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Abstract

This study introduces a type of self-developed, GPS-based, simple and cheap Surface Current Experiment (SUCE)
drifters designated for observing surface coastal currents. By examining trajectories of six drifters deployed in the
Daya Bay and the drifter-derived velocities, we conclude that such drifters are generally capable of capturing the

characteristics of wintertime surface coastal currents along the Guangdong coast.
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1 Introduction

Measurements of ocean velocities are of great importance in
terms of advancing our understanding of ocean circulations. Ve-
locity observations in the pre-satellite era relied primarily on
sporadic ship-borne devices, which were incapable of providing
overall pictures of large-scale or even regional-scale circulations.
The advent of satellite altimetry enables people to obtain global
distribution of sea surface height, and hence the global surface
geostrophic currents, with relatively high spatiotemporal resolu-
tions. Several projects have also been implemented aiming to ob-
serve the global surface currents, including the World Ocean Cir-
culation Experiment-Surface Velocity Program (WOCE-SVP), the
Global Drifter Program (GDP), etc. Although altimetry and the
above projects have undoubtedly revolutionized our understand-
ing of global circulations (e.g., Niiler et al., 2003), they have in-
herent shortcomings such as (1) the high economic cost and (2)
very few reliable velocity data in coastal areas.

The Global Positioning System (GPS)-based drifters desig-
nated for coastal areas are an ideal alternative to observe coastal
currents. Such drifters have been designed and used by quite a
few investigators at different regions (e.g., Johnson et al., 2003;
Perez et al., 2003; Austin and Atkinson, 2004; Mullarney and
Henderson, 2013; Nasello and Armenio, 2016). Although most of
these drifters have been asserted to be economical, each drifter
still costs about $200-500 or even higher. In this study we devel-
op simple and cheap (each costs about $30) GPS-based Surface
Current Experiment (SUCE) drifters, and have successfully used
them to measure the coastal currents along the Guangdong
coast. The key finding is that such simple and cheap drifters

could capture the coastal current patterns fairly well.

2 Drifter design and deployment

Design of the drifter is pretty simple. The drifter is made of a
plastic container filled with a certain amount of sand and a track-
er device (GPS module). A photo of the self-designed drifter in-
cluding the main components and sizes is shown in Fig. 1a. The
filled sand is to increase the weight of the container making sure
it is mostly immersed by sea water after deployment (see Fig. 1b
for a deployed drifter in the sea), with the motivation of avoiding
direct wind impact on the drifter itself. We have also verified that
the drifter trajectories largely follow the surface currents instead
of the wind (see Section 4).

The tracker device is the core component of the drifter which
sends its near-real-time location and time information via mo-
bile phone network after receiving the GPS signal. Such drifters
could continuously work for approximately one month or even
longer with a time interval of 5 min to transmit data. Given the
need of using mobile phone network to transmit data, the drifter
only works well in coastal regions. So an apparent limitation of
the drifter (SUCE V1.0) is that the drifter does not have trajectory
data at offshore regions. It gets reconnected and re-transmits
data as long as it approaches nearshore regions again. We are
currently developing an upgraded version of the drifter (SUCE
V1.2), which is designed to be able to collect position and time
data at offshore areas and transmit these stored data back alto-
gether as long as getting mobile phone signals at any nearshore
regions.

As applications, we have deployed hundreds of drifters in the
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Fig. 1. Photo of the self-designed drifter with the main components and sizes labeled (a), Photo of an example drifter deployed on the
sea (b), and map of the Daya Bay with the drifter deploying stations labeled (magenta dots) (c). The Dalajia Island is also marked.

Daya Bay to test their performance in capturing the coastal cur-
rents. Overall, the drifters are generally capable of reflecting the
main features of coastal currents. We show here an example of
the applications. When conducting the fixed-point continuous
measurements at six stations in the Daya Bay (Fig. 1c) in January
2018, we simultaneously deployed one drifter at each station dur-
ing ebb tide. Our goal is to compare the drifter-derived velocities
with available coastal current data along the Guangdong coast.

3 Drifter trajectories

Trajectories of the six drifters deployed in the Daya Bay are
shown in Fig. 2 (blue lines). The drifter at C07 moved westward
and hit the Dalajia Island about one day after deployment (see
Fig. 1c for location); nonetheless, it did not manage to go back to
sea and eventually died there when it was out of battery (Fig. 2f).
The other five drifters all moved outside the Daya Bay with the
ebb tidal flow, and all of them exhibit a southwestward tendency
of movement roughly along the Guangdong coast. This is consist-
ent with the mean surface circulation pattern during the survey
period (Fig. 3) based on a reanalysis dataset distributed by the
Copernicus Marine Environment Monitoring Service (CMEMS;
http://marine.copernicus.eu/), and also partially evidenced by
historical measurements (Li et al., 2018). The CMEMS reanalysis
(identifier: GLOBAL_ANALYSIS_FORECAST_PHY_001_024) has
been demonstrated to be able to reproduce the main features of
coastal circulation and thermohaline properties in the China seas
(e.g., Lin et al., 2017). It is clear that the drifter trajectories closely
follow the current vectors along the Guangdong coast (Fig. 3). We
also estimate velocities for trajectories outside the Daya Bay (Fig. 2,
red lines) to represent the drifter-derived coastal currents. The
estimated mean current speed for each drifter ranges between
0.4 and 0.6 m/s (Fig. 3), which is in qualitative agreement with

the CMEMS reanalysis although the drifter-derived velocity mag-
nitude is slightly larger than the daily averaged CMEMS velocit-
ies.

Although trajectories shown in Fig. 2 only cover a time span
of about one week, it is necessary to note that such drifters typic-
ally have a lifespan of approximately one month as mentioned in
Section 2. The reason for the missing drifter trajectories is due to
the loss of mobile phone network signal. After a certain period of
loss of communication at offshore areas, some drifters could
transmit their real-time data again when re-approaching
nearshore regions. We have found such reconnected trajectories
near the Hainan Island (figures not shown).

4 Discussion on wind effects

One of the most important considering in the design of the
drifter is to avoid the wind effects on its movement. In order to
verify whether drifter trajectory mostly follows the surface ocean
current or is obviously affected by wind, we separately compare
the direction of drifter trajectories with ocean current and wind
directions.

The majority of available drifter trajectories outside Daya Bay
are concentrated in January 29-Febuary 1, 2018 (Fig. 4). The cur-
rent and wind directions are almost aligned in January 29-30
(i.e., southwestward), and the drifter trajectories closely follow
them, as expected. In the latter two days, wind directions deflect
more southward while the current directions almost stay un-
changed. Overall, velocity direction derived from available drift-
er trajectories (ag,,,) in these two days is closer to the current dir-
ection (ayen,) instead of the wind direction (a,;,q)-

To be more precise, the agreement is estimated by a quantit-
ative parameter y2, defined as the variance of o, -a

current or
Af10at-%wing divided by the variance of ay,,, (Thompson and
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Fig. 2. Trajectories of drifters deployed in the Daya Bay in January 2018. Blue lines denote the raw trajectories after deployment with
the start and end times labeled; red lines denote trajectories along the Guangdong coast within which range the magnitudes of
averaged velocity and its standard deviation are shown in black texts.
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Fig. 3. Mean surface circulation (2018-01-25 to 2018-02-05) in
Guangdong coastal area based on the CMEMS reanalysis data
(black vectors) during the survey period. The trajectories of six
drifters deployed in the Daya Bay are superimposed.
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Sheng, 1997). y? is calculated for ag,, VS 0gyrrene A0 Ggoqe VS Oiyings
respectively, using daily averaged velocities from all four days
and all drifters. Smaller y2 means smaller discrepancies. It is clear
that oy, has a closer agreement with a, than with a4 (Fig. 5),
confirming that the movements of drifters largely follow the sur-
face currents and the wind effects are not significant. We note
that all the angle values obtained from daily velocities range
between 180° and 250°, so calculating mean values of angle does

not encounter the discontinuity problem at 0° and 360°.

5 Summary

Trajectories of six GPS-based SUCE V1.0 drifters deployed in
the Daya Bay are examined as an example to test the perform-
ance of the self-developed, simple and cheap drifters in captur-
ing the coastal currents. The trajectories and the drifter-derived
velocities along the Guangdong coast suggest that such drifters
are generally capable of capturing the characteristics of surface
coastal currents. They may also serve as an important tool for
measuring the surface current system or mesoscale eddy in the
South China Sea (e.g., Li et al., 2018; Wei et al., 2019; Zheng et al.,
2019).
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Fig. 4. Daily averaged surface ocean currents from CMEMS reanalysis (blue arrows) and 10-m winds from ASCAT (red arrows),
superimposed with drifter trajectories (magenta curves) on the same date (shown in black bold texts in each panel).
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Fig. 5. Mean current directions derived from drifters compared
with CMEMS-derived current directions (a) and wind directions (b).
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