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Abstract

The purpose of this study is to develop a two-dimensional land surface flood analysis model based on uniform square grid using the
governing equations except for the convective acceleration term in the momentum equation. Finite volume method and implicit method
were applied to spatial and temporal discretization. In order to reduce the execution time of the model, parallel computation techniques
using CPU were applied. To verify the developed model, the model was compared with the analytical solution and the behavior of the
model was evaluated through numerical experiments in the virtual domain. In addition, inundation analyzes were performed at different
spatial resolutions for the domestic Janghowon area and the Sebou river area in Morocco, and the results were compared with the analysis
results using the CAESER-LISFLOOD (CLF) model. In model verification, simulation results were well matched with the analytical
solution, and the flow analyses in the virtual domain were also evaluated to be reasonable. The results of inundation simulations in the
Janghowon and the Sebou river area by this study and CLF model were similar with each other and for Janghowon area, the simulation
result was also similar to the flooding area of flood hazard map. The different parts in the simulation results of this study and the CLF
model were compared and evaluated for each case. The results of this study suggest that the model proposed in this study can simulate
the flooding well in the floodplain. However, in case of flood analysis using the model presented in this study, the characteristics and
limitations of the model by domain composition method, governing equation and numerical method should be fully considered.
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Fig. 1. Grid indices of spatial discretization
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2.3 AILH A2 24

T2 oA B oA A4t AlTETHE (A2 B o HA
A3t 5] FoH, AL A QAT S5 JFS
(Hulbert and Jang, 1995; Kim et al., 2011). At= Z[8j7 2]
S AR 0 B A YEiAtm D SRR AR HAR
= 2R 32 ARSRIT) 2 AtolAls AtE Z27s7] 2lal
X] Courant-Friedrich-Lewy (CFL) 271 (Courant et al., 1956;
Scott and Brett, 2002)2 -85+t CFL Zof|A At= ¢
O e o] w7 F HAA| A o] £ 1HE o) F okt AR ER=
A|ZrE T} Zrotof gttt oJn|& W skl §lt}. CFL 2712
Eq. (8)7F 21, AAAIA o] A 712} A AARA| A o 4 9] ]
o 5 (Uman) = 01851 Eq. (8)= BHEoh= At o] G
Alitol] A-ggtet, ojuff SEHA o] P EHA e 2] FLOI
B RE, At ESHHAAH

®)

3.1 s AdsQt H|m

Hunter e al. (20052 ZAA7F0 m/m<] EHAA §-40]
AT 2ol Egs. (1) and (2)°ll Tt SHAISHE Eq. (9)2 Al
AlSFAT. Eq. (9)0lA] Ci= B2 4 2712719 2JaljA
ZAEA, uoll D73 hES NG5, £ AZFll A O] x 215 9]
T915 At 4= Stk 2 Aol A= u=1m/s2u=0.03
s/m& A5t 18] x=0 YR 1= 0 A17re] 7]
ZA 595 0mE 5o m, olof wtet = 02 H-85HArh

Table 1. Conditions of the numerical model
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7] BT} 4 5)E vl wstr] 1% 270 Table 17
2ot 52 2P 0] Rl 100 m x 100 m ST 2] A
7y Az} 51 e 1 o& FA(51 % 1)dtgeH, ZH AAR=
0 m/mE SF3It}. 2| 53 O] A2 Eq. (9)E ©]-85lA
AR x=0 9121(0, 0)°1412] 912k = 1 AZFIA Eq. (9)2
BE] Al 429]71 00] == 21%](36, 0)0] 4221 0.00 mES &
&35t 29| 717k 1 A7k & Sh9iTt.

3/
hiz,t) = %{C*nzu'g(x*ut)} . )]

SfjAafjet 2 Aol 4=x] g of| oJsiA] AlstE g vl
SFH Table 2 2 Fig. 22} 2t} Table 204 oAl HL 24t
(RMSE), Nash-Sutcliffe efficiency AI5~NSE), A CC)
+ Egs. (10)~(12)& ©]-&5t Al4totadet. /e 4% 1.3
of oJgt At 3hS s Al a2 Hlw S wf o] 1 A[Ttof| A 2]
4 kT4 O RMSEE= | em, NSEQ}CCE 12 UER T
J2]31.0.5 km2}2 kmol|A] 2] A7t w2 4=4] o] HStof A=
RMSE:= Z|t}] 2 cm, NSEQ}F CCE 1 2 e} 7 Zho] 2 %]
Sk Ao = FrE Qi

(10)

NSE—1—{fi(xi—)ﬁimf}/{fl()d—faf} (11)

1=

—-

N - o
CC: lz()q&im)()‘:mXa)/N]/(Usm%) (12)

in si Boundary conditions
(coll?l(r)nn;a;?nsrilz)‘:er » Grid size | Surface slope | Roughness coeff. | Simulation time S il
row number) (m) (m/m) (s/m') (minute) osclell(;: © Water level boundary conditions
0,0 Water level (z) calculated by Eq. (9)*
51 %1 100 0 0.03 60 ©.0 @ Y Ea. ©)
(36,0) 0.00 m
* For example, when t is 0 min, z is 0.00 m and when t is 60 min, z is 2.38 m
Table 2. Comparison of the calculation results with analytical solutions
Comparison contents C'el’l Distance from the left side (0, 0) Slmulatlor.l output time | RMSE NSE cc
position (km) (minute) (m)
Water surface profile All All 60 0.01 1.00 | 1.00
) (5,0) 0.5 0.01 1.00 | 1.00
The changes of water depth in a cell From 0 to 60
(20, 0) 2.0 0.02 1.00 | 1.00
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(b) The changes of water depths at 0.5 km (5, 0) and 2 km (20, 0)
during simulation

Fig. 2. Comparison of the numerical solution (NS) with analytical
solution (AS)
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0 m/m, 2EASE0.03 s/m"*& 28519t Fig. 4(b)y= 2 of 5tolS W HFA o 2= Ao FFAEE eIt

o] 717H 1 B A ARt ATFE S5 0 2 el Ao 2 (CASE3 of Table 3 and Fig. 4(c)). Z=AI4=2] M| w2 2

49K (+x, =, +y, -y)°ll oA 5t d-S B elok. 8B P AF Gt 2=AG7t ARSE Ao At =

22 AqolA /e B2 4 1Rkl ol A B ke o} Z]i= 542 U ATH(CASE4 of Table 3 and Fig. 4(d)).
2

At AHE Yehie Ao 2 BrE gt wheb A A E AAH S A R EEAG0] Wslo] i el
A AL AR AE gohzo] A dal AR A% TF RS Ao s BAE e AwE o] g
A1E e o 7l estd the T 2ok AR A st B Qb4 AEOIAE Fig d(e)ol Ao e Awa AT}

o e 2P| AE Bt E A 7 } HAdsE 4 Sl A B b A o2 ROl & 4= 2AATHCASES of
o) Huprheton, 2 gho] BAXAE A& 2 K Table 3 and Fig. 4(e)).

Table 3. Conditions of the simulations and comparison of the calculation results from this study and CLF model

Domain size A . . .
Case (o —— Grl((rin s;ze Suriz:l:/e n?;ope Roug(l;l;sli;:oefﬁ B(;lrllr(lidtz;l;y c(z)sr;;iig;on S;rlr:;l;zzsn Ré\r/lnS)E NSE | cc
row number) P
CASE1 52x3 100 0.000 0.03 1 m’s, (1,1) 1 hour 0.004 | 0.99 | 0.99
CASE2 1001 x 1001 0.5 0.000 0.03 1 m, (500, 500) 1 minute - - -
0.000
CASE3 51x1 100 0.001 0.03 1 m, (0, 0) 5 hours - - -
0.003
0.01
CASE4 51x1 100 0.000 0.03 1 m’s, (0, 0) 6 hours - - -
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Fig. 4. Calculation results in virtual domains
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(b) Sebou river area

Fig. 5. Study area
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Fig. 6. Discharge boundary condition for each study area
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Fig. 7. Comparison of flood areas from CLF model and this study
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