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Developing a Risk-based Multi-Attribute
Group Decision-Making Model for Effective
Watershed Management based on the
Combinational Method of IOWA-CP

Case Study: Mashhad Plain
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Abstract

In recent years, inappropriate governance in water resources
and qualitative and quantitative degradation and unbalanced
allocation of resources have caused crisis within the
watersheds. Therefore, one of the most important challenges
for decision-makers (DMs) is selection of final criteria,
evaluation of scenarios, and choosing the preferable scenario
for watershed. Selection of final criteria and the best scenario
depend on DMs’ preferences and risk attitudes. This paper
develops a novel approach based on two types of risk
assessment to calculate the score and group consensus degree
for selecting final criteria and ranking the scenarios. In first
type of risk, the number of criteria are satisfied and in the
second type the number of DMs’ consensus are considered.
Accordingly, the group weights and consensus degrees of
initial criteria are calculated in several risk attitudes using the
ordered weighted averaging operator and the compromise
programming (CP). The final criteria are selected based on
the combinational group weights-consensus degrees,
compared with an acceptable threshold level. Then, the
suggested scenarios are evaluated with respect to the final
criteria and the best scenario is selected based on the
proposed method using risk assessments. This approach has
been developed for Mashhad plain, to select the final criteria
and the best scenario in 2040. The results showed that the
number of final criteria and scenarios’ ranking depend on the
two risk assessment types. Finally, the sustainable
development was analyzed to determine the preferable
scenarios for satisfying the most important criteria.
Development of this method is recommended for watershed
management in Iran.
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Table 1. The estimated water demands for Mashhad plain by 2041

(Tooss Ab Consultant Co., 2013°) YFY+ 881 ;5 dguive Canid 55 dwdi s it (2 S3W —Y Jgoa

Annual drinking water Annual agricultural demand and the Annual industrial Annual
demand and the related 9 demand and the related environmental
related sewage
sewage sewage demand Total
. A'nnual Annual Annual Total Annual 'Annua.ll Annual Annual environmental demands
drinking water agricultural | agricultural industrial . (MCM)
demand sewage demand land sewage demand sewage demand assigned by
MCM MCM MCM d MCM
(MCM) MEM) 1 mem) tHectar) | MM uemy | MEM) ams (MCM)
537 417 806 126926 404 90 52 43 1476
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Fig. 2. Risk-based multi-attribute group decision-making process for effective watershed management
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Table 2. The proposed initial criteria for sustainable in Mashhad plain
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Objectives Criteria Sub-criteria (Attributes) Attribute No.
Rational water stress C,
Supply-demand balance
Groundwater dependency C,
Improvement of efficiency Irrigation efficiency Cs
Development of Water Adjustable protentional of Surface Water Resources Cs
Resources Operation Development of groundwater Cs
Supply percentage of agricultural water demand Cs
Supply percentage of drinking water demand C;
Improvement of water Supply percentage of Industrial water demand Cs
Water.reso_u.rces P . Supply percentage of Environmental water demand Co
sustainability allocation -
Renewable water resources per capita Cuo
Drinking consumption per capita Cu
Industrial consumption per capita Cup
Reliability Water supply reliability Cis
. Balancing between use of surface water and groundwater resources Cu
Balancing ——
Groundwater unsustainability Cis
Development and
management of shared Surface water dependency on other watersheds Ci
waters
Environmental Environmental Purified wastewater ratio Cy7
sustainability vulnerability Effect on environmental requirements supply Cis
. . Unmeasured water in Drinking Water Sector Cio
Economic efficiency - —
Economic Agricultural water productivity Cx
sustainability Costs covering Benefit per cost ratio Ca
Financial resources Variety of financial resources in eater supply scenarios Can
Peoples’ participation Public participation in water supply Cu
Social Conflict resolution Conflict resolution amongst water stakeholders Cu
sustainability Job creation Creating job opportunities Cys
Equity Social equity Cy
Comprehensive Comprehensive approach Adaptation with integrated water resources management strategies Ca
sustainability Management approach Improvement in water management strategies Cus
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Table 3. Importance degrees of initial criteria in DMs’ viewpoints
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C:1 Cz Cs Cs Cs Cs Cr Cs Co Cw Cu Ciz Ciz Cu
DM P VH VH SL VH H H H H H SH SH VH VH
DM P P P M VL P SL SL H SH L M P P
DM3 P P P M VH H SH SH SH SH H M SH VH
DMy P SH P SL H P SH VH SH VH VH H P P
DMs P P H L P P L L VL H SH SL VH H
DMsg VH VH VH M N VH SL VL SL VH L VH VH SL
DMy P SH H H H H SH H SH H VH H VH H
DMg VH H H M P H VH H SH H SL L VH M
DMy P P H L M VH SH H SH VH H H SH H
DM1o P VH P SL P VH SH SH SH H M M H M

Cis Cis Ciz Cus Cow Co Cu Cxp Cia Cu Cxs Cx Cuxr Cazs
DM P SH H H H VH H VH H SH SH VH H H
DM P M P H L P P VH VH H VH P P P
DM3 H SH SH SH P P H VH VH VH SH VH VH H
DMs VH H VH H H P VH VH VH VH H VH H VH
DMs P L L L M M H H VH H SH VH VH H
DMs VH M VH VH L VH VH SH VH M M VH VH H
DMy P SH H H SH H M SH H SH M M VH H
DMsg P H SH SH M VH H H VH VH H H H VH
DMy P M H SH VL VH H SH SH H M H SH VH
DM1o P SL H H L M SL H P SL M M SH H

Table 4. Linguistic variables, fuzzy numbers and relevant equivalent defuzzified values
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Linguistic variable

Equivalent triangular fuzzy number

Equivalent defuzzified value

N (0.00, 0.00, 0.00, 0.01) 0.001
VL (0.00, 0.00, 0.00, 0.10) 0.030
L (0.20, 0.20, 0.10, 0.20) 0.233
SL (0.35, 0.35, 0.20, 0.20) 0.350
M (0.50, 0.50, 0.20, 0.20) 0.500
SH (0.65, 0.65, 0.20, 0.20) 0.650
H (0.80, 0.80, 0.20, 0.10) 0.767
VH (1.00, 1.00, 0.10, 0.00) 0.970
P (1.00, 1.00, 0.01, 0.00) 1.000
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Table 5. DMs’ weights in group decision-making process
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DM’s No. DM DM DM3 DMg4

DMs DM DMy DMs DMy DM

DMs’ weights  0.130  0.104 0.091 0.127

0.073 0.082 0.079 0.109 0.099 0.106
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Table 6. Several decision-making risk cases in determining the initial criteria weights
(zarghami and Szidarovszky, 2008) adgl (s s bl ()39 ot 33 (6 35 paondl Sy lises cCI iF Joun

Risk viewpoint for determining the initial criteria weights

Linguistic statement (Importance of group consensus among

Optimism degree

number of DMs) ©)

Completely risk-averse All of DMs 0.001
Risk-averse Most of DMs 0.091
Slightly risk-averse Many of DMs 0.333
Neutral risk Half of DMs 0.500
Slightly risk-prone Some of DMs 0.667
Risk-prone Few of DMs 0.909
Completely risk-prone At least one of DMs 0.999
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Table 7. Guideline to select fuzzy quantifiers and
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Risk viewpoint for determining the group
consensus degree (Importance of group
consensus among number of DMs)

Type of CP model q

All of DMs Minimization of 10
Most of DMs distance between 2
Many of DMs each DM’s idea and 15
Half of DMs the group of DMs’ 1
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Table 8. Final selected criteria in DMs’ viewpoints for Mashhad plain
Mo (5 dlao 839450 43 (4l 58 pmonad B8 M0 5l S S B sl A Jous

Objectives Criteria Attributes Criterion No.
Rational water stress C:
Supply-demand balance
Groundwater dependency C,
Improvement of efficiency Irrigation efficiency Cs
Water resources Supply percentage of agricultural water
P Improvement of water PRy P 9 g o
sustainability . demand
allocation -
Renewable water resources per capita Cs
Reliability Water supply reliability Cs
Balancing Groundwater unsustainability C;
Environmental . . Purified wastewater ratio Cs
I Environmental vulnerability - -
sustainability Effect on environmental requirements supply Co
. . Economic efficiency Agricultural water productivity Cuo
Economic sustainability - - -
Costs covering Benefit per cost ratio Cu
Social sustainability Equity Social equity Cu
c hensi c hensi h Adaptation with integrated water resources c
ompfe ehs_lve omprehensive approac! management strategies 13
sustainability Management approach - -
Improvement in water management strategies Cu

Table 9. Water supply scenarios for Mashhad plain by the 2041 vision
Tob G815 e 239050 13 Ol (el (2Ll ST, - Jgo

The existing water resources

The under-studying supply
management scenarios

The under-studying demand
management scenarios

Scenario Type (.)f The Dams: Doosti, Ardak, Aqu_er Utilizing the purified Improving the Implementing
No. scenario reservoir of . - :
Kardeh, Toroque, Dolatabad, Mashhad wastewater in agricultural agricultural the properly
Chalidarreh and Esjil plain lands efficiency modified plants
Sc.; Supply v v
management
Sc.; Supply v v v
management
Sc.3 Demand v v v v
management
Combinational
supply-
. v v v v v
SC.4 demand
management
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Table 10. Evaluation matrix of scenarios with respect to criteria by DM 1
V oS eaonai 89,5 (gl Bad L lwl g bz sb (b5, g Slo -V e Jos

Evaluation values of scenarios with respect to criteria

Dimension of criterion Sca Sc.z Sc.3 SC.4

Cc.0 Non-dimensional 0958 1.164 0919 1.111

C0 Non-dimensional 0.753 0.709 0.728 0.686

Cs™ Non-dimensional 0.410 0410 0550 0.550

Cs® Non-dimensional 0.798 0.890 0.828 0.918

Cs mé / Person 269.8 2461 2534 2319

. . Ce™ Non-dimensional 0.943 0.966 0.950 0.973

Numerical evaluation values (Common among DMs) o) Non-dimensional 1026 1180 0930 1125

Cs™® Non-dimensional 0.248 0.844 0.241 0.822

Co® Non-dimensional 0980 0989 0564 0.989

C1o® Kg/m? 1277 1145 1539 1.385

Cu® Non-dimensional 1.040 1.041 1341 1.343

C1® Non-dimensional 0.915 0.944 0.925 0.953
N . L . C13™® Linguistic SL M SH SH
Linguistic evaluation values in viewpoint of DM1 ) Linguistic v v sq <

ITAE g ) 8 lo o3 s JUo ¢yl 2l O olio Coliios
Volume 13, No. 1, Spring 2017 (IR-WRR)

Ve



AOWA Slos sbayjg 9 cotito Sy el bl o095
Loy sbgmple 3 bpadls 25 b g )b lagabj)l polie
o jl gyl jliel § 33,5 o oo (pS e 1 S 4
950 e (V) dlatly Brllae pS el yo
FSep® {(wi®al),(wi®al),...(wial)} =

Yimivic ,j=12,...m; k=12,...p @)

. - s — [0 50 =K
sl olie  acgee  a® —{31 a7, Ay }

Wl = el Seeal a o b e eadJley
ol slopasls cenl a2 oy (wiwlY, L wi?)
b sbysie Gjgo 4 & Sl S e I Sopp o
V= 0,8 gilo oS 4 55 IOWA Slae jl oolauol o 5 Cowl
Jde € aisl o IOWA Sles slayis b (V1,V5, 00, Vy)

&) =K . 5®
i A )Ca) i3

Fl K 55 ey o525 5 a1 j 25k jliael 35 F (Se)® canl s

w55 e el 15 a8l (W

b kel meos Jl il o (295 jliel Y pE sillae
(V) abaly glao dOWA Slee buwg ol pSereas o0

Dy o Oy
F (Sc:)@ {(A.F (Sc.)®),(A2,F (Sc.)@), ....(Ap.F (Scp®)} =

()

Sl polis asgazmo Fy = {FVFD, L FPY ey ) 5o
u= (U Uy, e tp) Aibie olpSeaenad sBud 5l )b o
¥ i) 3 (V) daly Bilae oS cul IOWA Shee 59 5l
IS meas jg o A= (g, o hp) 23,5 oo s (V-1
S5 e el K o8 ol (MoF() 55 51 B Jlaie ol
095 o535 pl j b skl F(Se)@ cwlls 1, A

Shoiwde ,j=12,...m

¥)

=00 _ %j (R _ )

4 = o where a;”" = max; {ai]. } for *)
1

i=12,..n;j=12..m; k=12 ..p
()~

—i(]_k) = a;(—k) where a’~ = min, {ai(jk)} for (v)
ij

i=12,..n;j=12,...m;k=12,..p

Plj oasls & degi b pl i pasls o) Jaieal? daly, ol 5

. e =(K . 1 e T
oa5 sl Loy 1o BL7 pizman bl o pl K S pranas L5 |
Sass 0 = VF) Ll sl pasls olass s ) 5 cusl 250

kK= 1+) pSewoas ol 5 (M= ¥) oliin sl
Sl

Sy (25! 9 oo Al yo —Y-V-F

e 58 9 Ol peenad 51 Sy o8 Sl gyl Sliel s )
&9 9 ) iy @ dape > ap)b (295 pleal a2
s el @ bgrpe Jgl 95 g 0 o3litnl Say b
Syse b el s 3 & Col bpb by b asls
Sl 4 bgye b Sa) bl p9d g9 25 (o0 1,8 oMt
gloal oy st 0 &S Cwl ol pS peenad Sl (295 glasl
Sy a2y Tl Ve ol )5 095 0 o3liinl bagsbo (29)S
dpden om0 pde bawg AV Jpo Bl gl g9

.(Emrouznejad and Marra, 2014)

5 055 pde by Sy laulyd (g J) G ) pB il
Soie WY Jos olel  Ble (S > polais]
) ol > 335 e o (A) Ay b IOWA Slec
9 Vi >0 9 ..\A.»JL’L;O )il.o.c dLﬁu)Q (Vi,i= 1,2,...,n)

cwl Y vy =1

RCOW I PV POV NG-D  iinG-D
Vi = (;) — (T) ,i=12,..n ()
Table 11. First Type several risk cases in scenario scoring
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Risk viewpoint for determining the scores of scenarios Linguistic Staéfiq:i?; Sast:;fﬁ;ﬂgg)m number of %))élerg:zz]

Completely risk-averse All of criteria 0.001
Risk-averse Most of criteria 0.091
Slightly risk-averse Many of criteria 0.333
Neutral risk Half of criteria 0.500
Slightly risk-prone Some of criteria 0.667
Risk-prone Few of criteria 0.909
Completely risk-prone At least one of criteria 0.999
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Fig. 3. Weights of initial criteria in DMs’ viewpoints
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Table 12. Final selected criteria in DMs’ viewpoints in several risk cases
Sty BliSeo s 13 (4 1S aowad 80D I Civin 2k B sl VY Jous

Case 1: Importance of group consensus amongst all of DMs

The final criteria C;, Cy, Cs, Cs, Cio, Ci3, C1s, Cy3, Cgs, Co7 and Cyshave been selected. (11 criteria are selected).

Case 2: Importance of group consensus amongst all of DMs

The final criteria Cy, C;, Cs, Cg, Ci0, Ci3, C1s, Ca1, Co2, Ca3, Cy6, Cp7 and Cyg have been selected. (13 criteria are selected).

Case 3: Importance of group consensus amongst all of DMs

The final criteria C1, Cz, Cs, Cs, C1o, Ci3, Cis, C17,Cus, C20, Ca1, C22, C23,Ca26, C27 and Cos have been selected. (14 criteria are selected).

Case 4: Importance of group consensus amongst all of DMs

The final criteria Cy, C,, Cs, Cg, C10, C13, C14, C15, C17,Cis, Coo, Co1, Ca2, Cr3, Cas, Cos, Co7 and Cyg have been selected. (18 criteria are Selected).
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Table 13. Scenarios’ ranking for several cases of first and second risk analysis
9% 9 Jgl £ Sy e s 3 )b sabad, VY Jgaa

Case No. 1: Group consensus amongst all of DMs

Satisfying at least

Sat|§fac_t|on of one of criteria (the Satisfying Satisfying Satisfying Satisfying Satisfying Satisfying all
criteria by - few of some of half of many of most of S
- most important i o L 7 - of criteria
scenarios Lo criteria criteria criteria criteria criteria
criteria)
Sc.a 2 1 3 4 4 3 3
Sc.2 3 4 4 3 3 2 2
Sc.3 1 2 2 2 2 4 4
Sc.q 4 3 1 1 1 1 1
Case No. 2: Group consensus amongst most of DMs
Satisfaction of Satlsfyln_g aF least Satisfying Satisfying Satisfying Satisfying Satisfying e
S one of criteria (the Satisfying all
criteria by - few of some of half of many of most of S
- most important L L Y g L of criteria
scenarios P criteria criteria criteria criteria criteria
criteria)
Sc.a 2 1 3 4 4 3 4
Sc.2 4 4 4 3 3 2 2
Sc.3 1 2 2 2 2 4 3
Sc.q 3 3 1 1 1 1 1
Case No. 3: Group consensus amongst many of DMs
Satisfaction of Satlsfyln'g at least Satisfying Satisfying Satisfying Satisfying Satisfying e
S one of criteria (the Satisfying all
criteria by - few of some of half of many of most of S
- most important o - o g - of criteria
scenarios o criteria criteria criteria criteria criteria
criteria)
Sc.a 3 1 4 4 4 4 4
Sc.2 4 4 3 3 2 2 2
Sc.3 1 2 2 2 3 3 3
SC.q 2 3 1 1 1 1 1
Case No. 4: Group consensus amongst half of DMs
Satisfaction of Satlsfyln_g at least Satisfying Satisfying Satisfying Satisfying Satisfying e
S one of criteria (the Satisfying all
criteria by - few of some of half of many of most of S
- most important e - i L2 - of criteria
scenarios P criteria criteria criteria criteria criteria
criteria)
Sc.a 3 1 4 4 4 4 4
Sc.2 4 4 3 3 2 2 2
Sc.3 1 2 2 2 3 3 3
SC.q 2 3 1 1 1 1 1

Table 14. Scenarios’ ranking based on satisfying the most important sustainable criteria
Sylul Gt Ll o e ol 2 (S Julod 53 agyb gaiaad, -V Jgua

Group consensus amongst all of DMs Satisfaction of criterion Sca  Sc2  Sca  Sca
Water resources and environmental sustainability Satisfying rational water stress 3 4 1 2
. . Satisfying agricultural water productivity 3 4 1 2
Economic sustainability — - -
Satisfying benefit per cost ratio 3 2 1
Social sustainability Satisfying social equity 4 2 3 1
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