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ABSTRACT

The objective of this study was to apply geo-informatics in the prediction of land use
changes at the Phu Toei National Park. The visual interpretation classification technique was used
to classify the land use during the years 1995, 2007, and 2019. Markov chain and Cellular Automata
were then used as a tool to predict the land use in 2031.

Our results indicate that the study area covered around 864.31 km?, consisting of Phu Toei
National Park and a surrounding area within a radius of 3 km. from the boundary of the National
Park. Land use was classified into 5 types consisting of forest land, agricultural land, urban and built-
up land, water bodies, and miscellaneous. Data analysis revealed that during 1995 - 2007, land use
changes occurred in an area of size 84.76 km?” or 9.81% of the total area. The ratio of change in land
use area indicated that the forest land had the highest change of around 42.38 km?” or 50%. The
area under agriculture increased by 35.17 km? or 41.49%. In 2007 - 2019, the land use change
occurred in an area of around 5.96 km?, which was 0.34% of the total area. The ratio of land use

changes indicated that area classified as forest type changed at the highest rate by 2.98 km? or 50%.
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The area under urban and built-up land increased by 1.89 km? or 31.67%. The overall accuracy of
prediction using CA - Markov model was 84.55%. Cellular Automata predicted land use during 2031
under forest land, agricultural land, urban and built-up land, water bodies, and miscellaneous areas
of 589.60, 257.19, 2.87, 14.64, and 0.01 km? respectively. The conversion of forest land to
agricultural land needs proactive surveillance measures and appropriate land use problem solving,
especially in Ban Ta Pern Kee, Ban Kluai, Ban Ong Phra, Ban Wang Nhormai, Ban Nong Eenag, Ban Huai

Hindam, Ban Wangyao, Ban Wang Jorakhae, Ban Lawawangkwuai, and Ban Wang Hora.

Keywords: Geo-informatics, Land use change, CA-Markov, Phu Toei national park
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Figure 1 Phu Toei National Park located in the
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Table 1 Land use classification at the Phu Toei national park during 1995, 2007, and 2019.

Land Use 1995

Land Use 2007 Land Use 2019

Land use types

Sq.km % Sq.km % Sqg.km %
Forest Land 670.94 77.63 628.57 72.72 62559 7238
Agricultural Land 191.32 22.14 226.49 26.20 227.36 26.31
Urban and Built-up Land 0.62 0.07 1.00 0.12 2.88 0.33
Water Bodies 1.43 0.16 8.26 0.96 8.46 0.98
Miscellaneous 0.00 0.00 0.00 0.00 0.01 0.00
Total 864.31 100.00  864.31 100.00  864.31  100.00

year 2019

Land Use Type

F2o7] Forest Lang

:] Agricultural Land

/777 utban and Buitt-up Land
B e

BT miscellaneous

Figure 2 Land use classification at the Phu Toei national park during 1995, 2007, and 2019.
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Table 2 Accuracy of land use classification at the Phu Toei national park

Reference Data

Land use type

User’s Accuracy

FL AL UBL WB ML  total
(%)
o FL 135 a4 2 0 1 142 95.07
a AL 3 55 2 1 0 61 90.16
% UBL 0 7 43 2 0 52 82.69
;é)' WB 0 2 0 34 0 36 94.44
£ ML 0 0 0 0 3 3 100.00
total 138 68 47 37 q 294
Producer’s Accuracy (%) 97.83 80.88 91.49 91.89 75.00 88.02

Remarks: FL = Forest Land, AL = Agricultural Land, UBL = Urban and Built-up Land, WB = Water Bodies,

ML = Miscellaneous
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Land use change during 1995 - 2007

Miscellaneous = 0
Water Bodies [l 8.06
Urban and Built-up Land | 0.44
Agricultural Land I 41.49
-50[ " Forestland |

-60 -40 -20 0 20 40 60
Land use change (%)

Figure 3 Land use change in Phu Toei national park during 1995 - 2007.

Table 3 Land use change in Phu Toei national park during 1995 - 2007

Land use 2007 (Sg.km)

Land use types

FL AL UBL WB ML total
FL 622.42 47.55 0 0.97 0 670.94
Vo)
% — AL 6.14 178.82 0.38 5.98 0 191.32
£
% ~ UBL 0 0.01 0.61 0 0 0.62
o
T 2
% WB 0 0.11 0 1.31 0 1.43
-
ML 0 0 0 0 0 0
total 628.57 226.49 1 8.26 0 864.31

Remarks: FL = Forest Land, AL = Agricultural Land, UBL = Urban and Built-up Land, WB = Water Bodies,

ML = Miscellaneous

Land use change during 2007 - 2019

Miscellaneous | (.24
Water Bodies |l 3.41
Urban and Built-up Land N 31.67
Agricultural Land  EEEEG—_—— 14.67
-50 I oTE Sl

-60 -40 -20 0 20 40

Land use change (%)

Figure 4 Land use change in Phu Toei national park during 2007 - 2019
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Table 4 Land use change in Phu Toei national park during 2007 — 2019

Land use 2019 (Sg.km)

Land use types

FL AL UBL WB ML total
FL 617.05  11.40 0 011 001 62857
N~
S AL 848 21548  1.89 0.64 0 22649
E
a UBL 0 0 100 0 0 1.00
o
0
2 = WE 0.06 0.48 0 7.72 0 8.26
-
ML 0 0 0 0 0 0
total 62559 22736  2.88 8.46 001  864.31

Remarks: FL = Forest Land, AL = Agricultural Land, UBL = Urban and Built-up Land, WB = Water Bodies,

ML = Miscellaneous
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Table 5 Land use prediction in Phu Toei national park in 2019 using CA - Markov

Land Use in 2019

Land use types

Sq.km %
Forest Land 592.63 68.57
Agricultural Land 257.40 29.78
Urban and Built-up Land 1.00 0.12
Water Bodies 13.29 1.54
Miscellaneous 0.00 0.00
Total 864.31 100.00

Table 6 Accuracy assessment of the predicted land use in 2019 using the CA - Markov model

CA - Markov

Land use types User’s Accuracy

FL AL UBL WB ML total

(%)
© FL 584.20  40.97 0.00 041 0.00 62559 93.38
§ AL 8.32 214.26 0.00 477 0.00 227.36 94.24
% UBL 0.00 1.86 0.99 0.03 0.00 2.88 34.42
q:.; WB 0.10 0.29 0.00 8.07 0.00 8.46 95.38
E ML 0.01 0.00 0.00 0.00 0.00 0.01 0.00

Total 592.63 257.39 1.00 13.29 0.00 864.31

Producer’s Accuracy (%) 98.58 83.24 99.61 60.74 84.55

Remarks: FL = Forest Land, AL = Agricultural Land, UBL = Urban and Built-up Land, WB = Water Bodies,

ML = Miscellaneous
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Table 7 Land use change in Phu Toei national park during 2019 — 2074

Land use 2031 (Sg.km)

Land use types

FL AL UBL WB ML total
- FL 589.54 35.64 0.00 0.40 0.00 625.59
§ —_ AL 0.05 221.51 0.01 5.78 0.00 227.36
% %_ UBL 0.00 0.03 2.85 0.00 0.00 2.88
-rgu < WB 0.01 0.00 0.00 8.45 0.00 8.46
- ML 0.00 0.00 0.00 0.00 0.01 0.01
total 589.60 257.19 2.87 14.64 0.01 864.31

Remarks: FL = Forest Land, AL = Agricultural Land, UBL = Urban and Built-up Land, WB = Water Bodies,

ML = Miscellaneous

Land use change during 2019 - 2031

Miscellaneous = 0.01
Water Bodies I 8.58
Urban and Built-up Land -0.02
Agricultural Land I 41.42
-49.98 I

-60 -40 -20 0 20 40 60

Land change (Percentage)

Figure 5 Land use change in Phu Toei national park during 2019 - 2031
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Figure 6 Prediction of land use in Phu Toei national park during 2031 using the CA - Markov model.
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Figure 7 Predicted decrease in forest area in 2031 at Phu Toei national park
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