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Development and Verification of NEMO based Regional Storm
Surge Forecasting System
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Abstract : In this study we established an operational storm-surge system for the northwestern pacific ocean,
based on the NEMO (Nucleus for European Modeling of the Ocean). The system consists of the tide and the surge
models. For more accurate storm surge prediction, it can be completed not only by applying more precise depth
data, but also by optimal parameterization at the boundaries of the atmosphere and ocean. To this end, we con-
ducted several sensitivity experiments related to the application of available bathymetry data, ocean bottom fric-
tion coefficient, and wind stress and air pressure on the ocean surface during August~September 2018 and the
case of typhoon SOULIK. The results of comparison and verification are presented here, and they are compared
with POM (Princeton Ocean Model) based Regional Tide Surge forecasting Model (RTSM). The results showed
that the RTSM_NEMO model had a 29% and 20% decrease in Bias and RMSE respectively compared to the
RTSM_POM model, and that the RTSM_NEMO model had a lower overall error than the RTSM_POM model for

the case of typhoon SOULIK.

Keywords : tide, storm surge, NEMO, regional model
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upe}h o 2 B2 AFUE A SoFst AT 9l oSl AF
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A AEE AFESH] Tkm A EE v 48] 7Y o5o=
=9 Foll leH, AMurte] -9 NEMOSE FVCOM(finite-
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A&5Hd A5 4 AlF3FL 3 TH(Soontiens et al., 2016).
Aol A= NEMO 714He] Ao ZFaljdof| SA| A8
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191491 +e] A% @ 2h(horizontal pressure gradient
error)E =017] 918l AEE 78 7P ER S EYT A
Z} ¥ (terrain-following sigma coordinate)E AF&-3}%1 T},
el ool FHoMol golE EFsh= 20°N-52°N,
115°E-150°ER. 9159} AEako 2 1/12° A7]9] ARz oF
8km2] TIPS 7HAH, sfF 4 ARF 73S 21k
National Aeronautics and Space Administration(NASA )|
A Aakse 8= 74 AFE Shuttle Radar Topography
Mission(SRTM, Becker et al., 2006)°l14] 30 min A5E ©]-&
SEITHFig. 1). 72 Ee] WA 821 2214
t & (Oregon State University)oll 4l A&k 31+ TOPEX/
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TPXO 7.2 eh&ehs 24749} 20028 TOPEX/
POSEIDON E &5 == TOPEX/Poseidon, Jason 91/ 2]
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Fig. 1. RTSM-NEMO model domain with topography (m).
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Table 1. Model comparison of configuration between RTSM_POM and RTSM_NEMO

Name RTSM_POM RTSM_NEMO
Model POM NEMO3.6

Input data RDAPS (10 m wind, MSLP) GDAPS (10 m wind, MSLP)
boundary data NAO OTPS

Prediction & starting time

87 hour (00, 12 UTC)

120 hour (00, 12 UTC)

Coordinate

Spherical coordinate

Domain

115°E-150°E, 20°N-52°N

Spatial Resolution

1/12° (421 x 385)

Initial data

—12 hour forecast

|
00UTC 06UTC

GDAPS

Wind & MSLP
forcing

12hr forecast -
Initial Condition

| |
| | >
12UTC 18UTC

GDAPS

Wind & MSLP
forcing

Fig. 2. Schematic diagram of the operational cycle of the regional storm surge forecast system.
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TH(Table 1).

RTSM_NEMO E&ejA ARE-H 11 Q1= tf7] 48 A=+
7142 el Agshiz AAF t7] SlRA|2~E(GDAPS: Global
Data Assimilation Prediction System)®] 10 m 11 %9] sl%-&-3}
oﬂnﬂ7]01— o;]]z x]_E = i40H01 1:1\:41 ﬁx}oﬂ Eﬂ—7ﬂ /\it‘;ﬂ LH}?:]]'
e ARgste] IARE 1At A7) QlE s o] 3T |
A GDAPSE= 20184 6% o] - A7 =] o] UM(Unified
Model, ver.10.8) 7|9+ & FHF AN E7}F 7|2 17 kmollA
10km= F7}sl31aL, A 0= 707] o= o] FoA] glom,
skl 23] P =™ 124744 oS A 57F AYrhkE
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Table 2. Description of model sensitivity experiments and values

Tide Charnock Surge Reference
experiments parameter experiments pressure level
CF02 0.02 RF10 1010 hPa
CF03 0.024 RF12 1012 hPa
CONT 0.0275 CONT 1013 hPa
CF04 0.035 RF14 1014 hPa
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Table 3. Basic information of the tidal gauging stations

No Station Name Longitude Latitude
1 MUKH Mukho 129.116 37.550
2 SOKC Sokcho 128.594 38.207
3 HUPO Hupo 129.453 36.678
4 POHA Pohang 129.384 36.047
5 ULSN Ulsan 129.387 35.502
6 ANHG Anheung 126.132 36.674
7 INCH Incheon 126.592 37.452
8 PYOT Pyeongtaek 126.823 36.967
9 WIDO Wido 126.302 35.618

10 YONG Yeonggwang 126.421 35.426

11 MOKP Mokpo 126.376 34.780
12 JIND Jindo 126.309 34.378

13 GOHG Goheung 127.343 34.481

14 TONY Tongyeong 128.435 34.828

15 BUSN Busan 129.035 35.096

16 CHUJ Chujado 126.300 33.962

17 JEJU Jeju 126.543 33.528

18 MOSL Moseulpo 126.251 33.214

19 SOGW Seogwipo 126.562 33.240

20 SEOS Seongsanpo 126.928 33475
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Fig. 3. Location map of the tidal gauging stations, Korea.
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o] A7)& vlastz] 918, BODC(British Oceanographic Data
Center)°l|4] #|&3= GEBCO(The GEneral Bathymetric
Chart of the Oceans) =3 A5, SRTMO] FAAEE A3}
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ZFE|| 4 SAAEE BIFSE Ak70]H (Goodwillie, 2003),
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Smith and Sandwell v.18.18] 29 2155 B 73 x5
= yehdtkBecker et al., 2006). GEBCO A}&+ SRTM
Abzof vlaf A2 m112]8-(smoothing) HERS Kol
SRTM©| th2 AF8) vlarste] vl @d4]l 4o o
A= a1, 53] AsllelA] 21 2kl 7t F58HA WEbsit).
Fig. 4w B9 99 5 24 2t & Adlig dalls 54
O % 41 100 m oftel] sl AlZHA o ® JERQIt BE
FAAR A AN O & A3 o] AT} H|ZEtA g Al E ]
+ aldel wet 2ozt vEbsk e, SRTMe] A& 7HE
28] EEEFAL e AE GR1E F AU 100 m o]t
o] 7%, GEBCOIA = A3lle] A (123.5 Ey7F F50]
e, gk AEl] Aok el AR elA] GEBCO
Atz 410 20m o) A2 XA o] E Kol Qlth
T A ARE o]gate] M2 E-xof ti3h 914y} 2128 1)
W3S wW(Fig. 5), T2 941, 914, 7% 5 SRTM=
o] g3t XA} W=7k Fig. 52k A AR & 5

=
Atk 12 al A IFR G S 2 JEFS A=

PR

(c) a-b

N

O 60 70 S0 % 100 2100 IS S0 28 0 2 0 75 100

Fig. 4. Bathymetric comparisons between (a) GEBCO and (b) SRTM. In the bathymetry difference plot (c), differences are only shown

between —100 m and 100 m.

(a) NAO (b) GEBCO

(c) SRTM

S,

Fig. 5. Co-tidal charts of (a) NAO, (b) GEBCO and (c) SRTM bathymetry in yellow sea and East China Sea. The color shade is tidal har-
monic amplitude in m and contour lines are tidal harmonic phase lag in degrees for M2.
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(a) Amplitude Difference

A=0.003

Fig. 6. Difference in amplitudes (m) and phase (degrees) for M2 constituent between the control run (A = 0.0025) and experimen (A = 0.002)
(a, b), and between the control (A =0.0025) and experiment (A = 0.003) (c, d).
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T = P Cp- |W10| W0 (6)
Tsy = Pa C'D : |W10| : WlOy
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Table 4. RMS errors in the residual water level at each station
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A7 z,= 3 ARV E

cehe, z, = (

o] At o =wpEEE | g= 2371455 g = Charnock
w7l AR AEAR] g ihE 7T o] Al ksl
upe} ThEA]9E 0.012~0.035 W92 gho= AaiA= 47t
= 1 (Brown and Wolf, 2009), Wu(1982)cl14] #eked ZhS
0.0185% E&= oA £ 452 B} Williams and
Flather(2000)2 @=71°4% F33Y oI5 2l CS3Xell
0.02755 483} 11, Mastenbroek et al.(1993)> =3l &2
ol A58t ko2 0.0325 AAlsket) o] A¥E st
o] wj 7ol wE Sl o8] xfolE K] 218l 0.02,
0.024, 0.0275, 0.035°] thsll A= T, 7171
o] uj7| = 1013 hPas 285 }Oﬂ\ﬂr(Table 2). Yz} AF
1re] FEgh atol= YERA] QESEAIRE vz T -
27 2 AE L 5 ASATHTable 4).

tj7]gtell oJst sl w2 i7|gte] Sk 4o
Tashs 9719A &7 (inverted barometer effect)S E§a}
B RTSM_NEMO E2ofX= a1 =ol& B8k 9
& 715 7198 ARgste] A Euglel thel 29 4= 9l
ok 7] A o o] F4S wET

1
ny, =—-—(P
"ogp

)u*zi Apbgc,

oQ i

atm ~ PO) (8)

71 P, = W71} Bt Py = 715719 UERIT &,
o] 71715 s 2ol F7ke] F sligd =olvk At
Hr}. RTSM_NEMO 29€] 7]324k2- 1010 hPa©]™ RTSM_

Exp. Wind stress Reference pressure level

Stations CF02 CF03 CONT CF04 RF10 RF12 CONT RF14
INCH 0.162 0.163 0.164 0.166 0.176 0.159 0.164 0.154

PYOT 0.165 0.166 0.167 0.169 0.178 0.163 0.167 0.159

WEST ANHG 0.122 0.122 0.122 0.122 0.136 0.115 0.122 0.110
WIDO 0.115 0.114 0.114 0.114 0.126 0.109 0.114 0.104

YONG 0.127 0.127 0.127 0.126 0.138 0.122 0.127 0.118

MOKP 0.166 0.167 0.167 0.169 0.177 0.163 0.167 0.160

DAEH 0.093 0.092 0.091 0.090 0.103 0.086 0.091 0.083

SOUTH GOHG 0.086 0.086 0.086 0.086 0.099 0.081 0.086 0.076
TONY 0.095 0.095 0.096 0.097 0.111 0.089 0.096 0.083

BUSN 0.090 0.090 0.090 0.091 0.107 0.083 0.090 0.076

ULSN 0.087 0.088 0.088 0.089 0.106 0.079 0.088 0.071

HUPO 0.091 0.091 0.092 0.093 0.111 0.083 0.092 0.073

EAST MUKH 0.097 0.098 0.099 0.100 0.117 0.090 0.099 0.081
SOKC 0.095 0.095 0.096 0.097 0.115 0.086 0.096 0.077

POHA 0.090 0.090 0.091 0.092 0.109 0.082 0.091 0.073

CHUJ 0.086 0.085 0.085 0.084 0.097 0.080 0.085 0.076

JEJU 0.080 0.080 0.080 0.081 0.093 0.075 0.080 0.071

JEJU MOSL 0.071 0.070 0.070 0.069 0.083 0.064 0.070 0.061
SEOS 0.080 0.080 0.080 0.079 0.093 0.074 0.080 0.069

SOGW 0.064 0.064 0.063 0.063 0.077 0.058 0.063 0.054

MEAN 0.103 0.103 0.103 0.104 0.118 0.097 0.103 0.091
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POM E2olM= 1013 hPag ARE-31 Tt whebd 715 7]%k
of thak A8-L 1010, 1012, 1013 % 1014 hPa AFE3t] 5=
&3} © ™ (Table 2), Charnock "7} H4+= 0.02755 7]+
o= g3tk 71 Ay} RF10 A¥o] 7P 2 A5 U

WO, CONT, RF12, RF14 =0 2 UERST) o4 2
HollA exke] gk Aalizt 71 Zlem AT ool ZA|
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