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Fig.1 Meridional distribution of the amplitude of flow field and potential field of the first mode
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Fig.2 Horizontal distribution of the upper flow field of the first mode at different time setps
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Fig.4 Meridional distribution of the amplitude of flow field and potential field of the second mode
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Fig.5 Horizontal distribution of the upper flow field of the second mode at different time steps

6 25t T ¢ =0 BFASC Kelvin # E T JZ B9 4 10 i 3 ML 337 P13 B9 KF o0 A IS LR 1] 5. b
JZ W 4 o8 L Y g AR Hh B iR 3 L Bt 45 5 8 o U 32 0 S e i . A 5 22 ) I R 2 o LA R 1 3 3 )
N F IEA A L Z A8k (ULIEL 6a F1 6b) 3t 25 i Kelvin I W5 3 (14 e B 7 a2 100 76 Hof s vk, w2 5
5 MR, A AR AL, 90.6 d J5 e — A I ER . TR RO S LR R TR ALY P8l 78 Ak E b Y
XA L) N LR ZAAR) 1A% (I 6¢ FT 6dD .

K7 45 T oRiE b 2 =0 AbASC Kelvin $58 — #8245 BRI ML H B [ 1942 4 . o iE iz
PLH G IR M 300 10 cm » s VFT 383.5 m® « s 7 AR I AR IR B2 — KBS0 1.81 m® « s PHER 2
A2, T I R ] S 2 A% 5 pR B % o EL SR IR LA AR A B R G BB — RS R . X TR 2 i
1733, HASUE 7 AR LRI 38 8 cm » s 1 613.6 m? « s 7, AL ER S L EAH A L R A
AN RN Y PR VAR /7R ) TN L R S B -3 NS



339 AW A TRV IR IE Kelvin 9 g BT A5 25 43 BT 345

5 _ 5 ;
(ONN=Yi*] o) LB %5
3 3
-2 2 ~100 100
EE 1 Zg . é :,E 1 ~200 200
= 8 8 9 [ 300 300~
x J \/ Y, X )
g _1 N i s o Ty _1 ,‘7 .
= =
-3 SR
. Bf7: cm s 5 Bfr: m?es?
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2 500
S5 BER /km S5 BERS /km
5 5
(O TERS (DOTRAES
3 3
E ) E -100 100
2 G i & i 2
B 4 , !
= B N = -100 100
-3 §_3
" Hi: cmes? 5 Bfi: m?es?
) 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
251 PEE /km S FEE /km

Bl6 5 B ¢ = 0 B 2045 2 0 R AL 3 35 1 K- 43 A
Fig.6 Horizontal distribution of the flow field and potential field of

each layer of the second mode at¢ = 0

500

12]{@FH (O 25]
. 400+,
9 300
» 6 @ 200
E 31 i 100
& 0 @
& N
= -3 §-100
B gl -
6 & 200
-9 o A o A =300
—124 —-400
0 5 10 15 20 25 30 35 40 45 b0 55 60 _5000 5 10 15 20 25 30 35 40 45 50 55 60
t=T1/32 t=T1/32
B 7 5 A RE e = 0 &b &2 W R 335 B I TE] Y AR 4k
Fig.7 Variation of the upper flow field and potential field over time of the second mode at x = 0
31w

3.1 AESHRE

S — RS B[R] Z AR AE T W B S 4 O £ 1 U G 1) 3 4 1) 2R AR R P A0 R R 2 AR R TE
FOR AR FEE £6 E S N 28 . PIE R 5 AL p I & oA 22 , 2 A 22 4 Kelvin 35 A9 TC & BIVZR 1)



346 o R % o R 35 &

TXT R T IERL 3 S Z N8R . P A IR AR RIS B T LR AR . 9 e sl S AR SRR A
PRI, X WM Kelvin JERER A .

P BN FUAE T 5 — R3S b R BT (4 1003 ) 1) g 4 56 U 2 1, A iR G R AE BE AR R L
500 km Kb 72 P R RANAH 2229 0.5 em s 15 58 RS b VR R I M SR L B 300 km 2RI E R T
05 RS BN E MRS PR IE R RTE 2°S~2°N, B IR BRI I . X TR LN R #m
o A5 Y LI DL U S AR ] . S RS S R P S B — A R 2 AR IR RCR R AR BRI .
RS RE AN Dy 54.2 m o« s HOEE RIS AY A (0.256 m o+ s ) ER 2 ARG A RS YA
5 9B U )k BORH ) G DAy 0 TSR — R U DA R o Dy e TR B — RS O PRI A L RS 18
WA . S LN, 58— B A AR # A, O 0.427 d, BDZYE R AR RS R B E K A5 £, 8 90.6
d, BI#y 1 FE

3.2 WMESEABKFENEE

XA 2R T R ¢ LUR XA SC Kelvin P WA & RE E 47108 . % Kelvin 3 i 2R 38 KPEPG
AR BIAR IR ¢ =1/c, PO, JRIE R £ 8K, W Kelvin 3 A 7 B2 4L B8 B r 3 i sF 1) «
Wik,

TR KR PIAIFEZ) 160 N2 EE .29 17 600 km B4 1% Kelvin S48 — . R A 2 SR A A Ke =
L/ c s WA — RS Y 2R 38 R 7 1 P R AL B AR 1R T 5 I B ), HL 20 30k 3,76 d,797.1 d~2.2 a, DL %5
W B — B CHRIE RS TR AR 36 R PRmi A BT A 2 S0, AR AN FEXT B S A0 18 . T 5 B3 (1 )%
BRSO W B 5 LA A S B A P R T R VR I U R A B R R BT R Y 2.2 a, X 290 ENSO
PEI 2 A (ENSO 4EBRAE AL R R 3~7 a) , B Al 0L ENSO R 5% Kelvin 35 A% UIH K,

JRIE BN EAR VMR 70 N4 .25 7 700 km, 1% Kelvin 3% 955 — | OB i AR 8 B RE P 19 74 52 4% 5
AR T WEEIR] 23500 2y 1,64 d,348.7 d&=1.0 a, M5 # 5 10D B¢ Ji WAL (JOD 4E BR8240 5 8 2~4 @),
W 10D 1 5% Kelvin P95 S FHV XA,

B KPR PGMEE L 45 2,29 4 950 km, IF 0] 151% Kelvin 55— | B i AR 38 K P8 5 A9V 1+
& B4 2 FF s B i1l 23 51 ok 1,06 d,224.2 d=0.61 a, M _ESCHT, 08 S 7 18 K - 7 10 2 R 3 B0 8 9, 3%
Kelvin I 55 T A8 DT V4 52 % 9 30 P8 R 5 1) B [ 988 7 ¥ S o 4 s 28 Ak JRL IO 1 — 2 22 D el o o o OB
ARIE KGR A — AW 1~2 a B9 RS W R4k . Houghton 55 38 i< s ff v L 9% BH 09 32 43 & 40
53] A — Ty R R PR AR b B UE 2 a AR PR MR T X 5 A 30 Kelvin 355 B2 B 15 4%
A —2.

33 EXBRXEFARER

FE AT IZME P AR TE Kelvin P58 RIS SCbR RVEMG DL HEAT LU . & A AT 3 45 T B0 7R B BE 7 4%
EWRIZHRT., £5 A0, RERKEEELE 2°S~2°N Bl — s K R m A, R KIEEA 0.7
m s X Wyrtki SR (RSCHERL22 A1 3) . AR SC Kelvin 55 B2 B VR ER M T SE 5 i
Wyrtki 20 R BL, PIFE I AE LY 2°S~2°N Z[0], 24 2 o 38 BT 7 3K, HLU A Hf 2 2E 25 . o i
Wyrtki 20 5% Kelvin 3 55 Z 8828 W% A ¢, 4 A) 35 3. % Kelvin 3755 Z 828 78 5 M R B2 1 R X itk
Wyrtki 2000 LA R

TRV ESI N 10 HBGFENEEVE L2 RIS T 2 EOF 20 . HAE S iy I, 18P R 27 o)
HE A BRI 7E 3°S~3°N Z A, o 38 B BE 1 AT — S T 5 1 7R ) 2 o i, R R B AR OB 38 i A i R L)
Wyrtki 20 (WWICERES K 1) . %8 EOF 73 o — AL 2SI () RECERR 2 B 2~4 a WA IF e 1758
—K 10D WG R X5 3.2 A KRB BN R N A — B, 1% Kelvin P55 RIS WREXS LL F 45
T LA S R



339 AW A TRV IR IE Kelvin 9 g BT A5 25 43 BT 347

FUIEERIX 5 A B RV R RPE WA T2 EOF 43t . 1% EOF 43 fif 55 — B (g R 42 K
SRR AW b RTE BJE B R Sh AR BRI 7E 5°S~5°N Z N iZ % W AR B B {73k . RIZ AR )R
TE R T Ko B AT 249 5 26 o) i A5 CULSCRRLO T 1) o %00 ik B — ML Ik 8] BB P8 (b BA 3~5 a B R
TE1%52 EOF 23 fif o RS (ENSO B2 28 [ b R¥E 2 W R sh W 7 5°S~ 5N RIVAL 8l 0 o 18
FRAR . IR 550 — SN [R) 02, 5 R A 3 2 RN AR 2 A o 3 K B i 1) O 3% T sh O 1) AN PR R A — Bk L2
TREZSRIEAE 150°W LIVE O T IR L AR 130°W LUK G ZR 1) 3t . SR AR I ) B BUAF BRAS AL B A ENSO
MAEPRAR A ] . %5 EOF S35 — RS IR et 5 A S 3.2 95 Py SC R I RPN A A — 2. %
Kelvin J 55 RIS MLREXT L b 45 J AN 0 20 i e

3.4 5 ENSOHI%ZR

PTAER A ENSO W58, il KPR 2 M v o O — DA A7 882238 U P RO HE R
FJZ MR 5 5 AR AL 2518 ENSO 3 W% 5 7 AR AL W 5 1 5 58 Kelvin S04 3¢, TEA SCH IR AR, B
ARGIBEE R S 5 AH b TR AL B 5 R (AR R R SO S R S R RAE P s IR Sh (R A T R A I i
TE S H R R ZIRR o R B A SO 7 AR T8 Kelvin I 55 B0 (1 5 KA 5 2l 46 X {8 22 5 KT 5 — 4L
A I T R A IR S R AR AT U SRS RS T R B A R . RGERZR SR R IE R 1A%
WO 3 )2 i e B RCRZ M S AOGH . A B SR XHE ENSO #IF 58 i 8 IR 2 1 R
AT 0 SCRF s WAIESE T R 2 1 I 14 AR A% J2 1 7 8 Keelvin W18 B BESR AL S5 R (ILIE 6) 5 78 3.2 hik$s
3% Kelvin 5 Z RS MR8 K- 19 74 5 7 21 R 77 B o 1) I 18] 249 58 ENSO 716 25 19 2 J& 39 5 1M 3 ik 88
AL T % Kelvin J55 “ S UCRIZ MY 3 1045 i B9 R W ENSO BLR 57 AR 18 Kelvin 3718
B H A KR 5 & W S AT = H T B R R

4zt 8

KM ARIE BV T B0 T A e AL — )2 WA sh B 4 S AT SR A 1 Oy R 4 P LA £ 1 U 04 A T B
R s 125 i BAT 22 Kelvin P 0930 2845 53, HO ZJR AR IE Kelvin 3. AP ILFF % Kelvin 35 A7 iE
KAV BN EE AR (9 SEBUFZ WS 1 LU BRI DS . TEA SCRIT U SL R 20T TR LU 45 2R

DiZARIE Kelvin 3B s I LR RBOCE S 103157 . & MR 5 . F 24 10 AR AL 1% Bk 8 24
TE I8 f5e K IF 11 i A5 1 15 20V O S0 A 38 A 90 sl B AR MR ik 8 2 [ Z2 L Klelvin €

2L — B A AR T LS TSR 2 AN, S R S I DR AT T T PR T O DR
A B PR AT E A R R EA N 1 T R HERRE X,

VAP — LA AR U ) v A T o0 o) A By A R 5 RS K M WO B AR T 2°S~
2°N Z[) , 52 R TE (7 AR WEIE 25 5 PIAE 2545 J2 A0 35377 1] oo 45 0 8 D155 00 [ 3 %

)PP RS IGPE SN — RS R 2 ARG, AR R R R R BUE J L T X B[R T S2BR R
KR JZ IR 2 JF R ENSO B 518 18 Kelvin B2 PR C R H U .

5B I2 UE  BF R A 5 S B PR DR YR R EDD R P 1) S B0 B2 W VR LU S R L A 2 BE X S B R T R
5 U AR AR b i LA i B

AR SCRAFAYE IR P Kelvin Ji B (a7 50 A9 i A i B2 285, T 52 PR R PR B0 S8 &2 2% . BT AL AR S0
Kelvin i 55 "B 59200 H 8025 Rl J2 IE WY . SR A S Kelvin 58 A2 B 75 58 Fh 2 B2 L RE A% %)
S OO0 AC S A R 5 K TSI R RV v 0 S A R IR T IR VR Klelvin 5 A9 12 P ARAS  H 5 A S Kelvin U555 125 AH
AR, WO A SC T AR A R



348

FAE S S ) R 1 35 %

2 & 3Lk (References) :

(1]
(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

LIU F, LUO Y, LU J, et al. Response of the tropical Pacific Ocean to El Nino versus global warming[ ]J]. Climate Dynamics, 2016 1-22.
FENG J., WANG Q, HU S, et al. Intraseasonal variability of the tropical Pacific subsurface temperature in the two flavours of El Nino
[J]. International Journal of Climatology, 2016, 36(2). 867-884.
DU Y, LIU K, ZHUANG W, et al. The Kelvin wave processes in the equatorial Indian Ocean during the 2006—2008 10D events[ ] ]. At-
mospheric & Oceanic Science Letters, 2012, 5(4) . 324-328.
ZHENG F., ZHU ]. Observed splitting eastbound propagation of subsurface warm water over the equatorial Pacific in early 2014[]]. Sci-
ence Bulletin, 2015, 60(4) . 477-482.
YU F. WANG Q. The interannual variabilities of the Pacific north equatorial countercurrent and influencing factors[J]. Periodical of O-
cean University of China(Natural Science), 2016, 46(2): 6-13. F &, FJi. K10 25 18 30 5 4F B A8 4k 1 45 AF B H 5 ma) (5 43w L .
A R R 2 2 4T (SR BE2E AR 5 2016, 46(2) : 6-13.
MOSQUERA K V, DEWITTE B, ILLIG S. The central Pacific El Nino interseasonal Kelvin wave[ ] ]. Journal of Geophysical Research
Oceans, 2014, 119(10): 6605-6621.
CAO G J. Oceanic interseasonal variability in the Indonesian throughflow and its adjacent regions[ D]. Qingdao: The First Institute of Oce-
anography, SOA, 2015. ® [E 4. E[JJREJ& V6 I 5T % i K FE R 1 1 it v 2 39 AR AR 9 (D). 75 &% < [ 50V R 48 — MG R R 9T T, 2015,
ZHANG D L, HE J X. Dynamic statistic diagnosis of upper currentin tropical Indian Ocean[]J]. Climatic and Environmental Research,
2005. 10(3): 387-400. JRARYE . 45 Hf. $hAy B EE P BJR P WA 3 D Geitis Wil) ). U S FRBERTSE . 2005, 10(3) : 387-400.
LU X, ZHANG D L. A statistical diagnosis of upper-ocean currents in tropical Pacific Ocean in May[J]. Journal of Tropical Oceanogra-
phy, 2009, 28(2): 22-30. JFUl, TKARVE. P KL 5 AR LIZFERME G2 Wi [1]. #2240, 2009, 28(2): 22-30.
HUANG P, LINTI, CHOU C, et al. Change in ocean subsurface environment to suppress tropical cyclone intensification under global
warming[ ] ]. Nature Communications, 2015, 6, doi: 10. 1038/ncomms8188.
LIS, JIA M, GAO ], et al. Decadal characterization of Indo-Pacific Ocean subsurface temperature modes in SODA reanalysis[J]. Jour-
nal of Climate, 2015, 28(15): 6113-6132.
LI X, LI C Y. Occurrence of two types of El Nino events and the subsurface ocean temperature anomalies in the equatorial Pacific[]].
Chinese Science Bulletin, 2014, 59(21): 2098-2107. %%, ZR544R. P28 El Nino iy & A= 5k Il KPR R 2 il = % (1], R die.
2014, 59(21) . 2098-2107.
CHEN Y L., ZHAO Y P, ZHANG M N, et al. The characteristics of interannual and interdecadal variability of equatorial Pacific Ocean
temperature anomalies and ENSO cycle[ ]]. Haiyang Xuebao, 2005, 27(2) . 39-45. Bk M . &K, skEh 7, 5. il K EHEREZE
T S AT bR RAR AR PR 8 SRABRAE S 0 ENSO fEIRLI]. #2440, 2005, 27(2); 39-45.
LI F. Characteristics of interannual variability of east Asian summer monsoon and its links with the subsurface tropical Pacific SST[ D].
Nanjing: Nanjing Information Engineering University, 2015, 2288, 7R W & Z KUAR BR AR AL RRAE K 5 $GHF KRR R 2B IR LR [D].
Mal M alE B LR KA, 2015,
MATSUNO T. Quasi-geostrophic motion in the equatorial area[ J]. Journal of the Meterorological Society of Japan, 1966, 44(1) . 25-43.
ZENG Q C. Numerical weather prediction mathematical physical basis: first volume[ M]. Beijing: Science Press, 1979: 230-237. ¥ K
. BUE R BRI BCE Y R . 55— M. dbat: Bl pa, 1979 230-237.
ZHAO Y P, CHEN Y L, ZHANG M N, et al. Evolution characteristics of the subsurface temperature anomaly in the equatorial Pacific
to two pattern ENSO events[ J]. Advances in Water Science, 2006, 17(1): 7-13. #XA&F, BRaR . skdhT, 5. B2 ENSO 4 ki K
SR YR SR I SR RRAE LT ], KB HERE . 2006, 17(1): 7-13.
WANG L. ZHANG W J. QI 1, et al. Contrasting air-sea features associated with two types of La Nina during the seasonal evolution[ J].
Haiyang Xuebao, 2014, 36(1): 72-85. F- % . Sk 3CH . ABAT, 25, W3 La Nina 2797 7 A48 1 72 09 18 SR A 4R AE X F [T ). W P22 3) . 2014,
36(1): 72-85.
ZHANG M, ZHANG L F. Spectral analysis of spherical barotropic atmosphere[ J]. Chinese Journal of Hydrodynamics: Series A, 2006,
21(1): 130-138. KR, 5K R BRIEIE RSB L) ], K3 Jr 225 5 Bk J - A B 2006, 21(1): 130-138.
LIU T,CHEN C C,MILOR L. Accurate standard cell characterization and statistical timing analysis using muttivariate adaptive regres-
sion splines[ C]/IEEE. International Symposium on Quality Eleotronic Design(ISQED),2015; 272-279.
HOUGHTON R W, TOURRE Y. Characteristic of low-frequency sea surface temperature fluctuations in the tropical Atlantic[J]. Jour-
nal of Climate, 1992, 5(7). 765-771.



339 AR TR RIS Kelvin 7 BT A7 538 43 BT 349

[22] XUANLL, QIUY, XU J D. Seasonal variation of surface-layer circulation in the eastern tropical Indian Ocean[ J]. Journal of Tropical
Oceanography, 2014, 33(1): 26-35. HHH, BBz, VFa . Sl KB RZ 5 TR R ENT 5 L) ], il ig re a4, 2014, 33
(1): 26-35.

Analytical Solutions of the Two-layer Oceanic Equatorial Kelvin Wave

LU Xu'?, LU Kai-cheng"?, ZHANG Ming’
(1. Unit 61741, PLA, Beijing 100094, China; 2. Laboratory of Atmospheric Circulation and Short-range Climate Forecast s
College of Meteorology and Oceanography, PLA University of Science and Technology ., Nanjing 211101, China)

Abstract: Analytical solutions of oceanic equatorial Kelvin wave were achieved based on two-layer linear
perturbation equations with equatorial beta-plane approximation. The results show that this equatorial Kel-
vin wave has two modes. The current fields of upper-layer and lower-layer of the two modes are both east-
ward zonal flow, which peaks at the equator and decays with the increase of latitude. The two modes are
non-dispersive. All of these features are same as those of classic Kelvin wave. The phase velocity of the
first mode (the former) is two orders of magnitude larger than that of the second mode (the latter). The
phase velocity of the latter was close to the ocean current speed. The former is a fast-wave mode, of which
the period was about half a day, while the latter is a slow-wave mode, of which the period was about one
season, and has important implications for climate. The attenuation of flow fields of first mode is much
faster than that of the second mode, and the latter is more of equatorial captured wave. The meridional at-
tenuation of the potential field in each layer of the two modes is similar to the flow field. The latter agrees
well with the observed wave dynamics of the tropical Indian Ocean and Pacific Ocean, and can explain
some phenomena in equatorial oceans and ENSO.

Key words: two-layer oceanic model; equatorial Kelvin wave; modal analysis; analytical solution; subsur-
face layer
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