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(1) —BRAXNG - BhRMERBARSIBHSESER, HSEKX AT E M
R, R H B2 AT B R B3 28 R0 R E R .
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F®1 XKWFREiCHIE

e A7 AL F5 RizatE
1 1970 - 01-01-14:00~1970-01 - 03 - 08:00 20 1974-12-01-14:00~1974-12-03 - 14:00
2 1970 -04-13-08:00~1970-04 - 15-14:00 21 1975-04-08-20:00~1975-04 — 10 — 14:00
3 1970 - 10~ 23 - 14:00~1970 - 10 — 26 — 14:00 22 1975-05-03-20:00~1975-05-05-14:00
4 1971 -02-15-14:00~1971 - 02 -17 - 08;00 23 1975-05-14-02:00~1975-05-15~14:00
5 1971 -03-01-02;00~1971 - 03 -03 - 14:00 24 1976 - 05 - 14 - 02:00~1976 - 05 - 15 - 14:00
6 1971-05 - 10~ 02:00~1971 - 05 - 11 - 14.:00 25 1976 - 10 — 29 - 08:00~1976 - 10 ~ 30 — 20:00
7 1971 -06—25-14:00~1971 - 06 — 27 - 08.:00 26 1976 - 12~17 - 14:00~1976 - 12 - 19 - 14:00
8 1972 -01-22-02:00~1972-01-23-20:00 27 1977-04-10-02:00~1977 - 04 - 11 - 14.:00
9 1972 -04-02-02:00~1972 - 04 - 03 - 1400 28 1977 -09-10-02:00~1977 - 09 — 12 - 14:00
10 1972 -07 - 26 - 02:00~1972 - 07 - 27 - 14:00 29 1977 - 10-27-08:00~1977 - 10— 30— 08:00
11 1972 - 09 - 01 - 14:00~1972 - 09 - 02 — 20:00 30 1977 - 11-06 —02:00~1977 - 11 - 08 — 08:00
12 1973 - 01 -22-20:00~1973 - 01-25-08:00 31 1977 -12-09-02:00~1977 - 12~ 11-02:00
13 1973 -04 - 18 -02:00~1973 - 04 - 19 - 14.00 32 1978 -04-13~-02:00~1978 -04 — 15 - 14:00
14 1973 -04 -23-02:00~1973 - 04 - 24 - 14.00 33 1978 -10-26 -02:00~1978 - 10 - 28 ~ 14:00
15 1973 -05-04 - 08:00~1973 - 05 - 08 - 02:00 34 1979 -01-09-14:00~1979-01-11-20:00
16 1973 -07-19-02:00~1973 - 07 - 20 — 08:00 35 1979 - 01 -26 - 14:00~1979 - 01 -31-02:00
17 1974 -04-02-02:00~1974 - 04 - 03 - 14:00 36 1979 -02 - 20 - 14:00~1979 - 02 - 23 - 1400
18 1974 - 08 — 28 - 20:00~1974 - 08 - 31 - 02:00 37 1979 -03-18-02:00~1979-03 - 19 - 14:00
19 1974 -11-07 - 14:00~1974 - 11 - 09 - 20:00 38 1979 - 04 - 06 — 08:00~1979 — 04 - 08 - 08:00
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39 1980 ~ 03 - 08 -~ 08:00~1980 — 03 - 10— 08:00 61 1987 -02-16—-20.00~1987-02~18-14.00
40 1980 ~ 04 — 04 - 02:00~1980 — 04 - 06 — 14.:00 62 1987 -09-04-02:00~1987 —~09 ~ 05 - 20.:00
41 1980 ~04 - 11 -14.00~1980 - 04 — 14 - 02:00 63 1987 -10-29-02:00~1987-~10~01-02.:00
42 1980 - 05-25 - 02:00~ 1980 — 05 - 28 — 02:00 64 1987 -11-25-02:00~1987 ~ 11 - 29 - 0200
43 1981-01- 01~ 02,00~ 1981 - 01 - 03 - 02:00 65 1988 - 02 - 26~ 08:00~ 1988 ~ 02 - 28 - 02:00
44 1981 ~01-14-02.:00~1981 - 01 -16 ~02:00 66 1988 -03-13~08:00—1988 ~03-16-02:00
45 1981 ~05-05-02:00~1981 - 05-07 - 14.:00 67 1988 — 08 — 26 ~ 08:00~ 1988 ~ 08 — 28 — 02:00
46 1981 -09-26—14:00~1981 - 09 - 28 - 02:00 68 1989 -01-09 ~ 14:00~ 1989 - 01 - 12 - 20.00
47 1982 -03-22 - 14,00~ 1982 - 03 - 24 ~ 08:00 69 1989 - 03 - 02 ~ 02:00~ 1989 ~ 03 - 04 — 2000
48 1982 - 05-11-08:00~1982 - 05-13 - 14:00 70 1989 - 10- 30~ 02:00~1989 ~ 10 - 31 - 20:00
49 1983 - 02 -01-02:00~1983 -02-03 ~14:00 71 1990 - 04 - 11 ~ 14.00~1990 - 04 — 14 — 08:00
50 1983 -03 - 22 - 08:00~ 1983 — 03 - 24 ~ 1400 72 1990 -11~29 - 14:00~1990 - 11 - 02 — 1400
51 1983 - 04 - 25 - 02:00~ 1983 — 04 ~ 27 ~ 02100 73 1991-03 - 18 ~ 02:00~1991 - 03 - 21 - 0200
52 1984 -03 - 29 - 14:00~ 1984 ~ 03 ~ 31 - 02:00 74 1991 -05~ 24 - 14,00 ~1991 - 05 - 26 — 1400
53 1984 -11-17-08:00~1984 - 11 ~ 19 — 14,00 75 1991 -12 ~ 23 - 08,00 ~1991 - 12 - 29 - 08,00
54 1984-12-02-14:00~1984 ~ 12 ~ 04 - 14,00 76 1992 -01- 13 - 08:00~1992 - 01 - 14 — 1400
55 1984 -12-14-02:00~1984 - 12~15- 14,00 77 1992 -~ 04 ~ 16 — 14:00~1992- 04 - 17 - 14:00
56 198508 — 19 — 02:00~ 1985 - 08 ~ 20 - 02:00 78 1992 - 08~ 31 - 02:00~1992 - 08 - 02 — 02:00
57 1985-10-15-14:00~1985-10~17-14:00 79 1992-~11~-18-08.00~1992-11-20-14.:00
58 1986 - 06— 26 ~ 20:00~ 1986 ~ 06 — 28 — 20,00 80 1993 ~09 - 26 - 20,00~ 1993 - 09 - 27 - 20:00
59 1986 - 12-13-14:00~1986~ 12~ 15 - 08,00 81 1993 ~11-05-14:00~1993 - 11-07 - 02:00
60 1987 -02-11-02:00—1987 ~02~-12 - 08:00 82 1993 ~11-15-14.00~1993 - 11 - 18 -02:00
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TR T BEE RELHTMFREENSFE—BE hRTUEH, B4R 5T
SR
2 BRI ESHBRIE

in.i] B O HHEY 225 T |
L3 T HE xW HE 0 X HE ZW dE Zm it
M, H/cm 125.9 127 96.1 97 11.0 1 117.2 115 40.0 39
g/(") 143.1 141 150.1 152 310.8 310 90.3 94  316.4 320
$ H/em 33.5 35 26.7 26 4.6 5 33.8 34 12.7 10
g/ () 206.1 209 209.6 213 37.2 36  164.5 165 37.6 40
N, H/em 20.0 21 15.7 16 0.7 2 18.1 19 6.0 5
g/ () 107.2 109 114.2 115 285.4 283 49.7 53 277.4 271
K, H/cm 8.5 9 6.7 7 1.6 1 10.3 10 3.7 3
g/ (") 223.7 222 2332 230 34.4 36 169.6 176 50.2 50
K; H/cm 37.8 39 38.4 36 29.0 28 35.6 36 20.3 21
g/ (") 101.2 99  104.2 104  110.9 114  153.9 155 200.3 199
O H/cm 29.1 30 29.0 27 23.1 22 26.9 28 16.6 18
&g/ () 51.2 50 53.8 55 60.9 64 98.7 98  137.9 139
P H/em 9.5 11 9.4 10 8.2 8 10.0 10 4.9 6
&/(") 98.5 89 94.3 94 101.5 104 145.1 144  187.2 189
Q H/em 4.8 5 5.0 4 4.0 4 4.7 5 3.3 3
e/ (") 13.2 10 19.2 18 28.6 26 51.4 52 86.2 88
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B 3 AT AR T A 0 O AL ) B 2R (1980 4E 10 A 30 H)
SRR, HHER
I WNSERIEE (AN .m)
BEY W * 0
L) aL ) L ) kg ]
50 a —BR KK 1.53 1.59 2.65 2.59 2.27 2.35
100 a —iB XK 1.71 1.74 2.87 2.77 2.39 2.41
50 a —BR K -2.09 -2.01 -2.78 ~-2.62 -1.70 -1.63
100 a —iB XK -2.31 -2.29 -3.10 -2.86 -1.85 ~-1.76

4.2 HWHIER
B S AR GT RSP EES IR S S O EMNE IS IR A
R(F4).
a4 I BB BEAEm)
AT AR TS R B O 3 75w B

50 a —i8 XK 1.68 2.50 2.32 2.38 1.21
100 a —3B K3 7K 1.95 2.82 2.50 2.58 1.36
50 a 1B XK -1.80 -2.00 -1.60 -1.53 -0.63
100 a —B MK -1.98 -2.21 -1.78 -1.69 -0.70
R B AL 1.83 1.92 116 1.24 1.13
RSCRARML -1.33 -2.30 -123 -0.81 -0.99

5§ —MEE-BREKLITEITE

ZE—BREKOLH S, X T B A KK G 0 A3, TTRAFH 20 a A EH94F
RAEF KA KEE —BRE D RE T RREX MR A INE X, WERTHHR, ReEik
BRARERHBRTR, HERBERERY KR RBK . £ RS —FHELFRER
3K AR K 1 B % — AR E B AR LR T ik
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RAKAL, W R B —BIRE R A RBK . 5550, W LLES MY BURE S MO R R
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RIXBE AR R B —BARMER KL



16 WEER 25%

EZE—BEAKMFET 0.68 FeLI(ZFE—BNBAKINKCE R WL ;
ZE—BIKAFET 0.85 LU BE—BRBKMRCERAMBL).

#S ERTMAOC(HEAIm)

WA R REH ] b Au!

50 a —BEIKAL 2.82 1.71 3.22 2.48
100 a —BRIKAL 2.89 1.82 3.37 2.66
50 a —iB KoK pL -3.02 -2.86 -3.84 -2.36
100 a —iB KK fL -3.19 -3.06 -4.01 -2.44
50 a —iB XK 1.79 1.59 2.59 2.35
100 a —A XK 1.96 1.74 2.77 2.41
50 a —BRRK -1.99 -2.01 -2.62 -1.63
100 a —i& KK -2.16 -2.29 -2.86 -1.76
R 3B v W ot 2.46 0.95 2.09 1.22

KB WAL -1.71 -1.13 -2.65 -0.89

U EEFKMESNFEEEEE. FAXBEEEASAN, REBH G REL FEHM
HORBREE GRINTR6 HRFREASAXNTENERSH LN BRI L RK
FOXMEEASEA HBE LR ZF—B R . KKAL.

o LK SHEMEESHELHMKE (B m) bR

B & EEH B ® o

B R RO A 50 a — BB KL 2.82 1.7 3.22 2.48
0.68 % (50 a —iBRIMK + RCER ML) 2.89 1.73 3.18 2.33
HY S PR HE B B — BB KL 2.89 1.82 3.37 2.66
0.68 x (BFE—BRIEK + R XBHHAL) 3.01 1.83 3.30 2.47
F 320 VTR HE SR 50 2 —IBARIK AL -3.02 -2.86 -3.84 -2.36
0.85x (50 a — BRI + KB T ML) -3.14 -2.67 -4.45 -2.14
By L0 FE B S — B K -3.19 -3.06 -4.01 -2.44
0.85x (HHE—MF MK + XX BEMAL) -3.29 -2.91 -4.68 -2.25

BUE, RATRER 4 FA LT RE DI B P . 3RS O 3R A e+
T ZE—BRIK KK B REMERMR S RAREO, FH LE RS, #EdX
it N B E B R, HERAERT.

®7 BAMESHHNSE—BKA(EA.m)
URBTH #EETH  #EBEo ENEPR TR

B A S HE 50 a —BREKAL 2.39 3.01 2.36 2.46 1.59
B A A4 NI 100 a —BR KA 2.57 3.22 2.49 2.60 1.69
B R YL A4 A9 100 a —BIEK -2.66 -3.67 -2.41 -1.99 C-1.38

HEREHSH N S0 a —BAMKAKA -2.81 -3.83 -2.57 -2.31 -1.44
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The numerical modeling of astronomy-storm tide in the Bohai
Sea and a calculation method for extreme water
levels of multiyear return periods

YU Yi-fa!, YU Yu-xiu!

(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract; The astronomy-storm tide in the Bohai Sea was modeled by using three-dimensional model and data from
82 selected strong weather processes. The model was tested with real observation data, and satisfactory results were
obtained. Form the astronomical highest (lowest) tide levels, the extreme high(low) water levels of multiyear return
periods and the extrerne-storm set-up (set-down) of multiyear return periods, which were obtained by the yearly
extreme high (low) water levels and the yearly extreme storm set-up {set-down) observed at the coastal
hydrographic stations, A linear combination formula for calculating the extreme water levels of multiyear return
periods at 5 typical areas in the Bohai Sea is established. The formula can be used in the design of marine
engineeering projects.

Key words: Bohai Sea; astronomy-storm tides; numerical modeling; linear combination; extreme water levels of

multiyear return periods



