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ABSTRACT

Both present and future land use planning can utilize remote sensing technology to monitor changes in
land use, especially in areas with worldwide importance. This research studied land use types derived from Landsat
8 satellite imagery in 2015, 2019 and 2023 and land use changes during 2015-2019 and 2019-2023. Land use
prediction for 2023 was developed based on a CA-Markov model in the Thale Noi Non-hunting Area and then was
applied to predict land use change in 2027. The Landsat 8 imagery was classified based on a visual interpretation
technique into 5 land use categories: 1) urban and built-up land; 2) agricultural land; 3) forest land; 4) water body;
and 5) miscellaneous land.

Based on the results of the study, land use in 2015, 2019 and 2023 was predicted with overall accuracy
levels of 94.59, 97.30 and 97.30%, respectively with Kappa statistics of 0.92 0.96 and 0.96, respectively. During
2015-2019, the greatest decrease in area was for forest land (939.03 ha), whereas the greatest increase was for
miscellaneous land (966.99 ha). Similarly, during 2019-2023, the greatest decrease in area was for forest land (75.96
ha), with the greatest increase being again for miscellaneous (79.03 ha). Land use prediction in 2023 in the Thale
Noi Non-hunting Area, calculated using the CA-Markov model, had an overall accuracy of 91.89%, with a Kappa
statistic of 0.89. Analysis of the trends driving predicted land use change in 2027 indicated that agricultural land,
forest land and water bodies tended to continue to decrease, whereas miscellaneous land and urban and built-

up land tended to continue to increase.
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Figure 1 Study area: Thale Noi Non-hunting Area
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Table 1 Details for land use, overall accuracy and Kappa statistics for land use classification in Thale Noi Non-

hunting area for 2015, 2019 and 2023

Land use type Area in 2015 Area in 2019 Area in 2023
(ha) (%) (ha) (%) (ha) (%)

Urban and built-up land 534.91 1.16 592.39 1.29 596.16 1.30
Agricultural land 19,310.92 42.04 19,224.53 41.85 19,217.85 41.84
Forest land 17,041.52 37.10 16,102.49 35.05 16,026.53 34.89
Water body 2,958.45 6.44 2,959.40 6.44 2,959.40 6.44
Miscellaneous 6,089.49 13.26 7,056.47 15.36 7,135.35 15.53
Total 45,935.29  100.00 45,935.29  100.00 45,935.29  100.00

Overall accuracy (%) 94.59 97.30 97.30

Kappa statistic 0.92 0.96 0.96
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Figure 3 Land use classification in Thale Noi non-hunting area for 2015, 2019 and 2023
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Table 2 Comparison of land use change during 2015-2019
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Land use type Area in 2015 Area in 2019 Area land use changes
(ha) (%) (ha) (%) (ha) (%)

Urban and built-up land 534.91 1.16 592.39 1.29 +57.48 +2.80
Agricultural land 19,310.92 42.04 19,224.53 41.85 -86.39 -4.21
Forest land 17,041.52 37.10 16,102.49 35.05 -939.03 -45.79
Water body 2,958.45 6.44 2,959.40 6.44 +0.96 +0.05
Miscellaneous land 6,089.49 13.26 7,056.47 15.36 +966.99 +47.15
Total 45,935.29  100.00 45,935.29  100.00 2,050.84 100.00

Remarks: (+) = Increase, (-) = Decrease
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Table 3 Transition matrix of land use change during 2015-2019

Land use in 2019 (ha)

Land use type

U A F w M Total
u 534.91 0.00 0.00 0.00 0.00 534.91
Land use A 55.16 19,116.44 138.37 0.96 0.00 19,310.92
in 2015 F 2.32 108.09 15,961.90 0.00 969.20 17,041.52
(ha) W 0.00 0.00 0.00 2,958.45 0.00 2,958.45
M 0.00 0.00 2.22 0.00 6,087.27 6,089.49
Total 59239  19,224.53  16,102.49 2,959.40 7,056.47 45,935.29

Remarks: U = Urban and built-up land, A = Agricultural land, F = Forest land, W = Water body, M = Miscellaneous

land
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Figure 4 Example of land change from forest to miscellaneous during 2015-2019
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Figure 5 Example of land change from forest to miscellaneous during 2019-2023
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Table 4 Comparison of land use change during 2019-2023

2019 2023 Land use change
Land use type
Area (ha) (%) Area (ha) (%) Area (ha) (%)
Urban and built-up land 592.39 1.16 596.16 1.29 +3.77 +2.28
Agricultural land 19,224.53 42.04 19,217.85 41.85 -6.68 -4.04
Forest land 16,102.49 37.10 16,026.53 35.05 -75.96 -045.96
Water body 2,959.40 6.44 2,959.40 6.44 0 0
Miscellaneous 7,056.47 13.26 7,135.35 15.36 +78.88 +47.72
Total 45,935.29  100.00 45,935.29  100.00 165.30 100.00
Remarks: (+) = Increase, (-) = Decrease
Table 5 Transition matrix of land use change during 2019-2023
Land use in 2023 (ha)
Land use type
U A F w M Total
U 592.39 0.00 0.00 0.00 0.00 592.39
Land use A 3.77 19,194.11 0.00 0.00 26.65 19,224.53
in 2019 F 0.00 2374 16,026.53 0.00 5223  16,102.49
(ha) W 0.00 0.00 000  2,959.40 000 2,959.40
M 0.00 0.00 0.00 0.00 7,056.47 7,056.47
Total 596.16 19,217.85 16,026.53 2,959.40 7,135.35 45,935.29

Remarks: U = Urban and built-up land, A = Agricultural land, F = Forest land, W = Water body, M = Miscellaneous land
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Table 6 Comparison of land use in 2023 between CA-Markov model and from visual interpretation

CA-Markov model

Visual interpretation Different land use

Land use Type

Area (ha) % Area (ha) % Area (ha) %
Urban and built-up land 592.70 1.29 596.16 1.29 -3.46 -0.21
Agricultural land 19,190.19 41.78 19,217.85 41.85 -27.66 -1.65
Forest land 15,222.07 33.14 16,026.53 35.05 -804.46 -47.94
Water body 2,956.00 6.44 2,959.40 6.44 -3.40 -0.20
Miscellaneous land 7,974.33 17.36 7,135.35 15.36 +838.98 +50.00
Total 45,935.29 100.00 45,935.29  100.00 1,677.36 100.00
Overall accuracy (%) 91.89 97.30
Kappa statistics 0.89 0.96

Remarks: (+) = Increase, (-) = Decrease

(a)

(b)

Legends
Thale Noi Non-hunting Area boundary c Forest land [ | A
Urban and built-up land [ Water body [ ] Scale  1:350,000
Agricultural land Miscellaneous land 0 45 9 135 18 km
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Figure 6 Land use change in 2023 using (a) CA-Markov model and (b) Visual interpretation

971 Figure 6 wandlfifiudngusnsosiiufinisld
Usgloniinud dnvaglndifesaty wansdiefuiivsom
YoUT89 polygon Iﬂslifaziamﬁ%’ﬂwiwﬁﬁﬁumé’
1NUVUI1aD9 CA-Markov (Figure 6a) TA1UAALAIUDY

sUsnteenitteyanisiduselevunauilaannisiaiy
nMnanisusaeanen (Figure 6b) vinlinuAU1ldA Le
PMARUUTIaesdvuIaN un Ueenitiun Ui lda laan

a7



Thai Journal of Forestry 43(2): 37-50 (2024)

a a P a o & o v P ° & A a
A1SAANUANAT T BUAIBAAT TUvELRgIN WAV Inglduuudnass CA-Markov wudn Wunigusukazdalgn
fuiidawndafioginfuiuiuiiviliffuiifuduiues asadiituiiviniu 596.00 tenms Andufesay 1.30 Wi
WNEAINISUTNUAWINAY 19,184.69 anes Andusasay
41.76 ViU avun NunUldIN AWy 15,146.87

& a & v & A D % ad A
ENANS AnUUSaY 32.97 WUl wraa TN udA iU
2,955.90 18nms Antdusesay 6.43 wariuiiLinindn
TN uf winiu 8,051.83 1enas Andusesay 17.53
¢4 Table 7 way Figure 7

¢ v ¢da °
msmﬂmsmmﬂﬂiﬂsﬂwuwﬂumauw‘umaaa

CA-Markov U W.A. 2570
nrsaran1saln1sldUselevu v duusim

wainuadaidmeiatos U w.ea. 2570 31nn1siideya

wrufin1sTiselenivinulud wa. 2562-2566 udas1en

Table 7 A comparison of the land use predicted using CA-Markov model in 2023 and 2023

Land use in 2023 Land use in 2027 Different land use
Land use Type (CA-Markov) (CA-Markov)

Area (ha) (%) Area (ha) (%) Area (ha) (%)
Urban and built-up land 592.70 1.29 596.00 1.30 +3.30 +2.04
Agricultural land 19,190.19 41.85 19,184.69 4176 5.5 -3.40
Forest land 15,222.07 35.05 15,146.87 3297 75.2 -06.53
Water body 2,956.00 6.44 2,955.90 6.43 -0.1 -0.06
Miscellaneous land 7,974.33 15.36 805183 1753 +77.5 +47.96
Total 4593529  100.00 45,935.29  100.00 161.60 100.00

Remark : (+) = Increase, (-) = Decrease

Legends
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Figure 7 Comparison of land use prediction using CA-Markov model in 2023 (a) and 2027 (b)
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