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A Study on the Prediction of the Surface Drifter Trajectories in the Korean Strait
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Abstract : In order to improve the accuracy of particle tracking prediction techniques near the Korean Strait, this
study compared and analyzed a particle tracking model based on a seawater flow numerical model and a machine
learning based on a particle tracking model using field observation data. The data used in the study were the surface
drifter buoy movement trajectory data observed in the Korea Strait, prediction data by machine learning (linear
regression, decision tree) using the tide and wind data from three observation stations (Gageo Island, Geoje Island,
Gyoboncho), and prediciton data by numerical models (ROMS, MOHID). The above three data were compared
through three error evaluation methods (Correlation Coefficient (CC), Root Mean Square Errors (RMSE), and Nor-
malized Cumulative Lagrangian Separation (NCLS)). As a final result, the decision tree model had the best predic-
tion accuracy in CC and RMSE, and the MOHID model had the best prediction results in NCLS.

Keywords : Korea Strait, drifting buoy, particle tracking, machine learning, numerical model
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Validation and Interpretation of Satellite Oceanographic data,
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Fig. 1. Locations of drifting buoy and observation from KHOA.
Table 1. Overview of collected observation data (training set)
Observation station Location (WGS-84) Period Interval Data
Kyoboncho 34°42.267N 128°18.367E .
Geojedo 34°48.083'N 128°41.950E Ju212 220720 1 hour ;;ii’l
Gadeokdo 35°1.450N 128°48.650'E Y




Table 2. Overview of collected observation data (true label)

Z70 olF oS AT 13

Buoy code Location (WGS-84) Period Interval Data
o o 22~27 Buoy
T-5 34°10.366'N 128"5.051E July 2020 1 hour Jocations
Table 3. Hyper-parameter training set
Machine learning methods Resampling methods Options

Linear regression

Ordinary least squares

L2 Regularization weight: 0.001

Decision tree Bagging

Number of trees: 8

Maximum depth of Trees: 32

Number of random splits per node: 128

Table 4. Composition of dataset for training and test

Machine learning methods

Training set

Prediction time

Linear regression

— 142 hours 100 hours
Decision tree
) SfolsIofelvIel & 4 (Table 3) F 14240 AR B 3 4] v)Szahed, Fola) Qgte] el olel W) A%
GA7 F 10000 9 ol EARE ASSHAKTble 4. L B BE 3 el wlgelt, kAol Al
|3t JFE 7152 w7 (Bagging)<> Bootstrap Aggregation
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O
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AU (Decision Tree) 7|82 2~F-17)2] &gl Y)olA 71 77k A ndl AR 92 e & Hl 55
Table 5. Specification of two numerical models for particle tracking
Category MOHID model ROMS model
Number of grid 1,620 x 1,620 EA 610 x 642 EA
Horizontal grid size About 300 m About 3 km
Number of vertical layer 40 EA 41 EA

Prediction interval

1 hour

Input data

Surface current (U, V) data

Period

22~27 July 2020
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Table 6. Explanation of skill assessments
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Skill assessments Explanation
cc CC demonstrates the correlation between model results and measurements.
CC =1 (Perfect correlation); CC <0 (No correlation)
RMSE (m/s) RMSE dem(?nstrates the error quantlty'as a number .
The larger discrepancy becomes, the bigger average error is.
NCLS SS values change with tolerance threshold n.

SS =1 (Perfect simulation); SS=0 (No skill)
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Table 7. Total traveled distance of drifting buoys (21~28 July 2020)

Location Buov code Total distance Total drift time Ave. velocity Features
Y (km, straight) (hour) (km/hour)
T-1 73.23 152 hr 20 m 0.48
T-2(1 33.00 153 hr 48 0.21
Q) reem - Clockwise and anticlockwise-mixed

T-2(2) 36.53 153 hr 41 m 0.24 motions appear.

Inside i
T-2(3) 3022 153 hr 52 m 0.20 - T-2 and T-3 drifting buoys seem to
T3 2020 29 hr 46 m 023 be trapped along the coast.
Ave. 38.64 140 hr 41 m 0.27
T4 98.23 152 hr 20 m 0.64
T-5(1) 202.39 155 hr 35m 1.30
T-5(2) 202.68 155hr 5m 1.31

Center
T-5(3) 202.51 15 5hr 4 m 131
T-6 172.32 160 hr 17 m 1.08
Ave. 175.63 155 hr 40 m 113 » T-A~T-9 drifting buoys flow

northeastward with clockwise
T-7 233.31 148 hr 55 m 1.57 motions.
T-8(1) 187.17 156 hr 11 m 1.20
) T-8(2) 185.46 156 hr 59 m 1.18

Outside
T-8(3) 182.84 157 hr 10 m 1.16
T-9 206.76 158 hr 24 m 1.31
Ave. 199.11 155 hr 32 m 1.28

e— ———

40
A Clockwise&Anticlockwise mixed motion

o Clockwise motion
I— Drifting Bouy(T-5)

20

35°N

40

20

34°N

w 128°€ o 129°€ e 130°€ e

Fig. 2. Trajectories of the 15 drifting buoys (21~28 July 2020).
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Table 8. Prediction accuracy by three skill assessments (CC, RMSE, NCLS)

Model
Skill MOHID ROMS Linear regression Decision tree
assessments
CC() 0.3021 —0.1468 0.5310 0.9215
CC(V) 0.2707 0.1704 0.2379 0.9123
RMSE(U), (m/s) 0.4017 m/s 0.5618 m/s 0.3069 m/s 0.1696 m/s
RMSE(V), (m/s) 0.4069 m/s 0.4429 m/s 0.3669 m/s 0.1880 m/s
NCLS 0.8885 0.2168 0.7536 0.8768

Table 9. Results of a drifting buoy (T-5) and 100hour-prediction for particle track

Category Total straight distance (km) from the initial deployed position after 100 hours
Drifting buoy (T-5) 145.20
ROMS 259.44
MOHID 127.61
Linear regression 145.60
Decision trees 141.78
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Fig. 3. 100 hour-prediction for particle track using two numerical models and two machine learning models.
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