Journal of the Korean Society of Agricultural Engineers
DOI : https://doi.org/10.5389/KSAE.2022.64.5.053

Vol. 64, No. 5, pp.53~65, September 2022
ISSN 1738-3692 | elSSN 2093-7709

71585t ALZI0] THE AFE MAX|S| E4 HoM Bt
- FIIE U MRS FhOE -

Assessment of Flood Vulnerability for Small Reservoir according to Climate Change Scenario
— Reservoir in Gyeonggi-do -
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Most of the reservoirs managed by the city and county are small and it is difficult to respond to climate change because the drainage area is small
and the inflow increases rapidly when a heavy rain occurs. In this study, the current status of reservoirs managed by city and county in Gyeonggi-do
was reviewed and flood vulnerability due to climate change was analyzed. In order to analyze the impact of climate change, CMIP6-based future climate
scenario provided by IPCC was used, and future rainfall data was established through downscaling of climate scenario (SSP8-8.5). The flood
vulnerability of reservoirs due to climate change was evaluated using the concept provided by the IPCC. The future annual precipitation at six weather
stations appeared a gradual increase and the fluctuation range of the annual precipitation was also found to increase. As a result of calculating the flood
vulnerability index, it was analyzed that the flood vulnerability was the largest in the 2055s period and the lowest in the 2025s period. In the past
period (2000s), the number of D and E grade reservoirs was 58, but it was found to increase to 107 in the 2055s period. In 2085s, there were 17
E grade reservoirs, which was more than in the past. Therefore, it is necessary to take measures against the increasing risk of flooding in the future.
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Table 1 SSP (Shared Socioeconomic Pathways) scenario data
CMIP6 GCM
CMIP6 data source :
Daily 3 hours
Canadian Centre for Climate Modelling and Analysis CanESM5 -
. . CNRM-CM6-1, CNRM-CM6-1
Centre National de Recherches Meteorologiques CNRM-ESM2-1 CNRM-ESM2-1
Commonwealth Scientific and Industrial Research Organisation in collaboration ACCESS-CM2, ACCESS-CM2
with the Queensland Climate Change Centre of Excellence ACCESS-ESM1-5
Geophysical Fluid Dynamics Laboratory GFDL-ESM4 -
Met Office Hadley Centre UKESM1-0-LL -
. . ) INM-CM4-8,
Institute for Numerical Mathematics INM-CM5-0 -
Institut Pierre-Simon Laplace IPSL-CM6A-LR IPSL-CM6A-LR
Japan Agency for Marine-Earth Science and Technology, Atmosphere and MIROCE )
Ocean Research Institute and National Institute for Environmental Studies
) MPI-ESM1-2-HR,
Max Planck Institute for Meteorology (MPI-M) MPI-ESM1-2-LR MPI-ESM1-2-LR
Meteorological Research Institute MRI-ESM2-0 MRI-ESM2-0
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Table 2 Selection of indices for reservoir flood vulnerability assessment
Index Description References
Park et al. (201
CX3h Maximum rainfall amounts for 3 hour (mm) Ji; eet aal. ((2(?2(;)
. ) Park et al. (2016)
CP3h100yr 3-hour rainfall for 100-year return period (mm) Jun et al (2020)
ME (2012)
CX24h Maximum rainfall amounts for 24 hour (mm) Park et al. (2016)
Climate exposure Jun et al. (2020)
ME (2012)
CP24h100yr 24-hour rainfall for 100-year return period (mm) Park et al. (2016)
Jun et al. (2020)
Koh (2009)
CN80 Average number of days of rainfall over 80 mm/day Park et al. (2016)
Jun et al. (2020)
o SDRH separation distance of reservoir-house (m)
Sensitivity
SP Number of people who needed to be evacuated
Adaptive capacity FARL Flood Attenuation by Reservoir and Lakes index
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2318 Sofo] T4 Foky BAlo) AgSISLc

J

HeH9] A5 AR 457 EAHAS U G
22 o g3 AT > G EFARAS FARLE 283}

St g=r2] FEH (Flood Estimation Handbook)= thA;
W BE A4A] B 5420 Z5ARENE Bkl 99

A9 QAo wE FEARAIE RHYsh] —r]o]—O:]
FARLS #|¢F5}+%] 01 (Scarrott et al., 1999) o]& Edlo] 44
W 2| A S Al4EH fsgom A E Zoln AitA

¥ (CX24h), 1009 W% 3A)7F SE75-9-8F (CP3h100yr), ToE T > o=
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Table 3 Number of target reservoirs by city and country
City No. of reservoirs City No. of reservoirs City No. of reservoirs
Suwon 1 Guri 0 Gimpo 5
Seongnam 1 Namyangju 7 Hwaseong 31
Uijeongbu 0 Osan 4 Gwangju
Anyang 0 Siheung 2 Yangju
Bucheon 0 Gunpo 1 Pocheon 16
Gwangmyeong 1 Uiwang 1 Yeoju 6
Pyeongtaek 10 Hanam 1 Yeoncheon 1
Dongducheon 0 Yongin 44 Gapyeong 2
Ansan 3 Paju 1 Yangpyeong 19
Goyang 0 Icheon 13
Total 229
Gwacheon 1 Anseong 45
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Table 4 Results of sensitivity index by city and country

A7} S oftle]l YAsk=Ttol whet EeAH A4
7} ahsroll 7P7hepE Ao ALk f9 W A3
o] 527+ &nke UERf= FARLL: 7i7)e] A47]9] S5
ARG Uehle 35 52 Fo= ofo)|n 4]

. No. of Sensitivity Index ) No. of Sensitivity Index
City . City .
reservoirs SDRH SP Reservoirs SDRH SP
Suwon 1 250.0 50.0 Uiwang 1 200.0 15.0
Seongnam 1 500.0 30,000.0 Hanam 1 50.0 0.0
Uijeongbu - - - Yongin 44 173.6 22.7
Anyang - - - Paju 1 123.0 0.0
Bucheon - - - Icheon 13 276.9 29.3
Gwangmyeong 1 350.0 1,000.0 Anseong 45 138.2 25.7
Pyeongtaek 10 263.7 214 Gimpo 5 354.0 116.0
Dongducheon - - - Hwaseong 31 248.4 481.1
Ansan 3 333.3 1.7 Gwangju 7 125.7 971
Goyang - - - Yangju 6 223.3 52
Gwacheon 1 57.0 30.0 Pocheon 16 204.4 725
Guri - - - Yeoju 6 1412 115
Namyangju 7 127.6 12.1 Yeoncheon 250.0 100.0
Osan 4 185.0 11.3 Gapyeong 2 170.0 215
Siheung 2 625.0 75.0 Yangpyeong 19 187.9 540.4
Gunpo 1 800.0 15.0 Average 229 254.3 1,310.6
Table 5 Results of adaptive capacity by city and country
City No. of Adaptive capacity City No. of Adaptive capacity
reservoirs FARL reservoirs FARL
Suwon 1 0.23 Uiwang 1 0.88
Seongnam 1 0.83 Hanam 1 0.80
Uijeongbu - - Yongin 44 0.86
Anyang - - Paju 1 0.96
Bucheon - - Icheon 13 0.83
Gwangmyeong 1 0.77 Anseong 45 0.84
Pyeongtaek 10 0.56 Gimpo 5 0.84
Dongducheon - - Hwaseong 31 0.77
Ansan 3 0.87 Gwangju 7 0.73
Goyang - - Yangju 6 0.78
Gwacheon 1 0.94 Pocheon 16 0.84
Guri - - Yeoju 6 0.88
Namyangju 7 -0.20 Yeoncheon 0.85
Osan 4 0.80 Gapyeong 2 0.87
Siheung 2 0.71 Yangpyeong 19 0.90
Gunpo 1 0.73 Average 229 0.76
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Flood Vulnerability Index
= a(imate Frrposure + (3 Sensitivity — yAdaptive Capacity

G.1)

dimate exposure index = a, X indicator, +a, X indicator, + ...

(3.2)

Sensitivity index = b, X indicator, +b, X indicator, +... (3.3)
Adaptive capacity index = ¢, X indicator, +c, X indicator, + ...
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Table 6 Vulnerability rating classification for flood

Range Vulnerability grade

>-15 A (Very safe)
-15~-05 B (Safe)
-05~05 C (Moderate)
05~15 D (Vulnerable)

15 < E (Very vulnerable)
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Fig. 6 Change in future annual precipitation by weather station
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Table 7 Changes in climate exposure indices for six weather stations

Station Index 2000s (1981~2020) | 2025s (2011~2040) | 2055s (2041~2070) | 2085s (2071~2100)
CX3h (mm) 2014 83.7 110.7 117.9
CX24h (mm) 433.2 4917 4311 612.1
Seoul CP3h100yr (mm) 204.4 975 120.5 1411
CP24h100yr (mm) 453.0 504.6 507.4 685.7
CN80 (day) 3.1 53 55 6.2
CX3h (mm) 173.2 914 88.8 110.7
CX24h (mm) 370.7 4249 598.1 397.6
Incheon CP3h100yr (mm) 185.5 101.7 109.2 129.7
CP24h100yr (mm) 391.1 459.8 598.7 493.2
CN80 (day) 25 3.1 44 44
CX3h (mm) 179.8 93.2 90.1 1141
CX24h (mm) 450.8 4281 539.4 369.8
Suwon CP3h100yr (mm) 175.7 104.0 1131 130.8
CP24h100yr (mm) 403.1 469.0 595.7 490.3
CN80 (day) 2.8 36 46 46
CX3h (mm) 2855 92.8 119.7 138.9
CX24h (mm) 619.5 634.0 5115 762.3
Ganghwa CP3h100yr (mm) 2317 105.0 136.1 147 1
CP24h100yr (mm) 498.1 543.9 595.1 792.0
CN80 (day) 2.7 52 56 6.1
CX3h (mm) 120.0 100.7 108.2 121.0
CX24h (mm) 367.5 4450 7474 484 1
Yangpyeong | CP3h100yr (mm) 157.9 112.0 114.4 130.7
CP24h100yr (mm) 4314 489.9 640.9 490.5
CN80 (day) 3.0 42 55 53
CX3h (mm) 161.0 92.6 92.9 112.8
CX24h (mm) 4155 4345 630.0 405.2
Icheon CP3h100yr (mm) 150.3 103.4 112.8 126.4
CP24h100yr (mm) 407 .4 464.6 624.5 490.3
CN80 (day) 2.6 38 48 49

Table 8 Statistical characteristics of flood vulnerability index

Index 2000s (1981~2020) | 2025s (2011~2040) | 2055s (2041~2070) | 2085s (2071~2100)
Average 0.01 -0.51 0.45 0.08
Standard Deviation 1.36 1.26 1.24 1.33
Maximum 8.29 7.49 8.30 7.97
Minimum -7.71 -7.63 -6.32 -7.06
Al B AR A R e, B Bl A FRdieEE AU BAS 93t ) A2 S, A
=27} gEEA] ohgto, g% 7| sste] 3ot s A Sl Bl 1A 5o F2AQ) A B A 29 et
52 S AolHE Al - 2 B AR V2R e Bws} o) upa o] 5448 27 Bl )
2 9%t At A9E ek e FoR e, 2 A4 Sl og Al - 7 A5A FRURE S0 g o
Aolds SAHeZ A E= UlﬂHOﬂ - e (E) = A midd Fart ok

Hof 56 D)= 715 AeAE=

I PEER IR
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Table 9 Number of reservoirs by flood vulnerability grade

Vulnerability grade 2000s (1981~2020) 2025s (2011~2040) 2055s (2041~2070) 2085s (2071~2100)
A 12 16 12 13
B 30 87 6 25
C 129 107 94 128
D 47 15 95 46
E 11 4 22 17
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Fig. 7 Box plot of flood vulnerability index for four period
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