
Water Resour Manage (2010) 24:4639–4657
DOI 10.1007/s11269-010-9683-z

Water Resources Sustainability and Optimal Cropping
Pattern in Farming Systems; A Multi-Objective
Fractional Goal Programming Approach

Abbas Amini Fasakhodi · Seyed Hedayatollah Nouri ·
Manouchehr Amini

Received: 29 December 2009 / Accepted: 2 June 2010 /
Published online: 26 June 2010
© Springer Science+Business Media B.V. 2010

Abstract Water resources sustainability has the main contribution to the existence
and durability of the farming systems and strongly depends on the cropping pattern
practices. A comprehensive cropping pattern planning takes in to account the high
level of interrelation of the environmental, economic and social aspects of farming
systems. In order to assess the sustainability of water resources and determine an
optimal pattern of cropping in a rural farming system, this paper introduces two ratios
of “net return/water consumption” and “labor employment/water consumption”
and attempts to simultaneously optimize them as the sustainability indicators. To
this purpose, a multi-objective fractional goal programming (MOFGP) procedure
is considered as the main approach of the study to be accomplished by several
other single and multi-objective linear and fractional programming models. The
results show that the FP models are more significant to contribute in assessing the
sustainability indicators compared to the LP models, and the MOFGP solution is
considered better, compared to the single objective FP solutions. The results will be
illustrated quantitatively.

Keywords Water resources sustainability · Optimal cropping pattern ·
Multi-objective fractional goal programming (MOFGP)

1 Introduction

Water shortage is a worldwide problem and is more severe in arid and semi-arid
regions. This problem becomes even more severe by increasing the water demands
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due to the population growth, improving the living standards and the small-scale
climatic changes (WorldBank 1992; Mariolakos 2007). The only feasible solution
to this problem is to make efficient use of water in agriculture and to increase
productivity of limited water resources. Recently, enhancing the irrigation efficiency
and water productivity has been investigated in several studies (e.g., Onta et al.
1991; Mainuddin et al. 1997; Raju and Kumar 1999; Haouari and Azaiez 2001; Sethi
et al. 2002; Benli and Kodal 2003; Tsakiris and Spiliotis 2006; Sethi et al. 2006;
Sahoo et al. 2006; Liu et al. 2009; Kilic and Anac 2010; Montazar et al. 2010). It is
also believed that with appropriate water management practices in crop planning,
up to 50% of available water can be saved (e.g., Shangguan et al. 2002). However,
different agricultural, environmental and socio-economic criteria should be taken
in to account to find an appropriate water management and consequently crop
planning practices in farming systems. These criteria are generally conflicting and
inconsistent. For example, maximizing the net return in a farming system requires
more withdrawal of water resources, while the sustainability of the system entails
reducing the water consumption.

In cases when several objective functions (conflicting and incommensurable) exist,
the optimal solution for one function is not necessarily optimal for the other func-
tions, and hence one may introduce the notion of the best compromise solution, also
known as nondominated solution, efficient solution, noninferior solution, Pareto’s
optimal solution (Stancu-Minasian and Pop 2003). Therefore, a compromise solution
among such conflicting criteria needs to be defined. Multiple criteria decision-
making (MCDM) methods such as goal programming (GP) have frequently been
used to simultaneously optimize several objectives in crop planning (e.g., Sarker and
Quaddus 2002; Tsakiris and Spiliotis 2006; Sharma and Jana 2009; Vivekanandan
et al. 2009) and water resources management (e.g., Al-zahrani and Ahmad 2004;
Bravo and Gonzalez 2009). A recent progress in this context is developing fractional
programming (FP) models with multiple objectives. In this case, each objective takes
the form of a ratio that has a linear numerator and denominator. Thus, fractional
programming deals with a situation where a ratio between physical and/or economi-
cal functions, for example cost/time, cost/volume, cost/profit, or other quantities that
measure the efficiency of a system, is minimized (Stancu-Minasian and Pop 2003).

In many practical applications, optimization of ratios of criteria gives more insight
in to the situation than the optimization of each criterion (Craven 1988). Using ratios
in the formulation of a problem assures that only the solutions with better achieve-
ments per unit of resource would be selected and also combining the objectives
in ratios facilitates the management of solutions (Lara and Stancu-Minasian 1999).
In fact, these ideas call for a technically efficient use of resources as a necessary
condition of sustainability under a preventive framework in order to achieve the
maximum level of output allowed by a level of inputs or to use the minimum levels
of inputs to achieve a desired level of outputs (Lara and Stancu-Minasian 1999).
Hence, as stated by Monteith (1990), the question for an operational strategy in
this approach is not maximizing ‘per se’ but maximizing outputs and minimizing
inputs. In other words, this means maximizing the desired outputs and minimizing
the undesired outputs and using non-renewable and scarce inputs. Such types of
problems, the objectives of which are ratio functions and conflicting in nature, are
inherently multi-objective fractional programming problems and there exist several
methodologies to solve these problems (Chakraborty and Gupta 2002). From among
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these methodologies, the goal programming approach is a more generalized one (e.g.,
Kornbluth and Steuer 1981; Gómez et al. 2006).

In this study, a rural region situated in the eastern part of the city of Isfahan,
central Iran, was selected to investigate appropriate cropping pattern and water
resources management scenarios in regard to its farming system sustainability. This
region is perfectly rural with relatively high population density, of which almost 70%
is involved in agricultural sector (Amini Fasakhodi 2009). Limited irrigation water,
which is mainly from groundwater in the region, cannot meet the requirements of
common cropping pattern. Additionally, the aquifers are depleting (Fig. 1) due to
extensive withdrawal of groundwater as reported by RWOI (2007a) and generally
low level of precipitation. The rapid fall of groundwater level creates a “chain reac-
tion” of physical and ecological consequences that can lead to serious socio-economic
repercussions such as immigration and suburbia phenomenon. Conservation of water
level in the groundwater reservoirs of the region has also been emphasized and
recommended in the previous studies, for example, the study done by Sogreah
Ingéneries Consultant (1974). This study, however, was carried out at the time when
the water table and climate had a far better condition. Thus, there is an imminent
need for a more efficient pattern of cropping on the regional scale to meet the
objectives of land utilization, maximization of labor employment and income of farm-
ers based on the available water resources. Therefore, the socio-economic aspects
of the farming system were considered in terms of maximizing the net return and
labor employment opportunities. In order to connect these socio-economic aspects
to the water resources as a main environmental aspect of the farming system, two
ratios were defined and formulated in the form of “net return/water consumption”
and “employment/water consumption”. These ratios hence were considered as two
fractional objectives of the study, and a multi-objective fractional goal programming
(MOFGP) procedure was formulated to simultaneously optimize them based on a set
of constraints related to some other production resources availabilities. In addition
to MOFGP model as the main approach of the study, some other single and multi-
objective linear and fractional models were also formulated and solved in order to
compare the relevant cropping patterns in terms of their potential contributions to
assessing the sustainability indicators. Efficiency of water consumption is one of the
most important and widespread issues about farming systems sustainability. Defining

Fig. 1 Dropping of water table level in the aquifer which the study area is included, measured
monthly (RWOI 2007a)
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and optimizing such ratios via appropriate patterns of cropping elucidate a better
management of the socio-economic aspects of a farming system by reducing the use
of scarce water resources. Thus, the associated environmental impacts of farming
activities can also be reduced through more efficient use of water resources.

2 Materials and Methods

2.1 Linear Fractional Programming

Mathematical Programming (MP) has been widely used to investigate different as-
pects of agricultural systems in recent decades. Among the different MP techniques,
Fractional Programming (FP), which is similar to Data Envelopment Analysis
(DEA; Charnes et al. 1978) according to its mathematical background, is a well-
known technique for optimizing the efficiency of several decision-making units.
Nonetheless, in the contexts of agricultural systems, FP can be considered as a natural
way of approaching the issues related to the sustainability of the systems (Lara and
Stancu-Minasian 1999). In FP the goal is to optimize the ratio between physical
and/or economic functions (Gómez et al. 2006), which are linear combinations of
decision variables. In a general form, the mathematical structure of a single objective
linear fractional program with n decision variables and m constraints can be written
as (Goedhart and Spronk 1995):

Max g = (
cT x + α

)
/
(
dT x + β

)

st : x ∈ S = {x ∈ Rn|Ax ≤ b; x ≥ 0; b ∈ Rm}
(1)

The numerator and denominator of the goal fraction are real functions defined on
Rn, with the decision variables vector x, technical coefficients vectors c, d and scalar
constants α, β. The right hand side (RHS) vector, b , of the constraints is defined on
Rm, so technical coefficients, A, form an m × n matrix.

To find the optimum solution for this problem, a new variable (y) need to be
introduced under an additional assumption in which the denominator of the above
quotient is strictly positive throughout the feasible set of solutions (see the details in
Charnes and Cooper 1962).

y = x.t and t = (
1/dT x + β

)
. (2)

Using this transformation, the original fractional problem is changed to an ordinary
linear programming problem with an additional constraint as follows:

Max g = cT y + α

st: Ay − bt ≤ 0; dT y + β.t = 1; y, t ≥ 0
(3)

Based on this transformation, if (y′, t′)T is an optimum solution of the problem, then
x′ = y′/t′ will be an optimum solution of the original fractional problem (Charnes
and Cooper 1962; Goedhart and Spronk 1995).
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2.2 Multi-Objective Fractional Goal Programming (MOFGP)

In order to simultaneously optimize two fractional objectives, a multi-objective
fractional programming procedure is needed. To achieve the purpose, we adopted
the multi-objective fractional goal programming (MOFGP) procedure as a main
approach of the study. To do this, a vector of decision variables, x, needs to meet a set
of r linear constraints so that each of the fractional objectives obtains a desired value.
In order to include multiple goals in the formulation of the optimization problem,
deviational variables are used. These variables, which are not negative, measure the
difference between the desired values and the obtained actual results for each of the
objectives. With a predefined priority order of the goals, the optimization problem
can be formulated as follows (Gómez et al. 2006):

Min
∑

m
wm.nm

s.t. x ∈ S

ct
mx + αm

dt
mx + βm

+ nm − pm = um ; nm, pm ≥ 0 (4)

where cm, dm ∈ Rn, am, b m ∈ R, wm is the weight of the mth goal and nm, pm are
the negative and positive deviational variables for the same goal. The desired value
of fractional goal for the mth goal (um) is calculated by solving a single objective
fractional program problem as explained in the previous section. Due to the both
of study fractional objectives must be maximized, the deviational variables to be
minimized are the negative ones. By multiplying Eq. 4 by dt

mx + βm and assuming
that it is always positive in the decision space, the problem can be further simplified
as:

Min
∑

m
wmn′

m

s.t. x ∈ XS

ct
mx + αm − (

dt
mx + βm

)
um + n′

m − p′
m = 0

n′
m, p′

m ≥ 0 (5)

The linear form of Eq. 5 is equivalent to the fractional form of Eq. 4 and the following
relationship exists between their deviational variables.

n′
m = nm

(
dt

mx + βm
); p′

m = pm
(
dt

mx + βm
)

(6)

For the purpose of searching the solutions in the S that verify all the goals at a
given priority level, as shown by Caballero and Hernández (2006) existence or non-
existence of such solutions can be deduced by solving Eq. 5.

2.3 Data Sources and Model Description

2.3.1 Study Area

The study area, a portion of the Zayande-Roud river basin in central Iran, is a
rural region situated between the north latitudes of 32◦ 19′ 06′′ to 32◦ 31′ 59′′ and
east longitudes of 51◦ 45′ 40′′ to 52◦ 06′ 32′′ covering an area of 340.55 km2 about
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Fig. 2 The map of study area, Baraan rural district, Isfahan county, Isfahan province, Iran

30 km south-east of the provincial capital Isfahan (Fig. 2). The area, named south
Baraan, is bounded on the north by Zayandeh-Roud, the largest river in central
Iran. It is located in the semi-arid climate, with mean annual temperature of 16◦C
and annual rainfall ranging between 72.75 and 115.5 mm. The mean elevation of
the region is 1550 m above the mean sea level. This rural area covers 22 villages
with a total population of 15,210 (about 4,048 households), of which about 10,500
are occupied in agriculture. So, farming is still the main way of life in this region
and the driving force for its development (Amini Fasakhodi 2009). The area com-
prises two distinct morphological units, arable alluvial plain in the northern part
along the riverside and the uncultivable mountainous in the southern part. The
tableland alluvial plain (about 14,000 ha) includes the most fertile soils of the region
from which 12,000 ha currently is under cultivation. Farming practices are usually
based on irrigation in two cropping seasons, spring and winter. The major crops
in the spring are rice and silage maize whereas for the winter season are wheat,
barley and onion, and the common annual crop is alfalfa (which planted in spring
season).

2.3.2 Overview of Applied Data Set

The summary of database used for this study is given in Tables 1 and 2. The net
return, indicating the marginal revenue of the crops per unit area of farming, was
calculated taking into account the potential crop yield, the market price and the
cost of production. The corresponding data were collected from the region’s center
of agricultural services, by interviewing the experts and completing the standard
cropping cost–benefit questionnaire (Ministry of Jihad-E-Agriculture 2007). Labor
requirements data, for production of the crops per unit area of farming, were also es-
timated for the planting, crop protection and harvesting periods in a cropping season
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Table 1 Coefficients matrix and RHS for attributes and constraints

Objectives and constraints Activities (main crops of the region)

x1 x2 x3 x4 x5 x6

Wheat Barley Rice Maize Alfalfa Onion

Net return (×106 Rs) 8.74 7.01 18.98 29.96 8.77 19.11 Max.
Employment (man-day) 22.39 19.39 71.1 37.29 84.2 137.3 Max.
Total water use (×102 m3) 48 40.6 151.93 63.24 104.2 60.2 Min.
Land use (ha) 1 1 1 1 1 1 ≤12000
Seasonality (Rotation) +1 +1 −1 −1 −1 +1 ≥0
Capital (×106 Rs) 6.06 5.59 23.02 21.04 16.53 35.49 ≤160000

separately and added together to calculate the labor force technical coefficients for
crops in total cropping season duration (Table 1).

The irrigation water requirements (IWR) of the crops were collected and ob-
tained monthly from two data bases, Farshi et al. (1997) and Alizadeh and Kamali
(2007). These data (Table 2) are based on the climatological circumstances and
crop calendar of the region. The Penman-Monteith method was used to estimate
the potential evapotranspiration (ET0). Based on the calculated evapotranspira-
tion, the seasonal IWR of crops per unit area of farming was then estimated by
adding the monthly IWR of corresponding crops, in order to calculate the total water
consumption.

The monthly water resources availability (groundwater and surface water) in
the study area (Table 2) were calculated using the records of the regional water
organization of the Isfahan (RWOI 2006, 2007b).

2.3.3 The Model

The structure of the study model was formulated as below:

Eff.
{ ∑

i Ni.xi∑
i Wi.xi

,

∑
i Emi.xi∑
i Wi.xi

}
(7)

Table 2 Coefficients matrix and RHS (right hand sides) for monthly water constraints and water
availabilities

Water use (×102 m3) Activities (main crops of the region) RHS

x1 x2 x3 x4 x5 x6

Wheat Barley Rice Maize Alfalfa Onion

Apr. (k = 1) 13.8 13.8 0 0 9.9 12.9 ≤97656.78
May (k = 2) 15.6 11.3 0 0 3.4 17.1 ≤119834.4
June (k = 3) 2.2 0 12.32 0 15.8 5.1 ≤85770
Jul. (k = 4) 0 0 32.28 10.62 16.5 0 ≤90216.3
Aug. (k = 5) 0 0 33.67 19.4 15.7 0 ≤103979.3
Sep. (k = 6) 0 0 35.38 20.01 12.6 0 ≤96897
Oct. (k = 7) 0 0 28.06 13.21 8 4.1 ≤62574
Nov. (k = 8) 0.9 0.4 4.22 0 4.5 4 ≤50488.6
Dec. (k = 9) 1.4 1.2 0 0 1.7 2.8 ≤26368
Mar. (k = 12) 8.1 8.1 0 0 6.1 7.4 ≤58863.2
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s. t.

∑

i

(xi)s ≤ A ∀s

∑

i

IWRik.xi ≤ (ηa.SWk + ηb .GWk) ∀k

∑

i

(xi)S1 −
∑

i

(xi)S2 ≥ 0

∑

i

ci.xi ≤ C

xi ≥ 0; (i = 1, 2, . . . , 6); (k = 1, 2, ..., 12) (8)

Nomenclature of the subscripts, variables and parameters of the model is:

i = 1, 2, ..., 6 crop type index
s = 1, 2 cropping season index
k = 1, 2, ..., 12 month index
xi Allocated land to ith crop (ha)
Ni Net return of ith crop (106 Rs/ha)
Emi Labor requirement during the cropping season for ith crop (man-day/ha)
A Total cultivable area in the region (ha)
ci Per unit area cost of production for ith crop (106 Rs/ha)
C Total available capital in the rural region for farming activities (106 Rs)
Wi Net water requirement for ith crop during the cropping season (102 m3/ha)
IWRik Net irrigation water requirement for ith crop during kth month (102 m3/ha)
SWk Available surface water in the region during the kth month (102 m3)
GWk Available groundwater in the region during the kth month (102 m3)
ηa Irrigation efficiency of surface water at the region (%)
ηb Field water application efficiency of groundwater at the region (%).

Total available capital, C parameter, was obtained based on the existing pattern of
cropping in the region, by solving a calibrated LP model for maximization of the net
return in the objective function. In a calibrated LP, the decision variables xi take
the given values as less than or equal to the allocated lands to each of the crops
in the existing pattern of cropping and hence considered as constraints. Contrarily,
the unknown availability of some production resources in the right hand size (RHS)
of the relevant constraints, such as the total capital availability (C) in the present
problem, were taken into consideration as decision variables where obtained by
solving the model. The net return, Ni, was calculated by taking into account the
current market price (106 Rs/ton), yield (ton/ha) and cost of production (106 Rs/ha)
of ith crop.
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Problem Constraints Set of the inequalities (8) in the model refers to the system
constraints of the problem illustrated as follows:

Land Availability Constraints The sum of lands allocated to various crops in each
season must be less than or equal to the total cultivable area in the region during
each cropping season, namely

x1 + x2 + x6 ≤ 12000 (ha) for winter (s = 1) season, (9)

x3 + x4 + x5 ≤ 12000 (ha) for spring (s = 2) season (10)

Monthly Water Requirement Constraints The irrigation water requirements of all
crops must be fully satisfied during all the seasons from the available surface water
and groundwater resources. The water requirement constraints should be such that
the crop water requirements in each month in the study area should be less than
equal to that month cumulative water availability for both groundwater and surface
resources. Therefore, the monthly water requirement constraints are (referred to the
data provided in Table 2):

13.8x1 + 13.8x2 + 9.9x5 + 12.9x6 ≤ 97656.78 (11)

15.6x1 + 11.3x2 + 3.4x5 + 17.1x6 ≤ 119834.4 (12)

2.2x1 + 12.32x3 + 15.8x5 + 5.1x6 ≤ 85770 (13)

32.28x3 + 10.62x4 + 16.5x5 ≤ 90216.3 (14)

33.67x3 + 19.4x4 + 15.7x5 ≤ 103979.3 (15)

35.38x3 + 20.01x4 + 12.6x5 ≤ 96897 (16)

28.06x3 + 13.21x4 + 8x5 + 4.1x6 ≤ 62574 (17)

0.9x1 + 0.4x2 + 4.22x3 + 4.5x5 + 4x6 ≤ 50488.6 (18)

1.4x1 + 1.2x2 + 1.x5 + 2.8x6 ≤ 62574 (19)

8.1x1 + 8.1x2 + 6.1x5 + 7.4x6 ≤ 58863.2 (20)

Seasonality Constraint During a farming year, as a planning horizon, all of the lands
along the region are not completely allocated to the mentioned crops, so that some of
lands left on fallow in the spring season, which water resources encounter with some
deficiencies. So, the crop rotation or seasonality of the farming activities will be

x1 + x2 − x3 − x4 − x5 + x6 ≥ 0 (21)
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Capital Constraint The total amount of money that can be spent for farming
activities must be less than or equal to the total available capital at the region, namely

6.06x1 + 5.59x2 + 23.02x3 + 21.04x4 + 16.53x5 + 35.49x6 ≤ 16000 (22)

This constraint refers to the restriction of the available capital at the region for these
activities, which calculated based on the existing farming situation of the region by
solving a calibrated LP model.

Non-Negativity Constraints It is possible not to allocate any area for a crop in an
allocation zone, but it is impossible to allocate a negative size of an area for a crop.
Therefore, decision variables of the model cannot take negative values.

x1, x2, x3, x4, x5, x6 ≥ 0 (23)

3 Model Applications, Results and Discussion

Based on the above set of system constraints, several linear (A1, B1 and C1 scenarios)
and fractional (A2, B2 and C2 scenarios) models with single and multiple objectives
in the objective function were formulated and solved using the LINDO package for
windows as detailed below. All objectives are considered for a farming year as a
planning horizon is divided to two seasons.

3.1 The Objective Functions Formulation

3.1.1 LP Formulation for Maximization of Net Return (A1 Scenario)

The economic objective like net return maximization is commonly aspired to by
every decision maker. However, such objectives are more desired in farming systems
and farmers always prefer a cropping pattern which can provide them with more
financial returns which can be formulated (referred to the Table 1) as:

Max 8.74x1 + 7.01x2 + 18.98x3 + 29.96x4 + 8.77x5 + 19.11x6 (24)

3.1.2 LP Formulation for Maximization of Labor Employment (B1 Scenario)

Labor-intensive cropping pattern to minimize unemployment as well as under-
employment in the agricultural sector, especially in rural areas of under-developed
or developing countries, can be considered as a way for promotion of social situation
in farming systems which mathematically can be expressed (referred to the Table 1)
as:

Max 22.39x1 + 19.39x2 + 71.1x3 + 37.29x4 + 84.2x5 + 137.3x6 (25)

3.1.3 LGP Formulation for Maximization of Net Return and Labor Employment
Simultaneously (C1 Scenario: LGP)

Based on the pay-off matrix (Table 4), the objective function values (O.F.V.s) of the
above two LP models are 207141and 605454 respectively. By considering of these
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values as aspiration levels for net return (24) and labor employment (25) objectives,
the corresponding linear goal programming (LGP) formulation will be:

Min n1 + n2 (26)

Subject to

(24) + n1 − p1 − 207141 = 0

(25) + n2 − p2 − 605454 = 0

}

(Goal constraints);

(9) − (23) (System constraints);
n1, n2, p1, p2 ≥ 0 (System constraints);

(27)

n1, n2, p1, and p2 are respectively negative and positive deviational variables with
regard to the under- and overachievements of the goals (24) and (25) from their
aspiration levels.

3.1.4 FP Formulation for Maximization of “Net Return/Water Consumption”
(A2 Scenario)

In this scenario the economic objective of net return maximization is considered from
the sustainability point of view and hence remodeled related to the total amount of
water consumption in a farming year as a most determinant environmental resource.
So the problem can be formulate as a linear fractional programming to optimize the
ratio of net return/water consumption. Such ratio, in fact maximizes the profit in lieu
of unit of water use. Mathematically (referred to the Table 1 technical coefficients):

Max
8.74x1 + 7.01x2 + 18.98x3 + 29.96x4 + 8.77x5 + 19.11x6

48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6
(28)

Subject to

System constraints: (9)–(23).

Based on the procedure described in the “Section 2.1” for linearization of the
above ratio objective function and the structure of transformed constraints, by
considering of variable transformations t = 1/(48x1 + 40.6x2 + 151.9x3 + 63.24x4 +
104.2x5 + 60.2x6) and yt = t.xi, the equivalent linear model will be:

Max 8.74y1 + 7.01y2 + 18.98y3 + 29.96y4 + 8.77y5 + 19.11y6 (29)

s.t.

y1 + y2 + y6 − 12000t ≤ 0

y3 + y4 + y5 − 12000t ≤ 0

13.8y1 + 13.8y2 + 9.9y5 + 12.9y6 − 97656.78t ≤ 0

... transformed (12) − (19)

8.1y1 + 8.1y2 + 6.1y5 + 7.4y6 − 58863.2t ≤ 0

y1 + y2 − y3 − y4 − y5 + y6 ≥ 0

6.06y1 + 5.59y2 + 23.02y3 + 21.04y4 + 16.53y5 + 35.49y1 − 16000t ≤ 0

48y1 + 40.6y2 + 151.93y3 + 63.24y4 + 104.2y5 + 60.2y6 = 1

y1, y2, y3, y4, y5, y6, t ≥ 0

(30)
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Finally, the solution for pattern of cropping will be obtain through xi = y1

t .

3.1.5 FP Formulation for Maximization of “Labor Employment/Water
Consumption” (B2 Scenario)

The social objective of labor employment maximization also from the sustainability
point of view and related to the total of water consumption as a most determinant
environmental resource, remodeled as a linear fractional programming to optimize
the ratio of labor employment/water consumption. The relevant FP model (referred
to the Table 1) is:

Max
22.39x1 + 19.39x2 + 71.1x3 + 37.29x4 + 84.2x5 + 137.3x6

48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6
(31)

Subject to

System constraints: (9)–(23).

Similar to the previous linearization description, the equivalent LP model for this
problem is also as bellow:

Max 22.39y1 + 19.39y2 + 71.1y3 + 37.29y4 + 84.2y5 + 137.3y6 (32)

Subject to

Set of constraints: (30).

Variable transformations of this model are the same of the previous one and
calculation of the final solution for pattern of cropping is also the same.

3.1.6 FGP Formulation for Simultaneous Maximization of “Net Return/Water
Consumption” and “Labor Employment/Water Consumption”
(C2 Scenario: MOFGP)

Optimizing of two above ratios together, as the sustainability indicators in a farming
system, leads to a multi-objective fractional programming (MOFP) problem as the
main approach of this study which can mathematically be expressed as:

Eff.
{

8.74x1 + 7.01x2 + 18.98x3 + 29.96x4 + 8.77x5 + 19.11x6

48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6
,

22.39x1 + 19.39x2 + 71.1x3 + 37.29x4 + 84.2x5 + 137x6

48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6

}
(33)

Subject to

System constraints: (9)–(23).

The reasons behind the formulation of this kind of objectives (fractional objec-
tives) for maximization are: (1) This type of ratios convey more information about
the sustainability situation of the farming system and consequently water resources.
(2) Maximization of this type of ratios will lead to the maximum or near maximum
value of the net return or labor employment accompanied by the minimum or near
minimum value of the water resources withdrawal simultaneously. Towards the
sustainability of the whole system, this is more advantageous than maximizing the
net return (labor employment) or minimizing the water consumption separately.
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In this paper, the GP methodology has been considered in order to formulation
and solving of this problem. So, the C2 scenario presents the multi-objective frac-
tional goal programming (MOFGP) as the main approach of the study in order
to assessing the sustainability of water resources in a farming system for better
management.

The objective function values (O.F.V.s) of the single objective FP models for “net
return/water consumption” (A2 scenario) and “labor employment/water consump-
tion” (B2 scenario) are 0.348 and 0.787 respectively, as depicted in the pay-off matrix
(Table 4). Physically these ratios mean that the earned benefit and employment in
lieu of consuming a unit (1 m3) of water resources are 0.348 (106 Rs) and 0.787
(man-day), respectively. By considering of these values as aspiration levels for “net
return/water consumption” (28) and “labor employment/water consumption” (31)
objectives, the fractional goal programming model for C2 scenario will based on the
Eq. 4 described in material and methods section be:

Min n1 + n2 (34)

Subject to

(28) + n1 − p1 − 0.348 = 0

(31) + n2 − p2 − 0.787 = 0

}

(Goal constraints);

(9) − (23) (System constraints);
n1, n2, p1, p2 ≥ 0 (Non-negativity constraints).

(35)

n1, n2, p1, and p2 are respectively negative and positive deviational variables with
regard to the under- and overachievements of the fractional goals (28) and (31) from
their aspiration levels.

Based on the Eq. 5 linearization procedure related to the above non-linear goal
constraints, the equivalent final Linear GP model obtained as:

Min n′
1 + n′

2 (36)

Subject to

(24) − 0.348(48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6) + n′
1 − p′

1 = 0

(25) − 0.787(48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6) + n′
2 − p′

2 = 0

(9) − (23)

n′
1, n′

2, p′
1, p′

2 ≥ 0. (37)

There exist the following relationships between the deviational variables of two
above linear and non-linear models.

n′
1 = ni(48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6)

p′
1 = pi(48x1 + 40.6x2 + 151.93x3 + 63.24x4 + 104.2x5 + 60.2x6)

i = 12 (38)

3.2 Results and Discussion

By solving the described scenarios for economical, social and sustainability-oriented
objectives with a similar structure of constraints (Eqs. 9–23), several patterns of
cropping were obtained as detailed in Table 3, indicating the allocated lands to
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Table 3 Extreme efficient points (cropping patterns) obtained from linear and fractional models in
cases of single and multiple objectives

Efficient solutions Activities

x1 x2 x3 x4 x5 x6

Current 5000 500 1000 3000 1000 1500
A1 6546 0 260 4478 0 567
B1 0 3703 825 1163 3012 1296
C1 1497 2224 741 1247 3011 1279
A2 0 4621 0 4407 0 1089
B2 0 5365 440 2803 0 1380
C2 0 4434 0 4339 0 1243

x1 wheat, x2 barley, x3 rice, x4 silage maize, x5 alfalfa, x6 onion, current existing pattern of cropping,
A1 LP model to optimize ‘net return’ objective, B1 LP model to optimize ‘labor employment’
objective, C1 LGP model to optimize ‘net return’ and ‘labor employment’ objectives simultane-
ously, A2 FP model to optimize ‘net return/water use’ objective, B2 FP model to optimize ‘labor
employment/water use’ objective, C2 FGP model to optimize ‘net return/water use’ and ‘labor
employment/water use’ objectives simultaneously

different crops in each pattern. In order to assess the sustainability of each of these
patterns, the ratios of “net return/water consumption” and “labor employment/water
consumption” were defined and computed as the sustainability indicators. The
amounts of net return, employment creation, water consumption and the above
mentioned sustainability indicators were also calculated and presented in Table 4.
The last two columns in this table show the measured values of the two fractional
objectives.

In order to assess the advantage of fractional programming solutions (cropping
patterns) over the linear programming ones for system sustainability, their mea-
sured indicators were compared in Table 5. As the results show, in the individ-
ual optimization of the economical objective, the sustainability indicators of “net
return/water consumption” and “employment/water consumption”, increased by

Table 4 Pay-off matrix, net return, employment, water use and measures of sustainability indicators
of cropping patterns obtained from single and multi-objectives linear and fractional models

Efficient Net return Employment Water use Net return/ Employment/
solutions (man-day) water use water use

Current 193500 594765 796450 0.243 0.747
A1 207141 409908 671039 0.308 0.610
B1 127647 605454 741109 0.172 0.817
C1 130966 604956 744401 0.176 0.812
A2 185240 403499 531875 0.348 0.758
B2 156310 429310 545006 0.287 0.787
C2 184828 418477 529241 0.349 0.790

x1 wheat, x2 barley, x3 rice, x4 silage maize, x5 alfalfa x6 onion, current Existing pattern of cropping;
A1 LP model to optimize ‘net return’ objective, B1 LP model to optimize ‘labor employment’
objective, C1 LGP model to optimize ‘net return’ and ‘labor employment’ objectives simultane-
ously, A2 FP model to optimize ‘net return/water use’ objective, B2 FP model to optimize ‘labor
employment/water use’ objective, C2 FGP model to optimize ‘net return/water use’ and ‘labor
employment/water use’ objectives simultaneously
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Table 5 Increase (decrease) of farming system sustainability indicators in FP optimization solutions
compared to the LP solutions

Sustainability indicators Economical objective Social objective Multiple objectives
(A2/A1) (B2/B1) (C2/C1)

Net return/water use 12.98 66.8 98.3
Employment/water use 24.2 (3.6) (2.7)

A1; A2; B1; B2; C1; C2: Are the same as the Tables 3 and 4
Values are percentage (difference of FP and LP measures divided by LP measures and multiplied by
100)

12.9% and 24.2% due to the solving of fractional programming model compared
to the linear programming. In the individual optimization of the social employment
objective and also the multiple objective programming context, though the “employ-
ment/water consumption” indicator slightly decreased by 3.6% and 2.7%, the other
indicator “net return/water consumption” increased by 66.8, and approximately two
times more (98.3%) in the case of fractional programming compared to linear one
(Table 5). Figure 3 also shows these indicators (fractional objectives) for single
and multiple objective models analogically in two cases of linear and fractional
programming procedures.

Compared to the current situations and existing pattern of cropping (row 3 of
Tables 3 and 4), the simultaneous improvement in both indicators of sustainability
(calculated and reported in Table 6) has occurred only due to the fractional program-
ming models. From the efficiency point of view, none of the points A1, B1 and C1 LP
solutions dominated the current situation according to both sustainability indicators
(Table 6). Therefore, they were considered as technically non-efficient solutions. In
contrast, A2, B2 and C2 FP solutions are more efficient than the current situation.
Although in single and even multiple linear programming frameworks, solutions such
as A1, B1 and C1 might be considered appropriate and eligible, their sustainability
competence is very doubtful, as there exist solutions that are more efficient in term
of net return and employment creation per unit of water resources consumption.
Such solutions could be sought using fractional programming procedures as cited
here. Additionally, in fractional programming context, C2, which corresponds to the
multi-objective fractional goal programming (MOFGP) procedure, dominates both
A2 and B2 which correspond to the single objective fractional programming models
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Fig. 3 Measures of sustainability indicators net return (a) and employment (b) per water consump-
tion in linear and fractional models. SOP1: Single objective programming models A1 and A2; SOP2:
Single objective programming models B1 and B2; MOP: Multi-objective programming models C1
and C2
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Table 6 Dominance of FP solutions over the LP solutions compared to the existing pattern of
cropping from the water resources sustainability indicators point of view (values are percentage)

Sustainability FP solutions LP solutions
indicators Economical Social Multiple Economical Social Multiple

objective objective objectives objective objective objectives
(A2/current) (B2/current) (C2/current) (A1/current) (B1/current) (C1/current)

Net return/ 43.2 18.1 43.62 26.74 (29.2) (27.57)
water use

Employment/ 1.47 5.35 5.75 (18.34) 9.37 8.7
water use

Current; A1; A2; B1; B2; C1; C2: Are the same as the Tables 3 and 4
Figures in parenthesis indicate non-dominance or decrease percentage of measures

through sustainability indicators. Results of this comparison are also presented in
Table 7.

Sustainability of water resources in agricultural systems is a complex issue as it
depends on various interdependent aspects. The adequate levels of net return and
employment in farms are also the essential economic and social outputs required to
ensure the sustainability and maintain the population of the farming system. Though
economic development is in principle desirable, it often entails environmental de-
pletion leading to a trade-off between environmental sustainability and economic
development. To fully understand the linkages between agricultural production,
income generation, employment creation and environmental sustainability, it is
needed to examine the interdependence of such socio-economic attributes and how
they affect sustainability.

Fractional programming (FP) approach, introduced and examined in this study,
outperforms MCDM framework and is more suitable for studying sustainability
problems. When the quantitative managing of the inputs and outputs of an agricul-
tural system is at the core of concern, “ratios are a natural and more comprehensive
way of dealing with the issues related with the sustainability of systems” (Lara
and Stancu-Minasian 1999). In addition, ratios and the FP procedures facilitate the
assessment of the solutions as explained and cited previously, compared to the LP
and GP procedures. As the results showed, substitution of some excessive water
consuming crops with the other less water consuming and also socio-economically
beneficial ones in the cropping pattern leads the farming system of the region to a
more sustainable situation. In this way, durability of the region’s water resources
and consequently long lasting development of farming system could explicitly be
supported and encouraged.

Table 7 Dominance of multi-objective over the single objective programming from the water
resources sustainability measures point of view in FP solutions

Sustainability indicators Multi-objectives programming compared to

Single economical objective (C2/A2) Single social objective (C2/B2)

Net return/water use 0.28 4.22
Employment/water use 21.6 0.38

A2; B2; C2: Are the same as the Tables 3 and 4
Values are percentage
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4 Conclusions

This paper presents a regional scale problem about water resources management
and consequently cropping pattern planning. Cropping pattern planning involves a
complex set of interrelated environmental and socio-economic criteria, which are
inherently conflicting and inconsistent. In order to consider and include the water
resources sustainability in the cropping pattern planning, we are concerned with
a special type of multi-objective programming problem where objective functions
are of linear fractional structure. This kind of problem has many applications. In
this paper, in addition to using the LP models to optimize the net return and
labor employment objectives separately, and a linear GP model to optimize these
objectives simultaneously, two fractional objectives in the cases of “net return/water
consumption” and “employment/water consumption” ratios were also defined and
optimized as sustainability indicators. To optimize these fractional objectives sepa-
rately, two single objective linear fractional programming models were developed
and a multi-objective fractional goal programming (MOFGP) procedure was also
formulated for optimizing these sustainability indicators simultaneously as the main
study approach. The advantages and appropriateness of FP models in contributing
to the sustainability indicators compared to the LP models, and also MOFGP model
cropping pattern solution compared to the single objective FP model solutions
were discussed in detail and clarified quantitatively. Such patterns of cropping on
the regional scale can achieve the socio-economic objectives of maximization of
labor employment and income of farmers based on the available water resources,
keeping them in farming systems especially in rural areas and additionally, reducing
the associated environmental impacts of farming activities by more efficient use
and management of water resources. Implementation of these managerial efforts
in the whole region needs extensional contributions to make farmers adopt the
changes.

References

Alizadeh A, Kamali Gh (2007) Crops water requirements in Iran. Emam Reza University Press,
Mashdad (in Persian)

Al-zahrani MA, Ahmad AM (2004) Stochastic goal programming model for optimal blending of
desalinated water with groundwater. Water Resour Manag 18:339–352

Amini Fasakhodi A (2009) Determining optimal cropping pattern in the east region farming lands
of Isfahan (Baraan region), using multiple criteria goal programming approach. PhD thesis,
University of Isfahan, Isfahan (in Persian)

Benli B, Kodal S (2003) A non-linear model for farm optimization with adequate and limited water
supplies application to the South-east Anatolian Project (GAP) Region. Agric Water Manag
62:187–203

Bravo M, Gonzalez I (2009) Applying stochastic goal programming: a case study on water use
planning. Eur J Oper Res 196(3):1123–1129

Caballero R, Hernández M (2006) Restoration of efficiency in a goal programming problem with
linear fractional criteria. Eur J Oper Res 172(1):31–39

Chakraborty M, Gupta S (2002) Fuzzy mathematical programming for multi-objective linear frac-
tional programming problem. Fuzzy Sets Syst 125:335–342

Charnes A, Cooper WW (1962) Programming with linear fractional functionals. Nav Res Logist Q
9:181–186

Charnes A, Cooper WW, Rhodes E (1978) Measuring the efficiency of decision making units. Eur J
Oper Res 2:429–444



4656 A. Amini Fasakhodi et al.

Craven BD (1988) Fractional programming. Heldermann, Berlin
Farshi A, Shariati M, Jarollahi R, Ghaemi M, Shahabifar M, Tavallaei MM (1997) Estimation of

main farming and gardening crops water requirements in Iran (vol. 1: Farming crops). Soil and
Water Research Institute (SWRI) of Agricultural Ministry. Agricultural Education Press, Karaj
(in Persian)

Goedhart MH, Spronk J (1995) Financial planning with fractional goals, Theory and Methodology.
Eur J Oper Res 82:111–124

Gómez T, Hernández M, Len MA, Caballero R (2006) A forest planning problem solved via a linear
fractional goal programming model. For Ecol Manag 227:79–88

Haouari M, Azaiez MN (2001) Optimal cropping patterns under water deficits. Eur J Oper Res
130:133–146

Kilic M, Anac S (2010) Multi-objective planning model for large scale irrigation systems: method and
application. Water Resour Manage. doi:10.1007/s11269-010-9601-4

Kornbluth JSH, Steuer RE (1981) Goal programming with linear fractional criteria. Eur J Oper Res
8:58–65

Lara P, Stancu-Minasian I (1999) Fractional programming: a tool for the assessment of sustainability.
Agric Syst 62:131–141

Liu Y, Yu Y, Guo H, Yang P (2009) Optimal land-use management for surface source water pro-
tection under uncertainty: a case study of Songhuaba watershed (Southwestern China). Water
Resour Manag 23:2069–2083

Mainuddin M, Gupta AD, Onta PR (1997) Optimal crop planning model for an existing groundwater
irrigation project in Thailand. Agric Water Manag 33:43–62

Mariolakos I (2007) Water resources management in the framework of sustainable development.
Desalination 213:147–151

Ministry of Jihad-E-Agriculture (2007) The cost of main agricultural crops production (farming
questionnaire). Office of Statistics and Information Technologies, Tehran, Iran (in Persian)

Montazar A, Riazi H, Behbahani SM (2010) Conjunctive water use planning in an irrigation com-
mand area. Water Resour Manag 24:577–596

Monteith JL (1990) Can sustainability be quantified? Indian J Dryland Agric Res Dev 5(1):
1–5

Onta PR, Gupta AD, Paudyal GN (1991) Integrated irrigation development planning by multiobjec-
tives optimization. Int J Water Resour Dev 7:185–193

Raju KS, Kumar DN (1999) Multicriterion decision making in irrigation planning. Agric Syst 62:
117–129

Regional Water Organization of Isfahan (RWOI) (2006) The report of groundwater studies of
Kouhpayeh-Segzi hydrologic unit. Office of Groundwater Studies, Isfshsn (in Persian)

Regional Water Organization of Isfahan (RWOI) (2007a) Aquiferous water level studies of the
Kouhpayeh-Segzi hydrologic unit. Office of Water Resources Fundamental Studies, Isfshsn (in
Persian)

Regional Water Organization of Isfahan (RWOI) (2007b) Mirab-E-Zayanderoud Corporation. The
surface water resources daily records database (in Persian)

Sahoo B, Lohani AK, Sahu RK (2006) Fuzzy multiobjective and linear programming based
management models for optimal land–water–crop system planning. Water Resour Manag 20:
931–948

Sarker R, Quaddus M (2002) Modelling a nationwide crop planning problem using a multiple criteria
decision making tool. Comput Ind Eng 42(2–4):541–553

Sethi LN, Kumar DN, Panda SN, Mal BC (2002) Optimal crop planning and conjunctive use of water
resources in a coastal river basin. Water Resour Manag 16:145–169

Sethi LN, Panda SN, Nayak MK (2006) Optimal crop planning and water resources allocation in a
coastal groundwater basin, Orissa, India. Agric Water Manag 83:209–220

Shangguan Z, Shao M, Horton R, Lei T, Qin L, Ma J (2002) A model for regional optimal allocation
of irrigation water resources under deficit irrigation and its applications. Agric Water Manag
52:139–154

Sharma DK, Jana RK (2009) Fuzzy goal programming based genetic algorithm approach to nutrient
management for rice crop planning. Int J Prod Econ 121:224–232

Sogreah Ingéneries Consultant (1974) Amenagement de la plaine d’ Esfshsn; etude de devel-
oppment agricole de la plaine d’ Esfahan. Organisation de l’ eau de la region Esfahan (in
French)

Stancu-Minasian IM, Pop B (2003) On a fuzzy set approach to solving multiple objective linear
fractional programming problem. Fuzzy Sets Syst 134:397–405

http://dx.doi.org/10.1007/s11269-010-9601-4


Water Resources Sustainability and Optimal Cropping Pattern 4657

Tsakiris G, Spiliotis M (2006) Cropping pattern planning under water supply from multiple sources.
Irrig Drain Syst 20:57–68

Vivekanandan N, Viswanathan K, Gupta S (2009) Optimization of cropping pattern using goal
programming approach. Opsearch 46(3):259–274

World Bank (1992) World development report (development and the environment). Oxford Univer-
sity Press, UK


	Water Resources Sustainability and Optimal Cropping Pattern in Farming Systems; A Multi-Objective Fractional Goal Programming Approach
	Abstract
	Introduction
	Materials and Methods
	Linear Fractional Programming
	Multi-Objective Fractional Goal Programming (MOFGP)
	Data Sources and Model Description
	Study Area
	Overview of Applied Data Set
	The Model


	Model Applications, Results and Discussion
	The Objective Functions Formulation
	LP Formulation for Maximization of Net Return (A1 Scenario)
	LP Formulation for Maximization of Labor Employment (B1 Scenario)
	LGP Formulation for Maximization of Net Return and Labor Employment Simultaneously (C1 Scenario: LGP)
	FP Formulation for Maximization of ``Net Return/Water Consumption'' (A2 Scenario)
	FP Formulation for Maximization of ``Labor Employment/Water Consumption'' (B2 Scenario)
	FGP Formulation for Simultaneous Maximization of ``Net Return/Water Consumption'' and ``Labor Employment/Water Consumption'' (C2 Scenario: MOFGP)

	Results and Discussion

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


