S E 714 A), A 3d A 1E(2001)
Korean Journal of Agricultural and Forest Meteorology, Vol. 3, No. 1, (2001), pp. 5~15

Landsat TM /€ 0|28 Xz glo] =MY A

EMY - AT - OlT1A2 - =N - 2283
Lelaely|eel Eoeln), Rislistu, R8st
20004 119 64 H4)

Estimation of Rice-Planted Area using Landsat TM
Imagery in Dangjin-gun area

Suk-Young Hong!, Sang-Kyu Rim!, Kyu-Sung Lee?, In-Sang Jo' and Kil-Ung Kim’
!National Institute of Agricultural Science and Technology (NIAST)
“Inha University, "Kyungpook National University
(Manuscript received 16 November 2000)

ABSTRACT

For estimating paddy field area with Landsat TM images, two dates, May 31, 1991 (transplanting
stage) and August 19, 1991 (heading stage) were selected by the data analysis of digital numbers con-
sidering rice cropping calendar. Four different estimating methods (1) rule-based classification
method, (2) supervised classification(maximum likelihood), (3) unsupervised classification (ISODATA,
No. of class:15), (4) unsupervised classification (ISODATA, No. of class:20) were examined. Paddy field
area was estimated to 7291.19 ha by non-classification method. In comparison with topographical map
(1:25,000), accuracy for paddy field area was 92%. A new image stacked by 10 layers, Landsat TM
band 3, 4, 5, RVI, and wetness in May 31, 1991 and August 19, 1991 was made to estimate paddy field
area by both supervised and unsupervised classification method. Paddy field was classified to 9100.98
ha by supervised classification. Error matrix showed 97.2% overall accuracy for training samples.
Accuracy compared with topographical map was 95%. Unsupervised classifications by ISODATA
using principal axis. Paddy field area by two different classification number of criteria were 6663.60
ha and 5704.56 ha and accuracy compared with topographical map was 87% and 82%. Irrespective
of the estimating methods, paddy fields were discriminated very well by using two-date Landsat TM
images in May 31, 1991 (transplanting stage) and August 19, 1991 (heading stage). Among estimation
methods, rule-based classification method was the easiest to analyze and fast to process.

Key words : Landsat TM imagery, estimation of rice-planted area, rule-based classification, supervised
classification, unsupervised classification
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Table 1. Satellite data used

Satellite/Sensor Path-Row Date
Landsat/TM 116-34 May 31, 1991
Landsat/TM 116-34 Jun. 2, 1992
Landsat/TM 116-34 Aug. 19, 1991
Landsat/TM 116-34 Sep. 1, 1996
Landsat/TM 116-34 Sep. 12, 1994
Landsat/TM 116-34 Sep. 27, 1988
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Fig. 1. Flow chart for extracting paddy field arca with the
spectral characteristics of biseasonal Landsat TM data.

VYegetation Index

Formula

Ratio Vegetation Index

RVI TM band 4TM band 3

Tasseled Cap Transformation
(Kauth and Thomas, 1976; ERDAS, 1997)

Brightness=0.3037TM 1+ 0.2793TM2+ 0.4743TM3
+0.5585TM4+ 0.5082TM5+ 0.1863TM7
Greenness=-0.2848TM1+ 0.2435TM2+ 0.5436TM3
+0.7243TM4+ 0.0840TMS5+ 0.1800TM7
Wetness=0.1509TM1+ 0.1973TM2=0.3279TM3
+ 0.3406TM4+ 0.7112TM5+ 0.4572TM7
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Table 3. Spectral characteristics on Landsat TM bands, RVI, and wetness at paddy fields in different dates

Date ™I ™2 ™3 T™4 ™S T™M6 ™7 RVI Wetness
May 31 11223 al) 51.86 a 58.89 a 4818 d 3011 d 15787 b 1485 d 0818 d 3428 a
Jun. 2 10398 b 4840 b 5520 b 4817 d 3053 d 16515 a 1475 d 0872 d 3089 b
Aug. 19 7752 d 3366 e 2821 f 11400 b 6461 c 14670 c 1939 ¢ 4080 a 1031 c
Sep. 1 69.86 f 3159 f 3207 e 12841 a 7035 b 12905 d 1831 ¢ 4064 a 1220 c
Sep. 12 7246 e 3502 d 3504 d 101.03 c 6888 e 12578 e 2222 b 2937 b 507 d
Sep. 27 8047 ¢ 4373 ¢ 4571 c¢ 10261 c 7595 f 2563 f 2650 a 2269 c 483 d
Y Duncan's multiple range test, ***=p<0.001
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Fig. 3. Applications of tasseled cap algorithm for change detected area between May 31 and August 19, 1991, in terms of
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Fig. 4. Paddy field area extracted by biseasonal Landsat TM image.
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Table 4. Paddy field area in study site and accuracy assessed
by topomap

Paddy field Accuracy

Extraction Methods area (ha) )

a) Rule-based classification 7291.19 92
b) Supervised classification 9100.98 95
¢) Unsupervised classification 1V 6663.60 87
d) Unsupervised classification 22 5704.56 82

D No. of class = 15
2 No. of class = 20
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3.3.2. ZE5E7H (supervised classification)
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Table 5. Mean and standard deviation of training samples for supervised classification

Training Bush+
samples Paddy Forest Water City us Village Manmade
upland
Bands
Mean 59.13 38.71 55.73 74.43 4498 63.82 90.33
Band* 1
Std 7.1 1.7 42 11.7 8.8 4.6 20.9
3and 2 Mean 51.60 70.49 25.03 81.71 110.68 67.41 100.83
an
Sud 8.9 4.8 2.1 9.5 104 52 12.1
3and 3 Mean 22.60 61.25 10.05 116.60 91.96 92.85 153.98
3an
2 Std 6.0 4.1 1.2 18.3 15.0 13.3 347
) Mean 0.86 1.81 045 1.10 2.56 1.07 1.11
3and 4
Std 0.1 0.1 0.06 0.2 0.6 0.09 0.2
3and 5 Mean 42.12 4.07 43.60 0.03 272 0.26 0.02
e S 52 27 25 03 33 12 01
2and 6 Mean 28.07 33.75 34.29 55.48 30.64 45.82 55.58
Al std 10 10.0 19 128 38 6.9 158
3and 7 Mean 119.23 73.12 27.75 84.88 95.88 92.00 90.35
3a
m Std 4.2 10.14 1.16 13.4 10.3 8.5 7.89
Sand 8 Mean 66.55 55.77 9.67 100.06 78.49 93.48 116.15
Ban
Std 3.1 14.0 1.3 20.6 10.0 10.3 28.5
Mean 4.25 221 0.81 1.59 3.10 2.26 1.75
Band 9
Std 0.2 0.2 0.04 0.5 0.5 0.7 0.7
Mean 12.10 797 32.08 0.10 0.39 0.26 0.29
Band 10
Std 2.1 43 2.0 0.5 1.1 1.3 1.2

*Band 1=Band 3 of May 31, 1991, Band 2=Band 4 of May 31, 1991,
Band 3=Band 5 of May 31, 1991, Band 4=RVI of May 31, 1991,

Band 5=Wetness of May 31, 1991, Band 6=Band 3 of August 19, 1991,
Band 7=Band 4 of August 19, 1991, Band 8=Band 5 of August 19, 1991,
Band 9=RVI of August 19, 1991, Band 10=Wetness of August 19, 1991.
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Fig. 5. Paddy field area extracted by four different methods.
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Table 6. Error matrix resulting from classifying training set pixels (Unit:Pixel)
Paddy Forest Water City Bush+Upland Village Man-made
Paddy 92 (100) 0 (0 0 © 0 O 0 © 0 (© 0 O
Forest 0 O 69 (100) 0 (O 0 O 0 (O 0 (O 0 O
Water 0 O 0 (© 260 (100) 0 O 0 O 0 O 0 O
City 0 (O 0 (O 0 (O 111918 3 (2.6) 4 (14.8) 3(5.8)
Bush+Upland 0 O 0 (O 0 (© 4 (3.3) 114 (97.4) (U (0)) 1(1.9)
Village 0 O 0 O 0 (O 1 (0.8) 0 (0 23(85.2) 0 O
Man-made (UIN(0)] 0 O 0 (© 5 @41 0 (0 (U (1)) 48 (92.3)
Total 92 (100) 69 (100) 260 (100) 121 (100) 117 (100) 27 (100) 52 (100)

Onverall accuracy = (92 + 69 + 260 + 111 + 114 + 23 + 48)/738 = 97.2%

Table 7. Paddy field area extracted by four different methods in Woogang-myeon

Methods for paddy area extraction P;dt(rlgc?efjki}?; ;: a lefers&rllgggf;grgrf;t;gs)gc(ila()iata of
Rule-based classification 1967.31( 87.7%) -275.38
Supervised classification 2522.97(112.5) +280.28
Unsupervised classification 1V 1638.72( 73.1) -603.97
Unsupervised classification 2% 1865.61( 83.2) -377.08

Y No. of class = 15
? No. of class = 20
3 Per cent to total study area
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a) Rule-base

¢) Unsupenised class

b)Y Supervised classification

d) Unupenvised cla

Fig. 6. Comparisons of estimating methods for paddy field area in Woogang-myeon, Dangjin-gun, Chungnam Province.
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