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ABSTRACT

Localities of various ocean physical features cause regional differences in sediment transport mechanisms. Hence,
the regional analysis of the total suspended matter (TSM) in coastal zones helps to manage coastal areas. This
work presents a new classification basis of the total suspended matter (TSM) sampling stations in coastal areas
in South Korea using a newly introduced robust clustering protocol, iterative toroidal SOM-k-means, which reduced
uncertainties in clustering analysis. Two location variables (longitude, latitude) and four concentrations (surface TSM
in February and August, bottom TSM in February and August) in the 425 TSM sampling stations have been divided
into six groups using iterative toroidal SOM-k-means. The systematic analysis showed that the surface sediment
distribution, ocean currents, and tidal currents match with the clustering results.
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1 INTRODUCTION

In coastal management, total suspended matter (TSM) is a great concern. However, understanding the gov-
erning factors of TSM variation is not easy since energy forcings affecting coastal sediment transport spatially
and seasonally vary. The locality of TSM has been provoking the needs of regional analysis of TSM transport
mechanisms in coastal development or ocean remote sensing.

A regional analysis of TSM can be conducted by applying unsupervised machine learning algorithms. Self-
organizing map (SOM) Kohonen (1990) is one of the widely used methods for cluster analysis (Riveros et al.,
2019). Generally, the SOM network lattice has a lot of nodes. Thus, the two-staged approach, which performs
k-means clustering into the network, can be applied in order to determine a reasonable number of clusters.

This study’s main objective is to classify the TSM sampling stations based on the physical analysis of data clus-
tering. The clustering was conducted using a newly proposed 2-staged SOM-k-means algorithm. Accordingly,
we investigated the relationships between resulting clusters and three physical features: sediment distribution,
ocean currents, tidal currents.

2 ITERATIVE TOROIDAL SOM-K-MEANS

We suggest a two-staged clustering protocol, the iterative toroidal SOM-k-means, which systematically deter-
mines the number of clusters and overcomes the local minima problem. At the first stage, the toroidal SOM
trains the network without the edge effect (Mount et Weaver, 2011), and k-means separate the network. The
sub-clustering procedure and the SOM network are repeated in user-specified iteration times. The algorithm
repeats varying the cluster number from 2 to user-defined maximum cluster number to find optimal cluster num-
ber. The algorithm finds the best clustering result by finding the result with the smallest Davies-Boulding index
(DBI) (Davies et Bouldin, 1979) among the iterations.
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Figure 1: Physical features with clustering result; (a) sediment distribution map; (b) ocean currents map; (c) M. tidal current
map.

s 3 RESULT

s 1he cluster analysis was conducted using the iterative toroidal SOM-k-means algorithm described in the above
&7 section. The six variables longitude, latitude, TSM concentrations in August and February sampled at the
s surface and bottom layers, respectively, in 425 TSM sampling stations in South Korean coastal areas were used
s in cluster analysis. The smallest DBl was observed where the cluster number is 6.

w0 Figure 1 presents the clustering results over the sediment distribution, ocean currents, M, tidal current maps.
s The boundary of Clusters 1 and 2 is in the middle of the Heuksan mud belt, but where the transversal current
«2 (TC) bifurcates in winter. The central south sea mud is distributed over Cluster 3. The Nakdong River disperse
«  the sediment through the east Korean warm current and offshore branch to Cluster 4, and Nakdong River
« originated sediment reaches to Cluster 5 with seasonal variation. In between Clusters 5 and 6, summertime
ss upwelling resulting in high surface TSM concentration occurs. The computed M, tidal ellipses from simulation
« result of (Nguyen et Lee, 2020) in Figure 1 (c) shows the distinguishing trend at Cluster 2.

# 4 CONCLUSION

s The TSM sampling stations in South Korea were regionally divided in this study. In order to cluster the stations,
«» the two-level clustering approach, iterative toroidal SOM-k-means, was proposed and applied. The resulted
s regions, clusters, were analyzed with the sediment distribution, ocean currents, and tidal currents. The demar-
st cations of clusters are expected to be used as reference lines of downscaled sediment transport assessment.
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