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Abstract

Limited water resources with uneven distribution and growing demands are the main challenges of water management
in Iran. The government has planned several water resources development projects. The complex technical, socio-
economical and environmental outcomes of these projects require a comprehensive evaluation. To select more
adaptive and accountable projects, suitable group decision support systems are needed. In this research, 4 proposed
routes of water transfer schemes to Urmia Lake in Iran, which is in danger of completely drying out, are evaluated
with respect to different criteria. The criteria and weights were obtained from an organization responsible for major
water infrastructures in the basin. By using an efficient multi-criteria decision making method of compromise
programming, the 4 alternatives were ranked, and the most robust water transfer route was selected. This best
alternative transfers about 300 million cubic meters per year from another basin in the north of the lake. Results
show the importance of using decision support systems for participatory and effective lake management.

Key words: good governance, Iran, lake management, participatory decision making, Urmia Lake

Decision making for alternative water resources projects is
traditionally based on the sole objective of cost effectiveness.
Increasing competition among stakeholders and the relative
absence of new and cheaper water resources have raised the
awareness of ecologists, lawyers, economists and engineers
to different aspects of water management, as described in
Biermann et al. (2009). There is, however, a need to consider
environmental and social externalities as well, which can be
done by using group decision support systems (GDSS) in an
interactive environment. These models have been developed
in recent years, especially by Hipel et al. (1997), Thiessen
et al. (1998), Hämäläinen et al. (2001), Chen et al. (2004)
and Lu et al. (2007). Using any GDSS depends on the in-
dividual case, and no specific GDSS is recommended for
every problem. They are needed for effective environmental
planning, mainly due to the following reasons (Zarghami et
al. 2008):

� to address limited water, financial and human resources;
� to allow multi-criteria decision making instead of single

criterion decision making;
� to avoid opportunity costs and environmental externali-

ties due to delay in decision making;
� to resolve conflict among stakeholders; and
� to simplify administration of the projects.

Corresponding author: zarghaami@gmail.com

Water resource projects in Iran were evaluated in this study
to develop an effective GDSS. To understand and monitor
the present situation, relevant documents were reviewed,
and several meetings were held with 14 directors in the
main stakeholder organizations. These directors (in 2005)
included the Minister and Vice Minister of Energy (respon-
sible for water affairs), former director of the water section
of Iran’s Management and Planning Organization (MPO), a
parliamentarian, vice directors of the Water Resources Man-
agement Company (WRMC), director of a regional water
authority, directors of 2 consulting engineering companies
and independent experts from the University of Tehran and
Sharif University of Technology. From these meetings, a
consensus-based model was recommended to improve de-
cision making (Zarghami 2007).

The objective of this study was to develop a GDSS to se-
lect an alternative from 4 inter-basin water transfer projects
to prevent Lake Urmia, Iran, from drying out. The WRMC
agent in the East Azerbaijan province, the main client of this
study, selected 3 decision makers (DMs) as representatives
of the stakeholders, and their decisions were used in com-
puting group preferences on criteria. The mathematics and
results of the GDSS are presented.

Methodology
The GDSS used in this study is divided into 2 main sec-
tions: (1) group preferences on the effective criteria and
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Figure 1.-A trapezoidal fuzzy membership function
µ1 = (a1, b1, l1, r1).

their relative weights evaluated by fuzzy set theory, and (2)
the decision alternatives evaluated and ranked using a suc-
cessful multi-criteria decision analysis (MCDA), entitled
Compromise Programming (Zeleny 1976).

Group decision making by using fuzzy set theory

For many problems, human judgments are often vague and
cannot be expressed as exact numerical values. Such vague
judgments are frequently required to evaluate water re-
sources projects, and fuzzy set theory can be used to define
their uncertainty (Simonovic 2009). Fuzzy sets are a means
of representing and evaluating data that are imprecise. If we
let X be a nonempty set, then a fuzzy set A in X is described
by its membership function µA: X → [0, 1], and µA(x) is
interpreted as the degree of association of element x in fuzzy
set A for each xε X. A trapezoidal fuzzy membership func-
tion is defined with tolerance interval [a, b], left width l and
right width r (Fig. 1). Ifa = b, then it becomes a triangular
fuzzy membership function.

Let µ1 = (a1, b1, l1, r1) and µ2 = (a2, b2, l2, r2) be any 2
positive trapezoidal fuzzy membership functions; then the
initial arithmetic operations are (Bonissone 1982)

µ1 + µ2 = (a1 + a2, b1 + b2, l1 + l2, r1 + r2) , (1)

µ1 − µ2 = (a1 − b2, b1 − a2, l1 + r2, r1 + l2) , (2)

µ1 × µ2 = (a1a2, b1b2, a1l2 + a2l1 − l1l2,

× b1r2 + b2r1 + r1r2), and (3)

µ1 ÷ µ2 =
(

a1

b2
,

a2

b1
,

a1r2 + l1b2

b2 (b2 + r2)
,

b1l2 + r1a2

a2 (a2 − l2)

)
.

(4)

The preferences of the decision makers on the criteria for
this water transfer project were vague and uncertain. Fuzzy
set theory could capture this type of uncertainty and is more

attuned than using well-defined variables. Fuzzy set theory
provides us with more accurate evidence about real phe-
nomena than data based upon well-defined variables (Klir
and Yuan 1995); therefore, in this research these prefer-
ences are modeled with fuzzy membership functions. To
find the group weights we apply the simple additive weight-
ing method; however, the inputs of this method are fuzzy
numbers, so we then use the fuzzy arithmetic operations of
equations 1–4. After obtaining the final group preferences,
fuzzy membership functions should be compared using sev-
eral methods. The simplest way is to defuzzify the numbers
by the max-membership method, which selects the highest
value. The second approach uses the α-cuts. In this way the
membership function is cut horizontally at a finite number of
α-levels between 0 and 1. For each α-level of the member-
ship function, the minimum and maximum possible values
of the variable x can be determined. With a constant α value,
the alternative with a higher value of x will have better rank.
Chen and Hwang (1991) and Zimmermann (1996) gave a
comprehensive state-of-the-art use of fuzzy set theory for
decision making.

Compromise programming for MCDA problem

After obtaining the criteria and their relative weights, the de-
cision alternatives with respect to the criteria are compared.
The compromise programming method is popular in ap-
plications for water resources management (e.g., Zarghami
2010). There are 2 fundamentally different versions of this
method. In the first approach, the DM specifies (or com-
putes) the ideal point, the components of which are the
subjective or computed best values of the different criteria.
The ideal point is an n-dimensional vector, and the evalua-
tion vector Xj of each alternative is compared to the ideal
point by computing alternative distances. The alternative
with the smallest distance is considered the best. In the sec-
ond approach, the DM specifies (or computes) the nadir,
the components of which are the worst values of the criteria.
The worst values are usually selected from the less preferred
or smallest values. The nadir also has n components; each
alternative j will be compared to the nadir by computing
the distance of the evaluation vector Xj from the nadir. The
alternative with the largest distance is selected as the best
choice. To avoid the difficulties resulting from the different
units of the criteria, all criteria are normalized. In most ap-
plications the weighted Minkowski-distance is used. We let
a∗

i denote the i th component of the ideal point and ai∗ the i th

component of the nadir, and assumed that linear transforma-
tion was used for normalizing. The distance of alternative j

from the ideal point is then given by

D
p

j =
{

n∑
i=1

(
wi

a∗
i − aij

a∗
i − ai∗

)p
} 1

p

(5)
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Urmia Lake management

where p ≥ 1 is a positive user-selected model parameter.
Similarly, the distance of alterative j from the nadir is de-
fined by relation

d
p

j =
{

n∑
i=1

(
wi

aij − ai∗
a∗

i − ai∗

)p
} 1

p

(6)

In the case of equation 5 we should minimize the distance
from the ideal point, and in the case of equation 6 we should
maximize distance from nadir.

The selection of parameter p is very important because it
significantly affects the final choice. The case of p = 1 cor-
responds to simple additive weighting, p = 2 to squared
averaging, and p = ∞ is selected only if the largest devi-
ation is considered. Tecle et al. (1998) states, “Varying the
parameter p from 1 to infinity, allows one to move from
minimizing the sum of individual regrets (i.e., having a per-
fect compensation among the objectives) to minimizing the
maximum regret (i.e., having no compensation among the
objectives) in the decision making process. The choice of a
particular value of this compensation parameter p depends
on the type of problem and desired solution. In general, the
greater the conflict between players, the smaller the possi-
ble compensation becomes.” A suitable p value based on
the DM’s degree of optimism and the number of criteria to

Table 1.-Guideline to select suitable p values.

How many criteria Type of the CP
should be considered? Model p Situation

All criteria Minimizingthe
distance from
the ideal point

10 Pessimistic

Most criteria 2
Many criteria 1.5
Half of the criteria 1 Neutral
Some criteria Maximizing the

distance from
nadir

1.5 Optimistic

Few criteria 2
At least one criteria 10

be considered in his/her decision (Table 1; Zarghami and
Szidarovsky 2010).

Case study
Lake Urmia in northwestern Iran is the largest inland lake in
the country and one of the largest saline lakes in the world
(613,253 ha; Fig. 2). The lake is also one of the most impor-
tant and valuable aquatic ecosystems in the country. Some
1500 species of vascular plants, including unique Artemia

Figure 2.-Urmia Lake basin in Iran.
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Zarghami

Figure 3.-Declining groundwater levels in some areas of the Lake
Urmia basin.

sp., are distributed among 85 families and represent 15%
of total number of flora species found in country. Because
of its unique natural and ecological features, the lake has
been designated as a National Park, Ramsar Site and a UN-
ESCO Biosphere Reserve (Conservation of Iranian Wetland
Project 2008).

The lake basin, as a unique socio-ecological region, is
facing extreme water shortages due to poor water gover-
nance and climate change (Alipour 2006, Zarghami et al.
2009). Because of the intense agricultural development and
rapid urbanization, the groundwater level in some parts of
basin has decreased by up to 16 m (Fig. 3). According to
Alesheikh et al. (2009), the area of Urmia Lake decreased
from 5650 km2 in August 1998 to 4610 km2 in August 2001.
The water level of lake is now 2–3 m below its critical level
(Fig. 4). The lake requires a minimum inflow of 3 billion
m3/yr to compensate for annual evaporation (Conservation

of Iranian Wetland Project 2008). These decreasing water
levels are leading to an environmental disaster. The wetlands
around the lake are major staging areas for migrating birds
such as flamingos; however, in recent years their number
has declined (Zafarnejad 2010).

In addition to poor past management of the lake, a causeway
was constructed to facilitate transportation between cities
on the east and west sides of the lake. Because the majority
of water flow to the lake originates from the south, the
causeway has changed the circulation pattern, resulting in
many environmental problems. Investigations show that in
early 2003, climatic conditions and the causeway caused
the salinity of the lake to increase up to 250 ppt in the
southern part, while it exceeded 280 ppt in the northern
part. Artemia, the only aquatic fauna that the simple food
chain of the lake depends on, could tolerate salinity as high
as 300 ppt; however, its population growth is low at such
high salinity, and most of its physiological activities will
stop (Agh 2006). Therefore, Artemia does not fully recover,
especially in the northern part of the lake (Abatzopoulos
et al. 2006, Abbaspour and Nazaridoust 2007).

Vekerdy (2009) emphasized that, “Due to the intensive ir-
rigation and pumping, the surface and the groundwater re-
sources are overused around the lake. Less and less water is
available for the compensation of evaporation in the Urmia
Lake, so the shoreline retreats, leaving salt flats behind. This
land cannot be used for agricultural production, but it can
be a source of wind-blown salty dust, which precipitates on
the agricultural lands and makes production impossible. The
dust might cause severe respiratory diseases among the pop-
ulation in the basin, as was experienced in one of the largest
environmental disasters of this kind, around the Aral Sea.”

Figure 4.-Annual stage (m a.s.l.) of Lake Urmia (Zarghami 2010).
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Urmia Lake management

Table 2.-Evaluation of the criteria by 3 DMs.

Criteria

C1: Environmental C2: Construction C3: Simplicity C4: Social acceptance
Decision makers Power of DMs impacts cost of construction of the route

DM1 High High Very High Medium Slightly Low
DM2 Medium Slightly High Medium High High
DM3 Slightly Low Medium Very High Slightly Low High

A long-term vision of the lake assumes that adequate wa-
ter will sustain the landscape and rich biodiversity. The wise
use of its resources by local communities and the public will
enhance cooperation between the involved provincial orga-
nizations (Conservation of Iranian Wetland Project 2008).
The local and national organizations now have a plan to
maintain the lake condition.

One of these solutions is to transfer water from neighbor-
ing basins. Inter-basin water transfer has been successful in
some cases (Ghassemi and White 2007). In our study, we
evaluated the water transfer problem from the Aras basin
in North of the Urmia Lake. The transferred water (about
300 million m3/yr) would be used to meet the domestic and
agricultural demands in the northeastern part of the Urmia
Lake basin without flowing into lake. Therefore, the natural
recharge of the lake would be exceeded, and the pressure on
its environmental condition reduced. To transfer the water,
4 different routes were considered, with the same amount of
water transferred but passing through different landscapes,
geological layers, population centers and topographic re-
gions. The aim of this study is to evaluate these 4 routes
as the decision alternatives with respect to different criteria
and then select the best route.

The effective criteria

To evaluate the alternative routes, several effective criteria
and their weights were obtained by questioning 3 respon-
sible DMs. Four main criteria are negative environmental

Figure 5.-Equivalent fuzzy membership functions of linguistic
terms.

impacts, construction cost, simplicity of construction and
social acceptance. To obtain the group weights of these cri-
teria, a board of DMs was formed and, certain power was
delegated to each DM by the client. After describing the
criteria, DMs presented their preferences (weights) by us-
ing linguistic variables (Table 2; Ehsani 2009). The possible
preferences were in the range of very high, high, slightly
high, medium, slightly low, low and very low.

The linguistic variables are modeled with the fuzzy mem-
bership functions (Fig. 5; Table 3). To calculate the final
weight of criterion j , Fj , we aggregate the preferences of
DMs by using the simple additive weighting method:

Fj =
3∑

i=1

uicij (7)

where ui is the relative power of DMi showing its importance
and effect on the final decision, and cij is the weight of
criterion j presented by the DMi . Then, by using the fuzzy
simple additive weighting method, equations 1 and 3 and
the components of membership function (Table 3), the fuzzy
weight of criterion 1 can be computed:

F1 =
3∑

i=1

wiai1= (High∗High)

+ (Medium∗Slightly High)

+ (Slightly low∗Medium) (8)

Table 3.-Components of the trapezoidal fuzzy membership
functions.

Linguistic Variables Triangular fuzzy numbers

Very Low (0.00, 0.00, 0.00, 0.20)
Low (0.00, 0.10, 0.00, 0.20)
Slightly Low (0.20, 0.20, 0.20, 0.20)
Medium (0.50, 0.50, 0.20, 0.20)
Slightly High (0.80, 0.80, 0.20, 0.20)
High (0.90, 1.00, 0.20, 0.00)
Very High (1.00, 1.00, 0.20, 0.00)
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Zarghami

Table 4.-Evaluating the alternatives with respect to environmental
negative impacts.

Alternatives
Weights of

Sub-criteria sub-criteria A1 A2 A3 A4

Passing the Kiamaki national
reserved area for wildlife

Medium 0 0 2 2

Eliminate agricultural areas Very High 2 2 2 1
Raze historical heritage areas Medium 0 0 3 3
Unsuitable geological conditions High 2 2 1 1
Contrary to the national logistic

plan
Low 3 3 1 1

= (0.9*0.9, 1*1, 0.9*0.2+0.9*0.2-0.2*0.2, 1.0*0.0+1.0*
0.0+0.0*0.0)+(0.5*0.8, 0.5*0.8, 0.5*0.2+0.8*0.2-0.2*0.2,
0.5*0.2+0.8*0.2+0.2*0.2)+(0.2*0.5, 0.2*0.5, 0.2*0.2+
0.5*0.2-0.2*0.2, 0.2*0.2+0.5*0.2+0.2*0.2)=(1.31, 1.50,
0.64, 0.48).

Similarly we have F2 = (1.35, 1.45, 0.70, 0.44), F3 = (0.94,
1.04, 0.52, 0.52), and also F4 = (0.81, 0.90, 0.60, 0.60). By
using the max-membership method, the defuzzified criteria
weights are 1.40, 1.40, 0.99 and 0.85 respectively. Zarghami
and Szidarovszky (2010) suggested that the sum of the rel-
ative weights should reach unity; therefore, we normalized
the weight vector. For this reason, each value is divided by
their sum (4.64), and the normalized weight vector becomes
0.30, 0.30, 0.21, 0.19.

Ranking of the water transfer alternatives

Evaluations of alternatives with respect to criteria were ob-
tained from the corresponding authorities, and their data
were approved by the client. For this reason, the subcriteria
of the environmental criterion are firstly evaluated based on
data obtained form an Environmental Impact Assessment
study (EIA; Table 4). By using the simple additive weight-
ing, the combined environmental impact of each alternative

Table 6.-Distances of alternatives from the nadir with different p
values.

Alternatives

p value A1 A2 A3 A4

1 0.42667 0.70199 0.45750 0.81618
2 0.32564 0.39327 0.33883 0.41448

10 0.30001 0.30084 0.30005 0.26195

is obtained. The alternatives are then compared < based on
the 4 main criteria, including the environmental negative
impacts criterion (Table 5).

The compromise programming method was used to find the
appropriate alternative. The ideal point components are the
maximum values for positive criteria; the components of
the nadir are the actual minimum values; the negative cri-
teria components are evaluated in reverse order. There-
fore, the ideal points are (0.76, 161, 0.86, 0.86) and the
nadir points are (1.00, 211, 0.14, 0.29). Using the dis-
tance formula (equation 6) and the weights (w1 = 0.30,
w2 = 0.30, w3 = 0.21 and w4 = 0.19) as before, the dis-
tances of 4 alternatives from the nadir were determined
(Table 6).

According to these results in the case of p = 1, the results of
using the compromise programming method and the simple
additive weighting methods are equivalent; they result in
the same best choice and ranking of the alternatives. The
ranking of the alternatives can be obtained by ordering them
in decreasing dj values. In this case:

A4 � A2 � A3 � A1

where A4 is the best choice and A2 is the second most
preferred.

Table 5.-Evaluation matrix of alternatives with different criteria.

Alternatives

Criteria Weights of criteria∗ A1 A2 A3 A4

Environmental negative impacts∗∗ (Defined in Table 4) 0.30 0.76 0.76 1.00 0.83
Construction cost (Millions US$) 0.30 211 190 161 168
Simplicity of construction (road access; not passing

deep valleys; not passing unstable geological layers)
0.21 Very Low Slightly High Medium Medium

Social acceptance (considering these items: away from
main roads and private property; less conflict and
claim among stakeholders)

0.19 Medium Slightly Low Low Slightly High

∗Weights obtained from Table 2 by using the fuzzy arithmetic and the simple additive weighting.
∗∗Normalized values obtained by using the data of Table 4, by defuzzifying the linguistic values and applying the simple additive weighting.
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Urmia Lake management

Note that in the case of p = 2, A4 has the largest distance
from nadir, so it is again the best choice. The second most
preferred alternative is A2, and the ranking is

A4 �A2 �A3 �A1

Using large values for p converts the compromise program-
ming method to the max-max method. The max-max method
selects the alternative that has the maximum value in the nor-
malized evaluation matrix of the alternatives. The result of
using compromise programming with p = 10 is

A2 �A3 �A1 �A4

In this case, A2 is the best and A4 is the least preferred
decision. Comparing the results of these 3 scenarios based
on the p value shows that the most robust alternative is the
second one because its rank will not change if the p value
changes.

In the case of larger p values, which would occur if a DM
has a pessimistic view about the risk of decision making,
the second alternative is preferred. In other words, if a DM
avoids risk, selecting alternative 2 is a better decision. The
fourth alternative, however, has the highest combined good-
ness measure in the case of p = 1, meaning that if a DM
is not as sensitive to the uncertainties or the risk of making
poor decisions (DM has a neutral view of risk), alternative
4 is a better decision.

According to the case study results, using the introduced
GDSS based on the compromise programming had a number
of advantages:

1. The model considers several criteria in decision making
process.

2. The criteria weights are obtained by using the fuzzy set
theory from different DMs, facilitating consensus among
them instead of considering the preferences of a single
DM.

3. The manager assigned different power weights for the
DMs.

4. Compromise programming presents the aggregate dis-
tance from both nadir and ideal points, and we have the
complete rankings of the alternatives.

5. Changing the p value in the compromise programming
shows the risk acceptance in the decision making prob-
lem. The sensitivity analysis presents the most robust
alternative in the uncertain conditions.

Summary
Lake Urmia basin is in critical condition for both ecological
and economical life, mainly due to rapid urbanization, un-
sustainable agricultural development and recent droughts,
probably caused by climate change. To modify this con-

dition, the government plans to transfer water from other
basins. In this study, 4 alternative water transfer routes
were evaluated using a GDSS, revealing the most reli-
able route with respect to the preferences of the differ-
ent decision makers. According to this study, GDSS was
found as a suitable tool for effective water and environ-
mental projects management. Another advantage of using
these types of GDSS is considering the preferences of dif-
ferent decisions makers and stakeholders and then build-
ing consensus among them, which is vital for sustainable
development.
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