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Prioritization for Water Storage Increase of Agricultural Reservoir using
FAHP Method
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Abstract

This paper presents the application of fuzzy set theory in multi criteria decision making (MCDM). FAHP
(Fuzzy Analytic Hierarchy Process) method was used to rank alternatives to find the most reasonable and
efficient way of agricultural reservoir water resources assessment. 6 criteria and 10 subcriteria had been
identified and compared to secure agricultural water resources. Fuzzy numbers and linguistic variables were
presented to address inherently uncertain or imprecise data. Comparison analysis of decision making method
was also carried out to find a way of suitable decision making and validity of FAHP was discussed.
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Fig. 2. The Hierarchical Structure
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Table 1. Saaty’s 9-Point Scale and Triangular Fuzzy Number

Crisp AHP values Judgment definition Fuzzified AHP values
1 Equal Importance (1, 1, 1+6)
3 Weal Importance (3-6, 3, 3+6)
5 Strong Importance (5-6, 5, 5+9)
7 Very Importance (7-6, 7, 7+9)
9 Absolute Importance (9-4, 9, 9)
2,4, 6, 8 Median (-1, =z, z+1), z=2, 4, 6, 8
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Table 2. Agricultural Reservoir Data for Analysis

Basin Dam Dam Total | Exploitable . Resident
Reservoir Area | Length | Height | Storage Storage CO.St Env1ronTr} el S es Needs

ha) | m) | (m) |1000m"| (oom? |Pillion)] Condition - Safety | =
Changpyung | 1,850 122 19.7 554 2,544 20.9 Good Negative 95
Gumbong 1,430 170 255 1,468 5,601 39.3 Good Negative 80
Manun 2,375 148 12.0 2,203 3,580 19.6 Good Negative 80
Unam 1,320 140 20.0 830 4,710 23.7 Normal Negative 85
Okyeon 2,260 203 21.0 3,917 1,912 23.2 Good Negative 95
Gucheon 1,692 135 17.0 727 2,589 314 Normal Negative 85
Okseong 1,150 229 144 1,926 1,103 23.7 Good Negative 85
Jipyung 2,556 140 16.2 2,602 2,611 30.5 Normal Negative 85
Samga 2,425 184 376 4,086 972 279 Bad Negative 90
Kohyun 3,500 200 12.0 1,098 1,149 28.6 Bad Negative 85
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Fig. 5. The Hierarchical Structure for AHP Analysis
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Table 3. Weights and Consistency Ratio

Criteria Weights| Consistency
(Level 2) (w) Ratio (CR)
Project Effectiveness 0.16
Flood Safety 0.24
Environmental Condition 0.11
0.01

Instreamflow Effectiveness| 0.16

Development Condition 0.17
Resident Needs 0.16

(Triplet) .= YERH Table 59 Zo] Yeld 4 gtk

step 4.

x| &gt

AHP] #tin]ule]] ¢
o gt EgAdS xS
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st 2aHds sl 3}939—
A9 A A3+ Table 63 2
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Development

Effectiveness

oo 23 ST ¥t

Flood Safety

Environmetal

Condition

Instreamflow Effectiveness

Fig. 6. Weights of Criteria

Table 4. Alternatives Weights and Consistency Ratio under Level 2 Criteria

Altema-| pyrecimeness | Flood Satety | e o | conditin . |Resident Needs
s P e | wm e | W | Wl | W o | W]
Al 0.16 0.06 0.13 0.06 0.14 0.12
A2 0.28 0.19 0.07 0.23 0.22 0.04
A3 0.08 0.08 0.11 0.12 0.09 0.20
A4 0.24 0.11 0.06 0.09 0.18 0.20
A5 0.02 0.18 0.07 0.11 0.06 0.08
0.03 0.01 0.01 0.01 0.01 0.02
A6 0.10 0.05 0.12 0.08 0.14 0.06
A7 0.05 0.08 0.10 0.04 0.04 0.07
A8 0.03 0.10 0.13 0.10 0.04 0.04
A9 0.03 0.07 0.11 0.09 0.04 0.14
Al10 0.06 0.08 0.11 0.06 0.04 0.05
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Fig. 7. AHP Weights

Table 5. 9-Point Scale and Triangular Fuzzy Number for Pairwise Comparison

AHP values Judgment definition TEN Reciprocal TFN
1 Equal Importance 1, 1, 2) (1/2, 1, 1)
3 Weal Importance (2, 3, 4) (1/4, 1/8, 1/2)
5 Strong Importance 4, 5, 6) (1/6, 1/5, 1/4)
7 Very Importance 6, 7, 8) (1/8, 1/7, 1/6)
9 Absolute Importance &, 9 9 (1/9, 1/9, 1/8)
. -1, x, x+l), z= 1/(z+1), z, 1/(z-1
2. 4,6, 8 Median (z-1, =, g, 18), x =2, 4, ( /(:r:),Z, ZL 6/,(8 )
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Table 6. Weights and Priorities by FAHP

Altematives | o 10 [lond Satety |2 etvencas | Condition | Needs | o
Al 0.16 0.06 0.13 0.06 0.14 0.12 4
A2 0.28 0.19 0.07 0.23 0.22 0.04 1
A3 0.08 0.08 0.11 0.12 0.09 0.20 3
A4 0.24 0.11 0.06 0.09 0.18 0.20 2
Ab 0.02 0.18 0.07 0.11 0.06 0.08 5
A6 0.10 0.05 0.12 0.08 0.14 0.06 6
A7 0.05 0.08 0.10 0.04 0.04 0.07 10
A8 0.03 0.10 0.13 0.10 0.04 0.04 8
A9 0.03 0.07 0.11 0.09 0.04 0.14 7
Al10 0.06 0.08 0.11 0.06 0.04 0.05 9

Table 7. Weights and Priorities by Scoring Method

Alternatives Prqj ect Flood Environ.n.lental Instregmﬂow Develop@ent Resident Rank

Effectiveness Safety Condition Effectiveness Condition Needs

Al 0.125 0.100 0.113 0.099 0.109 0.140 1
A2 0.146 0.100 0.113 0.124 0.098 0.070 2
A3 0.146 0.100 0.113 0.107 0.109 0.070 4
A4 0.146 0.100 0.094 0.116 0.098 0.093 3
A5 0.083 0.100 0.113 0.091 0.109 0.140 5)
A6 0.083 0.100 0.094 0.099 0.098 0.093 7
A7 0.063 0.100 0.113 0.091 0.109 0.093 6
A8 0.083 0.100 0.094 0.099 0.098 0.093 7
A9 0.063 0.100 0.075 0.083 0.087 0.116 9
Al0 0.063 0.100 0.075 0.091 0.087 0.093 10

Table 9 2 Fig. 107} 2o] AHP9} FAHP -4 A3}
B> A>T A > 25 2] > L0 2] > 2 2] > A7 A] >
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Table 8. Comparison of Weights

) Weight
Alternatives :
AHP FAHP | Scoring method
Al 0.105 0.109 0.111
A2 0.174 0.177 0.111
A3 0.110 0.112 0.108
A4 0.144 0.150 0.108
A5 0.097 0.091 0.103
A6 0.091 0.089 0.096
A7 0.065 0.062 0.096
A8 0.079 0.072 0.096
A9 0.079 0.078 0.086
Al0 0.067 0.065 0.086
Bl R Ao o,
BEKERSEERLE
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Fig. 8. Weight Comparison between AHP and Scoring Method
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Table 10. Weights and Priorities of Modified FAHP Method

Alternatives Prgj ect Flood Safety Environ.rr}ental Instregmﬂow Development Resident
Effectiveness Condition Effectiveness Condition Needs
Al 0.14 0.08 0.12 0.08 0.12 0.13
A2 0.20 0.14 0.09 0.17 0.15 0.05
A3 0.11 0.09 0.11 0.11 0.10 0.12
A4 0.19 0.10 0.08 0.10 0.13 0.14
A5 0.04 0.13 0.09 0.10 0.08 0.11
A6 0.09 0.07 0.11 0.09 0.12 0.07
A7 0.06 0.09 0.11 0.06 0.07 0.08
A8 0.05 0.10 0.11 0.10 0.06 0.06
A9 0.04 0.08 0.09 0.09 0.06 0.13
A10 0.06 0.09 0.09 0.07 0.06 0.07
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Table 11. Result of Modified FAHP

Modified FAHP

Alternatives :
Weight Rank

Al 0.110

w

A2 0.136

A3 0.106

A4 0.125

A5 0.093

A6 0.090

A7 0.077

A8 0.079

N |0 | O[O D]+
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o
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