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An Agent—-Based Modeling Approach for Estimating Inundation Areas over Time
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Abstract : Emergency and evacuation planning is critical to reduce potential loss of life from flooding. In order to develop
evacuation plans, emergency managers and decision makers require estimates of probable inundation areas and times
of inundation. In this paper, we present an agent—based modeling approach that incorporates in a hydrodynamic
model to estimate both of these properties, A case study is conducted modeling the failure of a dam located in Andong,
South Korea, We estimate flood travel times for Manning’s roughness coefficients and discharge using a coupling of the
continuity equation and Manning's equation, Using the output from the hydrodynamic model and the flood travel times,
the agent—based model produces flood inundation maps at each time interval, The model estimates that for two—thirds
of the Andong region the time of inundation is estimated to be slightly less than three minutes. The results of this study
can be used to in the development of emergency and evacuation planning for the region,
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Fig. 1. Satellite image of Andong and Andong Dam
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Fig. 2. Digital elevation map of Andong in NetLogo
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Table 1. Variation in travel times for manning’s roughness coefficients
and discharge

Travel time (sec)
Q (m3/s)

n=0.2 n=0.3 n=0.34 n=0.4 n=0.5
50 1.12 1.42 1.54 1.69 1.94
100 0.85 1.08 1.16 1.28 1.47
200 0.64 0.82 0.88 0.98 1.1
300 0.55 0.70 0.75 0.83 0.95
400 0.49 0.62 0.67 0.74 0.84
500 0.44 0.57 0.61 0.67 0.77

o] Hadrs ek S| Hue il
7} 94.86mo]] TR TE A5E7 7] A= AlHE Sof
UA ok, e a7} S S50 % s 2 Ao
AFEPI7HA] 28 5= AR F71e 20 & T,

_4

4. A|Zzf|o|M Za}

A3t g HAAS v e 2 Netlogo 5,25 o]83f ks
ARG X o Ao 9 T ARRE oS 4= Sl Al
#lo]A S 7St

10

Fig, b= 5o] AMME do] 4] Hre duehe ke
ARPS Mofe, of |4 e S Acte ok
g o] x|efo] 952 A} Fo| 22 W (g, 5b)2] FA
), % BE 1A 17125} Ansc)

Fl



oba4) ukimis sk R 24 ol AR
ofUA ek, SHAIRE Fig, 6941 A 9 Z710] H4= o4t
AzEo] 71 o] 4 o] AThA o w7 uhio] whAy
3 Aeolch ole} o) Flo] 4= ot Alzto] 21 ol
fgo] 7ol wet AHspalzto] Zo7] uitolc

"k, B 58m o181<) efel B4 ol At o) 2
EASE olgd W BAS Sastgn 2eAt
013 0,591 79 24 ARbo] 217} 186 9 19222 eflA}
Holout gojulst Zjolz 1] ofck Hhak Moo &
Aol 77be: Bol IE7] thio] 2EALe] Wabt
% ol ARkl TR apo] wlmlgk At E2 itk
24t

A R WAL o e S Ao FRlge) of
2002 Qo] AR Hhashs Ae Bl o okl 7t

ﬂ

o ARl SEe 83 LA AAHe tulg g
sfof k= FAloll 4= ol 219 Stoll Hu] g dAIsfof

Aol

e 5. 8E

Fig. 5. Simulation state: (a) at 0 sec: (b) at 95 sec: (c) at 177 sec

o3l Sl etolal B A o Ao xS WA 718 e ol 8l K ot A1) 9
74271 el ko 4 439 ] o1 Dottt LA AR Aol RS s S
9527t AU oA} | 99] oF 33% (=24,253/72,581) QEPTH:};}ZH]H& o %E% i]ﬂ X‘%FJ e
71— HEAL o) SEAL7F 94.86m of3e] 2|49 of 46% j;]-m fo jti——‘—q ];1[]? ?TX]]EOUEZ?_;]Z—E
(=24,253/52,810)°] sfgach, 17729 A4S %k 66% = - L, 71E e T e
(=47,994/72,581)9} OF 919% (=47,994/52,811)e] ke, el B B S Age) S7Rhcs WSl 2 /Y =
8571300, =] Aup P2 587947} Manning 54
off ofsf Auk= vhs e arEs) By dAskI. dY

o Ao wElsly] 98] ALAlS o] ge 2w
49} 3 TIPS APHEIIEE, Netlogo 5,25 8

250
|

AN BEHFORM TR 75 A oF 578 Aol A

: SR R AR WO AR 4 91 Ao]

o}, Uobrt ths s 9 541 Aol 7]% AR Hgo] 7}
E 8 1 L3} Ao}

B AT Bih AEAES S thoR ARuE

g RGO A% 9 =2 53 B Bo] Hut o] o

G % 5 Ik BT HUT G A Aololq Ro]

. S}57] lalAl £ Qie} 2] Be] wako 2 Bol A}

50

® W w = owow Elojof & Ao|ch, & A77} A8 ZEAR B Aol
Orthomnetric height (m) ARE AHo|mg AA tjit AT zjo)7} QS 4= Qe m

Fig. 6. Time of inundation for orthometric height ol o} tjefslk A FHE AIFEA o R 1Tk kol Tl
9 gE AERTHE AL e, olefet HES Tefshor &

o AR S A ol A1 5 AR A 5

Fig, 6= EM8E 1 Alo] 457|714 oA A7he 2
ofFrh A&k Hlot Lol o] URBHEE, EbE  gopny

stR7AMBaEs| =27 M7 M4z 20163 78 2h



o] vt 2016\ R (meehh) o] AUz gF
TATAEE} K| ehE ot e 7|2 ATAFA A (NRF—
2016RICIBLO09711),

References

BMRB (2001), Flood Warning Dissemination. Post Event
Survey, British Market Research Bureau, London,
UK,

Bresch, D. and Spiegel, A, (2011). A Blueprint for
Managing Climate Risks in Emerging Markets,
Zurich, Switzerland: Swiss Re,

Chow, V. T. (1959). Open—Channel Hydraulics,
McGraw—Hill Book Company, New York, NY,

Dawson, R. J., Peppe, R., and Wang, M, (2011). “An
agent—based model for risk—based flood incident
management,” Natural Hazards, 59(1), pp. 167—189,

ECA Working Group (2009). Shaping Climate—Resilient
Development. A Framework for Decision—Making,
Economics of Climate Adaptation Working Group,

Gilbert, N. (2008). Agent—Based Models, Sage
Publications, CA, USA,

Grimm, V., Berger, U., Bastiansen, F,, Eliassen, S.,
Ginot, V., Giske, J., Goss—Custard, J., Grand,
T., Heinz, S., Huse, G., Huth, A., Jepsen, J, U.,
Jorgensen, C., Mooij, W. M., Muller, B., Pe'er, G.,
Piou, C., Railshack, S. F., Robbins, A, M., Robbins,
M. M., Rossmanith, E,, Ruger, N,, Strand, E.,
Souissi, S., Stillman, R. A., Vabo, R., Visser, U.
and DeAngelis, D, L. (2006), “A standard protocol
for describing individual—based and agent—based
models.” Ecological Modelling, 198(1—2), pp. 115—126,

Hong, J. B., Kim, B, S., and Yoon, S. Y. (2006).
“Evaluation of accuracy of the physics based
distributed hydrologic model using Vflo™ model.”
Journal of the Korean Society of Civil Engineers,
26(6B), pp. 613—622.

Johnstone, W, M., Sakamoto, D., Assaf, H., and
Bourban, S. (2005). “Architecture, modelling
framework and validation of BC Hydro's virtual
reality life safety model.” In: Vrijling et al. (eds)
Proceedings of the international symposium on
stochastic hydraulics, 23-24 May 2005, Nijmegen,

26  stmzsmalse) =25 F7E MAS 20164 78

Netherlands,

Kim, B., Kim, C., and Kim, D, Y, (2015a), “Agent—based
evacuation simulations of road tunnels in the event
of a fire.” Journal of the Korean Society of Civil
Engineers, 35(5), pp. 1157-1163,

Kim, B., Shin, S. C., and Kim, D. Y. (2014). “Resilience
assessment of dams flood—control service,” Journal
of the Korean Society of Civil Engineers, 34(6), pp.
19191924

Kim, D.-Y., Kim, S.—B., and Kwak, H,—J, (2013),
“Performance Evaluation System Framework
for Natural Disaster Research and Development
Projects.” Korean Journal of Construction
FEngineering and Management, KICEM, 14(4), pp.
118-129.

MLIT (2009). Installation and Management Guideline
of Disaster Prevention Facilities for Foad Tunnels,
Ministry of Land, Infrastructure and Transport,
Sejong—si, Republic of Korea (in Korean).

MOCT (2005). Report on Improving the Hydrologic
Safety of Andong Multipurpose Dam, Ministry of
Construction and Transportation, Gyeonggi—do,
Republic of Korea (in Korean).

NEMA (2011). 2010 Disaster Yearbook, National
Emergency Management Agency, Seoul, Republic of
Korea (in Korean).

Park, C.. Lee, S., and Suh, Y. (2007). “Development
of an Automatic Generation Methodology for
Digital Elevation Models using a Two—Dimensional
Digital Map.” Journal of the Korean Association of
Geographic Information Studies, 10(3), pp. 113—122.

Park, J.—H. and Kang, B.—S. (2006). “Comparison
of runoff analysis between GIS—based distributed
model and lumped model for flood forecast of dam
watershed.” Journal of the Korean Association of
Geographic Information Studies, 9(3), pp. 171—182,

Park, J —H., Kang, B.—S., Lee, G.—S., and Lee, E.—
R. (2007). “Flood runoff analysis using radar rainfall
and Vflo™ model for Namgang Dam watershed.”
Journal of the Korean Association of Geographic
Information Studies, 10(3), pp. 13—21,

Parker, D. J., Tunstall, S. M., McCarthy, S. M. (2007).
“New insights into the benefits of flood warnings:
results from a household survey in England and
Wales,” Environmental Hazards, 7(3), pp. 193—210,



Shin S, C. (1996). “Runoff analysis using a distributed
rainfall-runoff model.” Journal of Korea Water
Resources Association, 29(6), pp. 131-139.

Son, J., Shin, S,-W., and Yi, J.—S, (2014).
“Understanding Collaborative Working Processes
within Construction Project Teams Using Agent—
Based Modeling and Simulation.” Korean Journal of
Construction Engineering and Management, KICEM,
15(1), pp. 70-177.

USDA (2010). Part 630 Hydrology, National Engineering

Handbook, United States Department of Agriculture,
Washington, DC,

Vieux, B, E. and Vieux, J. E. (2002). “Vflo™: a real—
time distributed hydrologic model,” Proceedings of
the Second Federal Interagency Hydrologic Modeling
Conference, Las Vegas, NV,

Wilensky, U, and Rand, W. (2015). An Introduction to
Agent—Based Modeling: Modeling Natural, Social
and Engineered Complex Systems with NetLogo, MIT
Press, Cambridge, MA,

2 QI glrt E3] Selihehs Sl m W4 A A )

QYA Al7boll T 4 oA 2|oS Abshs Zo] Fad
]

oo 83 A ol A1 W ARk Absiact, A4l

pul

Manning 3412 o} §3) A W e AabA7ke Ak, QHEHe] 7Fs i E4ero] S =@ 2lake A|HolA] Al

o}, o mae Baa) vk ojo] of 310|971 WaEl7 |7

T

3 35 ol A9 wAT S Gl AR 7N B R s
s 7p7to] £Afi AnE 92 4 99l

59 x|ofolat

Stz 14 ol AZk] WA} oF 2aj7bR) WA 4= Qleh AT R @2 4 Qo) B AT 2T o) Ak 9 A= A

Aol AT Qs 712 AR 28 4 92 Zoltt

FI1RIE A5, A9 7IRE B, Apdae], 7153,

ie

srR7AMBaEs| =27 M7 M4z 2010 78 2/





