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Background and Motivation
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Compound flood
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′
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′

𝑅𝑚𝑎𝑥

𝐻0
′
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Ω

𝑅𝑚𝑎𝑥 = 1.54 𝑅2%

𝑅2% = 𝐻0
′ [2.99 − 2.73 exp(−0.57 tan 𝛽 / 𝐻0

′/𝐿𝑜)]

1) Wave overtopping formula

2) Wave runup formula

Wave overtopping

Rate estimation

diagram

Wave overtopping

Rate estimation 

flowchart

Integrated Formula of 

Overtopping and Runup 

Modeling

(IFORM)
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(2013)
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Purpose of the study
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0.9mWG1 WG2 WG3 WG4 WG5WG6

25m

9.0m 5.0m 3.45m

Wave maker

Generator of 

currents
WG：Wave gauges

Catchment

1:10

Crest width of BW H=0.25m

03
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Scale 1:25

Bottom slope 1:10

Front slope of BW Vertical, 1:1, 1:2

03

Constant water depth ℎ0
(m)

0.89

Crest height ℎ𝑐(m) 0.16

Run time (s) 480
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Crest height

=0.16m

Tidal height range 
(=Inflow volume Q(m3/s)
=0.052m – 0.25m, 18 heights

Inflow 
volume
Q(m3/s)

Offshor
e Hs, 
𝐻0
′ (m)

Sig. 
wave 

period
𝑇1/3(s)

Wave 
length
𝐿0(m)

Slope o
f wave
𝐻0
′/𝐿0

0.03
~

0.36
(18 

cases)

0.068 1.6 3.99
0.0170.106 2.0 6.24

0.153 2.4 8.99

0.081 1.2 2.25
0.0360.144 1.6 3.99

0.225 2.0 6.24

Constant water depth

=0.89m

108 cases in total
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Dimension Horizontal 2D

Grid size (m) 0.1

Time step (s) 0.005

Coupling time step
(s)

1

Manning Number 0.025

Surge overflow 
formula

EurOtop

Numerical experiments

03

𝑞𝑠 = 0.6 𝑔 −𝑅𝑐
3
2
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Numerical experiments

• Essential information for IFORM
• Water depth + water surface level change
• Wave breaking-depth
• 𝐻0

′ : Hs at offshore before breaking
• Ts : Ts at offshore before breaking
• Wdir: Wave direction at offshore before breaking

03
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ℎ𝑏𝑛

S
e
a
w

a
ll

In
la

n
d

Wave direction

ℎ1
𝐻01

𝐿01

ℎ2
𝐻02

𝐿02

ℎ3
𝐻03

𝐿03

ℎ𝑛
𝐻0𝑛

𝐿0𝑛

…

Offshore Nearshore

Location of 

offshore wave

ℎ6, 𝐻06, 𝐿06

ℎ𝑛 : water depth,  𝐻0𝑛 : Hs,  𝐿0𝑛 : Period,  tan𝜃 : Bottom slope on the nth grid

x

z

x

y

Start

Variables (ℎ𝑛, 𝐻0𝑛, 𝐿0𝑛, tan𝜃 )

Grid (𝑛 = 1 → 𝑛)

Judge breaking water depth

ℎ𝑏𝑛
𝐻0𝑛

= 𝑎0 + 𝑎1 exp −
ln ΤΤ𝐻0𝑛 𝐿0𝑛 𝑎2

𝑎3

2

ℎ𝑏𝑛 ≤ ℎ𝑛 

yes

Determine the conditions below

ℎ𝑏𝑛 : breaker depth

𝑛-th grid : offshore boundary

End

no

𝑛+1

ℎ𝑏𝑛 > ℎ𝑛 

03

Flexible Grid Point Method

Fixed Grid Point Method

Mase, H., Kirby, J.T., 1993



-30-

Results: Comparisons 
Calculations VS Experiments
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Q=0.05(m3/s) Q=0.12(m3/s) Q=0.24(m3/s)

03

Breakwater level

Calculation

Experiment

Breakwater level Breakwater level

0.9mWG1 WG2 WG3 WG4 WG5WG6

25m

9.0m 5.0m 3.45m

Wave maker

Generator of 

currents

1:10
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0.9mWG1 WG2 WG3 WG4 WG5WG6

25m

9.0m 5.0m 3.45m

Wave maker

Generator of 

currents

1:10

越波・越流量時系列変化(直立、1割勾配)

32

Q=0.11(m3/s)，𝐻0
′=0.068(m)， 𝑐𝑜𝑡𝛼=0

Q=0.18(m3/s)，𝐻0
′=0.106(m)， 𝑐𝑜𝑡𝛼=0

Q=0.15(m3/s)，𝐻0
′=0.106(m)， 𝑐𝑜𝑡𝛼=1

Q=0.33(m3/s)，𝐻0
′=0.153(m)， 𝑐𝑜𝑡𝛼=1

03

Vertical 

slope

1:1 slope
FlexibleGP

Fixed GP

Experiment

FlexibleGP

Fixed GP

Experiment

FlexibleGP

Fixed GP

Experiment

Overtopping

Overflow Overtopping Overflow

Small

tidal

condition

Large

tidal

condition

Small

tidal

condition

Large

tidal

condition
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Q=0.07(m3/s)，𝐻0
′=0.144(m)， 𝑐𝑜𝑡𝛼=2

Q=0.36(m3/s)，𝐻0
′=0.225(m)， 𝑐𝑜𝑡𝛼=2

• Summary
• Timing of the beginning of wave 

overtopping is identical

• Flexible GP is better than Fixed GP

• Fixed GP has higher uncertainties 
on estimating the volume of 
overtopping
• Importance of the designation 

of offshore grids
• Overestimated surge overflow 

volumes for Flexible and Fixed GP 
methods

03

1:2

slope

Overtopping

Overflow

FlexibleGP

FixedGP

Experiment

Small

tidal

condition

Large

tidal

condition

FlexibleGP

Fixed GP

Experiment
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𝑐𝑜𝑡𝛼=0

Overtopping dominated-regime Overflow dominated-regime

03

Higher Hs                Errors Higher Hs                Errors 
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𝑐𝑜𝑡𝛼=1

03

Overtopping dominated-regime Overflow dominated-regime

Higher Hs                Errors Higher Hs                Errors 
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𝑐𝑜𝑡𝛼=2 𝑐𝑜𝑡𝛼=2

03

Overtopping dominated-regime Overflow dominated-regime

Higher Hs                Errors Higher Hs                Errors 
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Improvement
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堤
防(=

0.

25m
)

IFORM has a trend of 
underestimation on the shallow 

water, so we implemented the 
berm-type IFORM. (Yuhi et al. 
2022)

𝑅2%

𝐻0
′ = 𝐶 𝑊𝐵

∗, 𝑆∗ 2.99 − 2.73 exp −
0.57 tan 𝛽

𝐻0
′

𝐿𝑜

𝛾𝑟𝑢𝑛𝑢𝑝

𝐶 𝑊𝐵
∗, 𝑆∗ = 1 − 𝛽 𝑆∗ tanh 𝛾 𝑆∗ ∙ 𝑊𝐵

∗

𝛽 =

0.29 1 + tanh 10.6 𝑆∗ + 0.41

(𝑆∗ ≤ 0.1)

0.58 1 − tanh 0.7 𝑆∗ − 0.1

𝑆∗ > 0.1

𝛾 = −5 tanh 10 𝑆∗ + 0.3 + 7.5

5) 由比政年, 市村友希乃, 間瀬肇, 平石哲也, 川崎浩司, 水谷英朗：バーム地形による遡上高の低減効果特性およびIFORMへの取り組み,土木学会論文集B2(海岸工学), Vol.75,No2,I_757-I_262,2019.

4) 富永侑歩, 伍井稔, 加藤憲一, 金洙列, 間瀬肇：越波越流遷移モデルを用いた高潮浸水計算手法の精度検証,土木学会論文集B2(海岸工学), Vol.77,No2,I_265-I_270,2021.

03
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𝑐𝑜𝑡𝛼=0 𝑐𝑜𝑡𝛼=0

Non-berm-typed IFORM

03

Berm-typed IFORM

Improvement
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𝑐𝑜𝑡𝛼=1 𝑐𝑜𝑡𝛼=1

Non-berm-typed IFORM

03

Berm-typed IFORM

Improvement
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𝑐𝑜𝑡𝛼=2 𝑐𝑜𝑡𝛼=2

Non-berm-typed IFORM

03

Berm-typed IFORM

Improvement not much
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• Implement a correction factor to 

surge overflow rates (𝐶𝑠)．

• 𝑞 = 𝑞𝑤 × Raito + 𝐶𝑠𝑞𝑠
• 𝑞𝑠 = 0.6 𝑔 −𝑅𝑐

3

2

• Method
• 𝐶𝑠= differences of regression 

lines between calculations and 
experiments

• 𝐶𝑠 =0.6

03

Overflow
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IFORM with 𝐶𝑠 =1.0

03

IFORM with 𝐶𝑠 = 0.6
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𝐶𝑠 =0.7、𝑐𝑜𝑡𝛼=1𝐶𝑠 =1.0、𝑐𝑜𝑡𝛼=1

03

IFORM with 𝐶𝑠 =1.0 IFORM with 𝐶𝑠 = 0.6
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𝐶𝑠 =0.8、𝑐𝑜𝑡𝛼=2𝐶𝑠 =1.0、𝑐𝑜𝑡𝛼=2

03

𝐶𝑠 =0.6𝐶𝑠 =1.0

IFORM with 𝐶𝑠 =1.0 IFORM with 𝐶𝑠 = 0.6
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Summary
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sooyoulkim@kumamoto-u.ac.jp

Sooyoul Kim1
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Thank you! 
Any question?

sooyoulkim@kumamoto-u.ac.jp
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