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Development of a Method for Tracking Sandbar Formation by

Weir-Gate Opening Using Multispectral Satellite Imagery in
the Geumgang River, South Korea
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ABSTRACT: A various technology of remote sensing and image analysis are applied to study landscape changes and their
influencing factors in stream corridors. We developed a method to detect landscape changes over time by calculating the
optical index using multispectral images taken from satellites at various time points, calculating the threshold to delineate the
boundaries of water bodies, and creating binarized maps into land and water areas. This method was applied to the upstream
reach of the weirs in the Geumgang River to track changes in the sandbar formed by the opening of the weir gate. First, we
collected multispectral images with a resolution of 10 m x 10 m taken from the Sentinel-2 satellite at various times before and
after the opening of the dam in the Geumgang River. The normalized difference water index (NDWI) was calculated using the
green light and near-infrared bands from the collected images. The Otsu’s threshold of NDWI calculated to delineate the
boundary of the water body ranged from -0.0573 to 0.1367. The boundary of the water area determined by remote sensing
matched the boundary in the actual image. A map binarized into water and land areas was created using NDWI and the Otsu'’s
threshold. According to these results of the developed method, it was estimated that a total of 379.7 ha of new sandbar was
formed by opening the three weir floodgates from 2017 to 2021 in the longitudinal range from Baekje Weir to Daecheong
Dam on the Geumgang River. The landscape detection method developed in this study is evaluated as a useful method that
can obtain objective results with few resources over a wide spatial and temporal range.
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Fig. 1. Map showing the study site in Geumgang River, South Korea. The black double arrow indicates three study
sections for this study.
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Fig. 2. Water level changes from 2017 to 2022 at the water level observation stations of the Geumgang River, South
Korea. Blue arrow indicates when multispectral satellite imagery was collected for each section.
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Fig. 3. Flowchart for distinguishing riparian habitat with the
different formation time using multispectral satellite
images (NDWI = normalized difference water index,
threshold = Otsu’s threshold value).
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Table 1. Otsu’s threshold of normalized difference water
index for distinguishing between land and water areas
from multispectral images of Sentinel-2 at various time

points
Date Otsu’s threshold value
October 30, 2017 -0.0386
January 3, 2018 -0.0239
January 13, 2019 -0.0573
March 8, 2020 0.0484
February 21, 2021 -0.0136
November 28, 2021 0.1367
Mean (range) 0.0086 (-0.0573 - 0.1367)
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Fig. 4. Satellite imagery showing a major section before and after the weir-gate was opened (a - h), and the terrain
change map created by binarizing the imagery with an optical index (c - i) in the Geumgang River, South Korea.
The gray lines in the satellite image represent the weir in each section. The blue line is the 3 km upstream of the
weir with supervised classification, and the red line is the classified sandbar.
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Table 2. Area of the different habitat types calculated by optical indices from multispectral images taken from satellites
at the time of opening of the weir-gate in Geumgang River, South Korea

Habitat area (ha)
Section Sandbar exposed by weir-gate opening Pre-existing Total
= : : . Open water
After partial opening After full opening floodplain

Baekiebo 66.4 103.4 625.0 4791 1273.9
J (5%) (8%) (49%) (38%) (100%)
Gongiubo 91.7 31.6 384.8 300.7 808.8
9 (11%) (4%) (48%) (37%) (100%)
Seionabo 61.1 25.5 919.1 439.8 1445.5
jong (4%) (2%) (64%) (30%) (100%)

Table 3. Comparisons of the habitat area estimated by the supervised classification and by unsupervised classification
using multispectral satellite imagery in the test sections of the Geumgang River, South Korea

Sedti Supervised Unsupervised classification (ha) Performance indicator (%)
ection o
classification | Sandbar Others Total Sensitivity Specificity Accuracy
. Sandbar 36.7 1.8 38.5
Baekjebo 95.3 99.4 98.8
Others 1.2 209.4 210.6
) Sandbar 243 1.1 253
Gongjubo 96.0 98.8 98.3
Others 1.3 110.1 1114
) Sandbar 28.7 1.2 29.9
Sejongbo 96.0 96.6 96.5
Others 6.0 170.0 176.0
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Table 4. Comparisons of the areas of sandbar exposed by the weir-gate opening between previous studies and this

study in the Geumgang River, South Korea

Exposed sandbar (ha)
Case Data source
Baekjebo Gongjubo Sejongbo
| Ock et al. (2020) - 11.8 19.8
This study - 20.2 (+71%) 32.0 (+62%)
" Kim et al. (2021) 9.7 42.9 28.6
This study 34.4 (+255%) 49.7 (+16%) 33.4 (+17%)
" Yoon et al. (2021) 92.5 -
This study 46.1 (-23%) -
Y Lee et al. (2022) 39.0 232 32,6
This study 38.2 (-2%) 271 (+17%) 37.5 (+15%)
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