/—J J. Korea Water Resour. Assoc. Vol. 54, No. 7 (2021), pp. 535-544 pISSN 1226-6280
@ doi: 10.3741/JKWRA.2021.54.7.535 eISSN 2287-6138

Sentinel-1 SAR image-based waterbody detection technique for estimating the
water storage in agricultural reservoirs

Jeong, Jaehwan? - Oh, Seungcheol’ - Lee, Seulchan® - Kim, Jinyoung® - Choi, Minha®*

Ph. D Candidate, Department of Water Resources, Sungkyunkwan University, Suwon, Korea

°Graduate student, School of Civil, Architecture Engineering & Landscape Architecture, Sungkyunkwan University, Suwon, Korea
‘Graduate student, Department of Water Resources, Sungkyunkwan University, Suwon, Korea

dSenior research officer, National Disaster Management Research Institute, Ulsan, Korea

Professor, School of Civil, Architecture Engineering & Landscape Architecture, Sungkyunkwan University, Suwon, Korea

Paper number: 21-049
Received: 14 June 2021; Revised: 21 June 2021; Accepted: 21 June 2021

Abstract

Agricultural water occupies 48% of water demand, and management of agricultural reservoirs is essential for water resources management
within agricultural basins. For more efficient use of agricultural water, monitoring the distribution of water resources in agricultural
reservoirs and agricultural basins is required. Therefore, in this study, three threshold determination methods (i.e., fixed threshold, Otsu
threshold, Kittler-Illingworth (KI) threshold) were compared to detect terrestrial water bodies using Sentinel-1 images for 3 years from
2018 to 2020. The purpose of this study was to evaluate methods for determining threshold values to more accurately estimate the
reservoir area. In addition, by analyzing the relationship between the water surface and water storage at the Edong, Gosam, and Giheung
reservoirs, water storage based on the SAR image was estimated and validated with observations. The thresholding method for detecting
a waterbody was found to be the most accurate in the case of the KI threshold, and the water storage estimated by the KI threshold
indicated a very high agreement (r = 0.9235, KGE' = 0.8691). Although the seasonal error characteristics were not observed, the problem
of underestimation at high water levels may occur; the relationship between the water surface and the water storage could change rapidly.
Therefore, it is necessary to understand the relationship between the water surface area and water storage through ground observation data
for a more accurate estimation of water storage. If the use of SAR data through water resources satellites becomes possible in the future,
based on the results of this study, it is judged that it will be beneficial for monitoring water storage and managing drought.
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Fig. 1. Location of Giheung, Edong, and Gosam reservoirs

Table 1. Specifications of Edong, Gosam, and Giheung reservoir
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4 Reservoir Full water level | Lowest water level | Watershed area | Water capacity | Full surface area | Flooded surface area
(EL. m) (EL. m) (ha) (1,000 m®) (ha) (ha)

1 Edong 43.0 313 9,300 20,906 305.4 352.6

2 Gosam 52.4 40.8 7,100 15,217 229.9 310.0

3 Giheung 46.0 36.0 5,300 11,630 231.2 261.2

Domestic mean 105.04 97.44 415 742 11.92 13.45
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Fig. 2. Work flow of Sentinel-1 Ground Range Detected (GRD) data pre-processing
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Table 2. Coefficients a, b of the regression function y = az®

Thresholding Edong Gosam Giheung
Method a b a b a b
Constant (total) | 0.8025[0.9211]0.4498 | 1.8676 | 0.3069 [2.2308
Constant (95%) | 0.7950 | 0.8823 | 0.4452| 1.8058 | 0.3078 [ 2.1979
Otsu (total) [0.3514|1.6845(0.3663 [2.1145|0.2697 |2.4258
Otsu (95%) |0.3983|1.5033|0.3738{2.0048|0.2706 |2.3929
KI (total) 0.6909 |1.0450|0.3902|2.0619|0.3391 [2.3107
KI (95%) 0.714210.9649|0.3973 | 1.9828|0.3393 | 2.2818
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Fig. 8. Scatter plot between measured and estimated water storage
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Table 3. Statistics of the estimated water storage using different
thresholding methods. r refers to the correlation coefficient,
B refers to the bias ratio, v refers to the variability ratio, and
KGE’ is the modified Kling-Gupta Efficiency

) o Thresholding Method
Site / Statistics - -
Constant Otsu Kittler-Illingworth
r 0.8572 0.8078 0.8989
164 0.9914 0.9862 0.9930
Edong
v 0.8373 0.7537 0.8432
KGE’ 0.7834 0.6872 0.8133
r 0.9501 0.9415 0.9619
164 0.9952 0.9940 0.9960
Gosam
v 0.9560 0.9420 0.9527
KGE’ 0.9333 09174 0.9391
r 0.7889 0.8417 0.9097
. 164 0.9805 0.9838 0.9892
Giheung
v 0.8629 0.8703 0.8872
KGE’ 0.7475 0.7947 0.8550
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