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Pattara Sawangde 2010: Estimation of Volume and Aboveground Carbon Sequestration of
Eucalyptus camaldulensis at Lad Krathing Plantation Using Remote Sensing Techniques.
Master of Science (Forest Resource Management), Major Field: Forest Resource Management,
Department of Forest Management. Thesis Advisor: Assistant Professor Kankhajane Chuchip,

Dr.rer.nat. 118 pages.

This study was aimed to estimate the stem volume and aboveground carbon stock of Eucalyptus trees
with 1-5 years age class in Lad Krathing plantation. As a comparative study, this was done both by direct method
based on standard formulas using data from field survey and by indirect method based on the relationship equations
between those things and the leaf area index (LAI) as well as SPOT-5 satellite digital image including its vegetation

indices.

The results of the study revealed that the relationship between LAI and stem volume was in form of
power function with the correlation coefficient (Rz) of 0.62 to 0.97 for all age classes of the Eucalyptus plantation.
In addition, the relationship between LAI and carbon stock was also in form of power function models with the R’
of 0.63 to 0.94. Furthermore, it was found that G, NIR and the vegetation indices (NIR/R, NDVI) of SPOT-5 was
related to stem volume and aboveground carbon stock in form of linear regression models with relatively high of R’

(0.73-0.93) when separately analyzing by each age class, but relatively low R’ (0.57) when analyzing by all ages.

Based on the best-fit models using field-measured LAI as an independent variable, the yield estimation of
the plantation was 28,072 m’ by volume and 19,194 tons of carbon by stock. Additionally, the estimation based on
the best fit models using SPOT-5 data was 27,527 m’ by volume and 19,078 tons of carbon. Meanwhile, the results
of the conventional estimation based on standard equations using data from field survey were 27,607 m’ by volume
and 19,060 tons of carbon. The result also revealed that the direct estimation of stem volume and carbon stock using
standard equations was not significantly different from the use of the relationship equations that produced evident
results with relatively low of cost and time consuming in operation. Hereby, it can be stated that modeling of an
relationship equation based on satellite image would be one of the good alternative methods for the estimation of
stem volume and aboveground carbon sequestration in the Eucalyptus plantation when time and budget are main

constrains for decision making in plantation management.
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Band Digital Number Reflectance

Min =31 Mean = 139.81 Min = 0.0598 Mean = 0.270

Band 1 Max = 255 Median = 139 Max = 0.4918 Median = 0.2674
Mode = 138 Std. Dev =20.12 Mode =0.2657 Std. Dev =0.039
Min =46 Mean = 86.86 Min = 0.1569 Mean = 0.296

Band2  Max =255 Median = 80 Max = 0.870 Median = 0.2712
Mode =70 Std. Dev = 24.77 Mode = 0.2377 Std. Dev = 0.085
Min = 80 Mean =117.39 Min =0.4912 Mean = 0.721

Band3  Max =255 Median = 114 Max = 1.5656 Median = 0.6968
Mode = 108 Std. Dev = 17.66 Mode = 0.6591 Std. Dev =0.108
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o inauas (UTM) mmsazfounas AN
e azdueen  miHe  HUUA1(G) BUUA2(R)  HUUA 3 (NIR) (NIR — R) (NIR / R) NDVI CCF
1 773200 1494939 0.266 0.669 1395 0.403 2.515 0.431 1.050
2 775108 1496787 0239 0.651 1298 0.412 2.725 0.463 1.053
3 774461 1499338 0.310 0.774 1.861 0.463 2.492 0.427 0.991
4 774941 1496287 0.246 0.669 1.359 0.424 2.724 0.463 1.040
5 772028 1494717 0.232 0.657 1.065 0.425 2.832 0.478 1.041
6 771829 1494178 0.208 0.608 1.040 0.400 2.921 0.490 1.096
7 775438 1496957 0.239 0.657 1.310 0.418 2.751 0.467 1.048
8 773868 1498186 0.246 0.657 1.469 0.411 2.674 0.456 1.048
9 773460 1497908 0.252 0.663 1.481 0.411 2.626 0.448 1.045
10 773629 1498077 0.242 0.675 1.371 0.433 2.788 0.472 1.036
11 773980 1493357 0.239 0.657 1.298 0.418 2.751 0.467 1.050
12 772040 1492446 0259 0.688 1.420 0.428 2.625 0.452 1.029
13 773670 1496657  0.225 0.639 1.249 0.413 2.836 0.479 1.051
14 774480 1496959 0.239 0.663 1.273 0.424 2.776 0.47 1.038
15 773947 1498966 0.239 0.651 1.261 0.412 2.725 0.463 1.047

84
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o nnauas (UTM) MMsazNouay AT HNBNTIO
Hra azueen  Mie  UUMA1(G) UUMA2(R)  HUMA 3 (NIR) (NIR - R) (NIR / R) NDVI CCF
16 772634 1493663 0.232 0.639 1.200 0.407 2.752 0.467 1.058
17 771960 1492825 0.215 0.626 1.163 0411 2913 0.489 1.058
18 771195 1492390 0.242 0.669 1.187 0.427 2.763 0.468 1.038
19 774494 1499104 0.235 0.657 1.187 0.422 2.791 0.472 1.037
20 774128 1495689 0.249 0.682 1.249 0.432 2.736 0.465 1.037
21 775519 1497453 0.235 0.645 1.261 0.409 2.738 0.465 1.058
22 775543 1498028 0.242 0.669 1.163 0.427 2.763 0.468 1.032
23 774182 1495607 0.256 0.675 1.257 0.419 2.639 0.450 1.037
24 775638 1497435 0.225 0.639 1.138 0.413 2.836 0.479 1.052
25 774363 1494688 0.242 0.657 1.371 0.415 2712 0.461 1.046
26 774778 1494445 0.246 0.663 1.285 0.417 2.699 0.459 1.043
27 773351 1492924 0.249 0.663 1.249 0.414 2.662 0.454 1.045
28 772140 1492389 0.242 0.663 1.236 0.421 2.737 0.465 1.037
29 771780 1492190 0.229 0.651 0.979 0.422 2.847 0.480 1.041
30 769985 1493786 0.263 0.669 1.289 0.407 2.547 0.436 1.057

[4%
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o nnauas (UTM) MMsazNouay AT HNBNTIO
e aziueen Wi MUMA1(G) UUHA2(R)  UUMA 3 (NIR) (NIR - R) (NIR/R) NDVI CCF
31 768825 1492377 0.218 0.651 1.163 0.432 2.980 0.498 1.054
32 773273 1496315 0.232 0.657 1.236 0.425 2.832 0.478 1.036
33 773813 1495420 0.252 0.682 1.334 0.429 2.699 0.459 1.033
34 774062 1494414 0.232 0.645 1.126 0413 2.779 0.471 1.049
35 772707 1494791 0.215 0.639 1.200 0.385 2.879 0.484 1.080
36 771577 1493654 0.229 0.645 1.263 0.416 2.820 0.476 1.047
37 771720 1493170 0.212 0.620 1.077 0.409 2.931 0.491 1.059
38 770044 1491149 0.232 0.651 1.028 0.419 2.805 0.474 1.050
39 769996 1491090 0.444 0.909 1.506 0.465 2.049 0.344 0.900
40 769999 1491052 0.225 0.645 1.126 0.419 2.836 0.482 1.051
41 769249 1491095 0.232 0.651 1.089 0.419 2.805 0.474 1.050
42 769770 1490804 0.290 0.718 1.359 0.428 2.477 0.425 1.021
43 772472 1493280 0.242 0.639 1.261 0.399 2.624 0.448 1.062
44 772286 1495297 0.198 0.602 0.918 0.404 3.041 0.505 1.071
45 772282 1495837 0.194 0.589 0.943 0.395 3.031 0.504 1.075

(574
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o nnauas (UTM) MMsazNouay AT HNBNTIO
e aziueen Wi MUMA1(G) UUHA2(R)  UUMA 3 (NIR) (NIR - R) (NIR/R) NDVI CCF
46 775270 1499247 0.212 0.632 0.832 0.421 2.989 0.499 1.049
47 773710 1495928 0.218 0.632 1.053 0414 2.896 0.487 1.056
48 772157 1494198 0.218 0.626 1.089 0.408 2.868 0.483 1.058
49 775169 1495129 0.208 0.620 1.089 0412 2.980 0.497 1.058
50 775002 1496538 0.232 0.639 1.163 0.407 2.752 0.467 1.058
51 773009 1495966 0.215 0.632 1.065 0417 2.942 0.493 1.052
52 772958 1497546 0.215 0.620 0.783 0.405 2.885 0.485 1.062
53 772693 1495118 0.208 0.608 1.028 0.400 2.921 0.490 1.067
54 770763 1491326 0.232 0.645 1.016 0.413 2.779 0.471 1.054
55 771021 1490721 0.225 0.620 1.175 0.395 2.754 0.467 1.071
56 769698 1493454 0.270 0.700 1.224 0.430 2.597 0.444 1.028
57 769239 1492848 0.246 0.706 1.053 0.460 2.874 0.484 1.015
58 774702 1495592 0.249 0.663 1.322 0.414 2.662 0.454 1.041
59 772597 1495357 0.215 0.626 1.138 0.411 2.913 0.489 1.058
60 773776 1496297 0.215 0.639 1.102 0.424 2.971 0.496 1.049
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o nnauas (UTM) MMsazNouay AT HNBNTIO
e aziueen Wi MUMA1(G) UUHA2(R)  UUMA 3 (NIR) (NIR - R) (NIR/R) NDVI CCF
61 773640 1497859 0.212 0.626 1.126 0.415 2.960 0.495 1.053
62 774796 1495558 0.239 0.669 1.249 0.420 2.687 0.458 1.036
63 772881 1493984 0.208 0.620 1.126 0.412 2.980 0.497 1.057
64 770936 1493679 0.205 0.614 1.028 0.409 2.999 0.500 1.063
65 771542 1493531 0.273 0.699 1.163 0.396 2.452 0.421 1.062
66 771350 1492744 0.208 0.614 1.016 0.406 2.95 0.494 1.064
67 773603 1494414 0.208 0.614 0.992 0.406 2.950 0.494 1.064
68 772979 1493316 0.212 0.620 1.065 0.409 2.931 0.491 1.063
69 772630 1493067 0.222 0.626 1.065 0.404 2.824 0.477 1.064
70 775423 1497078 0.239 0.651 1.224 0.412 2.755 0.463 1.052
71 772817 1495155 0.212 0.626 1.114 0.415 2.960 0.495 1.056
72 774398 1498600 0.235 0.657 1.126 0.422 2.791 0.472 1.040
73 772440 1494888 0.208 0.614 0.832 0.406 2.950 0.494 1.057
74 772139 1493106 0.215 0.626 1.028 0.411 2.913 0.489 1.055
75 770977 1492284 0.225 0.645 1.028 0.419 2.836 0.482 1.050

9%
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o nnauas (UTM) MMsazNouay AT HNBNTIO
e aziueen Wi MUMA1(G) UUHA2(R)  UUMA 3 (NIR) (NIR - R) (NIR/R) NDVI CCF
76 770995 1492239 0.225 0.639 1.016 0.413 2.836 0.479 1.043
77 773081 1493381 0.229 0.657 1.334 0.428 2.874 0.484 1.043
78 771378 1495537 0.208 0.620 1.016 0.412 2.980 0.497 1.053
79 771406 1495477 0.205 0.620 1.028 0.415 3.029 0.504 1.056
80 770935 1495190 0.239 0.688 1.200 0.449 2.879 0.484 1.021
81 771176 1494998 0.235 0.682 1.102 0.446 2.895 0.487 1.020
82 769036 1492547 0.218 0.639 0.943 0.420 2.924 0.490 1.056
83 768880 1492364 0.208 0.632 0.979 0.424 3.039 0.505 1.058
84 774199 1494651 0.205 0.596 0.869 0.391 2.909 0.488 1.080
85 774418 1494721 0.218 0.620 1.028 0.402 2.840 0.479 1.058

9
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d‘ 1 oA dy A =) =) v 4 Y g [
M99 9 MArUNUN 1Y wamImm Usues LLagﬂﬁﬂﬂ!ﬂ‘Uﬂﬁ‘]JfJWU’EN]liJGlmL‘]JaWYJ@EIN

ANUGI DBH . MINNIND
uiag 4 4 Tyinui waiamw p Yamnaslal

4 1nae 1nae MIveu

1 u (PN./10030) ; (@V.31./10030)

) (¥3.) (MN./100N°)

1 3.54 3.56 0.47 180.69 90.34 0.11
2 425 5.82 0.50 200.88 100.44 0.13
3 3.52 3.52 0.46 179.56 89.78 0.11
4 4.50 5.82 0.50 202.69 101.34 0.13
5 5.28 6.24 0.56 205.69 102.84 0.14
6 4.39 5.86 0.60 204.69 102.34 0.13
7 425 5.84 0.52 204.56 102.28 0.13
8 4.42 5.82 0.49 200.38 100.19 0.12
9 3.60 3.62 0.49 192.25 96.13 0.11
10 5.30 6.38 0.55 206.94 103.47 0.14
11 5.25 6.24 0.54 213.94 106.97 0.15
12 4.45 5.84 0.47 200.69 100.34 0.12
13 5.24 6.26 0.58 219.88 109.94 0.15
14 7.47 6.63 0.68 272.50 136.25 0.17
15 6.87 5.61 0.63 259.63 129.81 0.16
16 5.42 5.59 0.61 242.00 121.00 0.15
17 8.41 7.50 0.75 283.88 141.94 0.19
18 7.68 7.12 0.67 277.44 138.72 0.18

19 7.71 7.16 0.72 279.50 139.75 0.18
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ANNGI DBH v MmN
uilas o 4 TN e , Panashi
. 1nae 1nae MU
# lu (MN./1003) , (aL../1003°)
(\.) (1. (NN./1003)
20 8.56 7.48 0.64 282.56 141.28 0.19
21 7.79 7.25 0.65 276.06 138.03 0.18
22 7.74 7.23 0.66 281.88 140.94 0.18
23 7.45 6.74 0.60 268.13 134.06 0.17
24 8.56 7.78 0.72 289.44 144.72 0.20
25 7.52 6.62 0.61 262.19 131.09 0.17
26 7.61 6.87 0.61 263.25 131.63 0.17
27 6.73 5.74 0.60 252.25 126.13 0.16
28 7.68 7.29 0.64 274.69 137.34 0.18
29 8.41 7.92 0.74 287.63 143.81 0.20
30 7.57 7.23 0.63 280.38 140.19 0.18
31 8.57 7.78 0.79 291.50 145.75 0.20
32 8.52 7.55 0.73 286.50 143.25 0.20
33 6.71 5.62 0.61 257.38 128.69 0.16
34 8.23 7.86 0.69 286.13 143.06 0.19
35 9.55 8.24 0.85 395.25 197.63 0.32
36 9.50 8.20 0.84 395.00 197.50 0.32
37 9.68 9.14 0.86 405.38 202.69 0.33
38 9.50 8.43 0.84 395.19 197.59 0.32
39 9.45 7.86 0.81 384.81 192.41 0.31
40 9.52 8.32 0.85 399.00 199.50 0.32
41 9.42 7.51 0.83 384.75 192.38 0.31
42 9.54 8.20 0.81 387.75 193.88 0.32
43 9.55 8.54 0.83 392.06 196.03 0.32
44 9.60 9.20 0.86 405.31 202.66 0.33
45 9.65 9.22 0.88 404.44 202.22 0.33
46 9.66 9.16 0.87 402.00 201.00 0.33
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ANNGI DBH s MINnAD
uaq o 4 Tdinuef aadanm , P3anasli
. nae nae Msveu
# T (PN./1003°) , (AL../1003°)
(.) (W31, (NN./1003)
47 9.56 8.50 0.86 399.13 199.56 0.32
48 9.52 8.52 0.85 397.56 198.78 0.32
49 9.64 9.20 0.87 399.88 199.94 0.33
50 10.35 9.16 0.90 559.75 279.88 0.37
51 10.20 9.23 0.97 561.13 280.56 0.38
52 10.10 9.25 0.95 561.38 280.69 0.38
53 10.16 9.25 0.97 562.13 281.06 0.39
54 9.78 9.31 0.92 561.06 280.53 0.37
55 9.80 9.24 0.91 557.75 278.88 0.37
56 9.82 9.26 0.85 558.19 279.09 0.35
57 9.62 9.34 0.94 561.63 280.81 0.38
58 10.12 9.18 0.85 556.75 278.38 0.35
59 10.25 9.34 0.96 584.94 292.47 0.42
60 10.72 9.57 1.08 599.44 299.72 0.45
61 10.85 9.52 1.00 596.44 298.22 0.45
62 10.64 9.24 0.87 578.31 289.16 0.40
63 10.80 9.58 1.11 602.63 301.31 0.45
64 10.74 9.55 1.15 604.63 302.31 0.46
65 9.76 9.35 0.82 565.31 282.66 0.39
66 10.80 9.57 0.99 601.13 300.56 0.45
67 10.66 9.48 0.98 594.19 297.09 0.44
68 10.54 9.42 0.97 590.13 295.06 0.43
69 10.41 9.46 0.92 575.88 287.94 0.41
70 10.45 9.38 0.89 573.38 286.69 0.40
71 10.60 9.61 1.00 597.88 298.94 0.45
72 10.55 9.60 0.94 694.00 347.00 0.41
73 11.67 10.67 0.99 703.63 351.81 0.58
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ANNGI DBH v MINNIND
utaq 4 4 Tdnued  ana¥amw , PIanasli

4 nae 1nae Mmsveu

fl lu (PN./1003°) ; (aL../1003)

(.) (1. (NN./1003)

74 12.31 9.71 1.06 725.88 362.94 0.57

75 10.63 9.58 0.92 705.44 352.72 0.42

76 10.86 9.54 0.95 720.94 360.47 0.42

77 11.71 10.54 0.99 721.00 360.50 0.57

78 12.68 9.82 1.06 726.50 363.25 0.58

79 11.43 10.48 1.10 715.69 357.84 0.56

80 10.45 9.65 0.95 699.56 349.78 0.42

81 11.27 9.36 0.95 703.94 351.97 0.42

82 11.65 10.41 1.03 717.94 358.97 0.56

83 11.21 10.43 1.15 740.00 370.00 0.54

84 12.10 9.75 1.03 711.00 355.50 0.56

85 12.30 9.68 0.97 723.88 361.94 0.57
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Source of variation Sum of Squares df Mean Square F Sig
Regression 0.017 1 0.017 28.570 0.000
Residual 0.007 11 0.001
Total 0.024 12
Regression 0.058 1 0.058 44.166 0.000
Residual 0.025 19 0.001
Total 0.083 20
Regression 0.004 1 0.004 40.089 0.000
Residual 0.001 13 0.000
Total 0.006 14
Regression 0.088 1 0.088 31.567 0.000
Residual 0.056 20 0.003
Total 0.143 21
Regression 0.028 1 0.028 10.525 0.007
Residual 0.032 12 0.003
Total 0.059 13
Regression 2.528 1 2.528 643.886 0.000
Residual 0.326 83 0.004
Total 2.853 84

4 a o 4 ¥ o aa
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Source of variation Sum of Squares df Mean Square F Sig
Regression 0.014 1 0.014 16.608 0.002
Residual 0.009 11 0.001

Total 0.024 12
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Source of variation Sum of Squares df Mean Square F Sig
Regression 0.052 1 0.052 32.416 0.000
Residual 0.031 19 0.002
Total 0.083 20
Regression 0.005 1 0.005 57.203 0.000
Residual 0.001 13 0.000
Total 0.006 14
Regression 0.097 1 0.097 42.021 0.000
Residual 0.046 20 0.002
Total 0.143 21
Regression 0.037 1 0.037 19.604 0.001
Residual 0.023 12 0.002
Total 0.059 13
Regression 2.427 1 2.427 472411 0.000
Residual 0.426 83 0.005
Total 2.853 84

Y a 4 4 v o w aa
minwmnﬁ 3 Nﬁﬂ"li’Jl,ﬂ'i"I$‘Viﬂ’J111LL‘]J?‘]Ji’J‘LlLﬁ’ﬂﬁ?ﬂ??ﬂﬁuﬂﬁ”lﬂilluvnﬂﬁﬂﬂﬂlﬂﬂﬁilﬂﬁ
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Source of variation Sum of Squares df Mean Square F Sig
Regression 0.001 1 0.001 63.728 0.000
Residual 0.000 11 0.000

Total 0.001 12
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Source of variation Sum of Squares df Mean Square F Sig
Regression 0.002 1 0.002 13.677 0.002
Residual 0.003 19 0.000
Total 0.005 20
Regression 0.000 1 0.000 11.413 0.005
Residual 0.000 13 0.000
Total 0.001 14
Regression 0.018 2 0.009 16.359 0.000
Residual 0.010 19 0.001
Total 0.029 21
Regression 0.044 1 0.044 17.946 0.001
Residual 0.030 12 0.002
Total 0.074 13
Regression 0.582 1 0.582 43.890 0.000
Residual 1.100 83 0.013
Total 1.682 84

Y a J 4 v o o aa
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Source of variation Sum of Squares df  Mean Square F Sig
Regression 307.640 2 153.820 76.476 0.000
Residual 20.114 10 2.011
Total 327.754 12
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Source of variation Sum of Squares df Mean Square F Sig
Regression 267.666 1 267.666 7.962 0.011
Residual 638.752 19 33.619
Total 906.419 20
Regression 102.219 1 102.219 21.882 0.000
Residual 60.728 13 4.671
Total 162.947 14
Regression 1097.912 2 548.956 21.231 0.000
Residual 491.264 19 25.856
Total 1589.175 21
Regression 250.507 1 250.507 11.226 0.006
Residual 267.777 12 22.315
Total 518.284 13
Regression 229465.779 1 229465.779 39.708 0.000
Residual 479640.482 83 5778.801
Total 709106.260 84
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LAI G R NIR NDVI NIR/R NIR-R CCF
Pearson Correlation 1 -0.410 -0.363 -0.673 0.514 0.559 -0.158 0.144
LAI Sig. (2-tailed) 0.000 0.001 0.000 0.000 0.000 0.150 0.190
N 85 85 85 85 85 &5 85 &5
Pearson Correlation -0.410 1 0.963 0.671 -0.942 -0.916 0.571 -0.729
G Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 85 85 85 85 85 &5 85 &5
Pearson Correlation -0.363 0.963 1 0.658 -0.845 -0.820 0.745 -0.734
R Sig. (2-tailed) 0.001 0.000 0.000 0.000 0.000 0.000 0.000
N 85 85 85 85 85 85 85 85
Pearson Correlation -0.673 0.671 0.658 1 -0.704 -0.725 0.413 -0.481
NIR Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 85 85 85 85 85 85 85 85
Pearson Correlation 0.514 -0.942 -.845 -0.704 1 0.995 0-.327 0.577
NDVI Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.002 0.000
N 85 85 85 85 85 85 85 85

v6



MIINUINN 5 (7D)

LAI G R NIR NDVI NIR/R NIR-R CCF
Pearson Correlation 0.559 -0.916 -0.820 -0.725 0.995 1 -0.311 0.525
NIR/R Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.004 0.000
N 85 85 85 85 85 85 85 85
Pearson Correlation -0.158 0.571 0.745 0.413 -0.327 -0.311 1 -0.528
NIR-R Sig. (2-tailed) 0.150 0.000 0.000 0.000 0.002 0.004 0.000
N 85 85 85 85 85 &5 85 &5
Pearson Correlation 0.144 -0.729 -0.734 -0.481 0.577 0.525 -0.528 1
CCF Sig. (2-tailed) 0.190 0.000 0.000 0.000 0.000 0.000 0.000
N 85 85 85 85 85 85 85 85

S6



96

Variables Entered/Removed

Probability-of-F-to-remove >=.100).

Variables Variables
Model Entered Removed Method
1 NDVI Stepwise (Criteria: Probability-of-F-to-enter <= .050,

a. Dependent Variable: V1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9234 .853 .839 .00423
a. Predictors: (Constant), NDVI
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression .001 1 .001 63.728 .0002
Residual .000 11 .000
Total .001 12
a. Predictors: (Constant), NDVI
b. Dependent Variable: V1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -121 .031 -3.900 .002
NDVI 535 .067 .923 7.983 .000

a. Dependent Variable: V1

4 a J v o A 1 a [
ﬂ1WN‘L!'Jﬂ°ﬁ 1 wammmiwwwmumimmﬁuwuﬁﬁmmzﬁmwawﬂamm”lﬂﬂ‘u
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VOHANINDTYIINATUNYY IﬂEJ’J‘ﬁ’JLﬂi131’7ﬂﬁﬂﬂﬂE]EJLLUUWTjﬂm"IJEN]lSJEHQ 11
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Excluded Variables?
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G .2502 .845 418 .258 157
R .1672 .934 372 .283 424
NIR .0442 192 .851 .061 .278
NIR/R .0502 .030 .976 .010 .006
NIR-R .1282 1.020 .332 .307 .847
CCF -.0022 -.014 .989 -.004 .686
a. Predictors in the Model: (Constant), NDVI
b. Dependent Variable: V1
MNNUINT 1 (7D)
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 NIR Stepwise (Criteria: Probability-of-F-to-enter <= .
" | 050, Probability-of-F-to-remove >= .100).
a. Dependent Variable: V1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .6472 419 .388 .01184

a. Predictors: (Constant), NIR

H a L4 v o oA ' a @
ﬂTWN‘H’Jﬂ‘ﬁ 2 Nﬁfﬂi’JLﬂi1$Wﬂ"lﬁilﬂﬁﬂ’ﬂilﬁwwu‘ﬁﬁmiﬂgﬁiJﬁ%‘Vi’JNﬂillW]ﬁulﬁﬂ‘U

9 U = ana 4 9 =
VIYANTNDIYIINAINYY IﬂEJ’J‘ﬁ’JLﬂﬂZ‘HﬂW‘iﬂﬂﬂ@ﬂLLUUWTjﬂmﬂlﬁﬁqﬁJ@w 21
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression .002 1 .002 13.677 .0022
Residual .003 19 .000
Total .005 20
a. Predictors: (Constant), NIR
b. Dependent Variable: V1
Coefficients®
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 321 .039 8.310 .000
NIR -.117 .032 -.647 -3.698 .002
a. Dependent Variable: V1
Excluded Variables’
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G -.2192 -1.008 .327 -.231 .647
R .0312 .152 .881 .036 .801
NDVI .3582 1.733 .100 .378 .647
NIR/R .3708 1.799 .089 .390 .647
NIR-R .2452 1.434 .169 .320 .994

a. Predictors in the Model: (Constant), NIR
b. Dependent Variable: V1

MNHUINN 2 (71D)
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Variables Entered/Removed

Variables Variables
Model Entered Removed Method
1 NIR Stepwise (Criteria: Probability-of-F-to-enter <= .050,

Probability-of-F-to-remove >= .100).

a. Dependent Variable: V1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .6842 468 427 .00530
a. Predictors: (Constant), NIR
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression .000 1 .000 11.413 .005%
Residual .000 13 .000
Total .001 14
a. Predictors: (Constant), NIR
b. Dependent Variable: V1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .352 .009 38.211 .000
NIR -.027 .008 -.684 -3.378 .005
a. Dependent Variable: V1
d' a 4 [ o oA 1 a Yo 9
MWAUINN 3 HAMTAATIEHINEAUMIANUFURUT NIz aNTEHITunes ldudeyanm

G

1 =\ ana 4 9 =
D1YINANINYUY Iﬂﬂ’)‘ﬁ’)!ﬂi"lzﬁﬂﬁﬂﬂﬂi’)ﬂLL‘U‘UWHﬂmﬂlﬂﬂuﬂiq 3 1)
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Excluded Variables
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G .0352 .103 .920 .030 .384
R -.0092 -.028 .978 -.008 .408
NDVI .0782 194 .850 .056 .269
NIR/R 2432 .565 .582 161 .234
NIR-R -.1582 -.659 .522 -.187 .745
CCF -.1932 -.742 A72 -.209 .629
a. Predictors in the Model: (Constant), NIR
b. Dependent Variable: V1
MNHUIDN 3 (AD)
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 NIR/R Stepwise (Criteria: Probability-of-F-to-enter <= .050,
" | Probability-of-F-to-remove >= .100).
2 NDVI Stepwise (Criteria: Probability-of-F-to-enter <= .050,
" | Probability-of-F-to-remove >=.100).
a. Dependent Variable: V1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .6922 478 452 .02729
2 .795P .633 .594 .02350

a. Predictors: (Constant), NIR/R
b. Predictors: (Constant), NIR/R, NDVI

4 a 4 v o oA 1 a o
ﬂ11/‘IN1!'Jﬂﬁ 4 Naﬂﬁﬁlmi"lg‘l’iWWﬁﬁJﬂﬁﬂ’J"ﬁJfﬁJ‘W‘Ll‘ﬁﬁmil”ISET?J?%“H’JN‘]Jiiﬂﬁiblﬁjﬂﬂ‘{]jﬂil?ﬂQWW
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1 =\ ana 4 9 =
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ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression .014 1 .014 18.334 .0002
Residual .015 20 .001
Total .029 21
2 Regression .018 2 .009 16.359 .000P
Residual .010 19 .001
Total .029 21
a. Predictors: (Constant), NIR/R
b. Predictors: (Constant), NIR/R, NDVI
C. Dependent Variable: V1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -.094 17 -.806 430
NIR/R 176 .041 .692 4.282 .000
2 (Constant) .851 .350 2.436 .025
NIR/R 1.967 .635 7.721 3.099 .006
NDVI -12.613 4.464 -7.041 -2.825 .011
a. Dependent Variable: V1
Excluded Variables®
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G -.1822 -.418 .681 -.095 143
R -.0132 -.051 .960 -.012 .459
NIR .185% .960 .349 215 .708
NDVI -7.0412 -2.825 .011 -.544 .003
NIR-R -.143% -.877 .391 -.197 .994
2 [€ -.305P -.817 425 -.189 141
R -.036P -.169 .868 -.040 .458
NIR .140P .833 416 .193 .700
NIR-R -.082b -.567 578 -.132 .968

a. Predictors in the Model: (Constant), NIR/R
b. predictors in the Model: (Constant), NIR/R, NDVI
C. Dependent Variable: V1

MNNUINN 4 (91D)
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Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 G Stepwise (Criteria: Probability-of-F-to-enter
<=.050, Probability-of-F-to-remove >= .100).
a. Dependent Variable: V1
Model Summary
Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 7748 .599 .566 .04967
a. Predictors: (Constant), G
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression .044 1 .044 17.946 .0012
Residual .030 12 .002
Total .074 13

a. Predictors: (Constant), G
b. Dependent Variable: V1

Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 1.586 .254 6.256 .000
G -4.887 1.154 -774 -4.236 .001

a. Dependent Variable: V1
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Excluded Variables?
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 R -.0042 -.009 .993 -.003 .161
NIR ATTR 2.027 .068 521 .480
NDVI .0102 .036 972 .011 A79
NIR/R .0572 .207 .840 .062 ATT7
NIR-R .0152 .051 .960 .015 .445
a. Predictors in the Model: (Constant), G
b. Dependent Variable: V1
= '
MNNUINN 5 (71D)
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 NIR Stepwise (Criteria: Probability-of-F-to-enter <= .050,
" | Probability-of-F-to-remove >=.100).
a. Dependent Variable: V1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .5882 .346 .338 11514

a. Predictors: (Constant), NIR
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression .582 1 .582 43.890 .0002
Residual 1.100 83 .013
Total 1.682 84
a. Predictors: (Constant), NIR
b. Dependent Variable: V1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .882 .087 10.110 .000
NIR -.492 .074 -.588 -6.625 .000
a. Dependent Variable: V1
Excluded Variables
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G .0962 .804 424 .088 .550
R .1402 1.194 .236 131 .567
NDVI .0112 .088 .930 .010 .504
NIR/R .0672 .518 .606 .057 AT75
NIR-R .1028 1.052 .296 115 .830
CCF -.1778 -1.706 .092 -.185 .718
a. Predictors in the Model: (Constant), IR
b. Dependent Variable: V1

MNNUINT 6 (710)
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Variables Entered/Removed

Variables Variables
Model Entered Removed Method
1 NDVI Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >=.100).
2 NIR/R Stepwise (Criteria: Probability-of-F-to-enter <= .050,

Probability-of-F-to-remove >= .100).

a. Dependent Variable: C1

Model Summary

Adjusted Std. Error of
Model R R Square [ R Square | the Estimate
1 .9344 .872 .860 1.95552
2 .969° 939 926 1.41822
a. Predictors: (Constant), NDVI
b. Predictors: (Constant), NDVI, NIR/R
ANOVAC
Sum of
Model Squares df Mean Square F Sig.
1 Regression 285.689 1 285.689 74.708 .0002
Residual 42.065 11 3.824
Total 327.754 12
2 Regression 307.640 2 153.820 76.476 .000P
Residual 20.114 10 2.011
Total 327.754 12

a. Predictors: (Constant), NDVI
b. Predictors: (Constant), NDVI, NIR/R
C. Dependent Variable: C1
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Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -23.070 14.289 -1.614 135
NDVI 267.718 30.974 .934 8.643 .000
2 (Constant) -85.766 21.623 -3.966 .003
NDVI 1261.962 301.796 4.401 4.182 .002
SIM -145.872 44.156 -3.477 -3.304 .008

a. Dependent Variable: C1

Excluded Variables®

Collinearity

Partial Statistics

Model Beta In t Sig. Correlation Tolerance
1 G .1042 .366 722 115 157
R .0962 560 .588 174 424
NIR 1692 811 436 249 278
NIR/R -3.4772 -3.304 .008 -722 .006
NIR-R .0842 .703 498 217 847
CCF 1232 .936 371 284 .686
2 G .162P .800 444 258 156
R .106° 871 407 279 423
NIR .160P 1.086 .306 .340 278
NIR-R .083P .967 .359 .307 847
CCF -.021P -.191 .853 -.063 549

a. Predictors in the Model: (Constant), NDVI
b. predictors in the Model: (Constant), NDVI, NIR/R
C. Dependent Variable: C1

= '
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Variables Entered/Removed

Variables Variables
Model Entered Removed Method
1 NIR Stepwise (Criteria: Probability-of-F-to-enter <=
.050, Probability-of-F-to-remove >=.100).

a. Dependent Variable: C1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 5434 .295 .258 5.79815
a. Predictors: (Constant), NIR
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 267.666 1 267.666 7.962 .0118
Residual 638.752 19 33.619
Total 906.419 20
a. Predictors: (Constant), NIR
b. Dependent Variable: C1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 190.248 18.906 10.063 .000
NIR -43.651 15.470 -.543 -2.822 .011

a. Dependent Variable: C1
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Excluded Variables?
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G -.1332 -.544 .593 -.127 .647
R 1184 .536 .598 .125 .801
NDVI .3002 1.274 .219 .288 .647
NIR/R .3162 1.346 .195 .302 .647
NIR-R .2912 1.564 .135 .346 .994
a. Predictors in the Model: (Constant), NIR
b. Dependent Variable: C1
MNHUINN 8 (71D)
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 NIR/R Stepwise (Criteria: Probability-of-F-to-enter <= .050,
" | Probability-of-F-to-remove >=.100).
a. Dependent Variable: C1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 7922 .627 .599 2.16134

a. Predictors: (Constant), NIR/R
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 102.219 1 102.219 21.882 .0002
Residual 60.728 13 4.671
Total 162.947 14
a. Predictors: (Constant), NIR/R
b. Dependent Variable: C1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 168.679 6.346 26.579 .000
NIR/R 10.553 2.256 792 4.678 .000
a. Dependent Variable: C1
Excluded Variables?
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G .98728 1.683 118 437 .073
R .5432 1.041 .318 .288 .105
NIR -.2472 -.691 .503 -.196 .234
NDVI -3.1972 -1.889 .083 -.479 .008
NIR-R 1492 .554 .589 .158 418
CCF -.5052 -1.899 .082 -.481 .338
a. Predictors in the Model: (Constant), NIR/R
b. Dependent Variable: C1

MNHUINN 9 (51D)
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Variables Entered/Removed

Variables Variables
Model Entered Removed Method
1 NIR/R Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >=.100).
2 NDVI Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >=.100).
a. Dependent Variable: C1
Model Summary
Adjusted Std. Error of
Model R R Square [ R Square | the Estimate
1 7272 .529 .506 6.11673
2 .831°P 691 658 5.08488
a. Predictors: (Constant), NIR/R
b. Predictors: (Constant), NIR/R, NDVI
ANOVAC
Sum of
Model Squares df Mean Square F Sig.
1 Regression 840.887 1 840.887 22.475 .0002
Residual 748.288 20 37.414
Total 1589.175 21
2 Regression 1097.912 2 548.956 21.231 .000P
Residual 491.264 19 25.856
Total 1589.175 21

a. Predictors: (Constant), NIR/R
b. Predictors: (Constant), NIR/R, NDVI
C. Dependent Variable: C1
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Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 164.653 26.234 6.276 .000
NIR/R 43.726 9.223 727 4,741 .000
2 (Constant) 393.048 75.652 5.195 .000
NIR/R 476.275 137.406 7.923 3.466 .003
NDVI -3045.906 966.073 -7.207 -3.153 .005
a. Dependent Variable: C1
Excluded Variables®
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G -.0742 =177 .862 -.041 .143
R -.0212 -.089 .930 -.020 459
NIR 1922 1.055 .305 .235 .708
NDVI -7.2072 -3.153 .005 -.586 .003
NIR-R -.1372 -.883 .388 -.199 .994
2 G -.198P -572 574 -.134 141
R -.044P -.229 821 -.054 458
NIR 146 953 353 219 .700
NIR-R -.074P -.557 584 -.130 .968

a. Predictors in the Model: (Constant), NIR/R
b. Predictors in the Model: (Constant), NIR/R, NDVI
C. Dependent Variable: C1

MNNUINT 10 (71D)
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Variables Entered/Removed

Variables Variables
Model Entered Removed Method
1 G Stepwise (Criteria: Probability-of-F-to-enter
<=.050, Probability-of-F-to-remove >= .100).

a. Dependent Variable: C1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .6952 .483 440 4.72385
a. Predictors: (Constant), G
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 250.507 1 250.507 11.226 .0062
Residual 267.777 12 22.315
Total 518.284 13
a. Predictors: (Constant), G
b. Dependent Variable: C1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 438.173 24,117 18.168 .000
G -367.632 109.724 -.695 -3.351 .006

a. Dependent Variable: C1
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Excluded Variables?
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 R .6582 1.312 .216 .368 161
IR AT772 1.718 114 460 .480
NDVI 3792 1.298 221 .364 479
NIR/R .3894 1.335 .209 373 ATT7
NIR-R .4062 1.349 .205 377 445
a. Predictors in the Model: (Constant), G
b. Dependent Variable: C1
MNHUIDT 11 (91D)
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 NIR Stepwise (Criteria: Probability-of-F-to-enter <=
" | .050, Probability-of-F-to-remove >= .100).
a. Dependent Variable: C1

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .5692 .324 315 76.01843

a. Predictors: (Constant), NIR
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 229465.8 1 229465.779 39.708 .0002
Residual 479640.5 83 5778.801
Total 709106.3 84
a. Predictors: (Constant), NIR
b. Dependent Variable: C1
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 576.895 57.577 10.020 .000
NIR -308.856 49.014 -.569 -6.301 .000
a. Dependent Variable: C1
Excluded Variables?
Collinearity
Partial Statistics
Model Beta In t Sig. Correlation Tolerance
1 G .1082 .889 377 .098 .550
R 1722 1.443 .153 157 .567
NDVI -.0122 -.092 .927 -.010 .504
NIR/R .0262 .197 .845 .022 A75
NIR-R 1524 1.549 125 .169 .830
CCF -.2002 -1.905 .060 -.206 .718
a. Predictors in the Model: (Constant), NIR
b. Dependent Variable: C1
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Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair filed .3047 15 15113 .03902
1 LAI .3053 15 .15189 .03922
Paired Samples Correlations
N Correlation Sig.
Pair1 filed & LAI 15 .993 .000
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper ¥ df Sig. (2-tailed)
Pair 1  filed - LAl -.00067 .01831 .00473 -.01081 .00947 -.141 14 .890
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Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair filed .3047 15 15113 .03902
1 SAT .2907 15 .11883 .03068
Paired Samples Correlations
N Correlation Sig.
Pair1 filed & SAT 15 .897 .000
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1 filed - SAT .01400 .06885 .01778 -.02413 .05213 .788 14 444
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Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair filed 201.6488 16 111.86449 | 27.96612
1 LAI 201.8444 16 108.97026 | 27.24257
Paired Samples Correlations
N Correlation Sig.
Pair1 filed & LAI 16 .998 .000
Paired Samples Test
Paired Difference
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1 filed - LAI -.19562 6.90803 1.72701 -3.87666 3.48541 -.113 15 911
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Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair filed 201.6488 16 111.86449 | 27.96612
1 SAT 198.3538 16 101.79840 | 25.44960
Paired Samples Correlations
N Correlation Sig.
Pair1 filed & SAT 16 .987 .000
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1 filed - SAT [ 3.29500 19.84845 4.96211 | -7.28149 | 13.87149 .664 15 517
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Tistogram histogiam
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o 0
'y r] 'y 4
i 256 0.0557906 0431826
Band 1 (DN) Band 1 (Reflectance)
histogram histagram
31796 ™ 311798
0 & F] E
0 256 ﬁ 156347 0. B?UU}T‘
Band 2 (DN) Band 2 (Reflectance)
o Fistogram ) histogram
0 a
Iy 4 A d
0 256 0491176 1.56862
Band 3 (DN) Band 3 (Reflectance)

MWHUINA 17 Histogram 1/3euifisuarsznine adoyaiiaay (DN) tazAmasnudziou

3R TanNuN59 (Reflectance)




118

1J‘i$ﬁlﬂ1iﬁﬂﬂ1 HazMININY

¥o —UWENA

9 = =S d‘ a

MW aeu 1) Mna
da

BRI

sziamsanmn

o ] 9 A o
dumarinnmsanuilagiiu

d' o u
aouninuilagiiv
NAIUALAULAZT19IANIIFINT

= ti‘ Yo
NUMTANIN IATY

UIYHANT AI9A

]
v A

TUN 16 NULIYU W.A. 2526

I o a 4

N INgATAAD

a d v a L4
MNFMAATUUNA AUMIEANT)

NﬁW%ﬂﬂTﬁﬂlﬂE@]iﬁTﬁ@]g



	หัวใบรับรองภาษาไทย
	ใบรับรองวิทยานิพนธ์
	บัณฑิตวิทยาลัย  มหาวิทยาลัยเกษตรศาสตร์





