%38 B 1 DR SR S Vol.38  No.1

2020 4 1 A ADVANCES IN MARINE SCIENCE January, 2020

7 15 51 9 B 55 48 9 I 3 3 B0 WL U A 5%

BREL HER,F A B
(1. A SRR IRER — W VAT 2L BT W PR T S BRI R E . LR H & 2660615
2. W B AR S E AR E R R KIkiE s e SEEE IR S . R 5 8 2662375
3. RN WETE S RAERE. IR B 2661000

W EREEFOMLERTRNAGAMNBBEANA LT - TREOFTOE NI RO = ENH ., RE#EN
MEFETAE2hARN LK B EHEENE —ENIN LR RN T RFNE —ERIN LK, RN E oy F — 4% 30
ST HY K T AR e 8 8 2 B 45 Bl KdV (Korteweg-de Vries) 77 12 89 396 45 R vy & B 4F . <t 51 vk 81 5] A2 8y o 3 &
MRB A RABUK Ursell B R A E —HRNIN LR = AMER, xBERLH, TAAMEHE AR
THRTHAEETHASENAHEE AT R, P oNEN  RHEFRATA T B MY EE
AREMGHEBH TR,

KB B B NI Y KAV 7 &2 I A

HES LS P731 MERFRIRAD A MEHE :1671-6647(2020)01-0021-07
doi:10.3969/j.issn.1671-6647.2020.01.003

5| A#®X: YANG G B, GUO Y L, YU L, et al. Observation of mode-2 internal solitary waves generated by tides in
Qingdao coastal waters[]J]. Advances in Marine Science, 2020, 38(1): 21-27. X E . B, T £ .%. FH 4 &
BB A ISRy L B s )] A R R, 2020, 38(1): 21-27.

PN IR SE 6 28 R A8 A LA 8 2 )22 45 B i UK 0L 200 R A 1 | b 45 2 T 1 R RS AR I 1 B Y
g VAR o L B AR P ST I Y B LA A P A 2R b )2 R X R A ST O i 4
R B BT A S AR TR R RS IR N IS 2 ol 4 A T b B s T . AR — A A I
A L B XT38 R P IS AR R L I A 7 AR X AR 2 B R P ST I A =2 AR L A
i Y S A ST O R A T I SR A A B 5 53 S — Al P MR B AR p IS e D e L R
SEE T B IR R R AR R . IR R L R OAREE TR AIST Y RE B U SR — B N ISE A 106 B
1/10 5 fiy 55 8 A RS P H AT T8 52 2% 10 0 4 0 3 A A i O TR R B — A A IS e i R i A
TN IRSL P IR S R B A E AR AR T A S A SR L S A S R N IS B A AR L ) AL
0T B — R P DS P 1] A O HE AR R R S B B R R S I S B A5 O 5 2) B8 — B L
U 28 W L QUL 45 58O 0 s ) F i Sk R =2 WA (S B 3 25 8O M ) T 2 IR OF H B BRZ L T
R I RS R ) 5 5) 55— 480 A I ST I 19 S S OB 45 51O 5 6) P A8 1) Sl 2 Mk B A (R4 51D 75 )
PRI 3B TR DA B BBR )22 T O B R (R S5 5D 1 58) Lee P ML CULIN 25 5RO ) X S5 R0 2ok | LW T
I BLAES AN S A i R v Ja i J2 S5 IR S A DR AR E

T 8 T R By e RO O — B 4 . AR LR B 1) B T K SCRAAE B Ol B VS K L BV K M

75 B #1:2018-05-10

BREITE P I 25 M RHIR B JIr 36 AR B I 55 9% & T 42 6% B 300 2 —— 10 I 9% 38 U2 IS 0 L B S0 T RN R 3 5 00 T B R F 5 R g
(2017QO01) I ¥ I A< AU 358 T U1 T3 725 4% W 45 10 ST WL BF 9% (2015P02) s B R H R B2 5 4 0 H —— K Ao 12 R 2 K iR A8

Ak X ¥ 2% U2 RS S5 R B UL A 5T (41706038 5 LU ZR 48 AR B} 4 3k 4 00 [ —— 165 JIK v 38 U2 VS J5 T 32 3% v 0 7 5l o 2 UL R 4 AF

9% (ZR2017QD005)
EE B 6 (1988 55 BN IE 5 L - 32 90 IS P 7 2 AN 22 g PR 24 7 BT 58 E-mail: ygb@fio.org.cn

( He D

W



22 [T E O = S SRS 38 &

— AN RE R R IRR AL T B WPERIZ Z T . AR — >4 K 32 3R 2 I A0 56 20 2l B IR 5 1R AT 7E )=
I R T BTV K P A A7 A L I 2 BT A T2 B K SRR B D o 3t R J2= M0 8 30 R B T . A T Rl R SC AR A
T T 5 BT B A D Bl AR AT TR 2 OIS S T I A B LI 3 S RS 4 e A AR S M LR Ik R
BIFSE T 75 82 WS W S IS 30 L7 2012 4F T35 5 BT i B 0T NI T R 1 2 R B3 W 43 S O 3
TR X A A I ST R e ) S L R XU e e R R A S

ARSCRI T 2013 4F 2 2= {6 7 B B 20T T O Ji ) B 37 WL Je JF T 5, 45 & I 6% L CTD L ADCP 4533 75 3K
T BRI A A1 38 T DX PN A B8 R A IS B B G L IR 45 S KAV 5 B 0 T UL 3 154 35 — A8 9 ST I8 1
AL

1 B

a7 W I R T 2013-08-29, Bl 1 38 m_ o N
ST Ry XL 3k A X T LA B i % %
DS J2 T BE 3 A1, Fl P RT D U8 )k a5
(120°39'30"E, 36°04" 08" N) fii T 75 & Kt
R A TR )2 K IR B 48 R 1
YK A i1 S i R A T Ak . 00 U 3 A5 K
W2 27 m 72 47, B MR LE 3O 3.,
M 25 41 2 R 4% . CTD Al ADCP, 34—
TSR 8 MR R AL B ER (TD) . 8 4>
TR RAL SR A8 43 S A B e KR 24 3.0,5.5,
9.0,12.5,15.5,17.5,20.5 #1 22.5 m 4b,
A R R AR AR R AR 1 Hz R
S8 UL B[] A 08214 & 1440, ¥ i W %
M=% 1 200 kHz RDI Workhorse 7 Py ;
P A ADCP, W B[R] A 10:00 % 14.20,  30° ] T l | !
ADCP ;i%ﬁl‘lﬂ[ﬁjj 10 min,)%'@%j 9 m. 120° 122° 124° 126° 128° E .
B — 2R 2.53 m, CTD kM RBR 10 12 14 16 18 20 22 24 26 28 80
XR-620, 57 1 7E 12: 005 12: 365 13 30 g e L0 3 41 5 19 6 0138 4658 (F0 48 4 2006 45 BL A JI) C'TID W90 81 B i J2 7k
14 :24 FF 4K CTD &) 1 W . TR 21 0 3R R L T € 3R GO S R FTF O 2. 10 1 20 °C 2R L% LB R %%

B L X

2 Xm{mu g'j:]:% Fig.1 Map of the observation area

36°—

30 m

Bl
m
50 M

50 M
50 m|

32°

2 Jr R R AR R A ADCP A AT 5 ) 1O 5 B I 45 5% . i B 2a AT DL, 1230 Z R, 1E R
CADCP XL 7 8 351 T 0% TR B 710D SRy 0 1) () ) I A T3k il B B . Fl 181 2b BT L 6 35k 3 B B, DA 10:00 FF
f s KR I S TR 2R 0 R T (R s KR N R o Fl T UL sty 57 T Vv K AT A R A T 3 AR N ) K R A
A, PG 00 A 2 000 4 5 (PR 1), I ELIG IR TE b T 3 3 484 5 7 B, IR O 25 R 4R 1 3 3R T OKR R RO B il T
TR HE B R B T RS B 5 R 1

SR T 35t st 7K TR AR A5 R i R R AR A AR /0N o Pl 5 U 2 i 20 1 1 PN ST 38 ) 728 A mT AR 43 4 A B Be
(B 2b), A 9:00 2] 9.30 MBTE A, B X5 — NI 5 R IW A) . M 10:48 #1057 MY Bt B,
S — BN ST BT R SR I RS A S TR B IR B (B TW B) | 3 — P IR ST 3 A M
75 Ak TR 5 R I R U8 L0 T ORI A 5 SR 2R L SRS L FE 10:57 B 1112 B BE CL7E X — W BEL i A



14 Moo d% , 45 5 A1 SR R A IS i A L T 5

23

T A A B 45 2 AT A I H B T — A A S RSN ISZ . AN 1027 B 1200 S5 BB DL il T X — By

=0 AL Uk NI R

LR AR L PRk — B AN — A~ Al ) N B AR FR AT X — B % R ) A5 UL

YN

FRIiCh IW Do B 2¢ Bros b AR S 6 O 3 B2 L BRI ADCP 045 9 [m] 7 55 2 4080 8 47 1 B e Aok

BT A AR X 5 1) HCE o R O 5 R B JE oG i (H i TR A £ ADCP B RS PR AR k£
—ANE R A RHE . B ADCP (% (8] 75 5 3 5 60 R X I 1] 0 i R R0 [ R 35 i b 20 i o T

T IE CH D R T AR

2k Ry
IW C il IW D [0k . BT ADCP B R RE R FEAY A 10 min, IW B I IR &4 ¥ ADCP 1% )5 5] 30 5t o8
B W kb AR R ke

(2) W 21 B 1E FE. 30 7%

Ime-+st!
—_— e =N (L = e e
09?00 10?00 11i00 12?00 13:100 14:100
@)/ﬂﬁé’%ﬁﬁﬂﬁ%tﬂ&ﬁm 22, 23, 247ru25 %%zﬂ@%ﬁr@*ft
5F LA .BC W W

24C

i ! |
09:00 10:00 11:00

12:00
t
(c)ADCP [E] 75 58 FEE 3038 5 H AR MK 4 5 1) B 5T 58 8
5 -
S 10
15F
09:00 10:00 11:00 12:00 13:00

B2 W SRR ADCP AB X G [ S0 5 5 2 U0 0 2 R

1
13:00

1
14:00

14:00

Fig.2 Observed tide, isotherms, and relative backscatter strength of water column
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Fig.3 Horizontal and vertical structure of the observed internal waves
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Fig.4 Calculated coefficients of KdV equation
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Observation of Mode-2 Internal Solitary Waves Generated by
Tides in Qingdao Coastal Waters

YANG Guang-bing'?, GUO Yan-liang'?, YU Long"?, CHEN Liang"**
(1. Key Laboratory of Marine Science and Numerical Modeling s First Institute of
Oceanography s MNR , Qingdao 266061, China;
2. Laboratory for Regional Oceanography and Numerical Modeling . Pilot National Laboratory
Sfor Marine Science and Technology (Qingdao) , Qingdao 266237, China;
3. College of Oceanic and Atmospheric Sciences, Ocean University of China ,» Qingdao 266100, China)

Abstract; Although the energy of mode-2 internal solitary waves (ISWs) is 10~100 times less than that of
mode 1 ISWs, the turbulent dissipation rate of it is comparable to that of mode 1 ISWs because of its more
complicated vertical structure. We here reported a new possible mode 2 ISW generation scenario based on
the field observation conducted in Qingdao coastal waters in the Yellow Sea. A thermistor chain recorded a
second baroclinic mode (mode 2) ISW following the first baroclinic mode (mode 1) ISWs in about two
hours. Wave displacement of the mode 2 ISW and its vertical structure can be well described by weakly
nonlinear Korteweg-de Vries (KdV ) theory. The variation of nonlinearity coefficient, dispersion
coefficient, and Ursell number caused by rising tide were consistent with generation of the mode 2 ISW.,
These results indicate that the observed generation of mode 2 ISWs should be mainly caused by the change
in vertical stratification induced by the rising tide, which moves the temperature front of the Yellow Sea
Cold Water Mass towards the observation station and elevates the thermocline.

Key words: mode-2 internal solitary wave; tide; KdV equation; field observation
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