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Abstract

The Diaoyu Island (Diaoyu Dao) and its affiliated islands (DAA) have abundant fishery resources, and chlorophyll a
(Chl a) concentration is an important marine color element and an important indicator of primary productivity in the
ocean. Therefore, it is meaningful to understand the distribution and variation characteristics of Chl a concentration in
the waters near the DAA. The distribution details of Chl a concentration in the adjacent waters of DAA were revealed
by high-resolution satellite GF-1 Wide Field View (WFV) data with 16 m spatial resolution. The results indicate that:
(1) The Chl a concentration is between 0.06 pg/L and 0.38 pg/L throughout the year and the concentration of Chl a in
the northeast and east directions of the island (downstream) is significantly higher than that in the west (upstream), and
there are observed vortexes with high Chl a concentration in the downstream of DAA. This phenomenon continues to
persist in the waters surrounding the DAA all year. (2) The vortex induced by the interaction between the current and
island results in the vorticity change of water, inducing the replenishment of a large number of nutrients to the surface,
thereby promoting the growth of plankton in the downstream of DAA on the east. In addition, the DAA also plays a
significant role in regulating the downstream mix layer depth (MLD). The MLD in the northeast downstream is
considerably deeper than the upstream in winter and spring; it is deeper in the east downstream in summer and autumn,
and the range of influence for the MLD is greatly larger than the size of the island itself. This shows that the disruption
of the DAA on the current is substantial. In addition, the combined effects of SST and wind also play a significant role
in modifying Chl a distribution. (3) Based on the analysis above, this study proposes the conception of building fishing
pastures downstream of the DAA, and proposes a general migration plan in different seasons to scientifically and
rationally utilize and protect the surrounding waters of DAA.
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1 Introduction

Islands play a crucial role in the global sea system, as
interact with surrounding waters causing changes in the
ecology and hydrological environment of the surrounding
seas (Gove et al., 2016). Research on the effects of the is-
land on the surrounding waters can be conducive to im-
proving the management of associated marine engineering
and industries, such as fishery, marine aquaculture, coastal

engineering, and others (Xu et al., 2019; Nielsen et al.,
2019). Early research discovered that islands can induce
the island mass effect (IME) in numerous locations around
the world, which could cause localized increases of phyto-
plankton due to the presence of the island (Doty and Oguri,
1956). Observations have been made around islands of
different sizes in various regions around the world (Lam-
ont and Toolsee, 2022; Vollbrecht et al., 2021; Chiswell
and O’Callaghan, 2021). This is a common phenomenon
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in marine island systems. The primary productivity of the
sea area where IME occurs will be improved to a certain
extent, which is conducive to the scientific selection and
management of fishing grounds. Therefore, the scientific
community consistently devoted attention to the mecha-
nism of IME brought about by islands. Many studies have
suggested that this process is controlled by dynamic and
biological coupling (Gao et al., 2022; Hasegawa et al.,
2009). The interaction between islands and surrounding
oceans or atmospheric systems will induce vortices,
change sea surface temperature (SST), affect water stabili-
ty, and change wind shear stress (Yoshida et al., 2010),
which will affect the growth and reproduction of plankton
and, consequently, affect the concentration of chlorophyll
a (Chl a) (Hasegawa et al., 2008; Liu and Chang, 2018).

As the satellite technology and the retrieved model
continue to mature, numerous scholars employ satellite
data to monitor Chl a, and other seawater color data, such
as suspended sediment distribution (Cai et al., 2020,
2022), SST (Hsu et al., 2017), and sea surface texture (Cai
et al., 2023). Nevertheless, high-resolution studies are
scarce regarding the seawater color of the Diaoyu Island
(Diaoyu Dao) and its affiliated islands (DAA).

The DAA is located in the northeast of Taiwan Island,
China, spanning the sea at 25°40—26°00'N and 123°20"-
124°40'E, which comprises Diaoyu Island, Huangwei Islet
(Huangwei Yu), Chiwei Islet (Chiwei Yu), Nanxiao Is-
land (Nanxian Dao), Beixiao Island and many uninhabit-
ed islands such as Nan Islet (Nan Yu), Bei Islet (Bei Yu),
and Fei Islet (Fei Yu), covering an estimated land area of
5.69 km? (Fig. 1). The island is situated in the Kuroshio
basin. According to previous studies, islands will interact
with the surrounding environment and induce obvious
changes in the biochemical and physical properties of the
surrounding ocean. However, there is limited research and
explanation regarding the interaction between the DAA
and its surrounding environment. Moreover, DAA is
abundant in fishery resources (Ma et al., 2012). The Chl a
concentration is the significant proxy of the concentration
of the primary productivity and phytoplankton, which
constitute the base of the marine food net (Roxy et al.,
2016), so the Chl a’s distribution and seasonal changes of
the concentration are closely related to the development of
fishery resources in the vicinity of the island; however,
they remain to be elucidated.

The main novelty of this study lies in the application
of GF-1 Wide Field View (WFV) data with 16 m spatial
resolution to retrieve the distribution and change details of
Chl a concentration around the DAA, and to reveal the
impact of the islands on Chl a distribution. The study con-
tributes to a better understanding of the marine environ-
ment around the DAA and provides a scientific basis for
its effective management.

2 Data and methods

2.1 Study area

DAA includes uninhabited islands such as Huangwei

Islet, Chiwei Islet, Nanxiao Island, Beixiao Island, Nan
Islet, Bei Islet and many reefs (Fig.1c¢). It is approximate-
ly 150 km from the Ryukyu Islands to the south, separat-
ed by the deep Okinawa Trough. The DAA includes unin-
habited islands such as DAA, Huangwei Islet, Chiwei
Islet, Nanxiao Island, Beixiao Island, Nan Islet, Bei Islet
and many reefs (Fig. 1¢). The total area is about 5.69 km?2,
of which the DAA is the largest, about 3.9 km?. There is a
wide shallow sea area near the shore of the DAA, where a
wide underwater shoal is developed and connected with
the shoal around the island. The olive gate between the
Beixiao Island and the Nanxiao Island is about 10 m deep
and 200 m wide. The near-shore shallow sea area (30 m
shallow) of the two islands is connected into one, the
southwest side is narrow, and the northeast side extends
nearly 2 km, during which a series of tidal creeks are dis-
tributed (Fig. 1b). There are a large number of tidal creeks
and reef flats perpendicular to the coast on the southwest
and northeast sides of the Bei Islet (China).

2.2 Data

The study mainly uses high-resolution remote-sensing
data of the near sea of DAA from the WFV sensor of GF-
Diaoyu Island (Diaoyu Dao) and its affiliated islands
(DAA) (Table 1). The GF-1 satellite was launched on 26
April 2013. GF-1 with a sun-synchronous orbit with an al-
titude of 645 km expect service life of five to seven years,
and it crosses the equator at 10:30 local time with a de-
scending mode (Xu et al., 2020; Mattei and Scardi, 2022).

Hydrological data, involving SST, current, wind,
MODIS Chl a concentration, and mixes layer depth
(MLD), were applied to analyze and discuss the distribu-
tion and variation of Chl @ around DAA (Rosa et al.,
2022). Seasonal climatology and annual SST data were re-
trieved from MODIS data (https://oceancolor.gsfc.nasa.
gov/). Wind data were from fifth generation ECMWF re-
analysis data (https://www.ecmwf.int/). Current data were
from Global Ocean Forecasting System (https:/www.hy-
com.org/). Monthly Chl «a data retrieved from MODIS da-
ta were used to analyze the general distribution of Chl a in
the DAA sea (https://oceancolor.gsfc.nasa.gov/). MLD da-
ta were from the Operational Mercator Global Ocean
Analysis and Forecast System (https://data.marine.coper-
nicus.eu/). The resolution information of the relevant data
was organized in Table 2.

2.3 Data processing

The preprocessing of remote sensing data includes ra-
diometric calibration, atmospheric correction, and or-
thorectified correction. In this research, the approach of
preprocessing the GF-1 WFV data was achieved in soft-
ware ENVI 5.3, which was chosen by many scholars to
process the kinds of satellite data (Qin et al., 2014; Song
et al., 2012). The first step is multispectral data process-
ing. The radiometric calibration used the radiometric
calibration module to transfer the DN number value to
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Fig. 1. Location around the waters of the Diaoyu Island. a, b and c¢. The elevation of the surrounding larger-scale areas
(a) and smaller-scale areas (b and ¢). The region circled by blue rectangle in a implies the b and ¢ area. d. Topographic
map of the area around DAA from a three-dimensional perspective, and the DAA circled by elliptical.

Table 1. The parameters of GF-1 WFV data

Table 2. The source of the hydrological data

Sensor Band Wavelength/um Resolution/m Name Resolution
Band1 (blue) 0.45-0.52 16 Seasonal climatology SST 4 km x 4 km
GF-1 WEV Band2 (green) 0.52-0.59 16 Annue.ll SST 4 km x 4 km
Band3 (red) 0.63-0.69 16 Wind 0.25° x 0.25°
Band4 (near infrared)  0.77-0.89 16 Current 0.08° x 0.08°
MODIS Chl a 4 km x 4 km
MLD 0.08° x 0.08°

reflectance. The conduction of atmospheric correction is
aimed at reducing the influence of the reflection and
scattering caused by Aerosol and Rayleigh scattering (Cai
et al., 2020) by the fast line-of-sight atmospheric analysis
of spectral hypercubes (FLAASH) model (Felde et al.,
2003). The former study demonstrated that the FLAASH
was performed to estimate surface reflectance for atmo-

spheric absorption and scattering effect, based on the
moderate spectral resolution atmospheric transmittance
(MODTRAN) radiative transfer approach (Anderson
et al., 1999). In this step, the tropic model was chosen
for the atmospheric model. The aerosol model chose
the maritime. The former study demonstrated that or-
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thorectified correction can correct spatial accuracy (Peng
etal., 2019).

2.4 High-resolution Chl a retrieval model

High-resolution spatial-temporal observation was con-
ducted in the offshore waters of DAA to analyze the dis-
tribution and variation of Chl a. The DAA is located in
the ECS, near the northern South China Sea (NSCS). Ac-
cording to Shang et al. (2014), the OC3M (ocean chloro-
phyll three-band algorithm for MODIS) model has a good
inversion effect in this NSCS with a coefficient of deter-
mination (R?) of 0.81 and a root mean square error
(RMSE) on the log scale of 0.363 (Shang et al., 2014).
Many studies of tropical sea areas at similar latitudes have
chosen this model when retrieving the Chl a data (An-
drade et al., 2014b; Zheng and Li, 2022). The study also
selects the OC3M as the inversion model and the equa-
tion is as follow:

C = 100-242-2.743x+1.801 7x°+0.001 5x3—1.228x4, (1)
o Max (Rys (443), Ry5 (488)) @
X =
g10 R (547)

and the x for GF-1 WFYV data is:

v=tou( 250 @

R (520)

where C is the Chl a concentration in pg/L, R, (450) and
R (520) are the reflectance of the WFV data in blue and
green bands, respectively.

3 Results
3.1 The general Chl a distribution pattern in the

waters around DAA

By utilizing the MODIS seasonal climatology Chl a
concentration data obtained from 2002 to 2023 (Fig. 2),

123°30’ 124°00'E

we can conclude that the Chl a concentration around the
DAA is highest in winter and lowest in summer, with
generally in the range of 0.06—0.38 pg/L. The Chl a aver-
age level is generally in the range of 0.18—0.38 pg/L
during winter (Fig. 2, winter), 0.1-0.3 pg/L during spring
(Fig. 2, spring), 0.06—0.22 pg/L during summer and au-
tumn (Fig. 2, summer, autumn). The distribution of high
values is generally in the north and east, while the low
values typically are found in the south and west. And the
high Chl a concentration abnormal value often appears in
winter (Fig. 2, winter; and Fig. 3, winter).

3.2 Details of the Chl a concentration change in
the adjacent area of the DAA

High-resolution Chl a concentration retrieved from
GF-1 WFV data, as illustrated in Fig. 4, revealed Chl a
distribution details. Chl a concentration in the down-
stream of the island in the east is significantly higher than
that in the upstream in the west. The vortexes down-
stream of DAA with a high concentration of Chl ¢ in vari-
ous development stages, including the newly born vortex
with a size similar to the island (Fig. 4f) and the mature
Karman vortex street (Fig. 4¢) are captured. The Chl a
concentration in the center of the vortex is high, and the
high concentration of Chl a decreases gradually with the
length of Karman vortex street (Fig. 4). The distribution
direction of high-value areas downstream of the island
varies during different seasons, but the dominant direc-
tion is east. In the summer and autumn, the high-value ar-
eas are mainly located in the northeastern region down-
stream of the island (Figs 4a, b, ¢, d, and ¢), and in the
winter, they are mainly located on the eastern side of the
downstream of the island (Fig. 4f). Combined with Fig. 2,
in large-scale spatial scales, the increment of Chl a con-
centration in the downstream of the DAA, can also be dis-
covered in different season (Fig. 3: 2014 spring, 2018
summer, 2017 autumn, and 2018 winter). In addition, ar-
eas of low values have been discovered in the upstream
adjacent rejoins of the DAA in the west (Figs 4a, ¢, and f).
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Fig. 2.
The location of the DAA is marked by a black circle.

The distribution of climatology seasonal Chl a concentration from MODIS data in the sea around DAA.
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Fig. 3. The seasonal distribution and concentration of Chl a in the DAA sea from 2014 to 2021. The column from top
to bottom represents spring, summer, autumn, and winter. The real line in the figure represents the isoline of the corre-
sponding value. The location of the general study area is shown in the last subplot by red rectangle. The location of the

DAA is marked by a black circle.

4 Discussion

4.1 Seasonal factors affecting the Chl a concen-
tration in the waters near DAA

Chl a concentration serves as a significant indicator of
phytoplankton growth (Xu et al., 2020). Seasonal factors,
including SST, currents, wind, and tide, contribute to the
variation of Chl a. Numerous studies have demonstrated
that there is a significant correlation between SST and the
alternation and distribution of Chl a concentration

(Sarmiento et al., 2004). SST is also one of the important
driving forces of the IME (Lo-Yat et al., 2011; Uz et al.,
2017), and it is found that the corresponding mechanism
and results of Chl a concentration on SST are not the
same in different regions, and may even be the opposite
(Dunstan et al., 2018).

DAA is located in the low latitude tropical zone
(Fig. 1) that has a temperature exceeding 20°C, which is
beneficial to the year-round growth of phytoplankton
(Figs 5a—d). The temperature exceeds 28°C in summer
(Fig. 5b), and it falls between 26°C and 28°C in spring and
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autumn (Figs 5a and c), and between 23°C and 24.5°C in
winter (Fig. 5d). The SST can impact Chl a concentration
by influencing the stability and stratification of the water
column. During the summer and autumn, the increase of
SST (Figs 5b and c) will enhance the stability of the wa-
ter column, prevent the surface water layer from sinking,
and weaken the vertical convection, which can cut off the
supplement of bottom nutrients to the surface seawater.
When the SST decreases in winter (Fig. 5d) and spring
(Fig. 5a), the surface cold water sinks, and the lower wa-
ter with high nutrients rises, causing the deepened MLD

and the mixed layer nutrients to increase, thereby stimu-
lating the growth and reproduction of phytoplankton.
(Wang et al., 2017; Sarmiento et al., 2004). As increment
observed in Fig. 4, the Chl a concentration of DAA sea in
winter is mostly significantly higher than the other sea-
sons with 0.02—0.05 pg/L (Fig. 3, winter).

The Kuroshio is a robust western boundary current
that flows through the waters of the DAA and holds im-
mense ecological significance to the East China Sea (Fig. 6)
(Liu et al., 2021; Zuo et al., 2019; Kanayama et al., 2020).
The Kuroshio, with a width of 100—150 km, is distin-
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guished by its high heat and high speed with 0.75—1.5 m/s.
It transports a significant amount of water, organic matter,
and salt (Kawabe, 1995; Qiu, 2001), and instrument in
regulating the nutrient fluxes by bringing rich phosphate
for the phosphate-limited ECS, which is crucial to phyto-
plankton (Wong et al., 1998; Huang et al., 2019).

The flow direction of the Kuroshio in the DAA region
is from southwest to east (Fig. 6), which is consistent with
the high-value area of Chl a in spring of the 2014 and
summer of 2018 in Fig. 3 from southwest-northeast to
east-west in autumn and winter. The Chl a concentration
in the region to the west of DAA is lower than that in the
eastern and northeastern parts all year around (Figs 3 and
4) showing the same direction as that of the Kuroshio
(Fig. 6) in the region around the DAA (Ding et al., 2016).
The upper Kuroshio Current, which is found on the north-
east coast of the Taiwan Island, periodically shifts its
route toward the coastline during autumn (Fig. 6d) and
winter (Fig. 6a) and towards the open ocean during spring
(Fig. 6b) and summer (Fig. 6¢) (Ding et al., 2016). Water
intrusion of Kuroshio into the continental shelf of the East
China Sea and the corresponding seasonal frequency were
analyzed (Wu et al., 2014) and it found that the frequency
of intrusion events increases during the winter and spring,
and the mechanism of intrusion is related to monsoon and
surface heat flux (Wu et al., 2014). The intrusion water of-
ten corresponds to a slower flow rate, which is also con-
sistent with the phenomenon observed in Figs 6a and d
(Hsin et al., 2013). When it moves to the shallow conti-
nental shelf and DAA in autumn and winter, it brings a lot
of nutrients (Ji et al., 2023), may foster the growth of phy-
toplankton in the DAA sea area, and amplifies the concen-
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tration of Chl a.

Monsoon also plays an important role in the distribu-
tion of Chl a. The DAA’s sea area blows the northeast
monsoon in winter (Figs 7a, b, and 1) and the southwest
monsoon in summer (Figs 7e, f, and j) (Zheng et al.,
2014), which weakens and promotes the intensity of the
Kuroshio in the opposite and same directions, respective-
ly (Chaot, 1990). May and August are in the stable stage
of blowing southernly. It may inhibit the drift and shed-
ding of the vortex induced by the DAA in winter and au-
tumn (Yoshida et al., 2010), resulting in the increase of
the residence time of the high nutrient water mass in the
sea area near DAA and the concentration of phytoplank-
ton and Chl a (Hsu et al., 2015). The range of action of
IME is may limited to a certain extent, but the intensity in
the sea area near the DAA is enhanced to a certain extent.

4.2 The influence of DAA on Chl a

A direct correlation between the DAA and increase in
Chl a level is obvious (Figs 3 and 4). The IME effect oc-
curs within the DAA area (Andrade et al., 2014a;
Aristegui et al., 1994). The islands interact with the atmo-
sphere and ocean currents which induce the changes in lo-
cal currents and further effect Chl a concentration. The is-
land-induced vortex can increase downstream current ve-
locity in various depths (Hsu et al., 2017), potentially in-
tensifying the disturbance and mix, leading to the injec-
tion of nutrients to the surface during the Kuroshio intru-
sion event, which often implies slow current velocity. Ac-
cording to a number of previous numerical simulations
and research (Zheng and Zheng, 2014; Hasegawa et al.,
2004; Teinturier et al., 2010), the interaction between is-
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lands and ocean currents or wind fields will induce the
Karman vortex street including cyclonic vortices, which
can result in sea surface divergence, convection enhance-
ment, and an increase in mixed layer depth, leading to the
formation of two dominant patterns that may cause an in-
crease in Chl a concentration: (1) Pattern 1. The depth of
the maximum Chl ¢ (MCD) in the subsurface layer lifted
to the surface (Fig. 3, 2018 summer, 2020 summer) by up-
welling, which can explain 50% increment of Chl « in the
presence of this surface maximum value in Kuroshio re-
gion by numerical simulation (Gao et al., 2022). (2) Pat-
tern 2. The bottom high nutrient low-temperature water
rises to form an upwelling because of the cyclonic vortex,
which brings a lot of nutrients to the growth of phyto-
plankton (Figs 4a—f). Additionally, many background vor-
tices in the Kuroshio region play an important role in reg-
ulating the Kuroshio velocity and flow. These mesoscale
vortices will interact directly with islands and accelerate
the separation and propagation of island-induced vortex
(Cardoso et al., 2020).

The DAA plays a significant role in regulating the
downstream MLD. As previously mentioned, the MLD re-
flects the stability of seawater, and the deep seawater
plays an important role in the nutrient supply of the sur-
face seawater. The MLD in the northeast coastal waters of
DAA is lower throughout the year (Fig. 8), which may be
related to the water depth of less than 50 m (Fig. 8m), but
it is still significantly deepened in winter (Figs 8a, k, and
1), which indicates that the vertical convection process
is strengthened in winter. There are obvious seasonal dif-
ferences in the MLD distribution in the DAA region,
the MLD falls between 30 m and 120 m during winter
(Figs 8a, b, and 1), between 20 m and 60 m during spring
and autumn, and between 10 m and 20 m during the sum-
mer (Figs 8f, g, and h), which may be attributed to the
temperature mentioned earlier. However, the characteris-
tic that the downstream depth is significantly deeper than
the upstream is a common phenomenon throughout the
year (Fig. 8). According to the comparison of water depth
and MLD, the water depth downstream of the DAA is
shallower than that of the upstream, but the MLD is evi-
dently on the contrary which is significantly deepened.

The MLD plays an important role in nutrient supply.
During winter and spring (December to May), the deeper
mixed layer area is more concentrated in the northeastern
part of the island (Figs 8e—1). During summer and autumn
(June—November) (Figs 8h—k), the deeper mixed layer
area is mostly distributed in the eastern part of the island.
This shows that the island can make a significant distur-
bance to the vertical structure of the downstream, result-
ing in an enhanced vertical movement of the downstream
seawater. The upwelling lifts the deep cold water carry-
ing a large amount of nutrients, deepens the mixed layer,
weakens the nutrient limitation of surface phytoplankton
growth, and induces the increase of Chl a concentration in
downstream. Based on the diagram, the influence of DAA

on the MLD is substantial, significantly exceeding the size
of the DAA itself. It is noteworthy that the deepening of
the MLD will weaken the maximum Chl a concentration
in the subsurface, which may weaken the process of Pat-
tern 1 and can explain why the Chl a concentration in the
DAA sea area generally increases in winter, but the IME
effect in the adjacent sea area of the island is not obvious
(Fig. 3, winter) (Gao et al., 2022).

4.3 Other factors

Other factors such as the background vorticity and the
El Nifo and La Nifa, are also can play an impact on the
surrounding environment of the DAA. The background
vorticity also plays an important role in the characteristics
of the island-induced vortex and the dominant situation of
anticyclonic vortex and cyclonic vortex (Stern and Bidlot,
1994; Zhang et al.,, 1994). The background vorticity
around the DAA region is worth being analyzed using
more data from field observations and satellites to have a
clearer and more comprehensive understanding of the hy-
drological environment around the DAA.

When El Nifio and La Nifia events occur, the sea sur-
face temperature will be abnormal. The years of 2015—
2016 and 2018-2019 are widely recognized as El Nifio
years. According to the average temperature map for the
period of 2015-2020 (Fig. 5b), it can be observed that the
temperature of the DAA area during the El Nifio event of
2015-2016 and 2018-2019 (Figs 5S¢ and f) was lower
than that of normal years, 2017 and 2020 (Figs 5g and j).
This decrease in temperature resulted in a deeper MLD,
leading to an increase in Chl a concentration. During La
Nifia events, Chl a concentration may decrease due to the
thinning of the mixed layer caused by the increase of SST
in the DAA sea area (Lo-Yat et al., 2011), which can all
have an impact on the IME. Furthermore, the water depth
in the DAA is shallow, and the average radius of the vor-
tex in the adjacent area of the island is small. As the vor-
tex propagates to the deepwater area, the residence time of
the vortex increases (Cardoso et al., 2020), which may be
beneficial to the island to induce delay IME at a long dis-
tance (Fig. 3, 2017 autumn) (Signorini et al., 1999; Mes-
sié et al., 2020).

The scale of population living is also an important
driving force for IME. The nutrients generated and re-
leased into the sea by human activities will significantly
enhance the development of phytoplankton, which is a
very crucial element that impacts the IME in other heavi-
ly populated islands (Gove et al., 2016; Vitousek et al.,
2008). However, the DAA has a small population, there-
by the impact of this factor on the Chl a concentration in
the DAA sea can be ignored.

4.4 Suggestions for developing and protecting
the DAA

The interaction between the DAA and the Kuroshio
provides conditions for the increase of Chl a. Phytoplank-
ton is an important part of the marine nutrition system
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(Gove et al., 2016). It can determine the distribution and
scale of fishery resources and transfer a large number of
nutrients to humans through complex and diverse food
webs (West et al., 2009). Therefore, the establishment of
fishing pastures in the eastern parts of the downstream of
the DAA is a scientific and reasonable measure. The stable
eastward Kuroshio in the research area leads to the stable
presence of high Chl a concentration in the downstream
vortex street on the east side of DAA. The vertical ex-
change of active nutrients in the downstream water body
on the east side of DAA is abundant, and suitable for the
development of fishing pastures such as cage farming. And
based on the discovery (Figs 4a—e), the fishing pastures
can migrate to the northeast properly in the summer and
autumn to use high Chl a as much as possible. The up-
stream of DAA is suitable for developing offshore sports
fields or utilizing ocean energy for power generation.

5 Conclusions

High-resolution satellite data reveals the distribution
details of Chl a concentration in the adjacent waters
of DAA. The Chl a concentration is between 0.05 and
0.35 pg/L throughout the year, the high values generally
distributed in the north and east and the low in the south
and west, and the highest value appears in winter. The dis-
tribution details of Chl a were observed in the upstream
and downstream of the DAA. The results suggest the con-
centration of Chl a in the northeast and east directions of
the island (downstream) was significantly higher than that
in the upstream (west), and there were observed vortexes
with high Chl a concentration in the downstream of DAA
(Fig. 9).

This phenomenon continues to persist in the waters
surrounding the DAA. The vortex induced by the interac-
tion between the current and island results in upwelling
lifts the maximum Chl a concentration layer of the subsur-
face layer to the surface and replenished a large number of
nutrients to the surface, thereby promoting the growth of
plankton in the downstream of DAA on the east.

In addition, the DAA plays a significant role in regu-
lating the downstream MLD. In winter and spring, the
MLD in the northeast of the downstream is considerably
deeper than that in the upstream, and in spring and au-
tumn, the deeper MLD is concentrated in the east of the
downstream. The range of influence for the MLD is great-
ly larger than the size of the island itself, showing that the
disruption of the DAA on the current is substantial. In ad-
dition, the combined effects of SST and wind also play a
significant role in modifying Chl a.

Based on the findings of the study, the paper proposes
the conception of building fishing pastures downstream of
the DAA, and proposes a general migration plan for dif-
ferent seasons to scientifically and rationally utilize the in-
creased Chl a concentration downstream of the DAA.
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