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The Impact of Urbanization and Precipitation on Flood damages
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Abstract

The study aims to conduct theoretical verification of the impact that urbanization and
precipitation has on flood damages in urban areas. The study works with the following
hypotheses, it assumes that in describing the impact of urbanization and precipitation on
flood damages, a exponential-linear model is more appropriate than a classical-linear model.
And, it assumes that in the exponential-linear model, flood damages on the impact of
urbanization and precipitation will be increased rapidly. An analysis of the hypotheses that
used a statistical analysis model has resulted in the following. As a result of verifying the
basic hypothesis of the regression function, the heteroscedasticity and autocorrelation, both
were analyzed as valid. As a result, with panel GLS model, it was analyzed that when the
impervious area increased by 10%, the flood damages amount increased by 19.7%, and
when the rainfall amount increased by 10%, the flood damages amount increased by 13.6%.
Next, the analysis of the baseline statistic of urban flood damages, which is the dependent
variable used in this study, analyzed the panel tobit model together because the ratio of O
was more than 50%. As a result, urban flood damages increased by 29% while urbanization
(impervious area) progressed by 10%, and urban flood damages increased by 44% when
rainfall increased by 10%.
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Figure 1. Total Number of reported Natural Disasters(Flood) between 1940 and 2004
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Table 1. Models and Significant Variables for Flood-caused Damage

Classification Significant Variables
Models - - - - -
Scheme Natural Environment Built Environment Socio-economic
. S Impervious Surface
Brody et Linear Precipitation . .
al.(2007) Model Duration of Flood Wetland Alteration FEMA rating
Dams
Linear Floodplain Area Wetland Permit .
Kang(2009) Model Costal Location Dams Insurance Policy
. Linear Precipitation .
Choi(2003) Model River Landuse Population
Linear Precipitation Tax
Lee(2015) p Impervious Surface financial independence rate
Model River Budget
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Q= CiA(H1)

Q = peak discharge(cubic ft per second)
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(based on land cover)
i = rainfallintensity (inches/hour)
A =drainage arealacres)

). 3 A4 Al (Rational Method)& A
E5E 78l 71240l WhHo HA | E A
= FWe] ko F Hypk
t}(Randolph, 2015).

WA 2o A A EH-EA15(Runoff Coefficient)
efel] o8l A=, 0.05¢14] 0.95
A7t A-gdr). Exjo] g Hej= 2
, FAAH O Z i, EAIX] L]
T 0.9, HAAAE] FEATE 0.05652
= AR YEe e 4
w07 Aolwt) ulebd A%
T A B=Ae] BESE

Mo 285 5 o (Figure 2). o8 FA 0%

fd
i)
ol
ol
FIF
(&

N
>
Ho
oflt

12 uE oo

F2EAZ, H523H 43 (2017)

ey,
Aol A Talrh SfEle A wAF)

sk Aol 7108 Aow B 5 gk E A

N
(N
2
2
-
rir
k
>
)
o
ol
o
ot
o,
!
>
}011
iy
o

=
RS EAFEsloh wAlgh B 9] o]

Q(peak discharge)— flood
impervious X rainfall— flood

Figure 2. Relationship between flood and peak
discharge

m. A2

1 7pe 2%



EA S} 9are) 710 e} wA1 ST

Y; = By + Boo; + Byy; +u; (21 3) 7t 543 7+ Aot
y, = EAEFTHH
2y = EAFHEESTH) uhebA] 2 A V1S EAske) -] A
2y =B Fsalel mAE @A) ugE ghe] A
Rational Method ©]&ell 7ato] w=A|she} 239
s)et 2. o] v X RS AEsudt dk AFHIS

(2} 3)ellM T F4olal7t S5m < (Dependent  wjeo & 1 o o)A AN PGS o7
Variable)o]w], =AISkeE Aol WM magim (4] 4)9) gon, gz pdshd okl
(Independent Varlable)oﬂ et et 2 3 (Figure 3)3} 2t} wak A2 A3t X8k

ARl A =yl SR BAl= A AR <Table2>9} 7ro], A7} 0(RFAAE)
S A aH%EJE}, w ote] 0 o w 5 8 AlEH] ok
SHARE 71 A= AAH E5 0 Ol g mepy <Table2>= A5 714 )
2ol elulEn), dnb o2 SASE O(AASH) 5 =42 1w Ag oA SeakA FHA Ao <)
B o] 0 Y u) F4 Fale B B ) nexz oxmoz wE
AN <Table2>9} 7o) 7] AApAEe: 1
dlof| A= 73 9-o] 0 uf, =A]317} 09] o}qﬁg} . 3?1,;3;;? (.
= YER EFEsE SAEhs 2A7) 9
AT ﬁégoa?oﬂ A AN ouwsm 9 y; = =N Tl
EARS A4 ek, ST ser =S} A9 Lo = i’ji(%?—ﬁatﬂ’ﬂ)
AN Zg BAAE A7) {8 v 7&% AT Tg; =0T %
e e 2. 3 el o EMxt=

ATFA : EAFST e HA = 2 3o}
0] S A A Aol

Table 2. Result of Linear and Exponential Model

Classification Equation Urbanization Precipitation Flood Damage
Ty; =0 z3; =0 y; =0
Linear Model Y, = By Boxy; + Baxs, T uy Ty =0 2y # 0 y; =0
Ty # 0 T3 =0 y; =0
Ty =0 r3; =0 y; =0
Exponential 3, 8 — —
Model Y; = 611'2121'2,): To; = 0 T3 # 0 Y; = 0
Ty; 7 0 T3 =0 y; =0
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Table 3. Dependent and Independent Variables

Classification Variables Measure Unit
Dependent Flood 1,000
Fl L '
Variable Damage cod Loss Won
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thool= Bdl 4 A, dERIRES] deds 2 mjded 2M
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Table 4. Basic Statistic Analysis
Classification Variables Measure Unit 9599 ‘00;04Mean‘05~‘09 10-1a
Dependent | o\ i Damages | Flood Damages | O | 1220052 | 1292415 | 429158 | 467,898
Variable Won
independent |  UrPTIZaton Imp:rz’;ous km? 15 17 19 21
Variables Precipitation (Ovp:c;zﬁij’gay) mm 502 424 378 394
Percent(%)
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. . w B . C _
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Figure 4. Frequency of Flood Damadges (%)
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Table 5. Test for Autocorrelation

Test Wooldridge Test
Null ) .
. HO: no first order autocorrelation
Hypothesis

F(1, 103) = 12,352

Result Prob > F = 0.0007

O & YA JRA] ghel] o] Z4bd o] EAstar 2
= gk webA 2 Aqtell A ARg-starat o
© HolEe= AR 3t o] 24 d o] EAgt
Qufgnd 24 Aot
Q1] 717bg A7 Axel o] 3] 7]
2 7o) 9= 45, OLS(ordinary least

Ol
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Table 6. Test for Heteroskedasticity

Test Wald Test
Null
:si NA2 = si A .
Hypothesis HO: sigma(i)*2 = sigma”2 for all i
Result chi2(104) = 336.34

Prob > chi2 = 0.0000
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Table 7. Result of Panel GLS Model

Table 8. Result of Panel Tobit Model

Classification Panel GLS Model Classification Panel Tobit Model
Intercept -7.36%* Intercept -31.51**
Variable . x Variable . x
Estimate Impervious 197 Estimate Impervious 2.87
Precipitation 1.36** Precipitation 4.37**
Model Model
Fit Wald X 2 32247* fi Wald X 2 23313*
Number of obs 2080 Number of obs 2080
Number of Groups 104 Number of Groups 104
Time Periods 20 Time Periods 20
Coefficients GLs left-censored observations 1081
Panels Heteroskedastic uncensored observations 999
Correlation 0.2292 005 001
*p< .05, **p< X
*p<0.05, *p<0.01
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