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Flood Risk Assessment Based on Bias-Corrected RCP Scenarios with Quantile Mapping at a Si-Gun Level
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ABSTRACT

The main objective of this study was to evaluate Representative Concentration Pathways (RCP) scenarios-based flood risk at a
Si-Gun level. A bias correction using a quantile mapping method with the Generalized Extreme Value (GEV) distribution was
performed to correct future precipitation data provided by the Korea Meteorological Administration (KMA). A series of proxy variables
including CN80 (Number of days over 80 mm) and CX3h (Maximum precipitation during 3-hr) etc. were used to carry out flood
risk assessment. Indicators were normalized by a Z-score method and weighted by factors estimated by principal component analysis
(PCA). Flood risk evaluation was conducted for the four different time periods, i.e. 1990s, 2025s, 2055s, and 2085s, which correspond
to 1976 ~2005, 2011~2040, 2041 ~2070, and 2071 ~2100. The average flood risk indices based on RCP4.5 scenario were 0.08, 0.16,
0.22, and 0.13 for the corresponding periods in the order of time, which increased steadily up to 2055s period and decreased. The
average indices based on RCP8.5 scenario were 0.08, 0.23, 0.11, and 0.21, which decreased in the 2055s period and then increased
again. Considering the average index during entire period of the future, RCP8.5 scenario resulted in greater risk than RCP4.5 scenario.
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A Al Y A Qholl E3kE= 12,5 km =S 4

Table 1 Precipitation data period of this study (Park et al.,
2012)

Data Period Duration
1976~ 2005 | 30 years
Simulated Historical Precipitation 1976~ 2005 | 30 years

Simulated Future Precipitation (using RCP Scenarios) | 2006~ 2100 | 95 years

Observed Historical Precipitation
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Korea Meteorological
Adminitration (KMA)

Obtaining precipitation data

Flood risk estimation

Precipitation Indicators normalization
New IPCC Scenarios 1 :12.5 km & 3-hour 17| (Z-score)
RCP 4.5/8.5 1 ¥
Anthropogenic Estimation by cities, counties In_dl'c_ator weighting estimat_ion
] forcing {Arithmetic mean) (PrlnClp_aI cu‘mpone_nt analysis of
historical Indicators)
GCM Projection ¥ (SPSS)
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do " ¥ (Principal component analysis)
. — Proxy variable estimation j ¥
RCM Projection LA Result analysis
HadGEM3-RA: 12.5 km Flood risk indicators (ArcGIS)
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Fig. 1 Procedure of flood risk assessment

RCM output based on RCP 4.5/8.5 scenarios
(12.5 km, 3-hour)

| Parameters estimation

‘ Application to future precipitation

A 4
Probability fitting to GEV distribution (2 0.1 mm/3-hour)
(Sim. & Obs. precipitation respectively
during 1976 ~ 2005)

¥

1* round Quantile mapping (QM)
(between Sim. & Obs. precipitation
during 1976 ~ 2005)

s the difference of the norma
annual precipitation during 1976 ~ 2005
{Obs. — Sim.) smaller than 10% of the obs.
jormal annual precipitation?

Correction of annual rainy days (z 0.1 mm/day)
(between Sim. & Obs. precipitation
during 1976 ~ 2005)

¥

Obtaining parameters
of standard weather stations

Probability fitting to GEV distribution {2 0.1 mm/3-hour)
(Sim. precipitation during 2006 - 2100)

l

2" round QM by cities, counties
using parameters from firstround QM
(Sim. precipitation during 2006 -~ 2100)

l

Correction of annual rainy days (= 0.1 mm/day)
(Sim. precipitation during 2006 -~ 2100)

}

Bias corrected future precipitation
by cities, counties
(during 2006 ~ 2100)

Fig. 2 Flow chart of the bias correction procedure (Park et al., 2012)

* Sim.: Simulated, * Obs.: Observed
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Table 2 Proxy variables for flood risk assessment (Park, 2013)

Index Indicator Description Reference
CN8O Number of days > 80 mm (day) (Koh, 2009; Kim et al., 2013)
CX3h Maximum precipitation during 3=hr (mm)
CX24h Maximum precipitation during 24-hr (mm) (ME, 2012)
CP24h200y Maximum probable precipitation (24-hr duration, 200-year frequency) (mm)
Flood risk C90th 90th percentile of rainy day amounts (mm/day)
CSDI Simple daily intensity (mm/day)
CX5d Greatest 5-day total rainfall (mm) (CRU, 2005)
CPL90th % of total rainfall > long-term 90th percentile of rainy days (%)
CNL90th Number of days > long-term 90th percentile of rainy days (day)
1. HO|EH Ch &4 ?IgEk K& 7184 o4
o o T4 SRE AL AT gRE FTHOR Baap)
3o & Bk sEetel v ARl 01 o o gwmAp) ot chigae) Sudel XS A
mm ?1%*?_] APe] mLejR| e} 7_%11—% t‘%%_/\%}]ﬁ%_ o5} 317] QJalals B o] Wasith, ZPEEAL A Al
AABIGITE ERAMEES AAsE] 913 SEREYS GEV AP} O WSl HEATS o]fsle] BT A5}
(Generalized Extreme Value, GEV)22E AA43t3tt. GEV . ;‘—E‘—_;EWH; g pege ;/\qo . J:E—zo-o;
o] o HAske WS B B A BERE o e L DRSS SRl S
2F (Normal annual precipitation)?] 2X}7F 10 % o= W= A B T%X}EOH el £ O_Lt_ijji A= st EEoiwt
_ il prec _ T g ) FARRAE Sk Bo] SIF 2 Ao
S 7R e, o] Zhe-daE HASIIE ¥ 1990s 2315 o] ] RABEAL AN upe AR
7]21' %CI)_]}O/] 701"21\‘%]: X]'Eoﬂ EH?J: EE‘.-O/]E@% /1&—_1}\]6_]'0:] ?'?:5_].' UH E]- Eq (2)_15__ =z 6]_3__5_&']_(4 Ho]ﬂ% ZJ_LB—] _g_g_l]ré—]_o% 1/}_‘:/]_ A
N5 w712k (20255, 20665, 20859)°f dEHOR S oy
sto] mlef Zheeke] HORAS AAISITE (Park et al., 2012). M'
N
2. B4 QT HI u=3GX 2

7t &% fIEE RE MY

=S Brkeh] 9fg An2 dewsE stk

=AATE F 7120l Aodd izl F S A=l A
A=

fﬁ,

3et dje|wss Ausiel Hol3lgith Table 2= 3
of g d2lies el ek

H3lsl= Bro
Wk Eq. (D).

it

A RS SEUS ZgtoR et

P _ Actual value — Mean (1)
ST = " Standard deviation

76

=

N AR e, aE Y P =18 T

i=1

i

O

k= A xed

S oJugit), o= MO R F4E (Principal component)
ole} AoJoh, FHIHTF v B4Rl 27} A7t Bl Al ¢
£ APgsitt

A 309 717k (1990s)9] &< HAFE A|3F0]| tfsf T/
A& AAste] A QR AR RS ARAIRY
7RsA R AAste] wje 5 HPE Ao YA oE A8s
ek,

FAAEEAS A= A TR0 R SPSS (IBM SPSS
Statistics, Version 20, USA)E o83}t

”



_ aA L
HAE - A2 - $UF

Flood riskind T4 SHE AL FHRENOD MU AE o
i 5 =]
L h

(Factor loading)& 7 W2, 3¢ $¥E ARE [E ¢
Indicator Indicator Indicator 3to] Eq. (3)3} Zo] AFAskgict
w 50 10
10 0.5 0.1 N
Flood risk index = Y, Wi, 3)
Normalization Normalization !
Y Y

u=0 0 u=0 . 22t o &
o=1 o=1 o=1

- Fig. 4= ¥4 1990s 717t 59t i =4 57 2 -of| dist

"Flaod risk index = f{Flood rsk indicators) | Ay AUE AYASE olelo] Ltk ek, 342

o
912 WO Foke YIFRGOR Felstol ek 2
2

. . . . . AR o] AF =0 ATAIE Hol=
Fig, 3 Procedure of flood risk index estimation W AAT7E B 0.95 oeR e AUWAE Hole
= Before Bias Correction « After Bias Correction = Before Bias Correction « After Bias Correction u Before Bias Correction + After Bias Correction
1,200 1,200 1,200 -
= R?=0.98 T R2=0.98 T R?*=0.96 2
.
E 1000 E 1000 E 1000 Z
c c c
.0 .0 0
- - =
8 =00 & wo & 800
a = =
o S S
2 600 2 600 2 s00
o o o
e © e
(5 o (5
=400 = 400 2 400
2 2 2
o] 2 B
T 200 T 00 T 200
£ £ E
7 7 =
0 - - ‘ ‘ - [} ‘ ‘ ‘ ‘ - 0 . . . : -
0 200 400 600 800 1,000 1,200 0 200 400 600 800 1000 1,200 0 200 400 600 800 1,000 1,200
Obs. Historical Precipitation (mm) Obs. Historical Precipitation (mm) Obs. Historical Precipitation (mm)
(a) Suwon station (b) Chuncheon station (c) Daejeon station
= Before Bias Correction + After Bias Correction = Before Bias Correction + After Bias Correction
1,200 1,200
T R2=10.99 T R?=0.00 7
E,l,DOO E,l,DOO <
c c
.2 .2
L4 L4
T 800 T 800
= =
2 2
o o
2 s00 2 600
o o
B B
= 400 = 400
S S
) 7]
T 200 T 200
E E
7 7
0 - - - - - 0 -
0 200 400 600 800 1,000 1,200 0 200 400 600 800 1,000 1,200
Obs. Historical Precipitation (mm) Obs. Historical Precipitation (mm)
(d) Gwangju station (e) Masan station

Fig. 4 Correlation of observed and bias corrected precipitation for the six selected weather stations (Park et al., 2012)
# Sim.: Simulated, * Obs.: Observed
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Fig. 5 Factor loadings of flood risk indicators for 1990s (Park, 2013)
* CN80: Number of days >80 mm (day), CX3h: Maximum precipitation during 3-hr (mm), CX24h: Maximum precipitation during 24-hr (mm), CP24h200y: Maximum
probable precipitation (24-hr duration, 200-year frequency) (mm), C90th: 90th percentile of rainy day amounts (mm/day), CSDI: Simple daily intensity (mm/day), CX5d:
Greatest 5-day total rainfall (mm), CPLIOth: % of total rainfall > long-term 90th percentile of rainy days (%), CNL90th: Number of days > long-term 90th percentile of
rainy days (day)

o7 yehyth ol x]od7|3H3} AUl mojR|of| that He Table 3 Factor loadings and total variance explained of flood

HAo| =20 AFFAL K} Aokl ukelst AL oln) risk indicators for 1990s (Park, 2013)
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Table 4 Flood risk index based on RCP4.5 and 8.5 scenarios
(Index range: — 3.00~4.00)

RCP4.5 scenario RCP8.5 scenario
2025s | 2055s | 2085s | 2025s | 2055s | 2085s

Location 1990s

Seoul 112 117 095 1.14 112 118 0.71

Incheon —-005| 023 114 068 060 013 084

Daejeon 045 023 012 029 053] -032|—-013

Gwangju | —0.60| —0.37| —0.63| —0.51| —048| —0.26| —0.46

Ulsan —042| —008| =020 —0.72| —0.36| —0.48| —0.34

Busan 044 085 125 060 150 1.01 1.10

Gyeonggi 085 08| 08| 103| 087 083 0.76

Gangwon 116 062 069 032 070] 056| 037

Chungbuk 039 039] —001| 046 —003| 0.09|—0.12

Chungnam 062 053] 069 063 040| 027 022
Jeonbuk | —0.87| —0.75| —0.50| —045| —0.83| —0.16| —0.72
Jeonnam | —0.88| —0.30| —0.59| —0.35| —0.38| —0.24| 013

Gyeongbuk | —1.20| —1.35| —1.31| —1.39| —1.25| —1.39| — 142

Gyeongnam | —0.11| —0.10| —=015| —0.34| 006 001| 023

Jeju 029 052 096| 056 100| 036 194
Average 008 016 022 013 023 011 021

Maximum 1.16 117\ 125 114| 150| 118| 194

Minimum | —120| —1.35| —1.31| —1.39| —1.25| —1.39| — 142
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Fig. 7 Future flood risk index based on RCP4.5 and 8.5 scenarios (Park, 2013)

st T S A9 ek
S AlEE FAEE njgl 2025s, 2055s, 2085s 717t E<t
o 5U I (CX5d)0] 245.4 mm, 309.4 mm, 300.8 mm
= . At 5% F7=F (CXBd)o] 2085s 7]7te]] 4

© o] U= 4 RE APE A AeR
ApaE), A7)Es mlg 2025s, 2055s, 2085s 717F F9F A
59 272k (CXbd)o] 272.5 mm, 350.1 mm, 377.7 mm,
24Xt Foke] F oS- (CX24h)& 167.8 mm, 223.8 mm,
267.5 mmZ F AFE WE 20555 7|7l A FIske Ao
LEREL). ol2jet HslEdFo] 2055s 717 B3t A7|we] 34

A

80

A a7t 2A Skt IS vHtaL AlREr.

Table 4= RCP4.59}F 8.5 Alute| 2ol W& 2HA 1990s 717t
I} ug 2025s, 2055s, 2085s 717t H9O] T HHE A+E
ASE ATkE Hojea 9low 24=¢] Mol —3.00~4.002]
&S 7ML} 717 i AeE AR, RCPAS AlUE]es
0.08, 0.16, 0.22, 0.139.& 2055s7|7171A] A&A 0w Z7)5t
T 2085s 7171l ek AREE el 9loH, RCP8.S Al
U] 9% 0.08, 0.23, 0.11, 0.212.2 2025s7]7k) 24 71t
RS 2055s 717tell AAdtal oA ks AeE UERHIL
k.

SH5-5otsl =2y AS5d A4, 2013

ol



=z
R
Fot
oN

o_>L

Sl

o}-}z
FE

3

83t
U] o mhE AltE o* A= B7HE
Prs du#d = Jd= o =
A 3o gt FAHREAS
A4 =&t
L. & S A Ao s 77
T 9% ZIHW Ad 3 Véﬂaii AR Qo] A
o7 A 4l de 2
A EE %715— JJfH 59 T
Z&717F 2009 RIE9] BE71$-3F (CP24h200y), 73U e]
90 %F (C90th), TA77 % (CSDDE ¢l oH AMEEHA = o
ZF9eo] 80 mm oVl 'F BtSle (CN8O0), Z--2Le] 90 %
% (C90th), HY77= (CSDDE <l8f = o* AHE A
F5 Btk
2. vl 7]7bd RCP4.5 7]*1& S = A4 7t Al
2055s 7|7l A7 S5 2 A AR 4R T4 9
Hwrb S7F6l9laL, 2085s 7170ollE 74 FEAES O A
otal A7|wot FHEE T A9 T
S7keteit). AEE S APwe] ERPS AHEY, e
= 3A7E B9k HOieaF (CX3h), 24A17F %717 2004
Hzo] SE710aF (CP24h200y)2] W34 a0l 2055s 717kl
U] Z4= YFE A47F F7IskAL 2085s 717kl AAdk=
o] kS miHch A71Ee} S EE Hd 5 9 (CX5d)
o] A&AQ T/l T4 HHE A4 Wlo] W=l
3. mjef 7178 RCP8.5 7|8 <= = x]4=¢] 37} A,
2055s 7|toll=s A7|= B A9ut SHEE 359 34 ¢F
T 257t ¥4I, 2085s 71ohe FYE FeAEe] g
st A7 SPAE 57}6%‘%} 7)== 20555717k
M =2 3 98 A4E vE & 2085s717k>ﬂL A
SHaL, AR EE Algto] o] whet HAp W 4 A%
A5 7= A Yol F7leke o' ety A#d 3¢
ALY RE7eks AEd, AYEs JM 5° i%%ﬂ
(CX5d)o] 2085s 7|7 A% Hadhk= Aol 4
T g AR AR AR 7é7lE~ 41'41 6° 7%
P (CX5d), 24A17F BeHe] Hoh7-95F (CX24h)e] 2055s 7
7l & 37t S Uehdlo] 47129 34 $IFE AeE 5
7Fstgiet.
4. A B2 548 AT EY RCPAS, RCP8 5 Alvg
© HE TP TN T A-E A5t w2 A %o] Wol
3 A EH RCP4.5 AlUE]9.9]
S 55 = A7) 2055s 77| F7Fskek) 2085 7

(CX5d), HY=E 24A17F
10

Journal of the Korean Society of Agricultural Engineers, 55(4), 2013. 7

7bol] SolmA Zashs A3k R, RCPSS5 Alueles
2025s 717kl A F7FSaL 20555 717l #4xgt the 2085s
717kl BhA] F7keRs Ak Btk
5] o:]q___ Eaﬁ 7]Utﬂ§}§ o] oH ——7]—01"— D_—]‘J’]OHOH EHEH X]
9l T4 =S BRIl & Aol =53 S 91
= Ags 7| FHste] diujet H7kre] njeAeA 2375t
e 9 et 71zAEE 49 4+ U A0 /gt

ARPZIeEA 718

S
IJ ¥ E]*li%] I e R

REFERENCES

1. Brooks, N. W., N. Agder, and P. M. Kelly. 2005. The
determinants of vulnerability and adaptive capacity at
the national level and the implications for adaption.
Global Environmental Change 15(2): 151-163.

2. Climatic Research Unit (CRU), 2005. STARDEX final
report, 2-5.

3. Fissel, H.-M., and Richard J. T. Klein, 2006. Climate
change vulnerability assessments: an evolution of
conceptual thinking. Climatic Change 75: 301-329.

4. Intergovernmental Panel on Climate Change (IPCC),
2007. Climate change 2007: impacts, adaption and
vulnerability. Cambridge University Press, Cambridge,
UK.

5. Kim, S. J, S. M. Kim, and S. M. Kim, 2013. A study on
the vulnerability assessment for agricultural infrastructure
using principal component analysis. Journal of the Korean
Society of Agricultural Engineers 55(1): 31-38 (in
Korean).

6. Kim, S. M, S. Im, S. H. Lee, H. H. Kim, H. S. Ma,
and W. O. Jeong, 2009. Estimation of design flood
runoff in ungaged forest watershed to reduce flood
damage within the national park. Jowurnal of the Korean
Society of Agricultural Engineers 51(5): 107-113 (in
Korean).

7. Koh, K. J., 2009. A study on vulnerability assessment
to climate change in Gyeonggi—-Do, 75-94. Gyeonggi
Research Institute (in Korean).

8. Ministry of Environment and National Institute of

81



AP 283 RCP Alue|e 71ik Al & §3l=

ot

7

10.

11

12.

82

(ME and NIER), 2012.
Vulnerability map by sector to climate change, 31-40

Environmental Research
(in Korean).

Ministry of Land, Infrastructure and Transport (MOLIT),
2006. Long-term comprehensive water plan (2006~
2020), 129-153 (in Korean).

Moss, R. H., A. L. Brenkert, and E. L. Malone, 2001.
Vulnerability to climate change a quantitative approach,
8-18. PNNL-SA-33642. The U.S. Department of Energy.
Myeong, S. J., J. Y. Kim, S. H. Shin, and B. O. Ahn,
2010. Assessing vulnerability to climate change of the
physical infrastructure developing adaption measures
in korea I, 45-116. Korea Environment Institute (in
Korean).

National Disaster Management Institute (NDMI), 2011.
Development of community-based flood disaster risk

13.

14.

15.

16.

reduction index, 25-80 (in Korean).

National Institute of Meteorological Research (NIMR),
2011. Climate change scenario report for IPCC AR5,
17-46 (in Korean).

Park, J., 2013. Flood vulnerability based on bias-
corrected RCP scenarios at a Si-Gun level. Master's
thesis, Seoul National University (in Korean).

Park, J., M. S. Kang, and I. Song, 2012. Bias correction
of RCP-based future extreme precipitation using a
quantile mapping method; for 20-weather stations
of South Korea. Journal of the Korean Society of
Agricultural Engineers 54(6): 133-142 (in Korean).
United Nations International Strategy for Disaster
Reduction (UNISDR), 2012.
Accessed 12 Mar. 2013.

http://www.unisdr.org.

FasEotel=ad A55d A4, 2013



