 257 - 391 - 0.00%
Total 8,901 - 58,533 - 68.91%




Table 9 _ Estimation Accuracy of RBF—SVM Model
(Farm/Step 1)

Actual Estimate Land Uses

Land

Uses Urban Farm Paddy Forest | Accuracy
Urban 9,747 5,142 - 56 65.22%
Farm 1313 | 34,345 7 101 96.03%
Paddy 51 1,566 212 4 11.57%
Forest 92 2,149 4 853 27.53%
Total 11,203 | 43,202 223 1,014 81.16%

Figure 7 _Compare Map (SVM Model, 2005)
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Table 10 _ Estimation Accuracy of DT Model and SVM

Model
(unit: %)
SVM Model
Step Land Uses DT Model (RBF )
Urban 98.92 98.83
Farm 91.10 87.69
Step 1
Paddy 88.03 90.13
Forest 98.03 98.17
Urban 99.79 99.80
Farm 92.76 92.28
Step 2
Paddy 88.42 90.69
Forest 97.02 96.39
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Figure 8 _The Hybrid Simulation Model

Figure 9 _ Actual Map in Nampo (2015)
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Figure 10 _Simulation Scenario (Step 1)
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Table 11 _ Estimation of Land Use Change in Nampo
(Step 1)
(unit: %, ki)
Present Estimate Estimate Case
Land Uses | Land Uses Ratio Area Changed
Farm 12.55 17,900
Paddy Urban 0.30 400
Forest 0.05 70
Paddy 61.99 88,400
Farm
Forest 11.59 16,500
Farm 293 4,200
Paddy
Forest 0.06 85
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Figure 11_ Simulation Scenario (Step 2)
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Table 12 _ Estimation of Land Use Change in Nampo

(Step 2)
(unit: %, ki)
Present Estimate Estimate Case :I
Land Uses | Land Uses Ratio ged
Farm 3.86 4,200
Paddy Urban 2091 77,100
Forest 27.13 100,000
Paddy 13.19 48,600
EEE— Farm
Forest 15.30 56,400
Farm 0.06 200
— Paddy
Forest 19.44 71,700

Figure 12 _ Simulation Map (Step 2)
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