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a  b  s  t  r  a  c  t

In  this  study,  a modified  fuzzy  credibility  constrained  programming  (MFCCP)  model  is  developed  for  agri-
cultural  irrigation  systems  management  under  uncertainty.  The  developed  MFCCP  model  incorporates
fuzzy  programming  and  credibility  constrained  programming  into  a  modelling  framework,  which  can
solve the  problems  associated  with  uncertain  parameters  in  fuzzy  decision  space  when  their  stochastic
distribution  information  are  unavailable.  Optimal  schemes  can  be  obtained  in  the  combination  of  differ-
ent  credibility  levels  and  various  contributions  from  possibility  and  necessity  to  credibility.  The  MFCCP
model  is  applied  to a real case  study  in  the  agricultural  areas  of Wulabo  lowland  in Urumqi,  which  is
a typical  arid  region  in  Northwest  China.  The  results  indicate  that  the  credibility  level  intensely  affects
system  net  benefit,  especially  when  it varies  from  1 to 0.9.  Water  allocation  to  all  crops  decreases  with
the  increasing  credibility  level,  which  is  the  major  reason  for the  total  benefit’s  shrink.  The  developed
model  can  effectively  specify  the variety  of  uncertainties  through  provision  of  additional  � informa-
tion,  which  represents  the  possibility  of satisfying  the objective  and  constraints  and  corresponds  to  the
decision  makers’  preference  regarding  the  tradeoffs  between  system  benefits  and  reliability  levels. More-
over, significantly  different  management  strategies  exist  under  various  contribution  rates  of possibility
and  necessity  to  credibility,  therefore  the  model  can  be adjusted  according  to  various  considerations,
besides,  much  optimal  and applicable  management  strategies  can  be expected  through  identifying  the
most  appropriate  contribution  rate  for possibility  and  necessity  to credibility.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Scientific and effective water resources management has been
increasingly being one of crucial solutions for global water crisis.
Over the past decades, controversial and conflict-laden issues in
water resources became serious, particularly water shortage (Beck,
1987; Davies and Simonovic, 2011). Excessive resource exploita-
tion, unreasonable industrial, agricultural, municipal and domestic
utilization, as well as negative natural response to human activi-
ties (e.g. reduced flows of rivers, streams and lakes, groundwater
depletion) all contribute to the above problems (Sarker et al.,
2008; Zeng et al., 2010; Shi et al., 2014). The conflict between
reduced water supplies and increased water demands has led
to severe obstacle to socio-economic development. Water-saving
and beneficial water resources management systems are thus
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important for tackling water crisis problems and promoting sus-
tainable development (Komakech et al., 2011).

However, multiple uncertainties exist in water resources
management problems, presented as hardly-identified system
components including natural, social, environmental, technical and
political factors (Lavee, 2010; Singh, 2014). Random characteristics
of natural conditions, such as climate change, geographic feature,
hydrological conditions, simulation errors and complexities of sys-
tem operations, are all potential sources of uncertainties (Sousa
et al., 2013). Inefficient acknowledgement of such uncertainties
would lead to the inapplicability of water management policies,
and further disturb the system balance. In the past decades, many
inexact optimization methods were proposed to deal with uncer-
tainties in water resources management (Pallottino et al., 2005; He
et al., 2010; Lu et al., 2011, 2012; Li et al., 2014; Zhang et al., 2014;
Fan et al., 2015). Among them, the fuzzy credibility constrained pro-
gramming (FCCP) method has been proved as an effective approach
to tackle uncertainties.

FCCP was  proposed as a measure of confidence level in fuzzy
environment, based on the uncertainty theory (Dubois and Prade,
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1992). It can tackle uncertain parameters identified as various
kinds of fuzzy membership functions, such as triangular and trape-
zoidal forms (Liu and Iwamura, 1998). Currently, FCCP has been
used for solving various uncertain problems in real world practices
(Huang, 2006). For example, Zhang and Huang (2010) proposed
an FCCP approach by integrating credibility constrained program-
ming into the framework of robust programming; it was  superior
when all of the imprecise parameters were presented as distributed
fuzzy membership functions. The developed approach was then
applied to a solid waste management problem, and useful solutions
were obtained for supporting long-term decision making. Rong and
Lahdelma (2008) also presented an FCCP model for steel produc-
tion optimization, where the uncertainty in chemical composition
of the scrap was addressed; it was found that the failure risk in the
system can be managed by proper combination of aspiration lev-
els and confidence factors for defining fuzzy numbers, while the
local decision makers need to gaining insights into the tradeoff
between failure risk and material cost. Zhang et al. (2012) applied
an FCCP method to deal with parameter uncertainty in a regional
power system by incorporating the concepts of credibility based
chance constrained programming and mixed integer programming
within an optimization framework, which can explicitly address
planning problems and systematic uncertainties without unrealis-
tic simplifications. According to these efforts, FCCP has showed its
effectiveness with uncertain parameters whose stochastic distri-
bution information is unavailable. In general, the aforementioned
FCCP methods were effective for solving the problems associated
with uncertain parameters in fuzzy decision space when their
stochastic distribution information is unavailable.

In the previous FCCP approaches, credibility was  set to be the
average of possibility and necessity; this assumed that possibility
and necessity had the equal contribution to the credibility that an
event would occur. However, a truth is that a different decision
maker would pay dissimilar proportions (or weights) to possibil-
ity and necessity when estimating credibility. Since the weights
may be variable case by case, it is desired that the existing FCCP
be modified to account for the impact of the proportions assigned
by different decision makers on the estimated credibility. There-
fore, the objective of this study is to improve conventional FCCP
approaches, through analyzing different contributions of possi-
bility and necessity to credibility as well as their effects on real
problems. The modified FCCP (i.e. MFCCP) is developed in which
different proportions for possibility and necessity are studied com-
pared with the equal assumption in FCCP. In real decision problems,
possibility and necessity are usually not presented as equality
relation. Moreover, different proportions for possibility and neces-
sity have advantages in analyzing the systematic reliability when
input parameters are presented as uncertain information. Inexact
parameters will be used to reflect parameter uncertainty. Trade-
offs between water allocation and resources shortage will then be
analysed under different credibility levels and possibility/necessity
contributions. The MFCCP will be applied to a real-world water
resources management problem in Urumqi, which is one of the
most arid regions in Northwest China. The obtained results can
help decision makers generate management alternatives for crop-
ping pattern and water supply, with consideration of groundwater
resources utilization.

2. Development of modified fuzzy credibility constrained
programming

2.1. Conventional FCCP

FCCP is effective under situations where system analysis is
desired and the uncertain information can be well identified as

fuzzy sets (Zhao and Liu, 2005). Generally, a conventional FCCP
model can be formulated as follows:

Max
n∑

j=1

c̃jxj (1a)

subject to

Cr

⎧⎨
⎩

n∑
j=1

ãijxj ≤ b̃i

⎫⎬
⎭ ≥ �i, i = 1, . . .,  m, (1b)

xj ≥ 0, j = 1, . . .,  n. (1c)

where x = (x1, x2, . . .,  xn, ) is  a vector of non-fuzzy decision vari-
ables, c̃j is coefficient in objective; ãij, b̃i are fuzzy coefficients in
constraints. Here, i is the number of constraints and j is the number
of variables. Formula (1a) is the objective function in the optimal
framework. Formula (1b) shows that the credibility of constraint

(
n∑

j=1

ãijxj ≤ b̃i) should be greater than or equal to level �i.

Consider two  fuzzy variables ã  and b̃ (i.e. ã = (a1, a2, a3), b̃ =
(b1, b2, b3)) with membership function �(x), where the member-
ship function can be denoted by:

� (x) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

x − t1

t2 − t1
if t1 ≤ x < t2,

x − t3

t2 − t3
if t2 ≤ x < t3,

0 otherwise.

(2)

The membership function �(x) is denoted with a triangle fuzzy
variable which is determined by a triplet (t1, t2, t3) of deterministic
numbers.

The possibility of a fuzzy event, characterized by ã  ≤ b̃, is defined
as follows:

Pos
{

ã ≤ b̃
}

= sup
{

min (�a (x) , �b (y)) |x, y ∈ �, x ≤ y
}

(3)

Based on the definition in Eqs. (1) and (3), the possibility of ã ≤ b̃
can be calculated as follows:

Pos
{

ã ≤ b̃
}

=

⎧⎪⎪⎨
⎪⎪⎩

1 if a2 ≤ b2

b3 − a1

b3 − b2 + a2 − a1
if a2 > b2, a1 ≤ b3

0 if a1 > b3

(4)

The necessity of ã ≤ b̃ presents the impossibility of the opposite
event, i.e. proposition “ã is less than or equal to b̃” is true, and can
be defined as

Nec
{

ã ≤ b̃
}

= inf
{

max (�a (x) , 1 − �b (y)) |x, y ∈ �, x < y
}

(5)

Similarly, the necessity can be calculated as follow:

Nec
{

ã ≤ b̃
}

=

⎧⎪⎪⎨
⎪⎪⎩

1 if a3 ≤ b1

b2 − a2

a3 − a2 + b2 − b1
if a2 < b2, a3 > b1

0 if a2 ≥ b2

(6)

Liu and Liu (2002) advanced an integrated credibility measure,
which is the average of the possibility and necessity measures as
follows:

Cr
{

ã ≤ b̃
}

= 1
2

(
Pos

{
ã ≤ b̃

}
+ Nec

{
ã ≤ b̃

})
(7)
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