$a4% B 121 T bES

202245 12 A

Haiyang Xuebao

2 e Vol. 44 No. 12

December 2022

BOANE, PFLFY,

255, 2. eSQG 7 HETE G - [ i 32 W o (4 B TS (D). 23R, 2022, 44(12): 5569, doi:10.12284/hyxb2022153

Huang Jiahui, Xie Lingling, Li Qiang, et al. Application of eSQG method in vertical velocity diagnosis in the South China Sea[J]. Haiyang Xue-

bao, 2022, 44(12): 5569, doi:10.12284/hyxb2022153

eSQG AL M IFERIMIE

12 i H RO R 3T

HEHE"?, HHR FERPS, e

(1 TUIREPE R WS R R B DAL S R E T LR, TR BT 5240885 2. )T AR A R S A R 4R K
A AER IR S PR S LIS, ) /R YL 524088; 3. [H SR T VR R4S 18] Vg v 5 N T 5 9056 %, db aT 100081)

1,2, 3%
)

?ﬁi%-zﬁ‘xﬂ}ﬂ OFES # X 0.1°x0.1°F 2 X R & REMETEE (SSH) 23, 247 eSQG 7 % &

Tﬁ@%ﬁwh

&ﬁ—ﬁmyjlhj\ DesQG 5 OFES@%M“ﬁTﬁ %m‘/ﬂb % B Worgs %/ﬂ(?—
%jtf&%%o fﬂif&ﬁ: (Zkﬂlij(']:looom) MesqG % WoFEs 9,77}(9”
AEKERK, G THEL2ERNTEAEX R L, ¥ eSQG £ T

PPN EA MR EEEAREN R S EEME, £F KW, £ F SSH = eSQG %

JERAMEY, HO(10°m/s), X L E
ﬂﬁﬂ?éﬁﬁaa&%ﬁkfﬁmﬁ%; 150 m
WMRWMEARERS ., T L,

Ousos SEREBALT, 5 0o WX ZH r £F K EZF N %H}]eSQGE’i T A E iR E

% . eSQG ¥ Wi E 17 it i

FEABBFAEIS~55dh A BT 1,

fgﬁﬁgﬁpﬁﬂﬁﬁguﬁ:ﬁ)ﬂ féLcEm 5wOFFSé@HIEﬂ*5%%%&}'Jﬁ %06
BAaEPPELBE RO BRRKEZ, WX R&Kr £
ANMET, BEGESET TR LA, 0w T “EH”

:j: 0 2 H [ ;HZ‘ weSQG /WCU wop]:g .I_ Ej *E

Oores B HEIL o B 43 R 3 eSQG B B M E L F L%, &8 4 9 L B 2] 0250 » B R H A,

Pl eSQGEF RE VI B FEL.
X8R F W R ; eSQG; | &= % 1h; ¥ ¥F; OFES
FESES: P731.21 XEKFRERD: A

1 515

[ Y AR Ry I 7K A8 Bl A — A T 4 i, IR
DAL LA 9 A< ) 4 40 R R e < e EL AT T AR A
I ) 12 B e K R 2 B & E IR R MV K ) 1 )2 TV
121, AT e ¥ X R R A e e, TR, S s
B Al BB K 2 2 M VR I A I SO R AR T B IR
JEET, SR A BRI B UG IR, T R SR I X A Y
M) JO7 1 A1 Ok, R B o g L AT A F 5 SR
N FH 1A

T T () R ) S R — i AT 10°~107° mis, 7F
T AR ML I R, B — i e

%5 B 85 2022-05-03; 1&1T H #: 2022-07-03,

TEHS: 0253-4193(2022)12-0055-15

AR L B T332 W 8 B A0 55 O 12 o 2R R [r)
LA O R T AR T R BE 37 A AR T ML
(effective Surface Quasi-Geostrophy, eSQG) J5 i FI A T
M ER KV i 37 19 Omega 5 5 J2 K HOIE V= 48 2 ] I
A RGER, JE R eSQG ik, HAA TR
RV ORI A7 WL DU AR /N B DG 0, 3 AR R AR R VR T
DX v RUJE e [ ik 312 W 7 TR e 35 22 1o 1Y,
Lapeyre Al Klein'” £ B 42 H T eSQG F &, 318
i eSQG REELAF 2 W 500 m PR LI i . S5
g et U R NN |y NITRE o7 1 | o N AR E 2 N S
HFFE T, eSQG J7 A RPETE IR G )2 AR I |2
TR 7S B B ERIE" 2, eSQG TEIR A )2 2 1] i # 12

BEEWMB: MR A AP EIEE (42276019, 41776034); [ 7434 3 18 15 A2 813 A AT B (2019KCXTF021); I 75 44 i i — It % 191 (080503032101,

231420003 ),

EE BT WHRME(1997—), T, KA TN, BFFE )5 10 R vp /R 3 #2 . E-mail: Iron_ man1224@163.com
*BEVEE: R (1983—), &, 4%, IWRARKIET A, BT )7 0 Wi 2 R E ) 113 2. E-mail: xiell@gdou.edu.cn


mailto:Iron_man1224@163.com
mailto:xiell@gdou.edu.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

56

MAEEd 4445

WA AN J2, AT A It A T TR 5 | P 3 [ 3 TR A
Pzl eSQG X A [ RO e 1] 3t 7 1412 W ROCR A
—Ff, HETE T 20~400 km f4 H ROEE I ] 7 R
‘A%ﬁ 1, ﬁﬁ/\ﬁﬁgﬁqﬂﬂﬁjﬁﬁfiiﬁ X F eSQG 7E
NG B VIR Rk — PR R

ﬁﬁﬂ:@ﬁ%#ﬂiﬁﬂ@iﬁlﬂ &, Ky 2
Ar Bt R AR, v RO AR rh RUBE o R e e,
T R0 i R 35 A AR TR BR A 2 1) PR RO, K TRV 1Y
[ ] YL A, N 22 R A7 SR R BRI A 2 4 &
JRLesn, B T LI (1) eSQG Jr ik T 75 Sy 1 ¥ 2 ]
WU = HE S5 H A E fe R AR AR A RO i, R
A 15

A ﬁtzliiﬂfr ) FH 55 43 9 % ) OFES(ocean general
circulation model for the earth simulator ) % {E 4% 421 5 45 ,
53 BT eSQG 7E R 1 AN 7] X 3 3 ] 7 14012 Wr 1) 38 FH e,
25y i Y [ YA (0 BN 25 AR, RSN [l i) 5 43 %
X2 WA A 15

2 B 55k

2.1 HESRIR

A 5% T FH A S OFES A5 242 436 1 w3 40 9 %
PR BORE, HKF 23 B3R 0 0.10%0.1°, I [ 73 3
Ny 3 do B R A TR R A KR BT 5 L
( Asia Pacific Data Research Center, APDRC), %1 3
S H 5 [ ] G0V N R SRS BUR) b sk ) B AR Bl
LG AT K, Gt H AR TS s ER RS T ST i Bk
B AR TS AS B 09 o PRI PE R 28 H) B 2
[l 2 75°8~75°N, I 6] i B 2 1950 4F 1 A 2 2017 4F
12 A, ) 1 A7 54 J2, FHREPIJZE Z 18] 1) 2 ] 5] B Bl
TREE A a4 i, /N4 5 m, B K298 330 m.
ik £h R AP R B R R R 2.5 m IR IREE N
5900 m, E [in] L L R ZIRIE 9 5 m, RIZIRE N
6 065 m. HUIE BER R IR T Fl 4 35 1T v b0 Y T
IR A A e 12F )R A5 3 ( Ocean Circulation and Climate
Advanced Modeling, OCCAM) 11X 45 () ( 1/30) ° s F&
Hodli, JF S P AL P R S HI R AR F AT . AR
2 7K T di A B R FH R SR, DA T 9/ 2y
J5 FE K A% RS 5% 22 . 3 BLIR A ok ] KPP
LETRAL
M 8 3, ] NCEP/NCAR( National Centers for En-
vironmental Prediction/National Center for Atmospheric
Research) FF43 BT 08 45 2 K538 37, IR ER BERHI R
JH WOA(World Ocean Atlas) 54/ -

AR 3C 1 BURE ¥ (4°~24°N, 106°~ 122°F) 2012 4F

(K—profile parameterization) 1 5 JZIR &

3 1% 2013 4 2 J1 1) OFES ML= A7 4 #h . K | i
A e JEFIR & 2 B FE R A7 4 M o v 67 33l B A R
Wﬁﬁ?ﬁﬁOﬂOOmFr“E’a@:jwﬁi%,E.EJEFH
12 WA 1) Yk, K P R T R i B, X
ﬁﬁ(ﬁlﬁﬁﬁﬂ:'ﬁ eSQG 12 Wr 3 1] it 2 X L o B[R] 3k
B B Qiu S0 [ RS R AT X .
2.2 eSQG g%
Lapeyre fil Klein" 48 H 76 #H AR 2 B LT,
T N TS, B it B S 5 R R R R A
AR o FE T 3K — A OG5 8 R #4008 5 1 ] 3
AT LA 50 b 7 I PR By AE e — R B 2 5 V1 v B 3R
ik h

ﬁn(k)exp(ﬁ)khz) (1

Ak, T LURR 5 e 7 A | O R AP SR O
PEAEARIF 7 b FTE ) w A9 B

v (k,2) =

b(k,z) = NOk“z//(k 2)» (2)
wi(k,z) = _% {_J (;/0:,5,) exp (fkhz) +J($,b):| , (3
0
N=_8% (4)
P dz’
Po

R, k= (koo k) R A BB R A5 k= Ik o R -2 28
(14°N) R S 80 g0 B ) N BE 5 o2y 165 7K % B
N TR IIHRER; bR VT T 5 FF 45 AR K P A HL A 4k
J(a,b)=(da/Bx) (0b/dy) - (da/ dy) (8b/0x) AHERT HAZFIAT;
Thr s KonRIZH; ZI-UCNU—OOI Hz FIIC =212 % %k,
Noiﬁﬁnl:injz 0~ 300 m I B 7 45138 (1 SF- 5 {051,
= (gNoki/ f) 7 (k) /b(k,O)Ttht(l ) 22 F(5) T,
F AP 1) SSH Bl n (v y), 20 (3) A

[ Y% 3 S T 30 B %) 1] 0 38, 4 T S o o8 B ol i A
e, AT A B[R] R B 9 T 1) B4 A . eSQG 12 Wi iR
ITEIC N 0.soo, FETEFTEAICH 0opse PA Qiu FF117
WFSE 1 S 31 428 {1 1 (31°~39°N, 145°~ 153°E) M f5i], 46
EANESE eSQG Hik. AL, HLH (2012423 H 29 H)
400 m IR wwoe 5 @ores 17K 53 A R AIE FE A — B,
Jo HJE I R R RFAE W) A 54 (& Ta, ] 1b),
Wesqo TG @opes TR, 3X W] AESZ PR @ors 13 75 843
Mo 2L AR TR A LA R I 3R A A G R A
P IEARLE 0.5 LA (K 1e), 32 B eSQG i 1o PR3 T
worsso Bl 1d i — 2 25 T AR ﬁﬂﬁ AR
il V% 3 1 34 n T B4 AR TR A 2 DLIR A #) 0.4 L 1
(Il 1d), U6 BH eSQG 12 Wi 45 5 75 2 1 ZE {4 B A7 A 4



123 BEGOMEAE: eSQG J7 ik 15 1 1A 3 ) Uit 3 12 Wi v #) 1oz JHIF 5

57

ARENE . Pl EZR Y Qiu S50 TS

SR AL, GIE

BT ARBEGE eSQG L AT A7 .

146° 147° 148° 149° 150° 151°152°E 146° 147° 148° l49° 150 151 152°E 3
b
38° \ ‘
N 2
r
3 i~
E
® ji
1o 2
&
- =
i
-1 %
330}
-2
32°F
. . \ -3
0 c. ZHHRRL d. SEp8
200
£ 400
2
% 600
800
1000 20124E4H 20124E6 H 201248 H 20124E10H 20124121 201342H 0.2 013 014 0.5
___ . Toammm
| |
0.2 0.3 0.4 0.5 0.6 0.7 0.8
HRRE
Ké—] 1 2012 45'5 3 E 29 EI !“(ﬁi,ﬁa'ﬁg 400 m { r weSQG(a) *u wOFES<b) E’Jj(qzﬁjﬁ WesQG ﬂl WOFES E’J Im*ﬁi%ﬁ r E’Jﬁr—]

I )7 57 (o) LR ARESF #4521 (d)

Fig. 1

Horizontal distribution of vertical velocity w.sqq (a) and wopgs (b) at 400 m in the Kuroshio Extension area on 29 March 2012, time

series (c) and yearly average (d) of vertical profiles of spatial correlation coefficient 7 between w,sog and woggs in the area
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The black line in panel ¢ denotes the area-averaged mixed layer depth, the red line in panel d represents the yearly-mean mixed layer depth, and the cyan shad-

ing denotes the standard deviations

T R WA ) 2 Wb, i TR - ASAFAE SSH,
Tok AT A B AR e XA 3 b i B K — 3
[] f3, Isern-Fontanet 4562 85 1) FH i 0 25 4 ok 1) AL TR 1)
QSRR TR Wi Rt R (DY 27315 i I e A 2
TE SSH Y [a] 8, AS A 59 2R ISR 04 — 2 2 P 4 {1 XoF
il 1, DX Sl A, 2 717 08 L b2 o 75 B o) L, SRS
Vo il DX A SR HERR o RISy sk i RO, K
WS DI Y J5 Sh T 20 f5 #EAT 28 4

3 BT R L

3 ZESHEMEFTEN

K278 4 FPIE B0 T M 100 m R B @usoan Gores
38 ZAE 7K 20 A o AT UL, AH ECARE S 2R 245
B, B H weoq e R, I G 8 B S VG R oo
B LA TR F] 2x107° m/s LA _E (K] 22)0 4FE P2 oo

W2 2R

55, A IEARTE 13107 m/s AR, JGHR 7R3 o i i 3,
JUTAER/NT 0.5%10° m/s(1# 2d) 0 B2 wgoe TERTE
VG FA R0, R T 2 A 1.6%10° mys( 1] 2g) .
BT W00 BT AT 2858, 15 75 D955 I FRAE, 7 T
SR EAA R 9.5%10° m/s([&] 2)). 5 I, 0usos 2 RALE
5 (DL 145N Ry )| 523 44 55 1Y) 25 R AIE

XF H < ELAE” wores( 18] 2b, & 2e, ] 20 F K 2k),
orss AL IR T 55 F 23 6] 5 A0 AN B 8, 295 A8 Ak ) ol 4
RIS . 0ues Ml 0ors BT ARL2E S, FIHES eSQG
BLIE v RO 9 3 ) 2 WA DG, |iF AT
BRI RE SRR B 0use ZE LI I 23 FRAE S,
T7T 1V U v R Ao R D) 48 5 B 55 527 oo £ 75
Ay RUBE SR, kv RUBE S A 5 | ) s ) A
RO SR, PR O A B R A R 1) A% ik B 55
FFAE .



8 WEPESEAR 44 %

c. SH16H 100 migkfE )
a.5SH16H100 mﬁgﬁgwcst}c b.5H16H100 mﬁgﬁgwoms lg(wesoﬂ)flg(monas)
108° 112° 116° 120°E 108° 112° 116° 120°E 108° 112° 116° 120°E

:

22°
N
18°

14°

10°
60 29 I
£, AE-F-34100 miR LAY
d. 4EF34100 mi'é’iélﬁﬂ‘]wesoc e. 4E 4100 mi B o opes lg(wesoc)flg(woms)

22°

N

18° b
14°
10°

6° : y

i. F 2100 miz By
g BZ£100 m‘ﬁgﬂgwcwc h. EZ%100 m%gﬁgwoms lg(wesoc)_lg(wopﬁs)

22°

N

10°

6°

1. 422100 miE E#Y)
j. £7%100 m%’%&ﬁ@lwem k. £22100 mﬁ&ﬂgwoms lg(weSQG)_lg(wOFES)

22°
N
18°
14°
10°
60

I

-3 -2 -1 0 1 2 3 -10-05 0 05 10

THFE/(10° ms™) TE R 2/ (ms™)

2 HH(201245H 16 H, a—c), FFH(d-1). HFE(g-1). £F(G-DEHE 100 m K oo, Oopes Fl 35 2 1H 17K 531
Fig. 2 Horizontal distribution of w.sq6, @ores and their difference at 100 m in the South China Sea on 16 May 2012 (a—c), in the whole
year (d—f), summer (g—i) and winter (j—1)
BALLRIR 100 m FT 1000 m S5EIRZL
Black lines denote the 100 m and 1 000 m isobath



123 BEGOMEAE: eSQG J7 ik 1 1 1k 3 i) Yt 1 12 Wi v ) i

59

E 2¢, [ 2f, B 21 FLE 20 gE— 45 1T 4 Fg i
T @usos FT 0ores Z 25 (BN @pines) B K50 A5 o AT UL,
B @, B B AE F B TR 22 4540, R I
HMERPRE FNES . FMIEETNRH 0., LT
A TA, BT FE R s 15 55 T @ores 1Y
A HVRRAE o AR ERMA T ., I LATE N E
HL7E 5 B K, W T eSQG 78 Hh R i R 4 55
TR 3002 W 45 8 i A 1K . (BRI R, AR B
= A ZE s TE 53 T8 VY 1 78 R0 B DL AR 35 i 5570,
X T B A PR Oy e v ROBE o AR A K A DXl e Oy
R ARG LT @i 28 X {EL/N T 109 7 H 43501
o 77% (L H ). 95% (V- 15) | 87%( B 2% ) Fl 94% (4
%), R wsoe Fl wopes IR IEAR I Y 0 @i 19 5
B 3= A v 7 T T i RN Bl 2R B O, R eSQG TE X
S XSl g 3 VAR 2%

THIA R T 230 B IR K X UK IR K T 1000 m) wesqq
55 worss 1925 [0 HH 5C R AL, 53 10 R ra Ml Fiepo FAH
(20124 5 H 16 B ) FIAE V- 249 1 23 0 2 0.14( p<
0.01) 1 0.01(p=0.18), 73, 53 5 35 | 0.34(p<0.01) F

V1, A e RN o T i R TR, R eSQG TE
AT IK D2 T BOR AL T K X o 85 R AR T 7E R
A EE e A 5 5 TE DX A B H X LA 56 R %10(0.6~0.7) 1,
B 5 30 KR DB 5 25 SR AR (B H X EAH DG R 4L
5 0.4~0.5)80, X 0] FE A 3 AN X g S AR 25
IR, 25 B w00 12 W 7 75 I B TR 1 TR
KXFEHE
3.2 AREIREFREZEHL

3 7R P T 0o P11 @ores 5 TR]AH 5C 22 500 T2 1]
WAL 51 o AT UL, ru 7E 4 R R AR AR R B oK, L Bk
W, EEE/N(F 3a), X EFE RS2 RE
AR BN, Wi AW R IR A 2R
JAREHE =1 eSQG Z W RUR ™, r JEIR A 2 N AFAE
Wy oy 2, IR A 2 DL ARG 2 AR N, X —
2505 Qiu M A IR A 2 LIk A A R BUNT
0.6, 1R A )2 AR 25 (W) A OC R AR 0.6~0.79 1 BF5E 45
AL, P25 R BoR (B 3b), riu B OB 138 in
Je¥h KU/, 76 290 m JF T I8 2 B K AE 0.11, X Eb
TRIK DX (B 3¢), Fieep bt TE0] TR B 1) 728 B 35 5 A

0.06( p<0.01). B Z= M& Z=r,, 55 51-0.03(p<0.01) oL, AE & HA BT K it KAE R 0.29, 1M r i K
H0.02( p<0.01), 1M ra, U 43 5 K 0.02( p<0.01) F1 155 0.38. X EH eSQG Wil H T HI MR K X o 4EF
0.17(p<0.01). r I ANAH rix kK, &% r KTHE B, 08 (& 3d), B & KB R38N .00 388 K5 8
a. RiHERTEE b. 44
100 + '“ “ —————————————
£
%300 ' ' . ' '
500 2012@45 2012@6}% 2012$8H 20124£10H 2012$IZH 2013$2H -0.1 O Ofl 0.2
ol
—0,2 —0.1 ‘ 0.1 0.2
ﬁi_’]“ﬂ*ﬁ%gﬁ%m (wcSQGLﬁ‘woFES)
c. RIFHOK X d. Y
b~ - 4' T T T TS
100 F "W "W e
£
gmo
500 2012@45 2012@6}% 2012$8H 2012$IOH 2012$IZH 2013$2H -0.1 (I) Ojl 0.2
N
—0.2 -0.1 (I) 0‘1 0 2 0.3 0.4

MR B ey (@065 Oores)
B3 B IRIBIK X ousos Pl @orss 1975 TG R B, (a=b) il (c—d) A 1] NF 6] 31 B HCAR -84
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Application of eSQG method in vertical velocity
diagnosis in the South China Sea

Huang Jiahui -2, Xie Lingling"*?, LiQiang"*?, LiMin" >’

(1. Laboratory of Coastal Ocean Variation and Disaster Prediction, College of Oceanology and Meteorology, Guangdong Ocean Uni-
versity, Zhangjiang 524088, China; 2. Guangdong Key Laboratory of Climate, Resource and Environment in Continental Shelf Sea and
Deep Ocean, Zhanjiang 524088, China; 3. Key Laboratory of Space Ocean Remote Sensing and Application, Ministry of Natural Resources,
Beijing 100081, China)

Abstract: Using 0.1°x0.1° high-resolution temperature, salinity, velocity and sea surface height (SSH) data from
the ocean general circulation model for the earth simulator (OFES) model, this study analyzes the capability and ap-
plicability of the eSQG (effective Surface Quasi-Geostrophy) method in vertical velocity diagnosis in the South
China Sea (SCS), as well as the spatiotemporal variation of vertical velocities. The diagnosed vertical velocities
®.s0c from SSH with the eSQG method are of the same order of 10~ m/s as the “true” vertical velocities wqsps from
the OFES model. w.soc shows spatial variations with higher values in northern basin. The correlation coefficients of
the horizontal distribution of w.soc and wees (7°) are greater in deep basin than that in the whole SCS, suggesting that
the eSQG method is more efficient in vertical velocity diagnosis in deep water far from boundaries. Vertically, the
correlation coefficient has maximum values occurring in the subsurface layer at about 150 m. w.so is stronger in
summer and 7' show seasonal variation with higher values in winter, indicating more efficient in eSQG diagnosis in
winter. @ sqc 1S reliable in the regions southwest of Taiwan and east of Vietnam, where the temporal correlation
coefficients of w.sqc and wepes (7) exceed 0.6, while wsos is poorly correlated to wepes in the shelf regions in the
southern and northwestern SCS with ' mostly under 0.2. 7 in the same region is varying at periods of about 18—55 d.
®.sqc performs better as the distributions of the SSH and the sea surface density are in same phase. w. varies little

as the temporal resolution of SSH varies, while 7 increases as spatial resolution reduced to 0.25° in mesoscales.

Key words: vertical velocity; eSQG; spatio-temporal variation; South China Sea; OFES
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