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Fig. 2 Division diagram of high and low buildings



1008 B AT 7 DXORUBE XU ) v R (AL 41

34°F
320}
30°
28t
26°
240t
220t

20°

A A 6 Frs o

34°

32°

30°

28°

26°

24°

22°

20°

120°

120° 125°

29.95°

29.94°

29.93° 1

29.92°

29.91°

29.90° 1

29.89°

121.86°  121.88° 121.90° E

3 KBTI AR X3 (a ), b DX BT Tk 48R () LA B A€ DX R & AR B Bl B P A% ()

Fig. 3 The selected grid of ocean (a), the sea area near the Beilun District (b), and the land grid magnified locally in the Beilun District (c)

130°E 121.5° 122.0° 122.5° 123.0°E

30.0° ¢

29.8°

29.6° 1

Fig. 4 The distrib

4 R¥E (a) AL DX BT 38R (b) K TR 43 A

ution of water depth in the ocean (a) and nearby seas of Beilun District (b)

) SREAIME () xF e (B 7). £ 10

KGNS R SCE AR LR A, B 121145 4 S 000 il Jie R K S AU M 5 S0 A X iR 25 43 AT
B S R TS R . EHUREE 8 A 6 H 0B = i P 7 T LU Y, 4 A0 Y 15 7K B Rk — 2,
8 H 8 H 20 i, HF 4 /> 5 o WUBR G K B SE A U X6 R I /K A 2 A ek 221, LR ol 400 5 S0 {1 19 e



42

MHEEdy 4345

KI IR e 2 I 20 AR — 3, 7 Vg sl 4L 1) e RO 7K A
J& 1 h, 7 il AR AU AE A e KB K B 20 B T 6 h, L
SRR 7 he S5G R 1 CRE, HIE, Rl E A
4 1 56 0 3 ) AFDRT 158 25 AR A/ 0N, U AR AR 5 e, o
TR 5 KRR I ) & A R
32 5612 SANRCREXKE LRI

1956 4 5612 5 5 KLU B8 2k i T HE A 22 LUAR W
Ifii, 7 1 28 H 02 B ik ) 5 K58 B, 30 H 14 B 5 K58
JE 35 B 5 (5 R0 A 905 hPa, 3T H A d K XL
90 m/s). 8 H 1 H HH A7 5 & Fi v 48 2 W] 3F A AR U6,
8 1 2 H 00 B Bl i 4 1, & Kbt e KX T 36
F 16 g, 2 i 1) Py S 3K 3] 923 hPa, & fili J5 4k 22
PG sh, 8 H 5 HiHR TR N . HEHUH
T SRS BRI EAR 4 AR, B AR T
UEAEAT I o 5 XSG A28 T 6 3 i 40 A G ] 8 T/

KRG WS KO AR LR G, Bl S612 %

A R B KR T R (& 9)0 B 4 AN B0 T o i e kK
B8 7K S0 RS UL 2 AT A X9 22 4 A, Wk 2
No MIEL O FIZE 2RI LUFE H, 45 50 i il 33 7K A% Ak e 3
FEAR — B, B K W (E B[R] LA [R] 25 5 g 7K B i) %o
L, B 5 FE AT 2.5 h, BT BB AT 0.67 h, RIS
1.75 h, & BF o #EJ5 117 he 454 A KU 42 50 #r, 48
W SR E TR R AL T B KU AR A, B A X
B Iili AL B R, AAULE I K — A, AR R 25 430 R
9.13%. 12.96%. 5.6% Kl 5.44%, F-HJi% 22 K 8.28%, &
PURCR B o RAOR U, A XORLJE IR ) 182 Y A5 7R il
BWERRAEALL 5612 5 6 LI B0 KRR T A 10 .
4 IXORUEE AU 18 AR 4L

5612 5 5 KU il 85 Bl o B K, TR AN N B UR, T
T Z G WK E ., &8 H 75 4B A

N R 32 R AEY) 735 T0 BT o M Y XU 0 ot Al 3R
T 85 il R, Mt 4900 A g AlFE . 8 % ok 2 fuh B

121.82°  121.84° 121.86° 121.88° 121.90°E
R - ' ' ; B, ML 15000 ASZ 02, 7 A ik E KRR ) 9
roor | | s S U L AR R FE DL, PRI BRI 5612 5 5 Uil
2 ﬁ‘g Bk T IE MEAUE AL
29.93° | i 41 BRWIEE
_ o T VT30 307 T35, 4 518 ke 159 3 L, 5
299200 T DX, 7R T T DXCARIE R AR AL RV R I
FIE ) AN (I R A= o S U R 1 T < s 7/ W 12
St SRRV R I, Ul 10 7R, AR SCRE R T TR AN
29.90° | YLK ) e b 7 A Wk VT 2 A0 VT A TR AR R
7R
29.89° HR A5 2% SCAS FVAR 27 5 195G F JF VAR Ik Ui 4k 1) ¢
s bR RAR KL R HE, SR T 19832003 4F 21 45 ] 45 24 RUBE 42 3 I
Fig. 5 Interpolation map of land elevation AR A Bk VAR ] A R HE 0 A A T e A Bl o 0
117°  120°  123°  126°  129° 132°E 119° 120° 121° 122° 123° 124°E
i — —————— ———-I 32;?;0' i L -
3 || :'Li.\ I 32000’ —
|' ~ ,% 31°30*
3000 4 ; oy
I 31°00° F e . =
| . o ”;‘@' - 30°00"
240 | = &
el ' (\J | 29°30"
21 LT+—— 29°00'

Fl6 12115 & R B4R (a) FISH 05 4345 (b)
Fig. 6 Track of No. 1211 Typhoon Haikui (a) and distribution of tide gauge stations (b)



10 31 54 18 DR B2 XL 2% 9 18 A A4

43

Hgl R I8 A 6 H O

Syl FIRI IS A 6 H Ot

15
o Sk T
— BBk VG
1.0} -
'{' . b o o \ &
i » . At \
0.5 - L s .
0 S, --‘; . ' s s ' ' ' ' '
0 6 12 18 24 30 36 42 48 54 60 66 72
B TH)/h
6 S HEE IR I8 A 6 H Omt
L4L o Sepsgk A
L2+ Bk J
1.0+ oy
£ o8} s TR e
§ 06 Fus, et ot L | Tetn
= 04+ . % | .
02
of W
7042 1 1 1 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54 60 66 72

Fif [E)/h

B SRIA L T R E ity DX ) S (AR LB X L

Fig. 7 Comparison of measured and simulated storm surge values at Zhenhai, Wusong, Zhapu and Dinghai stations

2.0
15 . i?ﬂ!ﬂi%k 2
S BBk i %
g 1.0+ -".";/-. -.1‘
% - .'.u kil n." . \Tteri,
ﬂ 05 -“.° n." iy _’.l-. 3 y -
oF \
_05 1 1 1 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54 60 66 72
i l/h
35 BTG BRI 8 A 6 H ont
3.0 F « JIPEK o
2.5 | — BHUHEK A
o
g 27 R
'%’ L5t b // . ¥ ...'
E 10h EOME P \
05fig s oow gl g 2
0 F—m— T % o
. T S S R S
0 6 12 18 24 30 36 42 48 54 60 66 72
Hi /b
& 7
F1 4N HEHhRXEKDMNEMELEENRES T

Zit (BfL: m)

Table 1 Statistical table of relative error analysis of the meas-

ured and simulated values of the maximum water increasing at 4

tide gauge stations (unit: m)

TR 3 B VR IR B AR B A 4300 R 16.475%10° m?
F112.321x10° m?, A% Sk FH 3k W0~ S8 4 S 42 3t i 7
i, FEHEAR I AR N R
42 REALEEEL

I Bl N7 A DR BE IR 2 ) 1 K 5T 2R A5 1L

%, S B AR 2 o : i o
5612 5 & AR B R0 T, J6-6 DX R 56 8 vk w8 47
G 1.67 1.6 4.2% . = N et o
BIAE ML, I DAL R BEIIE 5612 2 & KB 87 ok F v, i
Sifl 1.5 1.45 3.3% . - e v s e s e
w S P KR IR V3 A A R I XX 13
e > 102% L0 1
el 155 L4l % LI . LI LR R 4 B W0 4 i
116° 120° 124° 128° 132°E 119° 120° 121° 122° 123° 124°E
400 fr——— T ————— m— 32°30' 1
N | a e | N Lb 1 r
B o 32°00' | =
36° | X =
31°30' I :
31000" ey _ +
30°30' I /';Yfﬁk
30°00° I ' F
29°30’ I l
29°00' I |

8 56125 5 KW B B A% (a) R 0 (52 5347 (b)
Fig. 8 Track of No. 5612 Typhoon Wanda (a) and location distribution of tide gauge stations (b)



44

MHEEdy 4345

FHgE RS RISH 1 H 025

37K /m

_1' I I I I 1
1E(1)02H¢ LH 10/ 1 H 18 25020 2 H 108 2 H 18K 3 H 020

P il
BT AR RIS A 1 H 021k

7Kk /m

7(1)}%02%‘ 1 E|.10Hﬂ‘ 1 IEIIISEHL 2El£)2ﬂfj 2E[.10Hi 2E|‘18Hﬂ‘3BOZEH‘

Pt JE]

4K /m

Sl AR I8 A 1 H 02

2.5
—
£ 1.5}F
.%,
Eiof
0.5

lE(I)OZEFj 15'1053‘ 1EliSH§r 256251 2E|i0|ﬁ 251853‘ 3020
i)

57 R L YR IR I8 H 1 H 021

24+
2.1 F
1.8 |
1.5+
1.2}
09
0.6 ¢
03}

0

—0.3 * * . + *
THO28¢ 1H 108 1H 18k 2EH|102|1¢ 2 [ 100F 2 H 180 3 F 020
SR

P9 IR SR /T A A o D B S A S AR L

Fig. 9 Comparison of measured and simulated storm surge values at Zhenhai,Wusong, Zhapu and Gaogqiao stations

F2 ANKEBMRRIGKENESELERNIRE DTS
&k (B4 m)

Table 2 Statistical table of relative error analysis between the

measured and simulated values of the maximum water increas-

ing at 4 tide gauge stations (unit: m)

i SEIN{E LIS AN R 2
ity 2.52 2.75 9.13%
ESi 2.16 2.44 12.96%
g 4.11 434 5.6%
it 2.39 2.52 5.44%

S E S AL E ST X e (B 1D, BB 1 AT LA
B, R TSl S B AR UL, 8 A5 S R R
T — B, f AL B ) A 25 . R L SR
(N = R v By K YRS A= A S5 =
WHALIEAT X E, & A Sl 46 X% 222 0.03 m. 0.34 m,
0.79 m. 0.36 m, F i AHXTR 2R 1.6%. 14.5%. 17.97%.
15.28%. MBEILGE R UL MR 22 0 A, SR i A 40L 1Y)
BREBUIN, RWL L EHAEA IR ZEM K, 2 h TR
W AT IR 3 AN AL T A KU A, AL Y B e
P ASE A X T S DU O R — a5 o PRI DA B A7 114 7 3
B, HE 7 A KRB AR AT DA e MBSl E S X i

3 A0S

121.62°

121.54° 121.56° 121.58° 121.60° 121.64° E

29.91°

- PRI

N
29.90° +
29.89°
29.88° |
29.87°

29.86°

— R

29.85°
Pl 10 VL 7 VIR 0 gk VO I A8 9 00 R 3 AT
Fig. 10 Runoff boundary location distribution of Chenglang

Weir on Yongjiang River and Yaojiang Gate

43 EBMHHBEED

FE 5612 5 £ AU I S5 52 ) 0 [B), 7 VT U R 4R
FERUE, 0 B R m WAl 4.7 me AT 25
TF, Wivn ., L GO R A S AR 6 946 T
B, S 220 J7 P R o HUE Y IR N1 R T
Rl UK IR AT R GRSt B2 94 S 0 B 5 1540
TELXT EL o ST LA DR 338 K R 0 7 A 400 468 e i 80 2R
T, AN B8 ARG SR — A EE

FEANZE ISR G G0 T, R © g ST i X RBE
JAT T MR R X 5612 5 B KT B fE T R b X
41 NG AT AL, FEAS SR AN AT 12 TR .

M 12 AT LLE H, 1E 5612 5 6 KR8 75 H
T, A6 XA e X 78 e AR Z 0 628.9 km?, WEIK T



1008 B AT 7 DXORUBE XU ) v R (AL 45

B AR IS A 1 H 021 S ARS8 H 1 H 02

-1.5 : : : - : -1.0 : . . : :
1H 020t 15 108F 1 H 186 2 HO20 2 5 108F 25 186 3HO020F 1 HO2HF 1 H 108} 1 H 186} 2 H 028+ 2 H 108} 2 H 188} 3 H 025}
i i) i i)

R RIS H 1 H 02/ AR AR I8 A | H 02

Bk /m
P mS S——NwLAS
O UNOUNOUNDODUNDODUNOUNO W
— T
97K /m

. . . . . . 05 . . : . .
1HO2EF 1 H 108} 1 H 18K 2 H021f 2 H 108} 2 H 18K 3 H 02Rf 1HO2KF 1 H 108} 1 H 18K 2]%02]% 2H 108f 2 H 181} 3 H 021}
I i) i i

PUT BRI L SR/ IR R AT il o2 S M S DL X L

Fig. 11 Comparison of measured and simulated total tide level at Zhenhai, Wusong, Zhapu and Gaogqiao stations

29050 121827 121847 121867 12188 12190°E A6 T L, 78 5507 b T A R LRk 3 s 0 R S
N | SES AR T IV 1 W A 1 == 4 AP L 3 B ]
SHI1HI14mE 8 H 2 H 10}, mafafEh 4 h, M
5] 13 W] LAFE HH sk 188 o ask A 7K T 526 ¥ o ARG IR 1
éﬂiiﬁlﬁ% ot A A DXV Vi A7 T R S S ) 1 B DA 1Y)
18 WAL IORG 41 . FT LS H /K O 7 7 DXOR SR A
SR F A A I S B, LA A [) 2 S5 40 B S 7K TR
AR A 0, PR T 7 X R 7 A 4D A S

5T v R EE 4R AR AR R IR T v M 1Y

29.94° 1

EEEsT |
—Dwbhhauxoouno
K /m

29.93°+ (/
29.92°

29.91°

29.90° =
AU
250 - R TR 4T EL A 7 ) 0 P 2 28 50, K 0 3
125612 5 {5 Pl B 18 AR 400 1) 5 v Y i ijj;;%ij%ﬂﬁ%/@ﬁﬁ‘]{m %%‘H(mm %BE;}— E;Hm{x

Fig. 12 Maximum inundation area simulated by No. 5612
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Abstract: This paper uses the ADCIRC model to establish a block-scale storm surge inundation model in the
Beilun District, Ningbo City, with a land resolution of 5—10 m in the Beilun District. The simulation results show
the overall process of inundation flooding urban street buildings, and detail description of the flow of water in the
complex distribution of blocks and buildings, as well as changes in water depth near different buildings, which are
more refined than previous inundation simulations, reflecting the advantages of block scale grid. Numerical simula-
tion results show that this model can simulate the storm surge process of No. 1211 Typhoon “Haikui” and No. 5612
Typhoon “Wanda” well. Satellite remote sensing images are used to classify features in the Beilun District, and the
influence of changes in the friction of different underlying surfaces on inundation simulation is considered. Compar-
ing the results of the simulation experiment without considering the underlying surface friction, the submerged area
is reduced by 21.4%, and the water depth in most areas is reduced to 0.1—0.2 m. The block-scale grid shows the de-

gree of water depth reduction and the change of submerged area in different areas.

Key words: storm surge; inundation; block scale; underlying surface friction
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