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ABSTRACT

In recent years, we are suffering from abnormal weather conditions due to global
climate change. The abnormal weather conditions intensify extreme rainfall events,
so that urban flooding and inundation caused by extreme rainfall events are occurring
frequently. Once urban flooding and inundation take place, the damages are very
huge and severe because there is a concentration of properties and populations
in urbanized areas. Therefore, the development of countermeasures for flood defence
is urgent. These potential countermeasures can be divided into two types: (1)
structured, and (2) non-structured.

Structured countermeasures is defined as construction of hydraulic structures
such as levee reinforcement, increase in sewerage capacities, installation of
detention ponds, and flood control dams. Non-structured countermeasures involve
the optimization of a dam operation system, preparing of a flood hazard map, and
the development of a flood warning system and evacuation map. Structured
countermeasures, although very clear in its impacts, require large amounts of
funding and time to build. On the contrary, the impacts of non-structured
countermeasures are difficult to quantify, but can minimize the damages caused
by flooding and inundation with a low budget if we are able to predict damages
with an acceptable level of accuracy.

This study develops a real-time urban inundation prediction system utilizing
predicted precipitation data based on remote sensing technology. In order to select
an appropriate numerical technique to simulate 2 dimensional (2D) surface flow,

numerical methods are investigated. The cartesian coordination system model,



general curvature coordinate model polygon grid model, and grid mesh refinement
model are selected and investigated to be appropriate models for the study. In
addition, the 1 dimensional (1D) sewerage system analysis model which was
introduced by Lee et al. (2015) is used to simulate inlet and overflow phenomena
by interacting with surface flow. The cartesian coordination system model and grid
mesh refinement model are selected and combined with the 1D sewerage analysis
model. Also parallel computing method, OpenMP, is applied to reduce the calculation
time. The selected models were testede against the 25 August 2014 extreme rainfall
event, which caused severe inundation damages in the Busan area in Korea. The
Oncheoncheon basin is selected as the study basin and the observed radar data
are assumed to be the predicted rainfall data. A 10mx10m resolution grid is used
for the cartesian coordination model and a 10mx10m resolution grid mixed with
a bmxbm resolution grid is used for the mesh refinement model. A bmx5m grid
was used to depict road network in urban areas. The total grid number of the
cartesian coordination model is 556,009, and is 899,575 for the mesh refinement
model.

The High Performance Computer (HPC), located at the APEC Climate Center (APCC)
in Busan, is used to conduct numerical simulations. Intel Xeon X5690 CPU is equipped,
and the clock count is 3.46GHz, and the 12 cores are equipped into 1 node. Calculation
speed was estimated by increasing the number of cores and finally, 12 cores was
determined to be the best number to optimize the calculation speed.

Approximately 14 minutes of calculation are required to simulate a 3 hour
prediction using the cartesian coordination model, and meaning that the model
is able to secure a 166 minute lead time. Also, it takes 36 minutes of calculation
to complete a 3 hour prediction using the mesh refinement model, meaning that
the model is able to secure a 144 minute lead time.

When validating the models using observed data, each simulation result shows



acceptable maximum inundation depth with propagation phenomena. In addition,
the mesh refinement model shows more reasonable inlet effect into storm drain
in mountainous areas, and an overflow effect onto surfaces in urbanized areas
due to the mesh refinement models ability to depict the distribution of storm drain
on the road. On the other hand, the cartesian coordination model is able to secure
a longer lead time than the mesh refinement model.

Through this research, 1D-2D coupled urban inundation models are developed
for real time inundation forecasting using remote sensing techniques. Both models
show acceptable calculation speed with accuracy. Therefore, it is expected that
both models can be used for the real time urban inundation forecasting, which

has the potential to minimize damages.
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g( 2 ) 2 \/< Jlnnl/Q m) ) +<[‘[(771L1/2,m))

B 1+1 +1 7/3 (332)
(hf +ht )

2
1714,
Fzvige] B1h

‘](l— 1,m) + ‘](l—Q,m)
‘](l— 3/2,m) = 9 (333)

‘](l,m— 1) + ‘](l—l,m— 1)
Ji-1/2m-1) = 9 (534)

'](l m+1) + J<171 m+1)
‘](171/2 7n+1) 9 (335)
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l,m 2 2
&n &n
2]\41—1/2171 2%—3/2«,771
&n &n n+1 n+1 n+1 n+1
&n _ ul*l/Z,m—i_ul*l}/Z,m _ hl*l,m_‘_hlﬂn hl*?,m_‘_hl*l,m
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nn U172 T W mr1)2 s o /A S VR o
3 — —
Ur—1/2.m+1/2 = D) = 2
2M% 1 2M™) v1/
/30 7,0 n+1 n+1 n+1 n+1
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ME™ 2y = Ye—1/2.m MG 1/20m) F Yni- 172,00 ME 1/2m)
ML 2m) = Vet 1/2.m MG 1/2m) T Ynts 172,00 MU 1/2.m)
MU 3 p3,m) = Yel—s/2m MG 3/2.0) F Y= /200 MUE 3/2,m)
o

M{fl/Zerl) = Ye- 1/2,m+1)1‘4(51’2 V2m+1) TUn- Vot DM o m 1)

Wfl/z,m—l) = Yet—1/2,m— 1)”4(%Z 1/2m-1) TYn—1/2,m— 1)‘MZI7ill/2,m— 1)
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(3.37)

(3.38)

(3.39)
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(3.43)
(3.44)
(3.45)
(3.46)
(3.47)
(3.48)
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, M —ayey M =12y M 1) F M 12

]W('ll;l/l,m) = : . 4 . - (350)
" Mg —1/0) T M= 1y0) T M s 1y0) M 1y2)

A 7+1/2m — s 1/2 +1, 1/2 4 +1 +1/2 m+1/2 (3.51)

My 19y ML g0y M 1ye) T ML 1 )0)

N [—1, —1,m (1—2,m
(lZiLS/Q.,m) = 4 (3~52)
U Lms1ye) T M 1je) T M 370y F MIZ L 43)0)
WiLI/Z,rn,+1) = 4 (3~53)
) 2 —3y2) T M52y T M 12y T M =19
Wfl/szl) = — = 4 = : (3~54)

2 3t o, yol ol S Mg A7t o,y R WS A0R IR
A9 17D
L Tho] A4S olgslo] BRI,

n h?ltllﬂn)_'_hl—l 'm+1)+h(lm+1 +h’(lm)
h(lt11/2,7n+1/2) = 1 (355)
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2

_ ‘](l— 1,m) + J(l—l,m— 1)
2

J(z,m—l) + J(l-,m—Z)

4, TAIR

2
2M 20
1+1/2,m 1+1/2,m—1
&n &n n+1 n+1 n+1 n+1
ul+1/2,m +ul+1/2,m*l _ h’l,m +h‘l+l,m h’l,m*l + hH—Lm*l
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&n &n
2%*1/2,777, 2]‘1[*1/2,771*1
&n &n n+1 n+1 n+1 n+1
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2%,7717 1/2 QM,er 1/2
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WU —1 = 2 - 2

FTEHL] HIb

n,n

M —1/2) = Te(t,m - 1/2)M(£z’,’;ﬁ— 1/2) T Zoom —1/2)MLm —1/2)
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MG 1/2) = Tem+ 1/ MG+ 172) F Tplm + 1/ M+ 172)

M7 31
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(3.59)

(3.60)

(3.61)

(3.62)

(3.63)

(3.64)

(3.65)
(3.60)
(3.67)
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]W(z m—3/2) — Le(lym— 3/2)M/ m—3/2) T Lo(l,m — 3/2)M/ m—3/2) (3-69)

MY —179) = Yeom—1/2 MG = 1/2) F Ynttam—1/2) M — 1/2) (3.70)
M 1) = Yewstm— 12 M m—12) T Y0 tm— 12 M 1 12) 3.7D)
MiE" o —1/2) = ys(lf1,m71/2)M<£fﬁl,mf1/2> TYy-1m—1/2 M- 1/2) (3-72)
M(/ Lm+1/2) = Ye,m+1/2) Ml (om+1/2) +y,] (I,m+1/2) Mz (Im+1/2) (3~73)
M( m—3/2) = Yei,m—3/2) M/ (m-3/2) T Yn(i,m—3/2) M/ m—3/2) (3~74)
B3t

MG" + MY F MG gy T MG
3 (I—1/2,m—1) (I+1/2,m—) (1+1/2,m) (I—1,m)
Mglvzlil/?) — m m4 m m (575)

M‘%il/lﬂb*l) + ]‘45’47:3/2 m*l) + ‘/‘4513/2 m) + M%ﬁl/lﬂl,)
Mgl.ﬁl,mfl/Q) = ’ 4 - (576)

M‘%ﬁ?/&mfl) + M%ﬁ 1/2 m*l) + Mffﬁl/Q m) + M%EZ/&HI,)
M‘%ﬁl,mfl/Q) = ’ 4 : - (3~77)

A[E.,n, _,’_Mf.,n, +M£JL +M$,7L
(1—1/2,m) (I1+1/2,m) (I+1/2,m+1) (1—1/2,m+1)
M§711n+1/2 4 (578)

A[E.,n, _’_MEJL +M$,n _,’_Mf.,n,
(1-1/2,m—2) (I+1/2,m—2) (I+1/2,m—1) (I1—1/2,m—1)
Mgfn
(Lm—3/2) 4 (3~79)

23k 0, 0 RS O] Mg 2t 4, y, 2 WERF A0 BrRiL

(FA9] Hab
S4e T2l Al olgsto] BRI

n hflltll,m) + h?itll.nﬂr 1) + h?ltnl+ 1) + h’zlltnl)
WS Jam 1 1/2) = T4 (3.80)
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n hzlltllﬂn -1) + hzlltllﬂn) + h?[,tnl) + hzllj;nl* 1)
hG 3 j2m—172) = 1 (3.81)
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(Ax);y =2 — 24 (3.89)
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