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4.1

 (SPOT-4, THEOS ALOS)

. . 2008, 2009 2010

. . 2008  (unsupervised classification) . . 2009

2010  (supervised classification) 

7  (upland rice and 

field crop; Upr/Fc) (abandoned paddy field; Apf)  (teak plantation; Tp) 

 (fallow; Fa) (dipterocarp forest; D-for)  (mixed deciduous forest; 

Md-for) (urban; Ur) 

4.1.1

(image classification) Change detection 

(1) . . 2008

. . 2008

SPOT-4 7

(Upr/Fc) 89.08 (Apf) 17.82

(Tp) 56.64 (Fa) 388.28 (D-for) 638.14 

 (Md-for) 754.56  (Ur) 9.26  (  4.1) 
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4.1 . . 2008
:

(2) . . 2009

. . 2009

THEOS 7
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(Upr/Fc) 186.31 (Apf) 17.15

(Tp) 56.95 (Fa) 406.72 (D-for) 635.05 

(Md-for) 642.33 (Ur) 9.26  ( 4.2)

4.2 . . 2009
:
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(3) . . 2010

. . 2010 ALOS

7

(Upr/Fc) 166.56 (Apf) 15.27

(Tp) 56.48 (Fa) 485.54 (D-for) 630.2 

(Md-for) 590.65 (Ur) 9.26  ( 4.3)

4.3 . . 2010
:
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SPOT-4,

THEOS ALOS . . 2008, 2009 2010

 ( 4.1)
. . 2008

(Upr/Fc) 89.08 4.56 . . 2009 (Upr/Fc)

186.31 9.54 97.23 . .
2010 (Upr/Fc) 166.56  77.48 

. . 2008 (Fa) 388.28

. . 2008 485.54 . . 2010 97.26

4.1 . . 2008, 2009 2010

. . 2008 . . 2009 . . 2010 

 (ha)  (%)  (ha) (%)  (ha) (%) 

Upr/Fc 89.08 4.56 186.31 9.54 166.56 8.53 

Apf 17.82 0.91 17.15 0.88 15.27 0.78 

Tp 56.64 2.90 56.95 2.91 56.48 2.89 

Fa 388.28 19.87 406.72 20.82 485.54 24.85 

D-for 638.14 32.66 635.06 32.50 630.02 32.25 

Md-for 754.56 38.62 642.33 32.88 590.65 30.23 

Ur 9.26 0.47 9.26 0.47 9.26 0.47 

Total 1953.77 100.00 1953.77 100.00 1953.77 100.00 

:

4.1.2

(classification accuracy assessment) . . 2008,

2009 2010 Confusion Matrix 

Kappa Statistics (KHAT) (Congalton, 1991; Chust, et al., 2004) 
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(1) . . 2008

SPOT-4 . . 2008

(overall accuracy) 89.89%  overall accuracy

85% Overall Kappa Statistics 0.8673

(user accuracy: UA) 

(Fa): 94.20% (Ur): 99.99% 

(Upr/Fc): 94.59% (Tp): 89.29% 

(Producer accuracy: PA) 

(Ur): 100% (Upr/Fc): 94.59% (Tp): 90.91% 

(Apf): 89.29% (Fa): 86.67% (D-for): 82.09% 

(Md-for)

(UA) 79.71% (PA) 75.00% 

Kappa Statistics 0.7623

( 4.2)

4.2 . . 2008

Land use Upr/Fc Apf Tp Fa D-for Md-for Ur Total UA (%) PA (%) KHAT

Upr/Fc 70 1 1 0 2 1 0 75 93.33 94.59 0.9201

Apf 1 40 2 0 1 0 0 44 88.89 90.91 0.8771

Tp 0 2 75 3 0 3 0 83 90.36 89.29 0.8820

Fa 0 0 1 65 2 1 0 69 94.20 86.67 0.9307

D-for 3 0 1 2 60 7 0 73 82.19 85.71 0.7898

Md-for 0 0 4 5 5 55 0 69 79.71 82.09 0.7623

Ur 0 1 0 0 0 0 15 16 93.75 99.99 0.9354

Total 74 44 84 75 70 67 15 429 Overall
accuracy 

89.89 0.8673

:
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(2) . . 2009

THEOS . . 2009

(overall accuracy) 84.43% Overall Kappa Statistics 0.81

(user accuracy: UA) 

(Fa): 81.73% (Apf): 81.72% (D-for):

81.01% (user

accuracy: UA) (Upr/Fc): 91.76%

(producer accuracy: PA) 

(Ur): 100.% (Upr/Fc): 98.73% (Fa):

85.86% (Apf): 85.39% (D-for): 76.19% 

(Md-for)

(UA) 81.01% (PA) 71.43% Kappa Statistics

0.81

4.3

4.3 . . 2009

Land use Upr/F
c Apf Tp Fa D-for Md-for Ur Total UA (%) PA

(%)
KHA

T

Upr/Fc 78 2 1 0 3 1 0 85 91.76 98.73 0.90 

Apf 0 76 16 0 1 0 0 95 81.72 85.39 0.78 

Tp 0 11 80 5 2 7 0 105 76.19 73.39 0.70 

Fa 0 0 6 85 7 6 0 104 81.73 85.86 0.77 

D-for 1 0 2 4 64 8 0 79 81.01 76.19 0.77 

Md-for 0 0 4 5 7 55 0 71 77.46 71.43 0.73 

Ur 0 0 0 0 0 0 12 12 100.00 100.0 1.00 

Total 79 89 109 99 84 77 13 549 Overall

accuracy 
84.43 0.81

:
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 (3) . . 2010

ALOS . . 2010

(Overall Accuracy) 86.81% Overall Kappa Statistics 0.85

(user accuracy: UA) 

(Upr/Fc): 92.39% (Apf):

92.31% (Ur): 92.31% 

(producer accuracy: PA) 

(Ur): 100% (Upr/Fc): 95.51% (Tp): 91.03%

(Apf): 90.91% (Fa): 85.14% (D-for): 74.63% 

(Md-for)

(UA) 85.90% (PA) 79.76% Kappa

Statistics 0.7623

( 4.4)

4.4 . . 2010

Land use Upr/Fc Apf Tp Fa D-for Md-for Ur Total UA (%) PA (%) KHAT

Upr/Fc 85 2 1 0 3 1 0 92 92.39 95.51 0.91

Apf 2 60 2 0 1 0 0 65 92.31 90.91 0.91

Tp 0 4 71 5 2 7 0 89 79.78 91.03 0.76

Fa 0 0 1 63 4 6 0 74 85.14 85.14 0.82 

D-for 1 0 2 3 50 3 0 59 84.75 74.63 0.82 

Md-for 0 0 1 3 7 67 0 78 85.90 79.76 0.83 

Ur 1 0 0 0 0 0 12 13 92.31 100.0 0.92 

Total 89 66 78 74 67 84 12 470 Overall

accuracy 
88.14 0.85

:
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4.2 (LULC)
4.2.1

 (2008-2010)

Change detection ERDAS Imagine 9.2 (Leica, 2006) 

. . 2008 – 2009 

. . 2009 – 2010 (Luse_CR)

(Type_CR)  ( 4.4 4.5)

(change matrix) 

. .
2008-2009 (  4.6) 151.59  (947.71 )

 135.7 (848.56 )  15.82 (98.87 )
 125.1 (781.8 )

(upland rice/ field crop; Upr/Fc)  71.9 
(449.3 )  53.2  (332.5 ) . . 2009

(fallow; Fa) 

(Upr/Fc) . . 2008 18.44

(115.25 ) ( 4.5)

( . . 2008 – 2009) (Upr/Fc)

. . 2008 89.08 (556.75 ) 58.47

(365.43 ) (D-for) 2.6 (16.25 )
(Md-for) 6.02 (37.6 ) 67.84

(424 ) . . 2009

165.07 (1031.68 ) . . 2009

97.3  (608.12 ) 29.9

. . 2008 (89.08 )

. . 2008 – 2009 

76.15 (Type_CR) ( 4.5)
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 (Upr/Fc) (Fa)

(Upr/Fc) 90.7

(566.87 ) (D-for) 1.06

(6.62 ) (Md-for) 5.89 (36.81 )
98.56 (616 )
117 (731.25 ) . . 2009

18.2  (607.5 ) 5.86

. . 2008 (388.3 )

. . 2008 – 2010 25.83 (Type_CR) ( 4.5)

(change matrix) 

( . . 2008 – 2009) 4.7

(loss)

(gain) ( 4.5)

(Upr/Fc)

. . 2008 
. . 2009 58.47 (365.43 )

9.15 (57.18 )

 71.9 (449.3 ) . . 2009 
. . 2008  90.7 (566.8 )

. . 2009  165.8 (1,036.2 )
. . 2009 

 186.31 (1,164.43 )

. . 2008-2009  ( )
112.23 (701.43 ) 34.57

 97.23 (607.68 )  29.9
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. . 2008-2009 
(Upr/Fc)  76.15 (Fa)  25.38

 145.06

4.4 . . 2008 – 2009

:
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. . 2009-2010 ( 4.5)

 214.73 (1342.06 )
(Upr/Fc)  63.66 (397.85 )

(Fa)

(Upr/Fc) (Fa)  105.6 (660 )

 140.8 (880 ) (D-for)

(Fa)  21.9 
(136.9 ) 35.47 (221.68 ) (  4.6)

(change matrix) 

.  ( 4.6) . . 2009 – 2010 

342.15  (2,138.43 )  (
) 214.73 (1,343.06 ) 127.42 (796.37 )

(Upr/Fc) 63.66 (397.87

) (Fa) 76.89 (450.56 )
72.95 (455.93 )

(D-for) (Md-for)

53.0 (331.25 ) (Upr/Fc)

21.91 (136.93 )

(Upr/Fc) . . 2009 186.31

(1164.37 ) . . 2010 105.6 (660 )
(D-for) (Md-for) 12.29 (76.81 )

21.06 (131.62 ) 141.81

(822.65 ) . . 2010

-19.75 ( - 123.43 ) -2.97

. . 2009 (186.31 )
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. . 2009 – 2010 75.58 (Type_CR)

( 4.6)

(Upr/Fc) (Fa)

(Upr/Fc)

35.47 (221.68 ) (D-for)

49.2 (307.5 ) (Md-for) 82.54 (515.87 )
159.83 (1038.89 )

238.64 (1,491.5 ) . . 2010

159.83 (998.93 ) 11.78

. . 2009 (406.72 )

. . 2009 – 2010 39.3 (Type_CR)

4.7 (change matrix) 

( . . 2009 – 2010) ( 4.5 4.6)

. . 2009-2010  ( )
(area net change) -51.68 ( 323 ) -7.7

 97.23 (607.68 )
29.9 . . 2009-
2010 (Upr/Fc)  75.58 

(Fa) 39.30

230.65



50

4.5 . . 2009 – 2010 

:
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4.2.2

(Luse_CR)

(Type_CR) . . 2008 – 2010 

( 4.6)
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4.6 . . 2008 – 2010

:
(change matrix) 

.  ( 4.7) . . 2008 – 2010 

434.71  (2,716.93 )  (
) 314.56 (1,966.0 ) 120.15 (750.93 )
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(Upr/Fc) 83.57 (522.31

) (Fa) 150.81 (942.56 )
72.36 (452.25 )

(D-for) (Md-for)

52.0 (325.0 ) (Upr/Fc)

15.60 (97.5 )

( . . 2008 – 2010) 

(Upr/Fc) . . 2008 89.08 (556.75 ) . . 2010

50.8 (317.5 ) (D-

for) (Md-for) 13.7 (85.6 ) 15.2 (95.0 )
80.1 (500.6 )

157.61

(985.06 ) . . 2010 77.48

(484.25 ) 11.1

. . 2008 (89.08 )

. . 2008 – 2010 89.9 (Type_CR) ( 4.7)

(Upr/Fc) (Fa)

(Upr/Fc)

55.8 (348.7 ) (D-for)

(Md-for) 19.4 (121.2 ) 76.0 (475.0 )
157.7 (985.6 )

255.0 (1,593.7 ) . . 2010

97.2 (607.5 ) 13.9

. . 2008 (388.3 )

. . 2008 – 2010 40.6 (Type_CR)

( 4.6 4.6)
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. . 2008 . .
2010 (Md-for) 163.9

(Fa) (Upr/Fc) 97.26  77.48

(D-for)

8.12

(Ur) ( 4.7)

4.7 . . 2008 – 2010 

:

(D-for) (Md-for)

. . 2008 (D-for) 638.14 (Md-for) 754.56 . .
2009 (D-for) 635.05 (Md-for) 642.33 . . 2010

(D-for) 630.02 (Md-for) 590.65

(D-for)  8.2 (Md-for)  163.90 

172.1

(Apf) (Tp) (Ur)


