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Abstract

As the severity of water-related disasters increases in urban watersheds due to climate change, reducing flood damage in urban watersheds
is one of the important issues. This study focuses on prioritizing the optimal site for permeable pavement to maximize the efficiency of
reducing flood damage in urban watersheds in the future climate environment using multi-criteria decision making techniques. The
Mokgamcheon watershed which is considerably urbanized than in the past was selected for the study area and its 27 sub-watersheds were
considered as candidate sites. Six General Circulation Model (GCM) of Coupled Model Intercomparison Project 6(CMIP6) according to
two Shared Socioeconomic Pathway (SSP) scenarios were used to estimate future monthly precipitation for the study area. The Driving
force-Pressure-State-Impact-Response (DPSIR) framework was used to select the water quantity evaluation criteria for prioritizing
permeable pavement, and the study area was modeled using ArcGIS and Storm Water Management Model (SWMM). For the values
corresponding to the evaluation criteria based on the DPSIR framework, data from national statistics and long-term runoff simulation
value of SWMM according to future monthly precipitation were used. Finally, the priority for permeable pavement was determined
using the Fuzzy TOPSIS and Minimax regret method. The high priorities were concentrated in the downstream sub-watersheds where
urbanization was more progressed and densely populated than the upstream watersheds.
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Fig. 1. Description of sub-watersheds in the Mokgamcheon watershed
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2.2 General Circulation Model (GCM)

GCM2 1| 715 A 5-5 flol] de] AFEE| AL glom, ZF2F
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Table 1. Information of 27 sub-watersheds in the Mokgamcheon wa-
tershed

;;2;_ Population P(:ilz lll]lsigm Area | Slope Izlri:r:;gzs
shed (Person) (Person/km?) (k) | (%) (%)
12 174,017 20,155.8 8.63 7.12 0.56
13 5 8.91 0.60 8.81 0.09
13-1 16,445 7,670.9 2.14 7.24 0.49
14 47,839 21,217.2 2.25 5.37 0.75
15 13,531 15,517.2 0.87 7.23 0.58
16 42,275 28,540.5 1.48 6.81 0.70
17 20,434 30,095.3 0.68 6.68 0.66
18 11,582 32,127.9 0.36 4.98 0.90
19 4,895 2,501.8 1.96 6.96 0.26
20 7,009 5,546.5 1.26 7.71 0.21

21 1,581 625.0 2.53 6.90 0.11

22 41,766 32,536.4 1.28 5.43 0.84
23 15,646 44,489.7 0.35 2.76 0.96
24 31,793 29,522.4 1.08 | 10.49 0.59
25 7,956 6,821.2 1.17 9.04 0.18
25-1 481 213.8 2.25 4.94 0.13
26 677 532.4 1.27 5.66 0.21
27 435 223.7 1.95 6.48 0.19
28 512 375.1 1.36 7.48 0.28
29 293 3759 0.78 2.06 0.19
30 16 14.11 1.14 | 15.76 0.08
31 927 160.2 5.79 5.99 0.23
32 394 226.2 1.74 5.20 0.20
33 930 274.8 3.38 5.57 0.11
33-1 474 150.9 3.14 | 11.73 0.08
34 83 85.5 0.97 7.99 0.16
34-1 2,287 414.2 5.52 7.90 0.18
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Table 2. Information of CMIP6 GCMs used in this study

No Institution GCM Resolution (lon x lat)
1 Commonwealth Scientific and Industrial Research Organisation ACCESS-ESM-1-5 1.9°x1.2°
2 | Geophysical Fluid Dynamics Laboratory GFDL-ESM4 1.3°x1°
3 | Institute for Numerical Mathematics INM-CM4-8 2.0°x1.5°
4 | Institut Pierre-Simon Laplace IPSL-CM6A-LR 2.5°x1.3°
5 Japan Agency. for Marme-]?aﬂh Sc:1e.:nce and Tec.hnology, Atmosphere and Ocean MIROC6 | 4°x1 40
Research Institute and National Institute for Environmental Studies
6 | Norwegian Climate Centre NorESM2-MM 1.25°x1°
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3.6 Fuzzy TOPSIS
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gram=RMSE (Root Mean Square Error), 5 H2}(Standard
deviation, STDEV), Pearson & A|4*(Pearson correlation
coefficient, Pearson r) & ©|-8-5to] B9 gfut ¥= g 7ke] o
2| J w5 2AsH Q.ofsto] HojEth RMSE g2 Hol &
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Fig. 2. Comparison between raw and bias-corrected CMIP6 GCMs
data against observed data using Taylor diagram
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Table 3. Determined TFNs of weighting values for evaluation criteria
to flood mitigation

DPSIR Criteria Min | Mode | Max
Driving | Population 0471 0.52 |10.57
force | Population density 0.35| 0.39 |0.43
Percent of impervious area 0.25] 0.28 |0.31

Pressure | Watershed slope 0.08| 0.09 | 0.1
Annual water supply amount 0.491 0.54 |10.59
Total runoff 0.22] 0.25 |0.27
State | Total infiltration 0.48| 0.53 {0.59
Average flowrate during rainy season | 0.11| 0.13 |0.14
Total runoff (future) 0.18| 0.20 {0.22
Impact Total infiltration (future) 0.53] 0.59 |0.65
feﬁigffﬂx)m during rainy 0.10| 0.11 |0.12
if;elt‘g[g?lrollli szlfvement performance 009! 0.10 l0.11
Responee if;elt‘zzflg; {aterl;?g:lent performance 055! 061 |0.67
et e e oo 0o oo
Cost for install LID facility 0.14| 0.16 [0.17

© 2 Table 33} o] AA AT} “Driving force” 24+
o b Q1 B At msfiof] dFE = U AT E Y
UEE QAT “Pressure” 840 B¢ glo] H275 75
F= 57710 AFFE AAAA TA F9 U 2 o
NS 7L A= ERFTEA g Y {9 AAEE
ARFoH, 35 A Al .0 whE mSlE algsh] 9l5)
279 e TR AEPn A &
A7} Q] “State”, “Impact”, “Response” 2422 73-¢-
“State” Q40l= 1A 7|7t E 45 T AEE, 27 Aled
~8Y) = AR, “Impact” @ 4x0fl= 739 vl 7]t

5

N

“Driving force”, “Pressure” 40l Sgoh= H7} 7|5 3k
501 7% 14T 2 AHGIA0 B, SWMM 471 55 141
H=0] A5 tlolE 5ol ATt Hsde al2ste] TEN g1e
= AT TEN 9ol 29 AEZ 1 7152 417 A] Tej2
Z-g0] 31579 deffuzificatione 5~Y5}o] NEZ 1] ZH&
Folick. QP Hloleig Flvko 2 7} 715 o] 2
71215 Entropy "H& ARgSt] APASEL O AP 7

Z2| & BePAA)-S 2561l 911 S Fuzzy TOPSIS A&
= 9150 10%2] 2] <2 7Hd 51t A¥h= Table 33 2
°] TFN FEi 2 A At

B 71EE9 7 A= 3-8 ste ahs= ol85t
20 2 AFA g 4= QAR DPSIR H|A| Q] Z+ 14 8 Ao
7Hs A oA AR AT AR @ of whet Eeb
B2 JZ 7= 371 495 7H 3l Case 1> 24
ol tish 5L 7FAE R o™, Case 2= A2 B =
A QA RTHE RS 9 471 S5 “State”, “Impact”,
“Response” Q40 =2 7525 H-oI5190 11, Case 3-2 1]
o) 715 Wslol 2 mae} F4 w7 A7) 12 F4
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> lo ek i
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Case 1 Case 2 Case 3
wai;ts);led SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5
NF FF NF FF NF FF NF FF NF FF NF FF
12 0.613 0.612 0.614 0.620 0.565 0.563 0.566 0.573 0.548 0.547 0.549 0.559
13 0.134 0.136 0.133 0.146 0.164 0.166 0.163 0.179 0.161 0.164 0.160 0.179
13-1 0.313 0.313 0.313 0.321 0.349 0.350 0.350 0.360 0.337 0.338 0.339 0.350
14 0.527 0.527 0.528 0.532 0.532 0.531 0.533 0.538 0.523 0.522 0.524 0.531
15 0.328 0.329 0.329 0.336 0.353 0.355 0.354 0.363 0.350 0.352 0.351 0.362
16 0.476 0.476 0.477 0.482 0.480 0.481 0.482 0.488 0.475 0.475 0.477 0.485
17 0.404 0.405 0.405 0.411 0.409 0.411 0.411 0.419 0.410 0.412 0.412 0.421
18 0.505 0.505 0.506 0.508 0.535 0.536 0.536 0.539 0.537 0.537 0.538 0.542
19 0.233 0.234 0.233 0.243 0.269 0.270 0.269 0.282 0.258 0.260 0.258 0.273
20 0.210 0.211 0.210 0.221 0.239 0.241 0.239 0.253 0.232 0.234 0.232 0.248
21 0.214 0.215 0.214 0.226 0.245 0.247 0.245 0.260 0.232 0.234 0.232 0.249
22 0.568 0.567 0.569 0.571 0.575 0.575 0.577 0.580 0.571 0.570 0.572 0.576
23 0.604 0.603 0.605 0.604 0.646 0.645 0.646 0.645 0.645 0.644 0.646 0.645
24 0.394 0.395 0.395 0.402 0.401 0.402 0.403 0.411 0.399 0.400 0.401 0.410
25 0.213 0.214 0.210 0.223 0.237 0.239 0.233 0.250 0.231 0.233 0.227 0.247
25-1 0.178 0.179 0.178 0.189 0.222 0.223 0.221 0.236 0.209 0.210 0.208 0.226
26 0.192 0.193 0.189 0.203 0.230 0.232 0.227 0.244 0.222 0.225 0.219 0.239
27 0.192 0.194 0.193 0.203 0.236 0.238 0.237 0.249 0.225 0.226 0.226 0.240
28 0.207 0.209 0.209 0.217 0.249 0.251 0.251 0.262 0.241 0.243 0.243 0.256
29 0.155 0.157 0.153 0.152 0.192 0.194 0.189 0.188 0.188 0.190 0.184 0.183
30 0.163 0.164 0.158 0.174 0.196 0.197 0.190 0.210 0.189 0.191 0.182 0.206
31 0.242 0.243 0.245 0.253 0.296 0.297 0.299 0.309 0.275 0.276 0.279 0.291
32 0.187 0.188 0.188 0.198 0.230 0.231 0.230 0.244 0.220 0.221 0.220 0.236
33 0.189 0.190 0.189 0.200 0.236 0.236 0.235 0.249 0.219 0.220 0.218 0.235
33-1 0.188 0.189 0.187 0.199 0.231 0.232 0.229 0.245 0.214 0.216 0.213 0.231
34 0.166 0.168 0.166 0.175 0.204 0.205 0.203 0214 0.198 0.200 0.197 0.210
34-1 0.161 0.161 0.161 0.172 0.193 0.194 0.193 0.208 0.176 0.177 0.176 0.193
(a) (b)
Ma
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Fig.

4. Histogram of evaluation criteria: (a) raw data and (b) log transformed data
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Table 5. Final rankings of candidate sites for permeable pavement considering six GCMs using the minimax regret approach

Case 1 Case 2 Case 3
Se“::]'qvevgt SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5

NF FF NF FF NF FF NF FF NF FF NF FF

12 | 1 1 | 3 3 3 3 3 3 3 3
13 27 27 27 26 27 27 27 26 27 27 26 26
13-1 10 10 10 10 10 10 10 10 10 10 10 10
14 4 4 4 4 5 5 5 5 5 5 5 5
15 9 9 9 9 9 9 9 9 9 9 9 9
16 6 6 6 6 6 6 6 6 6 6 6 6
17 7 7 7 7 7 7 7 7 7 7 7 7
18 5 5 5 5 4 4 4 4 4 4 4 4
19 12 12 12 12 12 12 12 12 12 12 12 12
20 15 15 14 15 15 15 15 15 15 14 15 14
21 13 13 13 13 14 14 14 14 14 15 14 15
2 3 3 3 3 2 2 2 2 2 2 2 2
23 2 2 2 2 1 1 1 1 1 1 1 1
24 8 8 8 8 8 8 8 8 8 8 8 8
25 14 14 16 14 18 16 21 16 16 16 21 16
25-1 22 22 22 22 2 22 20 2 22 22 20 22
26 18 18 21 17 21 19 22 19 18 18 2 17
27 17 17 17 18 17 17 16 17 17 17 16 18
28 16 16 15 16 13 13 13 13 13 13 13 13
29 26 26 25 27 26 25 25 27 25 24 25 27
30 24 24 26 23 24 24 26 24 24 25 27 24
31 11 1 1 11 1 1 11 1 1 11 1 1
32 21 21 20 21 20 20 18 21 20 19 17 19
33 19 19 18 19 16 18 17 18 19 20 18 20
33-1 20 20 19 20 19 21 19 20 21 21 19 21
34 23 23 23 25 23 23 23 23 23 23 23 23
34-1 25 25 24 24 25 26 24 25 26 26 24 25
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