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Fig.1 Three dimensional bathymetric

topographic map of Dongsha Island
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Fig.2 Spatial distributions of pycnocline depth in different seasons near Dongsha Island
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Fig.3 Spatial distribution of the first and second mode

internal solitary waves in the South
China Sea from 2014 to 2020
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Fig.4 Temporal distribution of the second mode internal

solitary waves in GF-1 images from 2014 to 2020
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Fig.6 Grayscale profiles of remote sensing image of the first

mode internal solitary wave(a) and grayscale profile of remote

sensing image of the second mode internal solitary wave(b)
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Fig.7 Schematic diagram of the experimental system for

detecting internal solitary waves by optical remote sensing
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Fig. 8 Time series distributions and surface grayscale profile of remote sensing image of internal

solitary waves detected by optical remote sensing in laboratory

4 Z5E

ASCR PRI o7 — 5 B ER X 2014—
2020 AEAR VPR (19°N—22°N ,116°E—118°E) il 45 —
A P RS B ) A% 16 A AR AT T OB 9. 38 A X
WOAL3 FHl i 73 A A5 30 1 A 00 5 BB 3 7Kk 3% B R
JEREREZE T A b s [ A L, B B B E/ R R
PR 25715 %% B BRE 00R  FR A 223 B BRI R

RN 1478 o im i — 5 M g R MR AL B, i i
A 28 S RS B R AR 0 2 SRR R 3 54 &, A
7 AR oy — 5 e 1B B EMG G o A AE 2
B2 RS NIGL IR Z - BAL TR0 5 75 LR,
] VAL 7 T A5 3% » K 22 B0 — A2 PN AR S7 0t IR Bt 7 26
— IS WAL Z )5, WG R K B e — A
10%6~30%0 » 55 — M2 PR I 28 [l BE A5 /0

R EMG L [l — 7K IR 43 2 XA B AR
SRR RS N RS A A R SR B R IR Y . A
SCHI I EE 3 BBk AT 150 B AL i i 0 i

ST ELERIN 256 4 SR 3 W 5 — A 25 P IS i A —
RS NIRSL B AE [F] — K RO J2 R 58 W5 2 SORT AR
DCYGIE T L A Tk . AR A — B R
LA A AR 0] (8 3 R 7 AR TS AR A
SEIE S B AR A IS 0 R R B A — A A A AL I
Ji + 5 O AW 5 » B T35 RS A IS R
S — RS N AIRSL I 5 A AU A F = A 1l i

S 3k

[1] Navarro G, Vicent ], Caballero I, et al. Improving the analysis of
biogeochemical patterns associated with internal waves in the strait
of Gibraltar using remote sensing images[J]. Estuarine, Coastal
and Shelf Science, 2018, 204 1-13.

[2] Jorge M, da Silva José. Internal solitary waves in the Andaman

Sea: New insights from SAR Imagery[J]. Remote Sensing, 2018,

10(6) . 861-877.

[3] Jackson C. Internal wave detection using the moderate resolution

imaging spectroradiometer (MODIS) []]. Journal of Geophysical

Research Oceans, 2007, 112(C11): 60-64.

[4] Jia T, Liang J J, Li X M, et al. SAR observation and numerical



114

B . 45 PR VD B UARER RS N ANSL PR 5 21

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

simulation of internal solitary wave refraction and reconnection be-
hind the Dongsha Atoll [J]. Journal of Geophysical Research;
Oceans, 2018, 123(1). 74-89.

Zhao Z, Klemas V, Zheng Q , et al. Remote sensing evidence for ba-

roclinic tide origin of internal solitary waves in the northeastern South

[13]

nal of Oceanic Engineering, 2004, 29(4): 1182-1199.

Yang Y J, Fang Y C, Chang M H, et al. Observations of second
baroclinic mode internal solitary waves on the continental slope of
the northern South China Sea[ ] ]. Journal of Geophysical Re-
search Oceans, 2009. 114(C10): 637-644.

China Sea[ J]. Geophysical Research Letters, 2004, 31(6); 1-4. [14] Liu AK, SuF C, Hsu M K, et al. Generation and evolution of
Xu J, Chen Z, Xie J, et al. On generation and evolution of seaward mode-two internal waves in the South China Sea[ ]J]. Continental
propagating internal solitary waves in the northwestern South Chi- Shelf Research, 2013, 59(59): 18-27.
na Sea[ ] ]. Communications in Nonlinear Science and Numerical [15] Qian H B, Huang X D, Tian ] W, et al. Shoaling of the internal
Simulation, 2016, 32. 122-136. solitary waves over the continental shelf of the northern South
He F, Zhang H S, Huang C, et al. Numerical investigation of the China Sea[ ] . Acta Oceanologica Sinica, 2015, 34(9); 35-42.
solitary wave breaking over a slope by using the finite particle [16] XieJ H, He Y H, Cai S Q. Bumpy topographic effects on the
method[J]. Coastal Engineering, 2019, 156 103617. transbasin evolution of large-amplitude internal solitary wave in
Lamb K G, Warn-Varnas A. Two-dimensional numerical simula- the northern South China Sea[ ] ]. ] Geophys Res Oceans, 2019,
tions of shoaling internal solitary waves at the ASIAEX site in the 124(7) . 4677-4695.
South China Sea[ ] . Nonlinear Processes in Geophysics, 2015, 22 [17] Wang S Y, Meng J, Li Q, et al. Evolution of internal solitary
(3): 289-312. waves on the slope-shelf topography in the northern South China
Liu AK, Ramp SR, Zhao Y ., et al. A case study of internal soli- Sea[J]. Ocean Dynamics, 2020, 70: 729-743.
tary wave propagation during ASIAEX 2001[]J]. IEEE Journal of [18] Brandt A, Shipley K R. Laboratory experiments on mass trans-
Oceanic Engineering, 2004, 29(4); 1144-1156. port by large amplitude mode-2 internal solitary waves[ ] ]. Phys-
Xu J C, He Y H, Chen Z W, et al. Observations of different ics of Fluids, 2014, 26(4): 046601.
effects of an anti-cyclonic eddy on internal solitary waves in the [19] Carr M, Davies P A, Hoebers R P. Experiments on the structure
South China Sea[ ]J]. Progress in Oceanography, 2020, 188 and stability of mode-2 internal solitary-like waves propagating on
102422, an offset pycnocline[ J]. Physics of Fluids, 2015, 27(4): 046602.
Bai X, Li X, Lamb K G, et al. Internal solitary wave reflection [20]  J5hkfe. WrEm iRt fd BN M. F 5. T EEERF

near Dongsha Atoll, the South China Sea[ ]J]. Journal of Geo-
physical Research: Oceans, 2017, 122(10): 7978-7991.

Yang Y J, Tang T Y., Chang M H, et al. Solitons northeast of
Tung-Sha Island during the ASIAEX pilot studies[ ] ]. IEEE Jour-

JfiAL, 2005.

Fang X H, Du T. Fundamentals of Oceanic Internal Waves and
Internal Waves in the China Ocean [ M]. Qingdao: Ocean Univer-
sity of China Press. 2005.

Study on the Characteristics of the Second Mode Internal Solitary
Wave in the North of Dongsha Island of the South China Sea

Cui Haiji, Li Zhixin, Zhang Meng, Hang Songsong, Liang Keda, Wang Jing
(College of Information Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: The Gaofen-1 satellite is an optical remote sensing satellite independently launched by China
with spatial resolutions of 2, 8 and 16 m. Thus, it can provide strong data support for the study of the
smaller second mode internal solitary waves. The characteristics of the second mode internal solitary
wave in the South China Sea are studied based on the optical remote sensing images of Gaofen-1 from
2014 to 2020 in this paper. The research results show that in the sea area with invariable seawater strati-
fication, the bright and dark orders of the second mode internal solitary waves of optical remote sensing
images are opposite to those of the first mode internal solitary waves. The crest line of the second mode
internal solitary waves is much shorter than that of the first mode internal solitary waves. The second
mode internal solitary waves in the northern part of Dongsha Island in the South China Sea is the most
likely to be observed in summer. Most of the second mode internal solitary waves occur after the first
mode internal solitary waves, so it can be inferred that the second mode internal solitary waves are gen-
erated from the interaction of the first mode internal solitary waves and the raised parts of the ground.
These results provide a good foundation for the further study of characteristics of the global second
mode solitary waves.

Key words: Gaofen-1 satellite; optical remote sensing image; second mode internal solitary wave;

north of Dongsha Island
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