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Abstract

It is crucial to have a comprehensive understanding of inundation and water cycle in urban areas for mitigating flood risks and
sustainable water resources management. In this study, we developed a Cellular Automata-based integrated Water cycle model (CAW).
A comparative analysis with physics-based and conventional cellular automata-based models was performed in an urban watershed in
Portland, USA, to evaluate the adequacy of spatiotemporal inundation simulation in the context of a high-resolution setup. A high
similarity was found in the maximum inundation maps by CAW and Weighted Cellular Automata 2 Dimension (WCA2D) model
presumably due to the same diffuse wave assumption, showing an average Root-Mean-Square-Error (RMSE) value of 1.3 cm and high
scores of binary pattern indices (HR 0.91, FAR 0.02, CSI 0.90). Furthermore, through multiple simulation experiments estimating the
effects of land cover and soil conditions on inundation and infiltration, as the impermeability rate increased by 41%, the infiltration
decreased by 54% (4.16 mm/m?) while the maximum inundation depth increased by 10% (2.19 mm/m?). It was expected that high-
resolution integrated inundation and water cycle analysis considering various land cover and soil conditions in urban areas would be
feasible using CAW.
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Fig. 1. Conceptual diagram of CAW model
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(a) Rule 1 : Determine the flow direction to which neighbor cells the water
in each central cell will flow

Hy S 7

H,

H, L j‘ Hg -
J I ’ H, j Height of flowing neighbor cell

Height of eliminating cell

H4- H H4
AVE

Hy H;

Average height of remaining cells

The direction water can flow

x| QaQ

Mo water is moved to this cell

(b) Rule 2 : Estimate the amount of potential water that can flow to neighboring cells
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H, ot CT|@vE-H)—,  ar<T —l
H | | | Mas  h|_|foe
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VE () Waterdepth of central cell
ANE ,‘-'?j The amount of potential flow
Hj et
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(c) Rule 3 : Calculate the actual amount of water to flow from the center cell
to the neighboring cell according to the weight
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Fig. 2. Flow transition algorithm of CAW model by calculation step
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Fig. 3. Soil layer structure that simulate the water cycle and major flow in the CAW model
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Fig. 4. Image of input data and target points of study area. (a) Land cover (4 m resolution), (b)Digital surface model (4 m resolution), (c) Study
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CSI= A5, 18
=I5, ¥ 34,5, L5, (18¢)

o7)A, 71Z RE-2 HI29 WCA2D BP0 =2 £11, 7t 1 g

Table 1. Table of possible cell descriptors in a binary classification

Inundated area Non-inundated area
by CAW by CAW
Inundated area by

M, M B,

base model VB o

Non-inundated area

M M,B

by base model hB, b
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7] 919t AAIZEE 15 emz A& st (Jasour ef al., 2022;
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AzLo] A2 olulshe, i B, RE R A F4w]A] o
= Ao 5 oJn[RItK(Table 1).

2.5.2 RMSE
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Mean-Square Error)& AME513 0 M, Th-2 Eq. (19)2 AH4
Hrct.

Zho] &4

1
RMSE= o (19)

A7V A, N2 A AAF 4=0]H, X,+=HI122tWCA2D P&

2 molg X =4 )?%CAWEOﬂOEEJO}JJq]Z1
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Fig. 6. Comparison of the accuracy of the simulated maximum inundation map (Hit: 4,5, False alarm: A4,B,, Miss: M,B,)

Table 2. Indices error of the CAW, H12 and WCA2D

HR FAR CSI
H12 and CAW 0.77 0.04 0.74
WCA2D and CAW 0.91 0.02 0.90

Table 3. Maximum inundation depth and RMSE of the CAW, H12, and WCA2D

Points (a) (b) (© (d) ©) ()

CAW (cm) 16.8 22.7 18.0 25.6 433 4238

H12 (cm) 15.4 13.3 18.7 262 38.6 41.6

WCA2D (cm) 15.5 182 18.9 257 423 43.0

RMSE (H12 and CAW) (cm) 1.16 6.70 1.26 3.25 7.93 6.03
RMSE (WCA2D and CAW) (cm) 113 2.14 242 2.48 1.00 1.35
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Fig. 9. Results of simulation of water cycle of CAW model according to land cover about (A) and (B) (Rainfall: 44.5 mm/hr)
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Table 5. Accumulated infiltration and maximum inundation depth per unit area by land cover rate

Location (A) Location (B)
Area (m?) 47,861 60,115
Land cover rate Impervious surface 49% 87%
Tree and grass 51% 13%
Accumulated infiltration per unit area (mm/m?) 9.11 4.16
Maximum inundation depth per unit area (mm/m?) 21.05 23.24
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