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Abstract

Taking the advantage of sun glitter (SG) observed from high-resolution satellites Gaofen-1 (GF-1) and Gaofen-6
(GF-6), a new method named Shield and Vortex 1-2 (SAV1-2) for extracting spatial texture information from sun
glitter was established. Sea surface texture detail information around Diaoyu Dao and its affiliated islands was
extracted using SAV1-2. Meanwhile, the dynamic characteristics of the water environment were analyzed by
combining the water color, temperature and dynamic data. The results show the following information. (1) Stable
westward shield effect and eastward Karman vortex streets, extracted from SG, appear upstream (westward) and
downstream (eastward) of the Diaoyu Dao and its affiliated islands respectively. (2) The dominant direction of the
Kuroshio Current in the Diaoyu Dao and its affiliated islands area is east, the Diaoyu Dao and its affiliated islands
interacting with Kuroshio, inducing western shield and eastern shelter and wake. Furthermore, wave intervals of
the shield in front of the island range from hundreds to thousands of metres, and extend wider than the island
itself. (3) Combining with high-resolution sea surface temperature (SST) and chlorophyll a (Chl a) concentration,
the directional changes of water color elements are mutually supported and proved with the stable shield (wave
packet) effect in the west and vortex street effect in the east. The change of SST upstream of the island (western
shield area) is not significant, the temperature in the downstream shelter area decreases slightly, and the SST in
the downstream wake area shows a general trend of obvious decrease. The wake area is dominated by Karman
vortex streets in shape, supplementing by vortices. The concentration of Chl a in the west shield of island is as low
as that in downstream shelter area, while it increases significantly in the downstream wake area with shape in
eddy or ribbon. (4) The SAV methods of extracting sea surface texture detail using SG can be widely used in
different sea areas and water quality. This paper can provide reference for the protection and development of
Diaoyu Dao and its affiliated islands and its surrounding waters. It is suggested that some kind of current buffer,
such as marine wind farm, should be established in the western waters of Diaoyu Dao and its affiliated islands to
protect the islands, and marine pasture should be developed in the downstream of eastern waters of Diaoyu Dao
and its affiliated islands.
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1 Introduction

Currents interacting with islands can induce water dynamic
changes, including island wakes, island-induced ocean vortex
train (IOVT) (Dong and McWilliams, 2007; Larock, 1996) and
other phenomena. These types of small-scale or mesoscale ocean
phenomena in the path of ocean currents may cause the change
of physical and biological phenomena downstream (Caldeira et
al., 2002, 2005; Aristegui et al., 1994).

Prior studies mainly focused on the downstream currents, the

case in upstream of islands received much less attention (Qin
et al.,, 2019). Governing parameters of the characteristic of an is-
land wake are mainly the prevailing water velocity, the water
depth, and the island shape (Dong and McWilliams, 2007;
Wolanski and Hamner, 1988). The “island wake parameter” ef-
fective Reynolds number is a non-dimensional parameter con-
trolling the flow separation and eddy shedding that can be used
to distinguish different flow regimes (Wolanski et al., 1984;
Lamura and Gompper, 2002). With an increasing Reynolds num-
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ber, vortices downstream island appear as periodic oscillation,
shedding of standing eddies which is referred to as a von Kar-
man vortex street (Pattiaratchi et al., 1987). The island shape as
well as the depth of sea has a great influence on the oceanic cur-
rent wakes (Hamner and Hauri, 1981). The island shape shows a
strong controlling influence on wake retention (Coutis and
Middleton, 2002), while the shallow water around Island leads to
a strong reduction of the intensity the vortex street (Teinturier
et al.,, 2010). However, the analysis of the upstream characterist-
ics is relatively lacking.

Sun glitter (SG), a direct solar reflection from the sea surface
at certain geometric imaging angles (Cox and Munk, 1954; Kay et
al., 2009, 2013), happens when single scattering predominates
(Morel and Gentili, 1996). SG is usually considered as an image
noise for the super-saturation that leads to serious data losses
(Zhang and Wang, 2010; Kay et al., 2013). A large number of SG
removal methods are proposed for multi-spectral images (Wang
etal., 2018a; Bernardo et al., 2018). Ocean color sensors are also
usually designed to tilt up to 20° from nadir to minimize SG
(Caldeira et al., 2002), like Sea-Viewing Wide Field-of-View
Sensor (SeaWiFS), Ocean Color and Temperature Scanner
(OCTS) and Coastal Zone Color Scanner (CZCS) (Wang and
Bailey, 2001; Wang et al., 2002; Gordon and Wang, 1992).
However, high-resolution sensors such as IKONOS and Quick-
bird as well as Gaofen-1 (GF-1) and Gaofen-6 (GF-6) are useful
for coastal and reef studies (Kutser et al., 2009; Lyzenga et al.,
2006; Hochberg et al., 2003), and their missions are primarily tar-
geted for land observation that do not have a tilting capability to
avoid SG (Kay et al., 2009). Therefore, SG is obvious in these high
resolution images such as GF-1 and GF-6 Panchromatic and
Multispectral Sensors (PMS) images with the resolution of 2 m.

SG is a strong function of the sea surface roughness (SSR)
(Cox and Munk, 1954), and the texture and intensity of SG de-
pend on the sun zenith angle, viewing angle and the probability
distribution of the slopes of the reflecting facets on the ocean sur-
face (Wang et al., 2019b; Jackson and Alpers, 2010; Zhang and
Wang, 2010). Vorticity or strain creates anisotropic SSR anom-
alies and suppresses the strong glint signatures in these other-
wise calm waters (Rascle et al., 2017). Not only fine-scale slope at
the ocean surface can be observed by SSR (Fu and Holt, 1983;
Alpers, 1985; Yoder et al., 1994), but also the class of eddy with
different physical properties can be varied (Caldeira et al., 2005).
Therefore, it is the apparent character instead of inherent optical
character that has been used to observe ocean internal waves
(Matthews, 2005; Jackson and Alpers, 2010), oil slick (Jackson
and Alpers, 2010; Lu et al., 2016), underwater topography (Yang
et al.,, 2015) from the sea surface texture and roughness informa-
tion retrieved from SG.

The current interacting with island, induces the change of
water dynamic factors, impacts the slopes of the reflecting facets
on the ocean surface leading to the change of SG (Wang et al.,
2019b; Jackson and Alpers, 2010; Zhang and Wang, 2010), and in-
duces sea surface texture and tone change in local areas. Existing
methods for textural image classification could be mainly di-
vided into four categories: statistical, structural, model-based,
and transform-based methods (Sun et al., 2011; Materka and
Strzelecki, 1998). The most common method for texture analysis
in satellite image is gray level co-occurrence matrix (GLCM)
(Haralick et al., 1973), which has also been used in GF-1 pan-
chromatic band to extract the texture information (Shabat and
Tapamo, 2017; Haralick, 1979; Gonzalez and Woods, 1981; Carr
and de Miranda, 1998). For texture information extraction based
on filter, the applied filter window size as well as convolution ker-
nel for texture feature extraction is crucial (Puissant et al., 2005;
Chen et al., 2020). The median filter is inclined to the loss of in-

formation in sharp image that may ignore small scale current
(Vassiliou et al., 1988). There exists inapplicability in the above
methods for extracting the roughness information of the sea sur-
face.

Kuroshio dominates in the Diaoyu Dao and its affiliated is-
lands area, which is a western boundary current in the North Pa-
cific. The Kuroshio originates from the North Equatorial Current
and flows northward from the east of Philippines to the south of
Japan (Hsu et al., 2017), and it can be identified by higher surface
temperatures and stronger current vectors (Chang et al., 2019).
As the entrance of the Kuroshio invading the East China Sea shelf
(Kondo, 1985), the sea area around Diaoyu Dao and its affiliated
islands is rich in wind energy, wave energy (Zheng et al., 2014),
and fishery resources (Yu et al., 2004).

In the past, however, few studies focused on the influence of
Diaoyu Dao and its affiliated islands on marine environment. It is
of great significance to study the influence of Diaoyu Dao and its
affiliated islands on the surrounding water for the development
and protection of Diaoyu Dao and its affiliated islands and its
surrounding waters. In this study, the GF-1 and GF-6 PMS data
were applied to analyze the influence of Diaoyu Dao and its affili-
ated islands on surrounding water environment. In addition,
Landsat-8 Thermal Infrared Sensor (TIR) and HY1-C Coastal
Zone Imager (CZI) observations were also applied as comple-
ment to describe the change of the temperature and chlorophyll
a (Chl a) induced by the Diaoyu Dao and its affiliated islands as a
secondary proof.

The structure of this article is as follows. Section 2 is an intro-
duction to the data and methods. Section 3 describes changes of
current, sea surface temperature (SST) and Chl a distributions in-
duced by the Diaoyu Dao and its affiliated islands. Sections 4 and
5 are the discussion and conclusion, respectively.

2 Data and methods

2.1 Study area

The Diaoyu Dao and its affiliated islands (25°24'-26°24'N,
123°00'-124°00'E) include Diaoyu Dao with an area of 3.91 km?,
Huangwei Yu with an area of 0.91 km?, Fei Yu with an area of 100 m?,
Beixiao Dao and Nanxiao Dao with a gap of 150 m long, 200 m
wide and 10 m deep, Bei Yu and Nan Yu (Fig. 1¢). Located at the
continental shelf in East China Sea (Fig. 1a), the topography of
Diaoyu Dao and its affiliated islands area is high in the west and
low in the east, and there are sporadic seamounts, ocean basins
and trenches that all within a depth of 300 m (Fig. 1b). The
Diaoyu Dao is 3.6 km in length from east to west, 1.9 km in width
from north to south, locating on an east-west olive shaped plat-
form with high terrain around and low lying in the middle (Fig.
1b) with the highest altitude of 362 m. Huangwei Yu (Fig. 1b) is
located in the middle of the sea plateau in a good conical shape
with about 1.2 km long and 1.1 km wide, and its highest altitude
isabout 117 m.

2.2 Satellite data

GF-6 and GF-1, launched in 2018 and 2013 respectively in
China, are both high-resolution optical satellites transiting at
around 10:30 a.m. for earth observation, and carrying PMS with a
width of 90 km and a width of 60 km field view, respectively
(Zhou et al., 2017; Liu et al., 2020). GF-1/6 satellite data were
provided by National Satellite Ocean Application Service, Min-
istry of Natural Resources of the People Republic of China, ob-
tained from the website: https://osdds.nsoas.org.cn. PMS data
include a multiband image with 8 m resolution and a panchro-
matic band image with 2 m resolution. Landsat-8 is a sun-syn-
chronous near-polar satellite with Thermal Infrared Sensor
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Fig. 1. Location of Diaoyu Dao and its affiliated islands (a, c), and the topography of this study area (b). “DYI” in b is the abbreviation

of Diaoyu Dao, “HWI” in b is Huangwei Yu.

(TIRS) and Operational Land Imager (OLI) payloads on it. TIRS
has two thermal infrared bands with a spatial resolution of 100 m
(Cai et al., 2020). CZI with the spatial resolution of 50 m and the
field of more than 950 km wide, launched with Chinese Haiyang-
1C (HY-1C) satellite on 2018, can observe ocean effectively, espe-
cially for offshore, island and coastal information. The detailed
information of satellite data applied in this paper is shown in
Table 1.

2.3 Current and wind data

Ocean current was analyzed using the data obtained from
Global Ocean Forecasting System (GOFS) 3.1 (https://www.hy-
com.org/). Details of current data are shown in Table 2.

The monthly average statistic for wind field of 10 m above sea
was obtained using the data with spatial resolution of 0.25° and
time resolution of three hours (https://cds.climate.coperni-
cus.eu/).

Table 1. Details of sensors and satellite data

2.4 Satellite data pre-processing

Satellite data pre-procession, including radiometric calibra-
tion, atmospheric correction and ortho-rectification, was per-
formed to eliminate the influence of inaccuracy from atmo-
sphere and systematic error (Ren et al., 2018). Radiation calibra-
tion is the process of converting the digital number of the satel-
lite images into a physical quantity such as radiance and reflect-
ance (Gordon, 1997; Peng and Zhang, 2019). To get ground eleva-
tion of images for atmospheric correction, the Global Multi-res-
olution Terrain Elevation Data (GMTED) 2010, which can be
found on United States Geological Survey’s website (https://www.
usgs.gov/), with a resolution about 200 m was applied. The Fast
Line-of-sight Atmospheric Analysis of Spectral Hypercubes
(FLAASH) was performed to estimate surface reflectance for at-
mospheric absorption and scattering effect, based on the moder-
ate spectral resolution atmospheric transmittance (MODTRAN)
radiative transfer approach (Anderson et al., 1999; Pacifici et al.,

Sensor Band Wavelength/pm Resolution/m Date
GF-6 Band1 (blue) 0.45-0.52 8 Sept. 8, 2019
PMS Band2 (green) 0.52-0.60 8 Sept. 8, 2019

Band3 (red) 0.63-0.69 8 Sept. 8, 2019

Band4 (NIR) 0.76-0.90 8 Sept. 8,2019

PAN 0.45-0.90 2 Sept. 8, 2019
GF-1 Bandl (blue) 0.45-0.52 8 Aug. 25,2016
PMS1/PMS2 Band2 (green) 0.52-0.59 8 Aug. 25,2016
Band3 (red) 0.63-0.69 8 Aug. 25,2016

Band4 (NIR) 0.77-0.89 2 Jul. 31,2019

PAN 0.45-0.90 2 Jul. 31, 2019

Landsat-8 TIRS 100 Jul. 17,2014
Band10 (TIR) 10.60-11.19 100 Aug. 10, 2017

10.60-11.19 100 Jun. 26, 2018

Band11 (TIR) 11.50-12.51 100 Jul. 28,2018

11.50-12.51 100 Dec. 3, 2018

HY-1C Bandl1 0.421-0.500 50 Oct. 3, 2020
Cz1 Band2 0.517-0.598 50 Oct. 3, 2020
Band3 0.608-0.690 50 Oct. 3,2020

Band4 0.761-0.891 50 Oct. 3,2020

Note: PMS, Panchromatic and Multispectral Sensors; TIRS, Thermal Infrared Sensor; CZI, Coastal Zone Imager; NIR, near-infrared; PAN,

panchromatic band.

Table 2. Details of current data

Data introduction

Data acquisition time

Seasonal variation
Inter-annual variation

summer: Jul. 2014; autumn: Oct. 2014; winter: Jan. 2015; spring: Apr. 2015

Aug. 2012; Aug. 2013; Aug. 2014; Aug. 2015
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2014). It has been successfully used for the atmospheric correc-
tion of GF-1 PMS images providing accurate surface reflectance
(Chen et al., 2018; Jia et al., 2016).

In addition, ortho-rectification can correct the spatial and
geometrical distortion precisely for images with the resolution
less than or equal to 15 m, was utilized in PMS image correction
(Wu and Ma, 2020; Peng and Zhang, 2019). Finally, the Gram-
Schmidt transformation, which preserves the spectral character-
istics of the low spatial resolution data, was applied to fuse the
two processed PMS images into a multispectral image with 2 m
resolution (Wang et al., 2018b; Aiazzi et al., 2009; Ehlers, 2008).

2.5 Method for extracting texture information upstream and

downstream of island

The current interacting with island influences the local area
SG (Wang et al., 2019b; Jackson and Alpers, 2010; Zhang and
Wang, 2010), inducing sea surface texture and tone change in
local areas. Texture, carrying fundamental characteristics of the
appearance of all natural surface, is a key cue employed in visual
interpretation (Roy et al., 2018; Chen et al., 2020). It is an intric-
ate visual pattern comprising of sub-patterns or entities which
contains attributes such as color, brightness, size, slope, etc.
(Marceau et al., 1990; Aghav and Narkhede, 2017). Based on high
spatial resolution satellite GF-6 PMS data, a new method for ex-
tracting Shield and Vortex (SAV, including SAV1 and SAV2) was
proposed. The formulas were as follows:

SAV1 = Directionalyngle1s0 — 10 x (High-pass FFT), (1)

where SAV1 is the sea surface texture characteristics of Diaoyu
Dao, Beixiao Dao and Nanxiao Dao (Fig. 2). Directional-filter
angle140° is the directional filtered result. High-pass FFT is the
high-pass Fast Fourier Transform result. Directional filter can re-
trieve the anisotropic information in the textural images that
identify isotropic and anisotropic properties (Sun et al., 2011).
Based on the different properties of sea surface texture, we
changed the degrees through directional filter and found the best
angle for displaying texture—140°. For SAV1, high-pass FFT as
well as directional filter was performed based on the pre-pro-
cessed multi-spectral image. Ten times high-pass FFT result was
added to the directional filtered result to enhance the fine tex-
tures.

SAV2 = (High-pass FFT)® — OM?, %))

where SAV2 is the sea surface texture characteristics of Huang-
wei Yu, Bei Yu and Nan Yu (Fig. 3). OM is the occurrence matrix
result describing grey-level distribution using discrete values. Oc-
currence matrix greatly relies on the spectral difference to
descript texture content, but is not suitable for similarity meas-
ures (Chu et al., 2019; Jebali et al., 2018). The first-order measure
preserves certain spatial, structural and statistical properties, and
the visualization capability can capture small changes while
maintaining the global structure (Verma et al., 2020). For SAV2,
occurrence matrix processing was performed on the fused 2 m
resolution image. After that, high-pass FFT was carried out to se-
lectively filter out a part of the low-frequency signal, which was
obtained through the calculation and integration of the occur-
rence matrix. Then calculate the two results in Eq. (2), and finally
get the SAV2 image.

2.6 SST retrieval module
The SST distribution is an indicator of the performance of the
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Fig. 2. The change of sun glitter upstream and downstream of
Diaoyu Dao retrieved by Shield-and-Velocity 1 (SAV1) from GF-6
Panchromatic and Multispectral Sensors (PMS) image on
September 8, 2019 (I), GF-1 PMS1 image on July 31, 2019 (II) and
GF-1 PMS2 image on August 25, 2016 (III). a. Classification; b. co-
occurrence; c. median; d. SAV1; e. low-pass high-pass Fast Fouri-
er Transform. U: upstream; D: downstream. Red arrow: the direc-
tion of local current; red ellipse: the westward shield of the is-
lands; magenta square: the downstream shelter area; cyan circle:
the eddy downstream. Black patches: Diaoyu Dao (DYI), Beixiao
Dao and Nanxiao Dao (N-SI), Fei Yu (FI), Nan Yu (NY) and Bei
Yu (BY).
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to b-1. In II, sun glitter change in the downstream of Bei Yu and
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were both retrieved from GF-6 Panchromatic and Multispectral
Sensors image on September 8, 2019. U: upstream; D: down-
stream. Yellow arrow: the direction of local current; cyan curve
arc: the westward shield of the island; blue ellipse: the vortex
downstream; green patch in I: Huangwei Yu (HWI); red and black
marks in II: Bei Yu (BY) and Nan Yu (NY).

texture measure. We adopted radiative transfer theory equation-
based method to retrieve SST (Yu et al., 2014; Nikam et al., 2016).
Radiation calibration is the process of converting the digital
number into radiance L4,, (Vermote et al., 1997) and was per-
formed before SST retrieving. A simplified radiative transfer
equation can express the apparent radiance received by a sensor
(Mao et al., 2005):

Bio (Tho) = 710 (0) X [e10 X B1o (Ts) + (1 — €10) X Lo L +To T, (3)

where B,,(T,,) is the radiance received by channel 10 of the
sensor with brightness temperature T),. B,,(T,) is the ground ra-
diance. And 7,,(6) is the atmospheric transmittance for channel
10 when view zenith angle is 6. TIRS is treated as nadir viewing
since the view angle is no more than 7.5° (Schott et al., 2012). &,
is surface emissivity for channel 10. I, ;| is downwelling path radi-
ance, and I,,1 is upwelling path radiance. In this paper, the spe-
cific emissivity ¢, of the sea surface was 0.991 (Wang et al., 2015,
2019a). Atmospheric profile parameters were found on NASA’s
website (http: //atmcorr.gsfc.nasa.gov/) (Nikam et al., 2016).
According to Plank’s law, B,(T,) can be expressed as

Bio (T,) = 2hé/ (/110% x (exp (l x ¢/ (1o X k x T,)) — 1)) ,
4)

where T, is the land surface temperature, c is the light speed (c=
2.997 9x108 m/s), h is the Planck constant (©=6.626 1x10-34]-s),
k is the Boltzmann constant (k=1.380 6x10-23 J/K), 4, is the ef-
fective band wavelength for band 10.

Solving Eq. (3) and Eq. (4), SST can be estimated as Eq. (5):

T, =C/ (/110 X In (Cz/ (im; X (LAyo — Iig T =710 %
(1 —e10) x Lo 4)/ (710 ¥ 810)) + 1) >» )

where C, is 14 387.7 um-K, C, is 1.191 04x108 W-pm*/(m? -sr).

2.7 Chlorophyll a concentration retrieval of CZI

HY-1C CZI image was obtained from the National Satellite
Ocean Application Service in China (https://osdds.nsoas.org.cn).
The images applied in this paper were obtained at around 10:50
local time under clear sky condition. CZI remote sensing image
processed process and definition of products at all levels: the
Level 1A data is the Level 0 data processed by geometric correc-
tion, including the digital number values of blue, green, red, and
near-infrared bands. After radiometric calibration and atmo-
spheric correction, Level 2A data can be obtained with remote
sensing reflectivity or the emissivity ratio after Rayleigh scatter-
ing correction. L2C CZI data is the ocean aqua color elements ob-
tained from the inversion of L2A data containing geographic co-
ordinate information after geometrically positioned and atmo-
spheric corrected.

3 Results

3.1 The change of SG upstream and downstream of Diaoyu Dao
detected by SAV1

The SG information, extracted using SAV1, changes signific-
antly upstream and downstream of the Diaoyu Dao and its affili-
ated islands (Fig. 2). These changes are clearly shown in the tex-
ture and tone of the sea surface, with different shapes, sizes and
distribution characteristics (Fig. 2).

SAV1 performs well in extracting the details of sea surface
folds from SG (Figs 211d and 111d), especially the shield effect on
west side of the islands, showing the clear and obvious arc-
shaped texture. The westward shield extracted using SAV1 is
more obvious compared with that extracted by many other meth-
ods such as classification, co-occurrence and median filter. The
shields upstream of the Beixiao Dao and Nanxiao Dao as well as
Diaoyu Dao induce the change of SSR and texture, reflecting in
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the shape, width, tone, and texture interval (Figs 2II and III el-
lipse).

There exists a significant shield wave upstream of Diaoyu
Dao, with a radius of the wave about 2.3 km and an arc length of
about 70° (Fig. 2I11). The horizontal scale of the wave is about 2.6 km.
Upstream Beixiao Dao and Nanxiao Dao, there are both two
waves of island shield that have similar shield arc length (Figs 211
and 111 ellipse). The outer wavelength radius is about 4.5 km and
the arc is 46°, while the inner radius of the wavelength is almost
3.3 km, and the arc is 50° (Fig. 2I1). Meanwhile, the horizontal
scales of the waves are about 2.4-3 km and the spacing of them is
220-380 m (Fig. 211). In Fig. 2111, the outer wavelength radius is
about 4.7 km, the arc is 94° with the horizontal scale of 4 km,
while the inner radius of the wavelength was nearly 3.2 km and
the arc is 60° with a 3 km horizontal distance. The obvious wave
texture interval is between 500 m and 900 m (Fig. 211I ellipse).

With vortex wakes appearing downstream, the water flow pat-
terns downstream of Diaoyu Dao and its affiliated islands are
quite different from the flow patterns upstream (Fig. 2I). Down-
stream of Diaoyu Dao, influenced by the Beixiao Dao and
Nanxiao Dao, the formed vortex in ellipse with a radius of 1 400 m
to 1 700 m (Fig. 21 square) covers an area for nearly twice of the
Diaoyu Dao. And a wake downstream Beixiao Dao and Nanxiao
Dao is formed with a length of about 22 km and a width of 3.2 km
(Fig. 21).

3.2 Retrieve other islands induced texture change upstream and

downstream from SG using SAV2

The upstream and downstream characteristics of Huangwei
Yu were quite different in detail comparing with Diaoyu Dao, and
the result extracted from SAV2 achieved the best recognition ef-
fect (Figs 3Ia—c). Upstream of Huangwei Yu, the umbrella shaped
westward shield extracted by Shield-and-Velocity 2 (SAV2) had a
symmetrical streamline, with clear wave boundaries and more
specific intermediate waves (Figs 31b and 3Ib1). The outer shield
wave upstream of Huangwei Yu had a radius of about 8 km, and
an arc of 155°, while the inner wave extending from the island
was in a radius of about 5.5 km, and the radian of 210°. The thick-
ness of the front waves of the shield was in a range of 300-400 m
(Fig. 3Ib1 d,), while the total thickness of the west shield reached
to 3 km (Fig. 31 bl d,). Furthermore, the light and dark stripes of

123°28'

123°32"  123°36" 123°40'E

~ 256 123°0’ 123°44'

25048 252
g

248 5 .
£ 26°00

7]
244
25°44'

25048' 4

2
255 @A
25.0

123°36"

123°44'

25°44'

- 236
25°48' | 232 N
28
224 7 2

SST/°C

25°44'

220

123°48'E

internal texture of the shield were distinguished to measure the
intervals of the internal waves at different positions (Fig. 31b2).
The upstream shield contained 2-4 solitons at different direc-
tions with extraordinary different spacing scales of waves from
about 470 m to thousands (Figs 31b2 d;-d.). Compared with the
width of upstream shield, the downstream wake of Huangwei Yu
was mainly characterized by its length (Fig. 31 ellipse). The down-
stream IOVT equipped with two complete vortex pairs was about
17 km long from west to east, and the intervals of each vortex
from west to east are 7.2 km (interval from island to the first vor-
tex), 3.4 km, 5.5 km, 0.6 km, respectively. And the spiral structure
of Karman vortex began to decay after the fourth vortex (Fig. 3Ib
ellipse).

The upstream shield extended 3 km to the west of Huangwei
Yu, with horizontal scale of about 20 km, and the downstream
wake was 31 km in length until it vanished (Fig. 31 ellipse). The
central axis of the shield coincided with the direction of the vor-
tex street, the ratio of the upstream shield width and the length of
the downstream wake is about 2:3, showing that the overall phe-
nomenon upstream and downstream of Huangwei Yu is like a
mushroom (Fig. 31).

Bei Yu and Nan Yu (Fig. 31I) are located within 10 km north-
east of Diaoyu Dao. Downstream the Bei Yu, the mainstream
wake is about 16 km in length, while the downstream wake of
Nan Yu is nearly 6.5 km in length and the information extracted
using SAV2 shows more significant and obvious details (Fig.
3lle). It seems that a more independent obstruction located in
fixed water layer was inclined to arouse a longer and more com-
plete wake.

3.3 SST near islands

SST changes obviously around Diaoyu Dao and its affiliated
islands (Fig. 4) that decreasing significantly downstream of the is-
lands no matter in winter or in summer. The downstream wakes
saturated with low SST caused by Diaoyu Dao as well as Huang-
wei Yu were similar in shape showing winding ribbons (Figs 4A,
B, b and d), whose length was in the range of 7-12 km, width was
between 0.8-2 km, and area covers 15-22 km2. However, in front
of the low SST water zone, there was generally an area in the
length of 1.4-6.5 km downstream adjacent to the islands where
the change of SST was not obvious (red square in Fig. 4). Except-
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Fig. 4. Sea surface temperature (SST) retrieved from Landsat-8 images. A, B and C show SST distribution near Diaoyu Dao (DYI),
Beixiao Dao and Nanxiao Dao (N-SI); a, b, c and d show SST distribution near Huangwei Yu (HWI). U: upstream. D: downstream.
Black arrow: the direction of local current; red square: the area in the downstream where SST reduction is not obvious.
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ing the striped wakes, the current downstream also appears in
the form of eddies. In Fig. 4a, the low SST eddy downstream of
the island was 5.5 km from east to west, 4.5 km from north to
south, forming a cooling zone with an area about 16 km?2. In
winter, in the area downstream of the islands, the temperature
decreases and the amplitude is smaller than that in summer (Figs
4Candc).

Generally, Diaoyu Dao and its affiliated islands caused SST
variation downstream of the islands on the eastward. The wakes
of Huangwei Yu had an SST drop of 1.2-2.5°C and Diaoyu Dao
has a drop of 1.2-2°C, the variation amplitude of SST in winter
(Figs 4C and c) was smaller than that in summer. In addition, the
SST drop is not obvious in the distance adjacent to the islands
(Figs 4A, B, a, b and d square), especially in summer.

3.4 Chlorophyli a around islands

The Diaoyu Dao and its affiliated islands also induce changes
in Chl a concentration in the surrounding area, with the large dif-
ferences in concentration and in impact range between the up-
stream and downstream.

Low Chl a concentration (within 0.4 pg/L) appears in the area
downstream immediately adjacent to the islands (white square in
Fig. 5), with Chl a concentration similar to upstream (Fig. 5
magenta ellipse) showing no obvious change, and the influence
lengths are 300-700 m upstream and 700-1 200 m downstream.
The area of low Chl a concentration (within 0.4 pg/L) upstream
of Beixiao Dao and Nanxiao Dao, Diaoyu Dao and Huangwei Yu
is about 3.2 km?, 4.2 km? and 7.6 km?, respectively (Fig. 5
magenta ellipse). The area of low Chl a concentration down-
stream Beixiao Dao and Nanxiao Dao, Diaoyu Dao reaches
4.6 km? and 3.5 km?, respectively (white square in Fig. 5). In addi-
tion, the areas of low Chl a concentration around Diaoyu Dao,
Beixiao Dao and Nanxiao Dao were in good coincidence with the
shield and shelter area in Fig. 2. These downstream shelter re-
gions extended in accordance with the direction of the topo-
graphic slope, which corresponds to shallow terrains.

As it got further downstream the island, the high Chl a con-
centration (more than 0.55 pg/L) caused by wake turbulence in-
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Fig. 5. Chl a concentration around Diaoyu Dao and its affiliated
islands retrieved from image of HY-1C Coastal Zone Imager on
January 3, 2020. U: upstream; D: downstream. Black arrow: the
direction of local current; magenta ellipse and white square: the
low Chl a concentration area upstream and downstream the is-
lands; black ellipse: the high Chl a concentration area down-
stream; green patches: Diaoyu Dao (DYI), Beixiao Dao and
Nanxiao Dao (N-SI), and Huangwei Yu (HWI).

creased from 0.48-0.6 pg/L that got a 0.12 pg/L increase extend-
ing eastward or northeastward with the length of 17-25 km (Fig. 5
black ellipse).

4 Discussion

4.1 Applicability of GF-1/6 PMS image in revealing the islands in-
duced sea surface SG change details

SG is the specular reflection of sunlight by suitably tilted fa-
cets of the water surface into the sensor. Optical sensors are sens-
itive to SG, and thus to the oceanic phenomena that modify the
surface facets. The more facets with the suitable slope values, the
stronger the SG radiance received by the sensor (Melsheimer and
Keong, 2022). The proportion of SG in GF-1 and GF-6 image is
obvious, as no measures were taken for GF-1 and GF-6 to avoid
SG (Kay et al., 2009). In most cases, influenced by the character-
istics of a wavy interface, the fields of the radiance leaving the
ocean are anisotropic (Morel and Gentili, 1993; Rascle et al.,
2017). The specular reflection of the solar on the non-flat sea sur-
face results in the intensity of an image with a specular compon-
ent that is much stronger than the diffuse component (Wang et
al., 2018a), that the proportion of reflected light received by the
satellite sensor can weigh from 1%-2% reaching to 6%-16%
(Bréon and Deschamps, 1993; Sturm, 1980). As the data prepro-
cess could not eliminate SG (Yao et al., 2020), it is possible to util-
ize SG for analyzing the sea surface characteristics.

Fine-scale slope or vorticity with abnormal roughness at the
ocean surface can be observed by SSR (Rascle et al., 2016, 2017),
obtained from SG radiance. Retrieving SSR from GF-1 and GF-6
SG based on SAV method, sea surface texture change details up-
stream and downstream of Diaoyu Dao series islands were effect-
ively revealed (Figs 2 and 3). Meanwhile, using SG, this paper fur-
ther exploited the application potential and advantages of GF
data.

4.2 Diaoyu Dao and its affiliated islands induced sea surface
change

4.2.1 The stable eastward flow in Diaoyu Dao and its affiliated is-
lands nearby

The current mainly dominated by Kuroshio (Liu et al., 2021)
with the eastward direction in study area (Figs 6a, d square), no
matter in El Nifio year or in normal year. Since it has been ob-
served that 2014-2016 as well as 2018-2019 were all El Nifio years
(Hu and Fedorov, 2019; Levine and McPhaden, 2016; Bao et al.,
2019), the current in 2012-2015 was taken as an example.

The direction of the current in Diaoyu Dao and its affiliated
islands area flows mostly eastward or northeastward (Figs 6a, d)
and changes slightly with the season. In summer (Fig. 6a-1), the
current flows northeastwardly, and in winter (Fig. 6a-3) it flows
eastwardly. Meanwhile, the average velocity of Kuroshio Current
changes seasonally (Liu et al., 2021). In autumn (Fig. 6a-2) and
winter (Fig. 6a-3), the current velocity weakened and dispersed
with a velocity under 0.6 m/s, and the upper ocean (150 m) sub-
sequently replaced by the northwestward current (Tang et al.,
2000; Qiu and Imasato, 1990; Qiu and Lukas, 1996). The main
stream of Kuroshio not only moves westward and approaches to
the mainland, but also intrudes into the continental shelf of the
East China Sea to 26°-27°N in autumn and winter (Chao, 1990).
In summer, with the southeastern wind (Fig. 6¢-1), the intensity
of Kuroshio Current owes the highest velocity of more than
0.8 m/s (Fig. 6a-1) with mainstream eastwardly flowing (Chuang
etal., 1993; Tang et al., 1999). Furthermore, average monthly SST
was fit in the route of Kuroshio (Fig. 6b).
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Fig. 6. Monthly mean variability results from August 2012 to August 2015. a and d show sea surface current; b. sea surface
temperature (SST); c. wind field. The current data depth is 6 m. Square box: the position of Diaoyu Dao and its affiliated islands; black
arrow: the current direction in Diaoyu Dao and its affiliated islands area.

Beyond the seasonal variation, the year-to-year variation is
also prominent in Kuroshio, which is mainly related to the cycles
of ENSO and occasionally overwhelms the seasonal signal
(Hwang and Kao, 2002; Qiu and Joyce, 1992; Zhou et al., 2018;
Wu, 2013). The flow direction of Kuroshio in Diaoyu Dao and its
affiliated islands area is eastward (including northeastward and
southeastward) (Fig. 6d), no matter in El Nifio year or in normal
year. The mean velocity of the Kuroshio source is negatively cor-
related with ENSO index that induces low velocity in the area of
Diaoyu Dao and its affiliated islands in El Nifo years (Hu et al.,
2015; Li et al., 2020) (Fig. 6d-4). For nearly a year prior to ENSO
event, the intensity of the Kuroshio front all along the western
boundary region, the heat content front the Kuroshio as well as
poleward surface speeds are all strengthened (He and White,
1988) (Fig. 6d-2). Meanwhile, the correlation between the vari-
ation of Kuroshio and the ENSO is in time lags of a month to a
year (Hwang and Kao, 2002; Huang et al., 2015) (Figs 6d-3 and d-4).
Therefore, unprecedented high speed currents appear in the area
around Diaoyu Dao and its affiliated islands during the summer
of El Nifo years with the currents direction of eastward or north-
eastward (Liu et al., 1992; Chen et al., 1995) (Fig. 6d).

Furthermore, the northern shelf of Taiwan Island is an ex-
tremely dynamic oceanic region (Chern and Wang, 1989), and
the current there is mainly dominated by eastward Kuroshio that

made the upstream shield waves always occur at the west side of
Diaoyu Dao and its affiliated islands. The Kuroshio migrates both
seasonally and intra-seasonally, with the former being more pro-
nounced (Tang et al., 2000) and the current direction mainly
eastwardly.

4.2.2 Diaoyu Dao and its affiliated islands induced westward
shield effect and Karman vortex streets

Stratified flow passing islands on the rotating earth is import-
ant for both in meteorology and oceanography. The characterist-
ics of the flow depend upon the shape and height of the island,
the velocity and stratification of the incoming current (Eliassen,
1980).

Previous studies have revealed that most of the phenomena
in atmosphere like solitary wave packets (Zheng et al., 1998),
mountain waves (Eckermann and Preusse, 1999) and upstream
wave packets (Zheng et al., 2004), are generated by airflow over a
topographic (or dynamical) obstacle and constituted a single
wave packet. However, forcing the upstream generation and
evolution of solitons must occur within a suitable range of
Froude numbers and forcing strength, resulting in the environ-
mental settings (winds, atmospheric stratification, etc.) that fa-
vor the generation of upstream propagating solitons to be rare (Li
et al., 2004). Baines (1977) and Li et al. (2004) found that topo-



Cai Lina et al. Acta Oceanol. Sin., 2023, Vol. 42, No. 4, P. 1-15 9

graphically generated upstream waves are very strong when the
flow is near resonant conditions (the wind speed reaches the
speed of long gravity waves), generating and propagating against
the airflow in the upstream direction.

Similarly for water, Akylas et al. (1984) and Patoine and Warn
(1982) described those upstream waves in water can be gener-
ated by moving pressure perturbation derived by resonant for-
cing of Rossby waves over the bottom topography where the wa-
ter depth is less than 300 m near the Diaoyu Dao and its affiliated
islands. However, the response of such a fluid-mechanical sys-
tem to a steadily moving disturbance can be unsteady when the
system is in resonance (Wu, 1987). The upstream local wave will
grow as the energy acquired by the moving disturbance keeps ac-
cumulating. When the local wave reaches a certain threshold
magnitude, due to the nonlinear effects, the increase in phase
speed with increasing amplitude is sufficient to make the wave
break away from the disturbance, thus periodically freely gener-
ating a new solitary wave that surges forward at a phase velocity
(Wu, 1987; Shen, 1993).

Interacting with eastward flow upstream of island in study
area, the central line of the flow reaches a stagnation point,
which results in strong extensional components in both the axis
of the island and the cross-stream direction (Qin et al., 2019).
Shield wave with excellent symmetry plays a major role in drag
reduction that the storied disturbance energy manifested itself by
propagating towards upstream in the form of the shield waves
(Qin et al., 2019; Sahin and Atalik, 2019). Therefore, the separa-
tion point moves towards front of the island upstream, arriving to
an increase of the vortex formation length downstream (Oliveira,
2001), as well as forming a contour of curved flow function and
the Reynolds shear stress (Nematollahi and Tachie, 2018). The
shield shaped solitary wave packet which always characterized
by very large amplitude and high phase speed, can be attributed
to hydraulic jumps or fronts (Zheng, 2017). In upstream Huang-
wei Yu (Fig. 7a cyan arc), the thick boundary of shield wave leads
to the suppression of small eddy currents and the forward shift of
the separation point (Sahin and Atalik, 2019). This pre-island sea
surface phenomenon is defined as “Shield Effect” in this study
(Fig. 7a cyan arc).

The tidal type along the northeast coast of Taiwan Island be-
longs to the irregular semidiurnal tide (Wu et al., 2008b) (Fig. 8),
with M, as the main component, and the amplitude around
Diaoyu Dao and its affiliated islands is between 50-80 cm (Guo
and Yanagi, 1998; Larsen et al., 1985). Compared with most area
of the East China Sea, its tidal amplitude is small. At the same
time, the wind energy in the waters of the Diaoyu Dao and its af-
filiated islands is large but the wave energy is small (Zheng et al.,
2012), which may mean that the existence of wind driven current
may be suppressed by the Kuroshio surge and the increase in wa-
ter depth. From the direction of the movement of the clouds over
the islands in Fig. 7, it can be inferred that the wind direction is
not consistent with the direction of the current (eastward), and
the angle between the direction of the current and the wind is ob-
tuse angle, therefore, the shield wave upstream of the island is
not generated by the wind. Huangwei Yu is like a cylinder in
shape and lies in a more independent position (Fig. 1). In the up-
stream of the islet (Fig. 7a cyan arc), the negative Reynolds shear
stress near the leading edge of the step occurs, due to the anti-
gradient diffusion phenomenon that results in a negative contri-
bution to the kinetic energy of turbulence (Nematollahi and
Tachie, 2018). The surface of its upstream shield may either coin-
cide with the lowest isentropic surface, or its summit which may
protrude into potentially warmer (less dense) fluid, and these two
contingencies are known as “isentropic obstacle” and “warm
obstacle” (Eliassen, 1980). In addition, Nusselt number attains
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Fig. 7. Sun glitter change upstream and downstream of Huang-
wei Yu retrieved from Shield-and-Velocity 2 (SAV2) method (a),
the result of image fusion among panchromatic and multispec-
tral bands (b). Data acquisition in September 8, 2019 from GF-6
PMS. U: upstream; D: downstream. Yellow arrow: the direction of
local current; cyan curve arc: the westward shield of the island;
blue ellipse: the vortex downstream; green patch: Huangwei Yu.

the highest value on the surface upstream of the islet, and the
lowest value on the surface downstream (Han et al., 2018).

For downstream of the island, when an upper surface current
encounters an isolated island, the curvature of the island
provides a perturbation to the fluid streamlines (Pakdel and
McKinley, 1996). Boundary shear flow forms along the solid
boundary and generates vertical vorticity (Chang et al., 2019).
The detachment of the boundary layer leads to the free shear lay-
ers, and the roll-up of the shear layer forms vortices (Teinturier et
al., 2010). At the same time, an inverse pressure slope may devel-
op at the downstream edge of the boundary layer, where eddies
are generated by wake instability (Gerrard, 1966; Koumoutsakos
and Leonard, 1995). Thus, facing the current direction, a series of
clockwise vortex on the left boundary and counterclockwise vor-
tices on the right boundary are formed (Zheng, 2017) (Fig. 7a el-
lipse). For isolated island like Huangwei Yu (Fig. 7a ellipse), the
flow regime which is mainly depending on the Reynold number
can be distinguished (Gao et al., 2018; Sheremet, 2010; van Dyke
and Widnall, 1983). The vortex street, which supplied by the sec-
ondary steady flow to the turbulent generation zone (Zametaev et
al., 2019), can either be transferred from the vorticity to another
through oscillation, or it can grow from the instability of the velo-
city profile (Tritton, 1959).

However, when multiple barriers appear in the tandem ar-
rangement stream, the wake interference characteristics are
completely different (Assi et al., 2006; Zdravkovich, 1977, 1987).
Barriers in the tandem arrangement stream can suppress vortex
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Fig. 8. Tide level of Diaoyu Dao on September 8, 2019 and 2020 acquired from National Marine Data Center of China.

shedding and mainly perform in two flow patterns: vortex shed
from the downstream island which produce low pressure re-
gions in the vicinity of the body (Fig. 21I) and vortex lock-in in the
gap (Fig. 2I) (Carmo et al., 2011; Strykowski and Sreenivasan,
1990). The latter pattern forms an area of low pressure in the
southwest of Beixiao Dao and Nanxiao Dao, alleviating the form-
ation of upstream shield (Carmo et al., 2011) (Fig. 2I). The critic-
al Reynold number and the corresponding manifold vary with
speed and spacing ratio, that the Reynold number of the former
pattern (Fig. 2II) is smaller than that of the latter (Fig. 21) in the
above two cases (Han et al., 2018).

4.2.3 Influence of Diaoyu Dao and its affiliated islands on Chl a
and SST distribution

Diaoyu Dao and its affiliated islands induce the change of Chl a
and SST upstream and downstream. Because of the stable east-
ward flow, upstream of Diaoyu Dao and its affiliated islands area
mainly located in westward of these islands and downstream of
Diaoyu Dao and its affiliated islands area distributed in eastward,
which are consistent with the results of westward Shield Effect
and eastward wakes revealed by SG and further proved that the
results of solar flare monitoring are correct.

The accumulation and pressurization of water upstream of
the reef resulted in upstream retention and low Chl a concentra-
tion (Figs 4 and 5). However, in the area downstream that imme-
diately adjacent to the island, a shelter with low and uniform Chl a
concentration as well as a little SST drop was formed (Figs 4 and
5). Furthermore, shelter area has also been observed on Synthet-
ic Aperture Radar (SAR) images in bright shading in prior studies
(Zheng and Zheng, 2014). Downstream of the island, next to the
shelter area, is the zone of vortex streets which propagate down-
stream (Shen, 1993). The increase of Chl a concentration oc-
curred since 0.7-1.2 km away from the island downstream (Fig. 5),

while the obvious decrease of SST was found 1.4-6.5 km away
from the island downstream (Fig. 4).

The interaction of current with island generates a wake that
can extend several island diameters in length downstream (Car-
doso et al., 2020). The Kuroshio subsurface water enters the East
China Sea shelf as upwelling water from the northeast of Taiwan
Island (Wu et al., 2008a), with its characteristics of high temperat-
ure, high salinity, and a deep thermocline (up to 250 m) (Oka and
Kawabe, 1998). The SST of IOVT primarily influences by vertical
turbulence mixing, which entrains cold water to the surface layer
(Hsu et al., 2019). This kind of mix trends induce a near linear re-
lationship between consistent SST decrease and Chl a increase
(Babin et al., 2004). In addition, upwelling to compensate for sur-
face divergence in the wake can also bring cold water to the sur-
face layer (Hsu et al., 2019). Various physical processes such as
filaments or three-dimensional instabilities enhance the hori-
zontal transport and the vertical mixing of nutrient rich deep wa-
ter when an upper surface current encounter oceanic islands or
an archipelago (Teinturier et al., 2010). These kinds of mixing
took a few hundred or thousand metres downstream for fully mix
to get the SST of 1.2-2.5°C decreasing (Fig. 4) and the Chl a con-
centration rising from 0.48 pg/L to 0.60 pg/L in a gap of 0.12 pg/L
(Fig. 5). For downstream of the islands, vortex streets and vortex
shedding are also accompanied by higher bio-productivity (Hsu
etal., 2019). In prior studies, it also has been observed that the
Chl a concentration upstream and downstream of Green Island
was 0.1-0.15 pg/L gap in summer (Hsu et al., 2017).

Combining with high-resolution SST and Chl a concentra-
tion, the directional changes of water color elements are mutu-
ally supported and proved with the stable shield (wave packet)
effect in the west and vortex street effect in the east. The stable
directional hydrodynamic layout in the waters of Diaoyu Dao and
its affiliated islands area has been revealed.
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4.3 Suggestions for developing and protecting Diaoyu Dao and its
affiliated islands area

The stable eastward flow (Figs 6a, d) interacts with Diaoyu
Dao and its affiliated islands inducing westward Shield Effect and
Karman vortex streets as shown in the information extracted
from satellite data such as SG (Figs 2 and 3), SST (Fig. 4) and Chl a
concentration (Fig. 5). More than 50 frames of satellite images
obtained during April 17, 2014 to October 10, 2021 were analyzed
and got the same conclusion, that is, there exists stable shield on
the west side (including northwest and southwest) of Diaoyu Dao
and its affiliated islands; and stable vortex street on the east side
(including northeast and southeast) of the islands.

Based on the analysis above, it suggests to build some kind of
buffer for the current, such as ocean windmill farm in the west
part (including northwest and southwest) of Diaoyu Dao and its
affiliated islands area in the range of 6-8 km (Cai et al., 2016)
away from the islands upstream. These facilities can protect the
island by reducing the current erosion. The turbines of windmill
can act as artificial reefs which assures an effective reduction of
the wave heights and the wave energy (Petersen and Malm, 2006;
Punt et al., 2009; Onea and Rusu, 2015).

Meanwhile, it is better to develop marine ranching in the east
area of these islands (including northeast and southeast), consid-
ering that marine ranching locations are generally located in the
inner parts of islands that are rich in nutrients and sheltered from
the waves (Oh et al., 2010; Choi and Kim, 2008). Islands can
change the surrounding hydrodynamic environment in two
ways: one is local scour, the other is the wake vortices around the
barriers (Unger and Hager, 2007). When the scouring in front of
the island stops, the upstream current of the island carries sedi-
ment/nutrients and bottom cold water to downstream, resulting
in lower SST downstream (Huang et al., 2020). The wake vortices
will gather sediment together with nutrients and bottom cold wa-
ter to the downstream surface, reducing the downstream SST and
increasing the downstream nutrients. When seawater flows
through the island, the concentration of Chl a increases down-
stream because of rich nutrients (Li et al., 1998). Therefore, the
construction of marine pastures within the range of 2-8 km
downstream can make full use of the downstream water environ-
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ment and have advantages in serving the construction of fishing
pastures.

5 Conclusions

High spatial resolution optical satellite GF-1/6 PMS data, with
the spatial resolution of 2 m, makes it possible to observe the
variations of SG nearby Diaoyu Dao and its affiliated islands. Sea
surface texture information nearby Diaoyu Dao and its affiliated
islands was extracted through SG using GF-1 and GF-6 PMS im-
ages. New methods of SAV1-2 for texture information extraction
based on SG were established and the surface texture change de-
tails induced by Diaoyu Dao and its affiliated islands were re-
vealed.

The upstream shield effect appears on the west side of Diaoyu
Dao and its affiliated islands where performances ripples with in-
tervals of hundreds to thousands of metres extending wider than
the island itself (Fig. 7). The westward shield area has character-
istics of relatively low concentration of Chl a. The dorsal belly
downstream of the island forms a sheltering area, where the SST
decreases slowly and the Chl a concentration is as low as the up-
stream. As it gets further downstream from the island, turbulent
flow like vortex streets is dominant and accompanied by high Chl a
concentration and low SST (Figs 4 and 5).

The eastward Kuroshio interacts with Diaoyu Dao and its af-
filiated islands, and the current accumulates on the west side of
the island and extends towards both north and south sides of the
island, forming a pre-island effect similar to a shield in shape.
Due to the westward shield effect upstream the island in Diaoyu
Dao and its affiliated islands area, the vertical exchange of water
flow in the adjacent downstream of the island is not sufficient
that forms a refuge area behind the island. After that, in the vor-
tex streets area, the exchange of water flow gradually enhances
with significant water environmental parameters variations (such
as SST and Chl a concentration) (Figs 4, 5 and 9).

The SAV methods of extracting sea surface texture using SG
have global applicability and can be widely used in different sea
areas with different water quality. This paper can provide refer-
ence for the protection and development of Diaoyu Dao and its
affiliated islands and its surrounding waters. It is suggested that
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marine wind farm is beneficial to be laid out in the western wa-
ters of Diaoyu Dao and its affiliated islands to protect the islands,
while marine pasture is beneficial to be arranged in the down-
stream of the eastern waters of Diaoyu Dao and its affiliated is-
lands.
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