J. KOREA WATER RESOURCES ASSOCIATION

FHAKEEEEH
& /75 kﬁ ’J’? S “'1“ AI % Vol. 46, No. 9:897-907, September 2013
H46% 59520134 9 http://dx.doi.org/10.3741/JKWRA.2013.46.9.897
pp. 897~907 pISSN 12266280 ® eISSN 2287-6138

71E815} A|LI2|20] EEIAMME T13{517|9 8t EHAE OJAEH
7|H-IO| 7|.|Hl- ol XM

== 1o
Development and Application of Robust Decision Making Technique Considering
Uncertainty of Climatic Change Scenarios
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Abstract

Climate change is expected to worsen the depletion of streamflow in urban watershed. In this study,
we therefore considered the treated wastewater (TWW) use as an adaptation strategy and devised a
framework to identify prioritized areas for TWW use. An integrated framework that includes hydrological
factors as well as social and environmental components were employed to determine the criteria for decision
making. Fuzzy theory was employed to consider the uncertainties in the climate change scenarios and the
weights of the performance value. All alternatives were evaluated using the fuzzy TOPSIS method. In
addition, statistical method and decision making methods under complete uncertainty were used for robust
decision making. As a result, ranking the alternatives using the fuzzy TOPSIS method and robust approach
such as maximin, maximax, Hurwicz and equal likelihood criterion mitigated the level of uncertainty and
ambiguity in each alternative. The finding of this study can be helpful in prioritizing water resource
management projects considering various climate change scenarios.
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Fig. 1. Map of This Study
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Table 1. Descriptions of Ten (H)TWW Uses

Disch BOD concentration
Watershed HetmE (mg/L)
(m°/day)
HTWW | TWW
WG, SS 1,000
0], SB1 2,000
SA, SM 4,000
DJ 6,000 3.0 4.7
SB 9,000
HU 21,000
DR 67,000

Step 1 To derive various adaptation strategies

To establish the evaluation criteria
Step 2 including environmental factors as well
as anthropogenic issues

To derive the triangular fuzzy number

S (TFN) of criteria using survey of expert

To derive the TFN using data collections
Step 4 and the hydrological analyses from HSPF
model

To rank all adaptation strategies using

SIEDAO Fuzzy TOPSIS and general MCDM

To develop a robust approach for
Step 6 prioritization considering statistics and
various MCDM

Fig. 2. Procedure of This Study
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Ao EHXE $A5HE 3}01 A Ak}, wf 2](Highly Treted Wastewater) 7]5=¢1 3.0 mg/L= A4
NS ZHA AR E GEAA sl 4 el detos A4
253 ] fIste] 244
St il 247 42 BoplEe] ME 2 J1ERIS Holgel B
Gets ANe] 9 244014 A PSR A
4. 477 Argai9ie). PSR P2 Q170 BHE(qHo] S (aE)

of e PN BAL ThA AFOR Sl S
4.1 tiete] ==& -
Zo]7] A3 LE(ES)S FXI8H gt sk gl Al
2 AT E dlIQl ek F9ef 1071 7Y o] &2 3k el A3} WA o £2 ugto] A vl 9o wh
< AAEH skrA g AlolE S Vst A8 2} s o] S oksia]7)= dijke] & S Stk welbA
gFo g MASIATE sk Elg Alo]8o] WE FEs Al 2 AT A ARSE AEA L Table 294 YeRd 21}
A7) YA 107] ARl o HE ARSI o]= 2ol k9] 3 2ol g8 Chung and Lee (2009)°ll
7 frle] frgel s-n9k B 2US) Adolck WAl A Ak ARAFET A FRAS) <3 29 B}
SAels Aolg Aol ARHelglE U@L 71FE AT, a1 el Selol o AR £
m'/day) & 7102 Table 13} 2] 2 29 Wit fF 9] <lpe} AUl dnk geje QaRE =S
S WS T WF BODFEE W nwSkEAe g, FRRE S s A5, 25 A5y
(Treted Wastewater) 715=<1 4.7 mg/Le} #iL% 844 o] Atk WhE-9 QIApmE Zare] Ty ob Aige]
Table 2. Descriptions of Indicators and TFNs of Weights
Objective C PSR Weights Indicators Weights| Min [Median| Max
omponent
Population 0.2 0.1 0.2 0.3
Pressure 0.185 - -
Population density 0.8 0.7 0.8 0.9
Urban area ratio 0.187 [0.087| 0.187 | 0.287
Streamflow seepage 0.109 [0.009| 0.109 | 0.209
Slope of watershed 0.067 |0 0.067 | 0.167
State 0.372 -
Water Groundwater withdrawal 0.137 [0.037| 0.137 | 0.237
quantity

Ratio of drought flow to hydrologic instreamflow| 0.25 |0.15 0.25 [0.35
Ratio of low flow to hydrologic instreamflow | 0.25 |0.15 025 [0.35

Ratio of increased drought flow to hydrological
instreamflow

0.5 0.4 0.5 0.6

Responses | 0.443

Ratio of increased low flow to hydrological 05 04 05 06

instreamflow
Population 0.2 0.1 0.2 0.3
Pressure 0.151 - -

Population density 0.8 0.7 0.8 0.9

Load of BOD 0.03 |0 0.03 |0.13

Load of COD 0.03 |0 0.03 |0.13

Load of SS 0.03 |0 0.03 |0.13
Water State 0345 | Load of TN & TP 0.03 |0 0.03 |0.13
quality Untreated wastewater intrusion 015 005 | 015 |0.25

Ratio of covered stream interval 009 |0 0.09 |0.19

Population density 0.08 |0 0.08 |0.18

Ratio of BOD average concentration to target quality| 0.56 |0.46 056 |0.66

Ratio of decreased BOD average concentation
to target quality

Responses | 0.504
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Table 3. Averages of Indicators, Simulated by the HSPF Model without and with (HJTWW in Each Site

(a) Quantity

Low flow (m?/s)

Drought flow (m?/s)

Watershed
Without (H)YTWW With (H)TWW Without (H)TWW With (HTWW
WG 0.06 0.192 0.027 0.160
0O]J 0.064 0.202 0.029 0.165
DJ 0.063 0.263 0.027 0.231
SB 0.062 0.178 0.48 0.152
HU 0.591 1.044 0.259 0.731
SA 0.038 0.227 0.000 0.134
SM 0.085 0.28 0.037 0.234
SS 0.113 0.251 0.054 0.191
SB1 0.123 0.329 0.056 0.263
DR 0.336 0.771 0.128 0.562

(b) Quality

BOD Concentration

Number of days to meet water requirement

Watershed (mg/L) )

Without With With Without With With

(H)TWW HTWW TWW (H)TWW HTWW TWW
WG 1.473 2.387 2.904 339 337 335
(0]] 1.690 2.542 3.027 365 364 363
DJ 3.126 4.480 5.246 204 87 77
SB 3.403 4589 5.262 359 329 268
HU 2.135 2.476 2.668 360 358 350
SA 2.156 3.491 4.248 365 364 363
SM 1.558 2.533 3.085 365 365 365
SS 0.835 1.370 1.673 365 363 359
SB1 2.129 2.849 3.258 237 209 160
DR 2.473 3.021 3.333 365 363 354
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(a) Flow & HTWW with RCP 45
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Table. 4 Robustness Ranking of Ten (HTWW Uses
Using Standard Deviation
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STDV Rank STDV Rank
WG 0.000 1 0.323 7
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SB 0.323 5 0.000 1
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Fig. 4. Rankings of Ten (H)TWW Uses from four MCDM Techniques under Complete Uncertainty
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