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Effects of Critical Minimum Depth in the Coastal Region on Storm
Surges using a Three-Dimensional Numerical Experiment

Chul-Hoon Hong
Division of Marine Production System Management, Pukyong National University, Busan 608-737, Korea

The effect of critical minimum depth in the coastal region on storm surges was examined using a three-dimensional
primitive equation model (POM). Case studies using numerical experiments in a small coastal bay in the southern
sea of Korea (Hanam Bay) have examined the ‘critical depth’ (CD) that stabilizes the numerical calculations. De-
pendence of the CD of typhoon tracks and tidal components such as M2, S2, O1, and K1 were examined. The model
results clearly demonstrated that the numerically unstable state of the calculation was caused by the coarse resolution

of sea surface elevation.
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Table 1. Principal tidal harmonic constants at Haenam Bay
M, S, K, 0,

A (cm) k() A(cm) k() A(cm) k() A(cm) K()

116.06 297.9 51.44 334.6 24.06 199.6 20.53 178.7
Z AN A, Wi AL EE Sommerfeld AR, 4= Y= A dATAS 2AT ol g S 24,
A= AL EAZRY, & 9 H- slippery 2710 o] sf 39 A& ol wheh 2H2t =8skgl o n, 2ATRS areeh ¢
AR} nelS tAsE)7] o SHS B3 o ek 1A (Case I, B}F1} 24 FAlol| 125k 7-9«(Case IT) -5 Case-
koL, ® ofohdRol 22 7RG e FASIGCPOM Bl studyE skl 53, o2iet ool uhE dAAlo] W
Aol thgt Rk AAIEE 22 Mellor (1996)2 313t 7). gl TEE A2 $AH R Ao o] 283 uf sHH S
S 2 7= Eell S sl e ik(Fig. 1) 24, o] 3 2] =8 24 £ #afi(resolution) 3 4= Qli= A Alo] A=A WA 5]
2 Table 17} ZFo 0], |t 2525 = 84.47 cny/s (Jang, 2006), THAE A= ot 7t 7 -9-of tigt 27152 Table 20]4]
T M, &7} o] aj9 o] 2A71&2] oF 70%E 351 (KORDI, AAsEAT AR 240 7F ExW e FH =R Z17F 2AL
1996), AA| AAG=41L- 0.1 molck. tj7]270] Qlol, B2 Qo B HoM, 2ARE AR S A IF0 R B
719k Ae A o g &3] ARg-E AL Q= Fujita (1952) 2], vhe slo] thedtsto] 7] sFGiet
£ Miyazaki et al. (1961)2] 42 2-8-5} ch(E} AMAgH 712
HY 32). g4 nE dold dldue gien 2, ¢ 2 % g2 o

oF. gF o] that /RAL Al A9 BE FAH Foj At
2 4719070 hpa), O EHEG.T mis, 45) 2 A9 B
Q517 0l 2|1, A% W oF 30°Noll 4 Zsto] 60417) 5]
o AT AFSAL, AT LA 5) 25t 7
o] 212 QAL 0.1 me AASIAL 57 Bek Aol g
HATAA 1242 0.1 m A F7HIA SPH O R Ato] &

W= Tt Al A-(Fig. 2)ll thsf case-studyS 245+
¢}
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Fig. 1. Model bathmetry (meter). The mimimum depth in the bay
is 0.1 m having two open boundaries in the south and the west.

Table 3& AJEE MRBLHA, RARRE £RH 02 Z7HA
A glojdl 4 A 02 SPPE 4 L AR (AL

(BE=39)

o] PAIS HoJFTH(Case I). ol Z4], M, 24t 9] 0 2 A1g-5h

735, A7 JAGA0] 0.1 mSl 792169 AIZEAH]L = =27
A} =%

AEAZES 1 8AI7HE A #4517 8k Alkto) |94 FR Y
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Fig. 2. Tracks of typhoons. Meteorological conditions of typhoons,
such as moving speeds, air pressures, and winds are equivalently

given in each case (see the contexts for the details).
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Table 2. Factors of each experiment

Tide (M, M+S,, M,+S,+K,,  typhoons

EXP* M+5,+K +0,) (LHS, RHS, CNT)
CASE | involved excluded
CASE Il involved involved
CASE Ill  excluded involved

* Note that each experiment represents one group that binds sev-
eral experiments implemented with each tide (M, only or M,+S,
etc.). LHS, RHS, and CNT represent typhoon-track’s types in left
hand side, right hand side, and the center over the center of Hanam

Bay.

ATk &, AR o9 0= ARRS -, @] =(forcing) 9] 7}
L4 Aol At YASAE F7ISHE AR Balh @
H, 2 AollA = 18,000 AIZFAR(15A]17H)0] 3= o o]
Ap A ) BOEA & AR gkt

Fig. 3 Table 30]lA] H|AA} AlE = AITMAR=0t Q1714
AlTke] FAE Bk o 2 B Ee) &, AAIA1E 0.7 m BTk
082 AARE 7= ATt IAglo] 2,000 AlTH
H(1008)S 23}3}7] Zof| Aate] B B FRE = HFS
B0 o1} 0.9 mE AE|alHA] 2 Bzl il 23] ¢
H AARER Holul= g HolFth M,29] 42,
A4 0.9 m-1.0 m Ato]oflA] QP A I ALt ER Fls)
o, (S, +K +0 ))& 7t A4, ol & 5 4] B2
92 0 & A3t A= o AR E R Tha A A 3] (YA
410.7 m-1.4 m) vp = A S BolFqlch
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Table 3. A critical depth (CD) and a number of time steps in Case-I
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C. depth (m) M2 M2+S2 M2+S2+K2 M2+S2+K2+02
0.1 2,169 1,988 1,983 2,059
0.2 1,991 1,842 824 681
0.3 1,984 1,848 1,927 1,991
0.4 2,056 1,975 2,082 2,111
0.5 2,240 2,022 2,120 2,216
0.6 2,392 2,081 2,192 2,292
0.7 2,542 2,241 2,409 2,564
0.8 2,665 2,368 2,477 6,312
0.9 2,857 2,381 2,600 10,723
1.0 18,000 (15 h) 2,476 13,961 17,204
1.1 2,657 14,100 17,271
1.2 14,088 17,398 17,358
1.3 18,000 17,568 17,485
1.4 18,000 18,000
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Fig. 3. Relationship (Case I) between CD and time steps in 3D
numerical experiments driven by each tidal forcing, e.g., M, repre-
sents that the model is driven only by M,; M +S, driven by M,+S,
etc.
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Fig. 4. Same as Fig. 3 except for experiments driven by both tide
and typhoon. a) LHS-type b) RHS-type, and ¢) CNR (center) in the
passage of typhoons.
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Fig. 5. Same as Fig. 3 except for typhoons only used as forcing.
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Fig. 6. Relationship between sea surface elevation and a number of
time steps according to typhoon tracks (a) LHS, (b) RHS, and (c)
CNR. Numerals represent the minimum depths.
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