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Fig.1 Location of observation station (red triangle)
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Fig.2 Time series diagram of the effective wave height, the major wave direction,

the peak spectral period, the wave-direction diffusion and the wave front variance



339 S AR IR B T S R SR o A 215

mE 2 AT0L,1997 4F 6 HA 2 WSR2 28 1 IR R A F 1997-06-06—11, ic S fie KAT 200K 535 4.32 m,
J5 16 SW L% g 3 7.5 s %8 2 Ik A2 1997-06-15—18, le KA P N 3.04 m, 5160 S, 3% &I A 6.7 s,
A HEBAE R 177 m PRSI ] 7.0 s, B KIS0 JE 1l 12.8 s, B IR 02 SSWL RN 26.3 %0, ICH
IR SW A 18.8 %0 5 5 IR [n] 5 0 TR 1) — 3K,

1997 47 AA 2 REGIRAFR 55 1 R A T 1997-07-16—18 , fx KA R % 3k 3.66 m, I7 1] S, i 06 J&] 1
8 s; 5 2 WWRAET 1997-07-25—27 . B KA I M 3.59 m. 5 i) S, i E M 3.6 s. A XA 800w 1.77
m, PG R 6.8 s, e RIS WE I 11.6 s, BRIy SSW .S, BF 2 21.7 %0 K F IR 0]k SW L4 %y
17.1% s8R IR R S, 2 WHG IR R AR & A 7E S

1997 4 8 HA 2 A Kt FE ek I s, i 18] 2 W] 0L, 2 W& KT 5158 59 IR A8 R AR . 45 1 W& Uk R
T 1997-07-31-—08-04 , e KA &% =535 10.66 m, Jy[a] S, {E W A A 10.77 s;2 IR & K 8 & A F 1997-08-
21— 23, B KA &M 6.57 m, 7l S, iU B ] 8.5 s, A4 3005 & 2.77 m, FH g ] 8.3 s. |k
T P A 16 s R SSWLAIE N 19.5 %, I IR0 4 S, AR K 19.0 % s3I 17 4 S,

2 PARGE I

AW PR FRGETER A 1997 4E 6 J 2 8 J] E/m
33 AN S0 B HE L 1T R] BRI A B 4 ol v 4 4000
SEA B L NaN HU5E ., SCPRfl A 736 4148k 3000
1 VORL T w K 93,76 A SCHK B T 5 2
W5 2 R MK SO ) (GB/T 12763.2— 0
2007) HEAT I IR R WORHE BT e 1143 #r . o ~1000
1997 4 8 FH 2 WK £ WUB 1 28 3 A LI 24 o
I, Hih 1997-07-31-—08-04 8 9710 5 &5 KUAFAE 4008
B, miE 3 L, 9710 B 9713 5 A KU 5000

-6 000

A B SOLI 3t 7+ P T30 % L R I e R D I L U ; ‘
T R 00 e DR R B A AR v A e AT i : : - OE

RS et A U ] S0 D02 YR 22 % 0 v P T TRt 0
AR S b TR AR 25 0 B HoA T 288 S T
A 8 R i R D IR 25 IR B R AT TR

o PSR 9713 S AN
o A KA 9713 S H K
O PG 9713 T A MK

o AR 9710 5 & K
o HUHFXEE 9710 5 A X
® SR KA 9710 5 A

Bl 3 9713 5 9710 5 & KIERE

BAATHETE
2.1 WS

e [ R ] B L 249 AR 0 A 200 v 3 B A R TR R i R 4, G 43 SR Ak 20 iR

Fig.3 Typhoon tracks of No. 9710 and No. 9713

SR RIS ZR AL SR LI S W 2 A 1997 4F 6 A = 8 ALK AMHFKITFRILE 3,
x2 HEE
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Table 3 Frequency of wave levels in each month from June to August 1997
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Table 4 Statistics of maximum diachronic lengths (h) of the waves larger than 5 grades monthly from June to July 1997
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Table 5 Probability of the occurrence frequency of spectral peak period monthly from June to July 1997 (%)
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Table 6 Statistics of maximum diachronic lengths (h) of the spectral peak periods longer than 8 s monthly from June to July 1997
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Table 7 The mean and maximum effective wave heights, the main wave direction, the mean and maximum spectral

peak periods monthly from June to July 1997

i 5} VA O /m T KA /m E Pl T Hy ik v /s K% /s
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Table 8 Frequency distributions of the directions of prevailing wind waves and swells (%) in the South China Sea in August 1997"
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Table 9 Monthly distributions of wave heights (m) and periods (s) in the northern South China Sea-*!
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Table 11  Joint distribution of the effective wave height and direction in August 1997
U 1] H B R Y

A R/ m BRI/ %
N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

0<<H<0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.5<H<1.0 0 0 0 0 0 0 0 044 088 0 0 0 0 0 0 0 1.33
1.0<SH<15 0 0 0 0 0 0.44 044 0.44 221 044 1.77 0 0 0 0 0 5.75
15<XH<2.0 0 0 0 0 044 221 3.10 4.42 3.54 7.52 2.65 1.33 0.44 0.44 0.44 0 26.55
2.0<H<2.5 0 0 0 0.88 0.44 221 3.10 3.54 3.10 3.10 3.54 0.88 1.33 0.44 0.44 0 23.01
2.5<H<3.0 0 0 0 0.8 0 044 1.77 3.10 2.21 5.31 221 1.77 088 0 0 0 18.58
3.0<<H<3.5 0 0 0 0 0 0.8 1.77 1.33 1.33 0 1.33 0 0 044 0 0 7.08
3.5<H<4.0 0 0 0 0 0 0 044 0 133 0.88 044 0 0 0 044 0 3.54
4.0<<H<4.5 0 0 0 0 0 0 0 0 0 0.44  0.88 0.44 0 0 0 0 1.77
4.5<H<5.0 0 0 0 0 0 0 0 0 0.88 0.44 0.44 0 0 0 0 0 1.77
5.0<H<6.0 0 0 0 0 0 0 0.8 1.33 0.88 0 08 0 044 0 0 0 4.42
6.0<H<7.0 0 0 0 0 0 0 044 088 0.44 044 0 044 0 0 0 0 2.65

H=7.0 0 0 0 0 0 0 0 044 221 088 0 0 0 0 0 0 3.54
BATT 0 0 0 1.77 0.88 6.19 11.95 15.93 19.03 19.47 14.16 4.87 3.10 1.33 1.33 0 100
/M 0 0 0 222 1.89 1.36 1.32 0.54 0.68 1.02 111 1.58 1.55 1.65 170 0 0.50
- {H 0 0 0 246 216 2.26 2.71 2.89 3.33 2.63 2.63 2.82 2.81 237 240 0 2.80
SN : 0 0 0 2,65 243 3.46 6.37 9.51 10.66 8.06 5.87 6.16 5.83 3.04 3.60 0 10.70
bR 22 0 0 0 0.19 0.38 0.62 1.23 1.82 2.40 1.46 1.17 1.31 1.39 0.70 1.00 0
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R T 25 DT B e S D A A KT R R FRATT A BT T WA S () R R0 2 B 6 R L ARl 6
B AR 5 KR A 65 XG5 3% 06 D it A 2850 D0 1 36 O 10y 2 P O 2R A 35 3k 3 T 33 0 1 e L 4 4 R i 2 =X
BATE 5 KGR 2k I 5 ms, B R 0A =1 500 B, i 06 {1 Bt A 4050 D8 v 1 38 I 6 Mk O R ik L i G R R TT DA T T
TR 2, L 05 (R % 1) 1 359 500 36 5 5 AR T 7R hy
M,=S(f)B . (2)
AL M, BRI B .S (f,) WS, B NI R ST . B =0.01 Hz, X RWITEAR RN &
IRGR AR, A KT I TR 35 B AR LR A5, P LR s % B 2
VR VIR % 2 A A S B Vg YR PN TR WA 1 30 AR I8 2 CIE 5% ) o A T 98 TR %) 91 W B8 v ) 5 Al AT ) 3 s A 3 22 i)
FRAFAER C R . HT VIR S 40 A 22 i A5 = AR A0 A YOUR N 5 RIS TR0 #4388 TR 43 BT 5 2 B0 00 00 A5 X 38 0 YR
TR B RE  FOE IR TEREAS . MBI A, 5 JONSWAP 1R AHRL, [H . % JONSWAP #1335 1),
49710 BB RIR I IRKE ., B JONSWAP By A2 0 7l 51 H TG BB R R
S(@) =@ Texp(— 1.25 @ ') yowl@rmn2zerl (3)

Rofo BREWFBE, 0 =7, HiP, o, FIRESRN By BEGETEE Ty =E W/ ERGE b
()

PR TEIEAE , £V N PM OB (R, O EIMH v =3.3. M o<1 B IEE S8 6=0.07; 4 0 >1 If,0=0.09,



222 o TR 30 %

FIH JONSW AP G S0 {5 RGR 2E 47 30 G B o 75 22 I8 TR 04 1 e {0 RT3 0 [0 00 %, AT T A Sl B8 kb 2 45 1
VR YR 0L AN X Iy AR £ XU 10 %) 5 KA 200 8 =8 I YR R AT, 0L &5 SR AR DL B A 8 A LA 34 — Bl 26,
TEICH R0 7 =10.66 m @I 7>, BB 7 ATAD, BESSITE TR S 5 JONSWAP @ W& BB R . TAh 9710
S5 XU 1] W8I A % 5 >8 m B AT LA JTONSW AP 338 0 it b H ik T8 60 9 38 I 3h 45 4

8000 . 8000
7000 7000} — il
+ JONSWAPEH &
6000+ 6 000
% 5000} . 3 5000}
T ¢ .
o 4000} NE 4000f
3 =
@ 3000 . & 3000
g o ‘ - :»ﬁ'E"
#2000 . 20001
*s
1000} R 1000}
e o
0 ””:’ L 1 L 1 L 1 L 1 0 = 1 L 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
AR B /m A% /Hz.
Bl 6 9710 5 & U IA]A 2500 o 5 1% 0 (=22 [ 14 ¢ & B 7 sEilligs JONSWAP %l &
Fig.6 Relationship between the effective wave height and the Fig.7 Fitting chart of the measured
spectral peak during Typhoon 9710 and the JONSWAP spectra
:|: N
3 4w

MR T B M AL B I % 69 BRI 52 Bk, 00T T 1997 4E 6 H &= 8 H (F Z) iz i (v It IE B9 IR RAE , I35
FHHT T 1997-07-31-—08-04 [ 9710 5 5 Wik 5 5 [ 2 A S IR A8 Ak 25 10 T A R0 s e ) th B AR - 344 3%
U e TR B KA RO v ) B VR L B ipe v AL R 5 A R o R S A A R . R IAS Y AR A

1) X000 490 V) 30 5 A A L g B R % 0 ) T 5 A TR TR A B AE 1997 4 8 F,1997 4F 6 & 7 R AE
A,

2)1997 4F 6 H S KA B 4.32 m, EPe 1) SW31997 4E 7 H KA B 3.82 m, F k1] S;1997 4F 8
A B K 10.66 m, FiE I S, 2 H 0B RGHE & B <3 m, 1997 4F 6 JI A 1997 4F 7 AR 442 m,

DZ ARG, 1997 4 8 H>2 m MY IR FFLERT A o 7 15 d, 3k 18.75 d. I HLEE X [R] 98 %6 LA |<<
90°, Vg mI R EEARE . KR E] Y 32 30 1m0 DAVE R 1) R 2

A) B WL A5 R T B S R 110 km O XU 11 9004 9710 5 65 KU 35 6, 28 S0 38 3% 16 5 PM. 3% 33% 06 [
BT KR AR R EH, AN IR Y 6404,

5) bR & Kk 555 10 18], e 9 YR 95 O P0G S, B R SE AR . AN 1, 5 JONSWAP i 7 AH
. PG, AT JONSWAP iR 40-G 9710 5 & KU )G %00 = =8 m (19 18 IR Y DRI

£ % 3k (References) :

[1] GROSSKOPF W G, AUBREY D G, MATTIE M G, et al. Field intercomparison of nearshore directional wave sensors[ J]. IEEE Journal
of Oceanic Engineering, 1983, 8(4): 254-271.

[2] LONGUET-HIGGINS M S, CARTWRIGHT D E, SMITH N D. Observations of the directional spectrum of sea waves using the motions
of a floating buoy[ C]// Longuet-Higgins. Ocean wave spectra, Proc. Conference. Easton: Prentice-Hall, 1961: 111-132.

[3] National Center of Ocean Standards and Metrology. Specifications for oceanographic survey: part 2 Marine hydrographic observation:



334 FSE LA RGBT S IR e o T 223

GB/T 12763.2—2007[S]. Beijing: Standards Press of China, 2007 26. E R FEbrf it & hb. WA G 4 2 30 i\ Ko
. GB/T 12763.2—2007[S]. L5 o [l i i 4k, 2007 26.

[4] SUJ L. China offshore hydrology[ M]. Beijing: China Ocean Press, 2005: 330-335. #i#2 4. s E LK SCIM . dbat. g 7 L,
2005: 330-335.

[5] SUN X P. Oceanography of China’s offshore areas| M]. Beijing: China Ocean Press, 2006 186-190. #IMHI~F. " E VT i X 8 e[ M. db
50 VR AL . 2006 173-190.

[6] XU L Z. Analysis and prediction of wave field in south China sea[ J]. Marine Forecasts, 1987, 4(3); 48-52. ¥F#kZ. B I IR 0T 5
W], WA B, 1987, 4(3) . 48-52.

[7] LISQ, ZHAO D L. Comparisons on partitioning techniques to identify wind-wave and swell[J]. Haiyang Xuebao, 2012, 34(2). 23-29.
2K BCRR TR, XUIR IR VR 20 85 U5 B 9 LA, MR SA A, 2012, 34(2) ¢ 23-29.

[8] EARLE M D. Development of algorithms for separation of sea and swell[R]. Marland: National Data Buoy Center, 1984: 53.

[9] CHENY L, ZHAO Y P, ZHANG B S, et al. The study of the relations of wind velocity at different heights over the sea[ J]. Marine Sci-
ences, 1989(3): 27-31. BRKF], WK, skab . &5, M b AS[R] w52 KGE #59 0C RGBT ST 0], Rl 1989(3): 27-31.

[10] YE A L, LIF Q. Physical oceanography[ M]. Qingdao: Qingdao Ocean University Press, 1992; 419, %2 5, 2= RUE . ¥ #F FE24[ M.

T8 BRI IR, 1992 419,

Statistical Analysis of the Waves Measured at Fixed Points
in the Northern South China Sea in Summer

LU Yan'?, WANG Guan-lin**, WANG Dao-long'*, WANG Xin-yi'**
(1. First Institute of Oceanography . MNR, Qingdao 266061, China;
2. Laboratory for Ocean Dynamics and Numerical Modeling s Pilot National Laboratory for Marine Science and
Technology (Qingdao) . Qingdao 266237, China)

Abstract: It is essential to conduct scientific analyses on the measured wave data because the variations of
wave elements have important reference values for the site selection of marine engineering facilities, the
operations on the sea and the safety in production. In the present paper, the wave characteristics in the
northern South China Sea during June to August in 1997 are analyzed based on the data measured at an
observation station, and the wave characteristics and wave spectrum fitting induced by Typhoon 9710
(VICTOR) are also discussed. In order to provide necessary references for marine engineering, the detailed
statistical characteristics are depicted, which include the frequency at which effective wave heights appear
by direction, the rose charts of the average and maximal effective wave heights and the joint distribution
tables of wave height-period and wave height-direction. The statistical results show that during the period
of observation the maximum average effective wave height is 2.77 m, the maximum effective wave height
is 10.66 m, the major wave direction is S and the maximum average spectral peak period (T,) is 7.9 s. Due
to the influence of typhoon, all these eigenvalues occurred in August 1997. It should be pointed out that
during Typhoon 9710 wind wave was predominant, accounting for 64 % ; and the typhoon wave had the
maximum effective wave height of 10.66 m, the major wave direction of S and the spectral peak period of
10.77 s. It is considered from the wave spectrum analysis that the effective wave height occurred during
this typhoon transit could be higher than 8 m. To know the internal volatility structure of the wave, the
JONSWARP spectrum can be used for the further analysis.
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