B37% BIH R S Vol. 37, No. 7
2015 7 A Haiyang Xuebao July 2015

WAk, AR R 38,5, BT Argo SRR B RIG WA T E S M 2 REAFMESHT[I]. %8 9¥2#H,2015,37(7); 78— 84, doi:
10. 3969/3. issn. 0253-4193. 2015. 07. 008
Ruan Hailin, Yang Yanming, Niu Fugiang,et al. Analysis the characteristics of convergence zone in the east of Luzon Strait based on

Argo data[J]. Haiyang Xuebao,2015,37(7); 78—84,doi;10. 3969/j. issn. 0253-4193. 2015. 07. 008

BT Argo BiRH B RIBIKF T iBHM S REFET

LAk, M A A R, U

(LERBER $=EEB5H.BR E) 361005

HE . F A 2010—2013 4 th Argo F AR UMK H . 2t B R bk K 8 5 (19°~ 23°N, 123~ 127°E) i &
RRBEHEAEA4N, FREFPT.(DERAREASERANFTRENFRAAEDMRAA
% HE AFFAS, LERAN1543.5m/s, A FH K 15334 m/s; B4 B REMNAEMMRK
HAE HEEEMLE QXA WOAB RGAKEAFEHTHTRELE KBLERNF
FEHF AMAANEY KA., FEREERFRERIRE, FEHREEA 1000~1040mZ
B, F BN FEN 1482 m/s, 4 MEF W T FHEEABL 4500 m, A FRREH K QFF X
R 5 hALRAL A4 RNAMEG T0UNE 70.6%: 2 RAZNRAEMEFTEALAL,
55 AERBEEFHHNARAL. AR/ (DEH RAMGeo FHBEAMA LK 4 M FH 875
EEBPARAHGE AN 2 BRWEYEEME. SFREFEI0m BREE I0m i, & -2 RE,
BEBHWEEL 6~ kmAL . EFEFRRL. & AFRE;2RERL L. EFRT N 10 km,
EEREHLOk O RRBELFHE 5L RETERNGHR . AFHAN U6 B EFERNIA
8.5 dB,

KEiH: B
hES S :P733.2

HE;ETEAMN
X EHE 0253-4193(2015)07-0078-07

KRB 2REFR
XEERER:A

B BF 3 S HREUR (LRERS #1  0 BB 20
R RI 2 b2, AR Argo HHI (2RI
SO VLI ) S8 (0 7 40 B P R

1 55
RREIG RN AH P EFHE 475 A

BRRGETAER. ARENER2SRTEE
L TE R R R E MR RX IRy & R
R, FASREHRAEIAKT HbrmE 5 A
EM KT RN SHE I RERXFILHR 5
HEPIR KEREFHMESETEBAERNE
SLEZJ

fE55 1 3R FH B AR I A 75 S B T T R IR & R

RS B #:2014-10-08; 81T B #:2015-03-15,

HEAMENEREFES IHARRAG£H
o
A SCHEER B R AR AR A AP R X W E Y
19°~23°N,123°~ 127°E, & 1 FiR. @ E A T3k
ﬁ%ﬁy’&ﬁﬁﬁrs Fl &G e . B RGAFEREIS,
— BT VEEMEGA M ER S E X %GR
mm%@#&m@%, RERITRILENEHEZETH

E4WE BAAEERE SBAVRFEARTN SRR E 05 =8 2011008, % =F 2014018),
EER - FrEA985—) . BAEREWNEN BHEFFTR AFEFEEME. Emal:ruanbalin@to. org. cn
* BEEE AFFEA66—) FRA NEFEFEHA. E-mail: yangyanming@tio. org. cn









7H B ET Argo BRI BRI AR B A & R KL 81

AR K, A7E 1000~ 1 040 m Z (6], EERR.HEZE,
REFNAANETHFE BRGNS EEAER, 2
H 1482 m/s;4 METHEYFEEREEESL 4 500
m, fi| F G2 R X

£1 EFVEEHERNEHE

Tab,1 The features of sound channel in the four seasons

SFLHEEH NG SR 0E 2 iR, ART
HMARRALESEALMEMER T S00M L
70. 6%, 2R AR MR EMESHEVWELENH
B .NUEEEFGERASE T S0UMMEL KD
B4 90.5% .47. 7% .65.0%.85. 7%, B HEE &
ERGEEFGNERAR KERZ, EEHER
/D,

&Y  HEMEE/m FEHAEE/mesT! EHEEE/m
H5E 1010 1482.3 4683 %2 HRESEBRELEEENS
FES 1 041 1 482. 3 5 090 Tab.2 The distribution of convergence zone occurrence probability
wE 1029 1 481.7 4924 P=30%
BME  P<G0%
2% 1007 1482.0 4577 50%<<P<75% P>75%
8 29.4% 23.1% 47.5%
4.2 SERXRHMEE 5% 9.5% 15.5% 75.0%
ERARRKMANRFRNELSAELAH  2F Y 9% 78
ETHEA AR KWRESARGR MHE-  RF 0% 2. 0% . 0%
RE 14.3% 15.0% 70.7%

EHNREERB(BREESHESALENREZ
£), UEBEKAKT RAEI . R ¥R EERE
MERR; IR E R/, 5 RS E IR R R
S.MHTEREM AL . BREKEREDS#ET
HEMITERE 2 RKETAEFTEERRHEK
EABRBKRTRETRNEERE . 2REKNAK
HIERBERERENAE LT A . Hanrahan %5
TEURERABSARRAEMEMNXLR 4
XEAMEEE D,

1.0 +— '
09 -
08
0.7
0.6
05
04
0.3
02 -
01 ]

1

0.0 — T T
=200 0 200 400 600

REAR/m
H4 2RREEMRSEERENXRZMZK

Fig. 4 The relation between probability of occurrence

i

R

T L)
800 1000 1200

convergence zone and depth-excess

A E TR X £ B 5 Ak A
MEERE RERIKERESSREREHRSR
MXRME  REMRXLEFGRAZHHE

5 SRXRFIEFTRL

KH WOAL SESHIEEMMARKE L .
& 4 ANZT Y 2 7 ) T AT IR T ) b B RS R
IR ERFIR XM T HEE 5 500 m, 48 4 HFF
4 75 S 3 T 43 B4 A RAMGeo ¥R o 1775 5 15 4%
REBERE, KRS ERFMEE., HARANSHK
WF . FEFEMER 100 Hz, 7 FIEE 100 m, §KEE
1024 kg/m®, 1§ J&E 7 3 1 520 m/s, i R R U R &
1. 17 dB/x & #EEE 200 km,

B 5 4 T HEFFHEETE & RAMGeo # A
Bl 7 3 45 K I, B R AT ILZE 200 km (24870
EHN. A3 THENEGSRK, RIBHESR, 7
BRI 10 m B A& BRI 6 HFZE 10 m &
WIRERE BRI A RESRKMER TH
M2 3 MEERE. KB4V HBEREE R 10
m RT3 N RRMAFE &, k& 3 i, WK 3
. A —-SFXK . ESHENERL61~64 km £4,
KEEFREE, & LZRL:8RERE LEER
TR 10 km, BEHEE RN 4.6 km; SR X 250 E
HE52RXRERIFHER . EEZRKN 14.6 dB, B2
BR85S dB,EFEAKAHE, FZ.HB=Z4K
REBEE 4 METRIEL, REMNERNETEL
5% -2RX—-H.FEZHLZENSRXEHHE LI
HEMEkER,






TH BUEARSE BT Argo B M B REWARAE A 2R K IFESHT 83

6 %58

A SCFI A 2010—2013 £ #Y Argo ¥ b5 WL %%
Xt BRI R IR B 2 R XAHEH TSR SR 15
HWMT L.

(D BRBEARTREGR 4 M ETREHAENK
B/IMRRNE ST KE FEEMEEAANETHERES
BHREMKZB/MIR L E KE FENEZ,

(2)R F WOAL3 S &4 X Argo I H
HITHEER RS 2GS A, 0 4 1 F
WHFEERFIE. MRAXFEEMEEMEEENEE,
FIEMEETE 1 000~ 1 040 m Z[A] , 75 8 fl Ak A9 75 3
1482 m/s, 4 ANEVWHEHFHEEEFE BT 4 500
m, Fj TSR X IE K.

SE

QBRBERBEES EXESEXAL. K4
RESRIAZMENETEARUAR . FF.£FK
ASRALMER T 50200 5 45l R 90.5%,
85. 7% . %k B EM a5k 65.0%.47. 7%,

WOYEFEREE 100 m, BWHEE 10 m B, BR
BRAREBEE -2 RX . EERMNER . KEEF
Bk, £ A ZRILRXAE . EE2E5%.FF
BRE;SRXEEIMFEAESBXEERGAHER,
FBERK, AZE &/, BUHT BARRIE £ 6 7] ) H
MERXRMNXHE FZREK, FF &/, H IR E N
WMk, B FB=ZSRXNEBR 4 IMETRIE
. REMEENETEMFESE —-2RRK -,
BEENAEMNHMEHBRTESHHKS.

[1] Hale F E. Long range sound propagation in the deep ocean[]]. Journal of the Acoustical Society of America.1961,33(4):456—464.
[2] maw Aew. HiERILMEXAE#ESMAEEL] BHFETE,1986,5(2):67—72.

Huang Jianchong, Huang Qizhou. Distributions of acoustic velocity of sea water in northeast South China Sea[]J]. Tropic (Jceanology.1986,5(2) :

67—72.

(3] KIGE.FET. EFR Argo iHRIBATIORFIFLI]. R A ,2008,27(4) . 102—114.
Zhu Bokang, Xu Jianping. Analysis of the global Argo project implementation[J]. Ocean Technology ,2008,27(4).102—114.

[4] Urick R J. Caustics and convergence zones in deep-water sound transmission[]]. Journal of the Acoustical Society of America,1965,38(2):348—
358.
[5] Urick R J,Lund G R. Coherence of convergence zone sound[J]. Journal of the Acoustical Society of America.1967,43(4).723—729.
(6] M AKFHEEFHRESSER(DREIEREE]]. A¥2HR.1980(1) :28—42,
Zhang Renhe. Turining-point convergence-zones in underwater sound channel(1) A normal-mode theory[J]. Acta Acustica,1980(1);28—42,
7] M K THEFHREASEXAD XSEMB(1]. B¥¥4R,1982(2) . 75—87.
Zhang Renhe. Turnning-point convergence-zones in underwater sound channel(1I) A generalized ray theory[]]. Acta Acustica,1982(2).75—87.
(8] ®E.HE&R EEH L. ABHEFEFREASERNTRHR] W, 1987,12(6):417—423,
Gong Min, Xiao Jinquan, Wang Mengxin, et al. Experimental study of the turnning-point convergence zones in the deep ocean of the South China Sea
[J]. Acta Acustica,1987,12(6).:417—423.
[9] Guan D H,Zhang R H,Sun Z G,et al. Spatial coherence of sound in convergence zones and shallow zones in the South China[J]. Journal of the A-
coustical Society of America,1998,103(5):2856.
(o] kAl kokml. R ELRTERSRMTRR MBI BB ¥R, 2010,28(3) 311317,
Zhang Xu,Zhang Yonggang. Effects of sound-speed profiles on convergence zone shift{ J]. Advances in Marine Science,2010,28(3):311—317.
(11] ZEM. AR . BHH. % SEEMEESBXHFHERMBIFEI] A¥HR.2010,29(6).78—79.
Li Yuyang,Da Lianglong,Jin Chaobo,et al. Research on the effects of ocean front on characteristics of convergence zone[J]. Technical Acoustics,
2010,29(6).78—79.
(12] FRME.IKEEE,3KKAI, %. B 79 35 RUE IR IR BT T 1L B K 75 S4BT 404 (). ¥ 7 T8, 2011,29(2) ; 83— 91,
Zhang Xu, Zhang Jianxue,Zhang Yonggang.et al. Effects of acoustic propagation in convergence zone under a warm eddy environment in the west-
ern South China Sea[ ]]. Ocean Engineering,2011,29(2).:83—91.
[13] BCHIAR REA, BIEH. FREESRERKNFRE M kors()]. B AR %¥,2004,4:35—39.
Zhao Shendong, Song Zhijie, Zhao Haibin. Source localization traversing convergence zones[J]. Journal of Applied Acoustics,2004,4 ;35— 39.
[14] |ZEER IR ETRBLRRABRLALLENAFEE M EN] FEEAR.2012,3103).277—281.
Guo Li,Song Zhijie, Wang Liang. A method of sound localization based on matching the sound intensityin deep-sea convergence zone[ J]. Technical
Acoustics,2012,31(3) . 277 —281.
(15] XUEE FET 8 UH % 55805 %E 3T Argo FI I brik B W V5 RHEL E s m (1], 1 2E TR . 2006.23(4) .1 — 12,

Liu Zenghong, Xu Jianping,Xiu Yirui.et al. The effect of reference dataset on calibration of Argo profiling float salinity data[ J]. Marine Fore-
casts,2006,23(4).1—12.



84 R 3T

(16] B . E=RE,Z0F BEHEFEIML I H 58T BARH . 1999,
Feng Shizuo, Li Fengqi, L.i Shaojing. An introduction to Marine Sciencel M]. Beijing: Higher Education Press, 1999,

[17]  Ocean Climate Laboratory(NODC). World Ocean Atlas 2013 Product Documentation| M]. Silver Spring, MD,2013.

[18] Fofonoff P,Millard R C. Algorithms for computation of fundamental properties of seawater{ R]. Paris; UNESCO Tech Pap in MAR SCI, 1983,
44.1—53.

[19] Akima. A new method of interpolation and smooth curve fitting based on local procedures[JJ. Journal of the Association for Computing Machiner-
v.1670,17,589— 602.

[20] Collins M D. A split-step pade solution for the parabolic equation method[]]. Journal of the Acoustical Society of America,1993(4),1736— 1742,

[21) TR .ZHE.TEE BF RAMERENREAEEER FOHTRITD] F¥EAR.2011,3003) 284288,
Wang Guangxu.Peng Zhaohui, Wang Lujun. Parallel computation of RAM model on SMP cluster[ J]. Technical Acoustics,2011,30(3):284—
288.

(22] BB BEKERERMERSGAMI. L5 R iR, 2012,
Da Lianglong. Modeling and Application of Underwater Acoustic Environmental Effect{M]. Beijing;Science Press.2012,

{23] Hanrahan ] J. Predicting Convergence zone formation in the deep ocean[ M]//Progress in Underwater Acoustics. New York: Springer-Verlag,
1987.361—370.

Analysis the characteristics of convergence zone in the east of Luzon
Strait based on Argo data

Ruan Hailin' , Yang Yanming' , Niu Fuqgiang' , Wen Hongtao'

(1. Third Institute o f Oceanography ,State Oceanic Administration s Xiamen 361005 ,China)

Abstract: Argo data from 2010 to 2013 was used to analyze the convergence zone’s features in the east of Luzon
strait(19°~ 23°N, 123°~ 127°E). The results as shows: (1) The acoustic velocity near ocean surface in seasons
were ranked from large to small: summer,autumn,spring and winter, The maximum acoustic velocity is 1 543.5
m/s in summer while the minimum is 1 533. 4 m/s in winter, The mixed layer depth in seasons were ordered from
large to small as followed: winter,autumn,spring and summer, (2) The WOA13 climatological data was used to
prolong the sound velacity profiles to seafloor, Analysis the features of sound channel in seasons, The depth and
sound velocity of sound channel axis were stabilized, The depth was in 1 000 to 1 040 m, the sound velocity of
sound channel axis is 1 482 m/s. The length of sound channel more than 4 500 m in all four seasons,it was benefi-
cial to formed convergence zone. (3)The study area formed convergence zone surely,the probability which is more
than 50% accounted for 70. 6%. The occurrence probability of convergence zone was seasonal variation significant-
ly,spring and winter is more likely to formed,summer is least. (4) The RAMGeo acoustic forecast model was used
to simulate the four seasons’ acoustic transmission loss in the east of l.uzon strait,obtained the seasonal variation of
the convergence zone in the study area. While the source depth is 100 m, the receiver depth is 10 m. the first con-
vergence zone, the distance from sound source is 61 to 64 km,the nearest distance is in summer, while the farther is
in spring and winter. The convergence-wide, the maximum is 10 km in summer, while the minimum is 4.6 km in
spring. The distribution of convergence-gains is opposite with convergence-wide in seasons, the strongest is 14. 6
dB in spring, while the least is 8.5 dB in summer,

Key words: east of Luzon Strait;convergence zone; sound speed profile; seasonal variation



