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Abstract

The aim of the study is to develop economic crop areas classification method from Landsat
8 using combined datasets of spectral data and ancillary data including (1) Tasseled cap calculation
data of Landsat 8 (brightness, greenness, and wetness) and (2) Biophysical data (elevation, slope,
and aspect) for increasing the accuracy of economic crops classification using support vector
machine method in Upper Lamchiengkrai watershed of Nakhon Ratchasima province (the top three
main economic crops of Nakhon Ratchasima province). The Landsat 8 images with the ancillary
data were classified into seven LULC types that consisted of (1) urban and built-up area, (2)
economic crops (e.g. paddy field, maize, cassava and sugarcane), (3) tree and orchard, (4) forest
land, (5) water body, (6) scrub and (7) bare land. In addition, the accuracy assessment of the
economic crops classification was performed by using the overall accuracy and kappa coefficient
to find the optimum groups of the dataset. The result revealed that the overall accuracies and the
kappa hat coefficients of various groups of the datasets were 84.21-92.76 and 62.35-81.67 %,
respectively and the most optimum group for the economic crops classification is the integration
of spectral data, brightness, greenness, wetness, and elevation. As a result, applying spectral data
with the ancillary data of Tasseled cap data and some biophysical data can increase the accuracy

of the economic crops classification.

Keywords: Landsat 8 data; economic crop; support vector machine; biophysical data; upper

Lamchiengkrai watershed
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Figure 2 Flowchart of our methodology
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Table 1 The spectral characteristics of satellite

images from Landsat 8 OLI used in this

study. [11]
Bands Wavelengths (micrometer)
2 0.45-0.51 (Visible: Blue)
3 0.53-0.59 (Visible: Green)
4 0.64-0.67 (Visible: Red)
5 |0.85-0.88 (Near Infrared: NIR)
6 1.57-1.65 (Shortwave Infrared: SWIR1)
7 2.11-2.29 (Shortwave Infrared: SWIR2)

n1sAnwilddeyanina1fiey
LAUG LYN 8 5¥UU Operational Land Imager

(OLI) Uszean Level-1 data product Felasuns

Brightness = b1*0.3029 + b2*0.2786 + b3*0.4733 + b4*0.5599 + b5*0.508 + b6*0.1872
Greenness = b1%(-0.2941) + b2*(-0.243) + b3*(-0.5424) + b4*0.7276 + b5*0.0713 + b6*(-0.1608)
Wetness = b1*0.1511 + b2*0.1973 + b3*0.3283 + b4*0.3407 + b5*(-0.7117) + b6*(-0.4559)

Tnef brightness Ao ANAINS; greenness fla AIULTET; wetness A AL

Landsat-8 (Blue)  Landsat-8 (Green) Landsat-8 (Red)

,..® ) @e

Wetness

Greenness

Brightness

' @ "é

‘U%’ULLﬁ’mmﬁmwammaa%ay’awgﬂuﬁﬁai’ﬂﬁ
(radiometric) wazidaL591AdA (geometric) wdafi
sreazdendeiud 30x30 was mnfivaaane
ANTAATEUARNTEIN path 129 row 49 Liulud
https://earthexplorer.usgs.gov Fvuiinamiui
9 wileufivray n.a. 2558 nMsdnwiidenldians
WUA 2-7 (57991 1)

3.2.2 Tuneui 2 mamioudoya
(ancillary data preparation)

(1) MsumAUszansildlunis
duniswuaawuy Tasseled cap (Tasseled cap
calculation) Yeyaninaiiiguuauduam 8 14lu
AsFuIaAUsEANSANe 9 Tdud ArAuEsng
(brightness) A211L 987 (greenness) AI1LTY

(wetness) aaaunsaalull [12]

(1)
2
(3)

=

Ju; b AD LUUA

Landsat-8 (NIR)

Landsat-8 (SWIR-2)

Elevation

Figure 3 The data used in classification
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Table 2 The data sets for classification
No. data set Input data
1 Blue | Green | Red | NIR | SWIR1 | SWIR2
2 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness
3 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness
4 Blue | Green | Red | NIR [ SWIR1 | SWIR2 | Brightness |Greenness|Wetness
5 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness|Wetness | Elevation
6 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness|Wetness |Elevation | Slope
7 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness|Wetness |Elevation | Slope | Aspect

3.2.3 Tumauil 3 M3TUuUnUaya (data

classification) LA BN UT #2898 19TUN1TIILUN

' '
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LTy Aiodedoyaninisayiiound uuaves
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vosyndeyatis 7 9a uandluzuil 4 uazsiwanidon
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Urban and build up area
Economic crops

Perennial tree and orchard
Forest

Waterbody

Scrub

NN BN B BN R

Bareland

Dataset 7

Figure 4 The results of land use and land cover areas from the different sets.

Table 3 The results in sg.km. of land use and land cover areas from the different sets

LU/LC class (Sg.km.)
Datasets | Urban and build | Economic Perennial tree Forest | Water body | Scrub | Bareland

up area (UB) crops (EC) | and orchard (PO) (FR) (WA) (SO (BL)
1 26.34 362.24 6.35 37.89 2.31 9.36 22.08
2 30.32 350.84 6.11 43.31 2.94 9.33 23.72
3 25.03 365.43 5.82 39.95 3.00 7.95 19.40
a4 29.75 352.06 6.14 48.33 3.26 8.20 18.84
5 24.04 353.27 8.77 50.09 3.27 7.23 19.91
6 23.79 363.88 8.33 36.01 3.36 11.08 20.11
7 21.49 361.27 11.47 36.40 2.85 13.96 19.13
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Figure 5 The results in percentages of land use

WEL

and land cover areas from the

different sets
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Table 4 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 1

Reference data Users Conditional
Classified
accuracy | kappa for each
data uB EC PO FR WA SC BL Total
(%) category (%)
uB 4 2 0 0 0 0 0 6 66.67 65.00
EC 3 99 0 5 0 0 2 109 90.83 60.00
PO 0 0 1 0 0 0 0 1 100.00 100.00
FR 0 11 a4 8 0 0 0 23 34.78 28.17
WA 0 1 0 0 1 0 0 2 50.00 49.67
SC 0 3 0 1 0 1 0 5 20.00 18.93
BL 0 1 1 0 0 1 3 6 50.00 48.30
Total 7 117 6 14 1 2 5 152
PA (%) 57.14 | 84.62 | 16.67 | 57.14 | 100.00 | 50.00 | 60.00
Overall classification accuracy = 84.21 %
Overall kappa statistics = 62.35 %

Table 5 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 2

Reference data Users Conditional
Classified data accuracy | kappa for each
UB | EC | PO | FR | WA | SC | BL |Total
(%) category (%)

UB 4 3 0 0 0 0 0 7 57.14 55.69

EC 1 103 | O 1 0 1 1 | 107 96.26 82.78

PO 0 0 1 1 0 0 0 2 50.00 48.99

FR 0 10 1 14 0 0 0 25 56.00 50.82

WA 0 0 0 0 2 0 0 2 100.00 100.00

SC 0 1 0 0 0 2 0 3 66.67 66.00

BL 0 2 1 0 0 0 3 6 50.00 48.65
Total 5 119 | 3 16 2 3 4 | 152

Producers accuracy (%)|80.00|86.55|33.33|87.50 [ 100.00 | 66.67 | 75.00

Overall classification accuracy = 84.87 %

Overall kappa statistics = 64.66 %
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Table 6 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 3

Reference data Conditional
Classified Users accuracy
kappa for each
data UB EC PO FR | WA | SC BL | Total (%)
category (%)
uB 4 1 0 0 0 0 5 80.00 79.32
EC 0 107 0 2 0 1 2 119 95.54 79.44
PO 0 0 1 0 0 0 0 3 100.00 100.00
FR 1 10 1 14 0 0 0 16 53.85 48.42
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 1 0 0 0 2 0 3 66.67 66.00
BL 0 0 1 0 0 0 2 4 66.67 65.77
Total 5 119 3 16 2 3 4 152
Producers
80.00 | 89.92 | 33.33 | 87.50 |100.00| 66.67 | 50.00
accuracy (%)
Overall classification accuracy = 86.84 %
Overall kappa statistics = 67.34 %

Table 7 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 4

Reference data Users Conditional kappa
Classified
accuracy | for each category
data UB EC PO FR WA SC BL Total
(%) (%)
UB 4 3 0 0 0 0 0 7 57.14 55.69
EC 0 103 0 1 0 0 1 105 98.10 91.23
PO 0 0 1 0 0 0 0 1 100.00 100.00
FR 1 11 1 15 0 1 0 29 51.72 46.04
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 1 0 0 0 2 0 3 66.67 66.00
BL 0 1 1 0 0 0 3 5 60.00 58.92
Total 5 119 3 16 2 3 il 152
Producers
80.00 | 86.55 | 33.33 | 93.75 |100.00| 66.67 | 75.00
accuracy (%)
Overall classification accuracy = 85.53 %
Overall kappa statistics = 66.81 %
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Table 8 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 5

Reference data Users Conditional
Classified
accuracy |kappa for each
data UB EC PO FR WA SC BL | Total
(%) category (%)
UB 4 3 0 0 0 0 0 7 57.14 55.69
EC 0 108 0 0 0 0 1 109 99.08 95.77
PO 0 1 1 1 0 0 0 3 33.33 31.99
FR 1 6 1 15 0 1 0 24 62.50 58.09
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 1 0 0 0 2 0 3 66.67 66.00
BL 0 0 1 0 0 0 3 4 75.00 74.32
Total 5 119 3 16 2 3 4 152
Producers
80.00 | 90.76 | 33.33 | 93.75 | 100.00 | 66.6 |75.00
accuracy (%)
Overall classification accuracy = 88.82 %
Overall kappa statistics = 73.29 %

Table 9 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 6

Reference data Conditional
Classified Users
kappa for each
data uB EC PO FR WA SC BL | Total | accuracy (%)
category (%)
uB 5 2 0 0 0 0 0 7 71.43 70.46
EC 0 114 0 1 0 1 1 117 97.44 88.19
PO 0 1 1 1 0 0 0 3 33.33 31.99
FR 0 2 1 14 0 0 0 17 82.35 80.28
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 0 0 0 0 2 0 2 100.00 100.00
BL 0 0 1 0 0 0 3 4 75.00 74.32
Total 5 119 3 16 2 3 4 152
Producers
100.00 | 95.80 | 33.33 | 87.50 |100.00| 66.67 | 75.00
Accuracy (%)
Overall classification accuracy = 92.76 %
Overall kappa statistics = 81.08 %
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Table 10 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 7

Classified Reference data U Conditional
data UB EC PO FR | WA SC BL | Total | accuracy (%) kappa for each
category (%)
uB 4 3 0 0 0 0 0 7 57.14 0.56
EC 1 113 0 1 0 0 0 115 98.26 0.92
PO 0 1 2 1 0 0 0 4 50.00 0.49
FR 0 0 0 13 0 0 0 13 100.00 1.00
WA 0 0 0 1 2 0 0 3 66.67 0.66
SC 0 0 0 0 0 3 0 3 100.00 1.00
BL 0 2 1 0 0 0 4 7 57.14 0.56
Total 5 119 3 16 2 3 4 152
Producers
accuracy (%) 80.00 | 94.96 | 66.67 | 81.25 [100.00]/100.00|100.00
Overall classification accuracy = 92.76 %
Overall kappa statistics = 81.67 %
Table 11 The ranking of the overall accuracy and Kappa coefficient of the data sets
Dataset Overall accuracy (%) Kappa hat coefficient (%) Order
1 84.21 62.35 7
2 84.87 64.66 6
3 86.84 67.34 4
a4 85.53 66.81 5
5 88.82 73.29 3
6 92.76 81.08 2
7 92.76 81.67 1

Table 12 The comparison of the conditional Kappa hat coefficient of agreement of each data set

LUILE s Conditional kappa hat coefficient of agreement of each dataset (%)
Dataset 1 | Dataset 2 | Dataset 3 | Dataset 4 | Dataset 5 | Dataset 6 | Dataset 7
UB 65.06 55.69 79.32 55.69 55.69 70.46 55.69
EC 60.16 82.78 79.44 91.23 95.77 88.19 91.99
PO 100.00 48.99 100.00 100.00 31.99 31.99 48.99
FR 28.17 50.82 48.42 46.04 58.09 80.28 100.00
WA 49.67 100.00 100.00 100.00 100.00 100.00 66.22
SC 18.93 66.00 66.00 66.00 66.00 100.00 100.00
BL 48.30 48.65 65.77 58.92 74.32 74.32 55.98
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