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Abstract

In this study, a new methodology was proposed to evaluate the flood vulnerability of river levee and to investigate the effect on the levee
where the water level changes according to climate change. The stability of levee against seepage was evaluated using SEEP/W model
which is two-dimensional groundwater infiltration model. In addition to the infiltration behavior, it is necessary to analyze the
vulnerability of the embankment considering the environmental conditions of the river due to climate change. In this study, the levee
flood vulnerability index (LFVI) was newly developed by deriving the factors necessary for the analysis of the levee vulnerability. The
size of river levee was investigated by selecting the target area. The selected levees were classified into upstream part, midstream part
and downstream part at the nearside of Seoul in the Han river, and the safety factor of the levee was analyzed by applying the design flood
level of the levee. The safety ratio of the levee was analyzed by applying the design flood level considering the current flood level and
the scenario of climate change RCP8.5. The degree of change resulting from climate change was identified for each factor that forms
the levee flood vulnerability index. By using the levee flood vulnerability index value utilizing these factors comprehensively, it was
finally possible to estimate the vulnerability of levee due to climate change.

Keywords: Climate change, River levee, Vulnerability, Flood vulnerability index,

7|3 islol (2 el E4FIOMRIS DIZE SA

0%

A - opryE

2 3|

= AT0IAE 5 A Yol Tt & g S Bt M22 7|-E AlAISHL 7| Hstol| et #islsh= +-2{0f THSHO 440 0|2 |= et
TASIUCE O fIoh A 224 2[5t E 2FRI SEEP/WE O|83t0] 22| FHSS 2A4510] AFAME S BIISHAC). dEHSE
OtL{et 7| = Hstof T stHtE0{ s Nedshs Aol 2(ofd &4 7|20 RN 2 AA0ME FIH22 AYo| #|oFd 240 2
235t Q1215 E&3t0] A|Ye| E42|2 2|4 (levee flood vulnerability index ; LFVI)Ol| /5t |2 HI7|'HE MZ0]| 7He SHACH CHAR |
2 o 2R M2 FU2R Y50 St AYe| 2VIE ZARBIRL ZAR HYE 47T, SRR, SIRFE FE5H0 3710 tE AlYE
HSIACE OIS CHE AU R|HOIA S| A=l g 4-2let 7S5} A|LI2|2 RCP8.5E 1123t A2l 421 S &S0 A2l 25 At a8t AlY

P28 B4oIRALE 22|10 Hgerz| o A4S Fdots 22 QRS0 tisto] 7|+ Helof ME He =S TSI 0|5 2
SYHOR HET AYETFUGA T ¢S 018310 2SH22 7|2 A0 THE AHYo| #|ofdS 24 4 UA=F SIUCL

==

N

N
afn

0

i
mo 4 @

10

=5}, 5t

:7

o
0=
ofo
K]

A, 2o

=)}

oFd, AlgE 3Rl

*Corresponding Author. Tel: +82-54-478-7616
E-mail: jhb365@kumoh.ac.kr (J. J. Lee)

© 2018 Korea Water Resources Association. All rights reserved.



1162 H. S. Lee and J. J. Lee / Journal of Korea Water Resources Association 51(S-1) 1161-1169

LME

22 7k Qla) Al T4 AdAE BAlet
1.9t} o] 2igt AR lsle] Q1T At e B2t
9= Aot Saluets shrlA 2 24 B E a3
%59, g} o] ko 2 oIzt Ajte] ma7h Sjujct 2

i)
2

19 g
ol
o
)
lo

0, Al
9 o
i, HU
R )
o](o'IN
55
_{>Oll
40—
5
mrﬂjg
o]
N'._rrtr}.géﬁ
Pﬁ‘%oﬁ
rOIOO
Py
B ]
_{)ﬂllﬂlo\l
o 3
> To & b
uﬂbnﬁ Ny
> 4» o do o
ob X v 2
lo yo 1 rlo 1o

rE

>,
flo X KU Jo o O I

e
Agref 2]&24Q1 <
F= S melslal 7| st e f-5 A
UojofF ATty = lste] AR HofE A7
ALE TS AT EH Darby et al. (1996)2 SFEAA|
Stof| et A A4S F3Pote] AHat2H ] -2
ZAAtol] ol QP A at Ej &t H A0 2 13t At E =
SHATE. Gui et al. (1998)-2 sHEAA 2] vhre] A7) 9
F4oll ol & EAlste] Aol o ST Bd
7idste] mjoff A= st sk A5 5o
T} Marc Vuillet ef al. (20132 Al2] SE22 <144 B7t
of et A5 FFste] Algo] & tiet 7 s 4
Monte Carlo A& oS ol £451Tt Han et al.
(19972 ¥ 9 sPAAe] 4-25H4] 1% B7FE 5] 21l
Monte Carlo 7|53} AFOSM 7|5 o] &St ¢S = 2 -8 7
HHSFATE Kim et al. (2004)2 SEAA oF A W7k A&

o
shA.02 Agsloll A FaHel O HIEE BF0) 7%
Ao=A AT
[e]

11](e3
fu
)
it m
=
[

o [ o
|d
il
2
3

oL of IO

oy o

IUSE é_‘u:,‘ OP":‘.‘ i i
19, ool
o,

013:—D
~ 30,
T 1% ro
L:ﬂr)ﬂ‘m

==

o
¥ o ru

A5 Z T} ol whE mpo] Pk T
o] s 7ol Haslthal 5FTT. Lee et al. (2006)-
GUI FE ] HEC BT ARC/VIEW 52 o] 83t sPd
Sl tiet 75 3 5F 2™, Han er al. (2007)2 SH
o X9] EAPT-5-& S13t 91 7P & 285t &
TR L5 FAgHEE Aok, 7] Riste] whE F o
7}e] A7 2= Jung and Lee (2007)= S-GAHIS 71517
25t 340l 3% A5 (potential flood damage, PFD), 715}
A5 (potential streamflow index, PSD), -4 2 A% |5
(potential water quality deterioration, PWQD)< 75}
F9 9] Tt g2t FF=E 4Hgsh] SRt f-9H RS
(watershed evaluation index, WET)S 7H2¢t |} QIc}. Lee er
al. (2009)2 AH(pressure), A4 (state), T2 (response) -

AAAAE 71§02 T4=2]F Z]4(flood risk index, FRI)E
st} §97F S0 FHoHdE Hlu-EA skt 5t
Jung et al. (2009)2 71 FFA2FF FS HHdsto] 0-F oM<
WA (sensitivity), Lo (exposure), A-8-52(adaptation)
O] = A oJstal 7 o8 A HEE of-§-sto] A& <l
FoFe 5 Hrtslict 2T Son et al. (2011)2 715} @ 4
HFI et 23] 9FA A H(flood vulnerability index, FVI)
7hdste] 5P -9 9] 671 SH ol -85t o]-g-ght
o Leeeral. (2011) 1 SThZ-G-SHS TALO 2 Multi
—Model Ensemble A|L2] @& 0]-85}o] 7| F ¥ 3of o2
oA 7S AR HE Qlnt. o] 59 S A
HH sPAAAE] Aol digt HeH e B4 = =71
%o tistol= A7} nlH|g Aot

F|Z s A -Sofl whet Al Y] A s 5501
it 2 0 & o] Foj2| 11 Q1 7] S E sl whE 427 13

L)

|

o9

i
o J

xS,

S Elof Al Hiet FHePd 249 dAIAR A7 8
S5 Qi wEpA 2 Aol FA Gl Al el HlelHE
Sofl AlTe] AREFE 2SI Ae] Feb ol Y=
FE S &5t 47 a2 ol 8 Ao
wAsl7 |2 et} 28] al 7] et AluE] @ of ke 49
a2t AYEF e Al o] g 1Akl iRt B
1S AASP ] 2 fit. o2 ol et S

A|2] H-5d2 2Aste] 71 S istol| et Hets]=
SRS A2t Ale] HepdE B staAt etttk

( mlo
e

|
i
b

A

e H
R/
_l>, o4

i

]_

[¢]

2, 3ot g2 7|oFd WIS ol 71

2.1 252|294 2| 4=(Flood Vulnerability Index, FVI)

AE IEA FE 7S AZ A4 (National Institute
for Land & Infrastructure Management, NILIM) A= &4~
F 2k 2] 4(flood vulnerability index, FVI)E 7H¥st3 1L
Fig. 13 22 7|2 A A& A8

ol H-8RHAE HH 7, 719, BA-ARR]A <]
A= AP S T7HM7 = QU0 B o] AS BAR=, F{oF
BaHaA7le AR Ho 23] A= R =& st 5]
At o] A2 ol-gste] He|H o] F9 s 187]of] tigh
BrF A TE AR A 2~359] B4-F|oPd A4 gk
o] dojxlo, o]& 5719 TH & EF5te] e .
Uh& Fig. 2= Be|doA S d Aol 1A o v &
&3 Zlojrt.



H.S. Lee and J. J. Lee / Journal of Korea Water Resources Association 51(S-1) 1161-1169 1163

Climate  Hydrogeological Socio-Economic Countermeasure
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Fig. 1. Flood Vulnerability Index(FVI) developed by NILIM, Japan
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Table 1. Classification of Levee Flood Vulnerability Index(LFVI)

Class LFVI Decision

i 1 <35 Very vulnerable

2 3.5~4.0 Vulnerable

3 4.0~4.5 Moderately vulnerable

4 4.5~5.0 Medium

5 5.0~5.5 Moderately stable

6 5.5~6.0 Stable
- 7 6.0 < Very stable
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Fig. 3. Site of levee considered in this study and schematic diagram
of levee

Table 2. Flood discharge and water depth according to climate change
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Water depth(m)
Fl isch: .
RCP 8.5 Ooiri;j;:) arge Left levee Right levee
Upstream part | Midstream part | Downstream part| Upstream part | Midstream part | Downstream part
Han 2016 0, 0, 0, 0, 0, 0, 0,
river year 37,541 | 100% | 16.0 | 100% | 12.0 | 100% | 15.0 100% | 16.0 | 100% | 12.0 | 100% | 15.0 100%
2025
year 39,043 | 104% | 16.8 | 105% | 12.6 | 105% | 16.4 109% | 16.8 | 105% | 12.6 | 105% | 16.4 109%
2055year | 41,149 | 110% | 18.1 | 113% | 13.6 | 113% | 193 129% | 18.1 | 113% | 13.6 | 113% | 19.3 129%
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Table 3. Safety factor analysis of levee according to climate change
. Left Levee Right Levee
Division - -
Height (m) Water depth Safety factor Height (m) Water depth Safety factor
2016year 16.0 100% 1.25 100% 16.0 100% 1.67 100%
2025year 16.8 105% 1.11 88.8% 16.8 105% 1.25 | 74.9%
Upstream part 19 23
2055year 18.1 113% 1.00 80% 18.1 113% 1.00 | 59.9%
bankfull 19.0 119% 0.91 72.8% 23.0 144% 0.83 | 49.7%
2016year 12.0 100% 2.50 100% 12.0 100% 3.33 100%
. 2025year 12.6 105% 1.40 56% 12.6 105% 250 | 75.1%
Midstream part 15 15
2055year 13.6 113% 1.25 50% 13.6 113% 250 | 75.1%
bankfull 15.0 125% 1.25 50% 15.0 125% 2.00 | 60.1%
2016year 15.0 100% 1.67 100% 15.0 100% 1.43 100%
2025year 16.4 109% 1.25 74.9% 16.4 109% 1.25 87.4%
Downstream part 21 21
2055year 19.3 129% 1.00 | 59.9% 19.3 129% 1.00 | 69.9%
bankfull 21.0 140% 0.83 | 49.7% 21.0 140% 0.83 | 58.0%
cf) Stable = SF 2.0
LA, FFFOA A= 24.9~39.9% T4t o, 5HF B, S5, ohts T AL Fobd 4ol B a st Ao
HoA = 12.6~42% T4t 1 2ot Axtg n|folZ uj Ae] Q1zret 7] - Hato] whe Ao 21 91A-E2] Wakst
o FREE AlYJstale thR-2 715k of] Ao + A &E Table 40| HEHH et AMZ--F 32145
2F g0l EhASH Ao %’9—-} 2o g FAE gohe AT T el 4ol v, AR, BF Hdes
SEEP/WH3 o] | EAFo4 A2 7 e S 5 Sl
3.4 7|2H3t0] W2 AL ErZ AR+ 24 Table 49] 7] S ¥ 5}o]| W2 59144450 & o] S
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Table 4. Vulnerability index factor according to climate change

]
2
S ok
ol
rE 4>

P A 40 2lAte] MEhe-S AW E W, o4 7= 2016

T AFETA] 100%01 4] 2025 Lol =

T RN

Left levee Right levee
Factor Upstream part | Midstream part | Downstream part | Upstream part | Midstream part |Downstream part

value % value % value % value % value % value %

2016year | 3.00 | 100 3 100 3 100 7 100 3 100 6 100
Free 2025year | 220 | 733 | 2.4 80 26 | 86.7 | 62 | 8.6 | 24 80 46 | 767
a b(oni;d 2055year | 090 | 30 | 144 | 48 | 17 | 567 | 49 | 70 | 144 | 48 | 1.7 | 283
bankfull 0 0 0 0 0 0 0 0 0 0 0 0

b| Levee crown width(m) 8 100 13 100 8 100 8 100 12 100 7 100
c|  Levee section ratio 023 | 100 | 021 | 100 | 023 | 100 | 023 | 100 | 0.14 | 100 | 023 | 100
2016year | 125 | 100 | 250 | 100 | 1.67 | 100 | 1.67 | 100 | 320 | 100 | 143 | 100
o| safety | 2025year | 111 [ 888 | 140 | S6 [ 125 | 749 | 125 [ 749 | 250 | 751 | 125 | 874
factor 2055year | 1.00 | 80 | 125 | 50 | 1.00 | 599 | 1.00 | 599 | 2.50 | 75.1 | 1.00 | 69.9
bankfull 091 | 728 | 125 | 50 | 083 | 49.7 | 0.83 | 49.7 | 2.00 | 60.1 | 0.83 | 58.0

e| Raised spot length(m) 0 100 0 100 0 100 0 100 0 100 0 100
Seepage | 20l6year | 0.85 | 100 | 0.90 | 100 | 089 | 100 | 0.89 | 100 | 096 | 100 | 0.89 | 100

¢|  tine 2025year | 0.81 | 95 | 086 | 96 | 084 | 94 | 08 | 97 | 095 | 99 | 084 | 94
change | 2055year | 0.78 | 92 | 084 | 93 | 0.79 89 | 082 | 92 | 094 | 98 | 080 | 90
degree bankfull 074 | 87 | o081 | 90 | 072 81 073 | 82 093 | 97 | 073 | 82

N 2016year | 2.09 | 100 | 22 | 100 | 22 100 | 2.1 100 | 22 | 100 | 22 | 100

. irl‘::l‘t’l 2025year | 2.09 | 100 | 22 | 100 | 22 100 | 2.1 100 | 22 | 100 | 22 | 100
(Cm/s)y 2055year | 2.09 | 100 | 22 | 100 | 22 100 | 2.1 100 | 22 | 100 | 22 | 100
bankfull 2090 | 100 | 22 |1001 | 22 | 1001 | 2.1 | 1001 | 22 | 1001 | 22 | 100.1
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Table 5. Levee Flood Vulnerability Index analysis according to climate change

Variation to 2016(%) Vulnerability
Han river Flood water Free Safety Seepage line LFVI Class decision
depth board factor change degree
2016year 100% 100% 100% 100% 3.7822 2 Vulnerable
upstream 2025year 105% 73.3% 88.8% 95.29% 3.1013 1 Very vulnerable
2055year 113% 30% 80% 91.76% 2.3593 1 Very vulnerable
bankfull 119% 0% 72.8% 87.06% 1.8223 1 Very vulnerable
2016year 100% 100% 100% 100% 49118 4 Medium
Left . 2025year 105% 80% 56% 95.56% 3.6242 2 Vulnerable
levee | Mmidstream oo ear 113% 48% 50% 93.33% 3.0043 1 Very vulnerable
bankfull 125% 0% 50% 90.00% 2.3224 1 Very vulnerable
2016year 100% 100% 100% 100% 5.2463 5 Moderately stable
2025year 109% 86.7% 74.9% 94.38% 4.2034 3 Mod. vulnerable
downstream
2055year 129% 56.7% 59.9% 88.76% 2.6268 1 Very vulnerable
bankfull 140% 0% 49.7% 80.90% 1.6673 1 Very vulnerable
2016year 100% 100% 100% 100% 5.9770 6 Stable
upstream 2025year 105% 88.6% 74.9% 96.63% 5.1789 5 Moderately stable
2055year 113% 70% 59.9% 92.13% 4.2967 3 Mod. vulnerable
bankfull 144% 0% 49.7% 82.02% 1.7486 1 Very vulnerable
2016year 100% 100% 100% 100% 5.5976 6 Stable
Right midstream 2025year 105% 80% 75.1% 98.96% 4.5463 4 Medium
levee 2055year 113% 48% 75.1% 97.92% 4.0985 3 Mod. vulnerable
bankfull 125% 0% 60.1% 96.88% 2.9655 1 Very vulnerable
2016year 100% 100% 100% 100% 4.9815 4 Medium
2025year 109% 76.7% 87.4% 94.38% 4.1578 3 Mod. vulnerable
downstream
2055year 129% 28.3% 69.9% 89.89% 2.5832 1 Very vulnerable
bankfull 140% 0% 58.0% 82.02% 1.6236 1 Very vulnerable
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