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ABSTRACT 

The objective of the present study is to develop the irrigation planning model and to apply the same in the form of Two- 
Phase Multi Objective Fuzzy Linear Programming (TPMOFLP) approach for crop planning in command area of Ja- 
yakwadi Project Stage I, Maharashtra State, India. The development of TPMOFLP model is on the basis of various 
Linear Programming (LP) models and Multi Objective Fuzzy Linear Programming (MOFLP) models, these models 
have been applied for maximization of the Net Benefits (NB), Crop production (CP), Employment Generation (EG) and 
Manure Utilization (MU) respectively. The significant increase in the value of level of satisfaction (λ) has been found 
from 0.58 to 0.65 by using the TPMOFLP approach as compare to that of MOFLP model based on maxmin approach. 
The two-phase approach solution provides NB = 1503.56 Million Rupees, CP = 335729.30 Tons, EG = 29.74 Million 
Man days and MU = 160233.70 Tons respectively. The proposed model will be helpful for the Decision Maker (DM) to 
take a decision under conflicting situation while planning for different conflicting objectives simultaneously and has 
potential to find out an integrated irrigation planning with prime consideration for economic, social and environmental 
issue. 
 
Keywords: Sustainable Irrigation Planning; Multi Objective Fuzzy Linear Programming; Maxmin Approach;  

Two-Phase Approach 

1. Introduction 

The management of agriculture irrigation water resource 
has always accompanied by uncertainties due to random- 
ness and imprecision in irrigation. Therefore, the effi- 
cient management of limited water resources has always 
been a great concern for irrigation policy maker along 
with farmers. The fuzzy set theory is an alternative to 
deal with the uncertainty in irrigation planning. The term 
fuzzy was first introduced and inducted by Zadeh [1], 
which brought paradigm shift from classical set theory to 
fuzzy set theory. In fuzzy set theory, membership is in a 
set, which can range from incomplete (equals 0) to com- 
plete (equals 1). Vagueness in describing the planning 
goals/objectives and uncertainties involved in the deci- 
sion parameter as well as decision variables can be done 
with the help of fuzzy set. Bellman and Zadeh [2] have 
focused on the concept of decision making in a fuzzy 
environment. Bellman and Zadeh [3] have provided a 
model for approximate rather than precise reasoning, to 

represent how the fuzzy logic differs from conventional 
logical systems. Zadeh has made novel contribution with 
his papers for the development, propagation and applica- 
tion of fuzzy logic to the real world problems ([4-15]). 
The successful attempts have been made to develop the 
Fuzzy Linear Programming (FLP) by Zimmermann ([16, 
17]), Werners [18], Lee and Li [19] and, subsequently, 
Guu and Wu [20] and Wu and Guu [21] proposed a new 
method, in which the FLP has initially solved and later 
the efforts have been made to improve the optimal solu- 
tion by enhancing the level of satisfaction (λ). Li and Li 
[22] have proposed the two-phase approach to compute 
the efficient solutions to fuzzy multiple objective linear 
programming problems. 

Raju and Nagesh Kumar [23] have formulated the FLP 
model for three conflicting objectives and dealt with fuz- 
zification of objective functions only. Raju and Duck- 
stein [24] have developed the MOFLP model for sus- 
tainable irrigation planning considering the three objec- 
tives as fuzzy. Regulwar and Anand Raj ([25,26]) have  
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developed a monthly Multi Objective Genetic Algorithm 
Fuzzy Optimization model. Regulwar and Gurav [27] 
have developed the MOFLP irrigation planning model, 
which considers the fuzziness in four objectives of the 
case study. Regulwar and Gurav [28] have presented the 
study on irrigation planning under uncertainty consider- 
ing different cases using MOFLP approach. Gurav and 
Regulwar [29] have proposed the model for minimization 
of cost of cultivation along with interactive decision 
making under fuzzy environment. Regulwar and Gurav 
[30] presented the sustainable irrigation planning model 
to tackle imprecise parameters using fuzzy logic. Gurav 
and Regulwar [31] developed the MOFLP model, focus- 
ed on multi objective sustainable irrigation planning with 
decision parameters and decision variables as fuzzy. Re- 
gulwar and Gurav [32] proposed the irrigation planning 
model with fuzzy parameters along with an interactive 
approach, which deals with the consideration of balance 
between the feasibility degree of constraints and satisfac- 
tion degree of objective. Mirajkar and Patel [33] develo- 
ped the irrigation planning model with maxmin approach, 
two-phase approach and compromise approach to the 
case study of Ukai irrigation project in the State of Guja- 
rat, India. Regulwar and Gurav [34,35] proposed the ir- 
rigation planning models using fuzzy logic for minimiza- 
tion of cost of cultivation along with the uncertainty/va- 
gueness associated with the parameters of irrigation plan- 
ning. 

It has found from the literature review presented in the 
manuscript that no model has been found for sustainable 
irrigation planning using two-phase approach. In the pre- 
sent study, an attempt has been made to improve the so- 
lution obtained through MOFLP (max-min approach), by 
applying Two-Phase Multi Objective Fuzzy Linear Pro- 
gramming (TPMOFLP) model, for various objectives 
such as viz. maximization of Net Benefits (NB) , Crop 
Production (CP), Employment Generation (EG) and Ma- 
nure Utilization (MU) simultaneously. The primary ob- 
jective of the present study is to develop the TP-MOFLP 
model for sustainable irrigation planning, which im- 
proves the efficiency of the optimal solution obtained by 
maxmin operator approach suggested by Zimmermann 
([16,17]). The developed methodology and model have 
been applied to the case study of Jayakwadi Project 
Stage-I in Godavari River sub basin in the State of Ma- 
harashtra, India. The LINGO 13 optimization package 

has been used to solve the FLP optimization models. 

2. Model Development and Methodology 

The objective of the present study is to find optimal 
cropping pattern for the 75% dependable inflow. The 
problem has been formulated as an optimization model 
based on deterministic inflows. In the formulation of the 
problem, various assumptions have been made: The irri- 
gation intensity adopted is 22% (Kharif season), 45% 
(Rabi season) and 28% (Two Seasonal), Hot Weather 
crop 3%; Perennial 4.5% of the total command area and 
that becomes a total irrigation intensity of 102.5%. Only 
surface water has been considered for irrigation. Under 
certain overlapping situations, care is taken of by adding 
specific constraints. The input cost for each crop is con- 
sidered as twenty percent of the total gross benefits to be 
gained. 

2.1. Description of the Study Area 

The lower Godavari River Basin, Maharashtra State, In- 
dia is taken for present study. The Jayakwadi Project 
Stage-I is located across the eastward flowing river Go- 
davari. The salient features of the Jayakwadi Project 
Stage-I are presented in Table 1. From the soil survey 
report, it is seen that near the canal alignment, the soils 
are shallow, consisting of a thin mantle of soil over the 
murum stratum. The area adjoining the Godavari River 
and its major tributaries are deep silt and black soils. 
Figure 1 shows index map of Jayakwadi Project, Ma- 
harashtra State, India. 

2.2. Model Development 

The following four objectives have been considered in 
the present study. 

2.2.1. Maximization of Net Benefits (NB) 
The decision maker tries to maximize the net benefits. 
The net benefits coefficients from the irrigated area un- 
der various crops are obtained by subtracting the input 
cost (20% of gross benefit) from gross benefit for differ- 
ent crops. The Gross benefits are calculated by multiply- 
ing the average yield of a crop per ha and current market 
price of that crop. The objective function for maximiza- 
tion of net benefits can be expressed as 

 

2 3 2 2 1

1 1 1 1 1

2 3 2 2 1

1 1 1 1 1

Maximize

K K R R TS TS P P HW HW
i i i i i i i i i i

i i i i i

K K R R TS TS P P HW HW
i i i i i i i i i i

i i i i i

NB

A BC A BC A BC A BC A BC

A IC A IC A IC A IC A IC

    

    

      
 

       
 

    

    

                (1) 
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Table 1. Salient features of the Jayakwadi project stage-I. 

Type of dam Earth 

Gross capacity at F.R.L. 2909 Mm3 

Capacity of dead storage 738 Mm3 

Capacity of live storage 2170 Mm3 

Max. height of dam 37.73 m 

Full reservoir level 463.906 m 

Irrigable command area 1416.40 km2 

Capacity for power generation 12 MW (Pumped storage plant) 

 

Godavari River 

Jayakwadi 

30Km 120Km 60 0 

Scale 

India 

 

Figure 1. Index map of Maharashtra state, India. 
 

[In which i = crop index. 1 = Sugarcane (Perennial), 2 
= Banana (Perennial), 3 = Chillies (Two Seasonal), 4 = L 
S Cotton (Two Seasonal), 5 = Sorghum (Kharif), 6 = 
Paddy (Kharif), 7 = Sorghum (Rabi), 8 = Wheat (Rabi), 9 
= Gram (Rabi) and 10 = Groundnut (Hot Weather)] 

K
iA 
RA 

 Area of ith  crop in Kharif season (ha); 

i
HWA 

 Area of ith  crop in Rabi season (ha); 

i
PA 

 Area under Hot Weather crop (ha); 

i
TSA 

Area under Perennial crop (ha); 

i

BC
 Area under Two Seasonal crop (ha);  

i

IC 
= Benefit coefficient for ith crop (Rs/ha); 

i
K 

 Input cost for ith crop (Rs/ha); 
 Kharif; 

P   Perennial; 
R   Rabi; 
TS   Two Seasonal; 
HW   Hot Weather. 

2.2.2. Maximization of Crop Production (CP) 
The decision maker tries to maximize the crop produc- 
tion. The crop production coefficients have been taken as 
the average yield of a crop per ha [36]. The objective 
function for maximization of crop production can be 
written as 

 
2 3 2

1 1 1

2 1

1 1

Maximize

K K R R TS
i i i i i i

i i i

P P HW HW
i i i i

i i

CP

iAY   Average yield of ith crop (Tons/ha); 
In case of second objective i.e. Maximization of CP 

has thought of from keeping the food sufficiency in the 
region. At least the survival of people of region can only 
be thought of if sufficient food is available. By consider- 
ing this aspect, the sustainability has associated with 
second objective. 

2.2.3. Maximization of Employment Generation (EG) 
The decision maker (DM) has to concentrate on the ma- 
ximization of employment generation with view of socio- 
economic development. 

 
2 3 2

1 1 1

2 1

1 1

Maximize

K K R R TS
i i i i i

i i i

P P HW HW
i i i i

i i

EG

TS
iA RMD A RMD A RMD

A RMD A RMD

  

 

  


  


  

 

  (3) 

iRMD   Requirement of Man Days for ith crop/ha; 
The labour requirement or number of Man Days (MD) 

for a particular crop/ha has arrived at by discussions with 
farmers and experts from agricultural field. 

In case of third objective i.e. Maximization of EG has 
thought from the socio-economic point of view. In de- 
veloping country like India, the distribution of agricul- 
tural land is uneven. Most of people they do not have 
their own land to cultivate and they can think of them- 
selves in the form of labour to avail bread and butter for 
their survival. The irrigation policy maker has to think 
from employment generation point of view for sustain- 
ability in case social and economical aspects. Due to 
these reasons, the third objective has related to sustain- 
ability. 

2.2.4. Maximization of Manure Utilization (MU) 
In order to maintain the fertility and nutrient sufficiency 
of soil in proper manner, decision maker should concen- 
trate on maximization of utilization of manures. 

 
2 3 2

1 1 1

2 1

1 1

Maximize

K K R R TS
i i i i i

i i i

P P HW HW
i i i I

i i

MU

TS
iA RMU A RMU A RMU

A RMU A RMU

  

 

  


  


  

 

 (4) 

iRMU   Requirement of Manure Utilization in tons 
for ith crop/ha; 

The Requirement of Manure Utilization (RMU) for a 
crop/ha is arrived by discussion with farmers and experts 
from agricultural field. 

TSA AY A AY A AY

A AY A AY

  

 

  


  


  

 

    (2) 

In case of the fourth objective i.e. maximization of 
MU, the green manure has prepared by the farmer by de- 
composing the waste from the farming activity and waste 
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from the live stock activities. This does not include any 
harmful chemicals, fertilizers and pesticides. This kind of 
manure helps to maintain nutrients sufficiency of soil for 
various crops. Nowadays, due to excessive use of fertil- 
izers and chemicals, the soil is loosing its own ability to 
supply nutrients. Hence, it has tried to incorporate the 
MU as related to sustainability. 

2.3. Constraints 

2.3.1. Total Sowing Area Constraint 
The total area constraint, for various crops, for the present 
study, has considered in order to take care of the total area 
available for cultivation in command area during different 
crop seasons. The total sowing area constraint has given 
by the following equation, 

2 3 2 2 1

1 1 1 1 1

K R TS P HW
i i i i i

i i i i i

A A A A A C
    

     
 
     A



   (5) 

CA = Total command area. 
Maximum Sowing Area Constraint (According to the 

existing cropping Pattern) 
The maximum sowing area constraint for various 

crops has been defined, to account for maximum sowing 
area available for cultivation during various crop seasons 
according to existing cropping pattern of the project. The 
maximum sowing area constraint is given by, 

Kharif 


2 2 2

1 1 1

P TS K P TS K
i i i i i

i i i
iA A A CA CA CA

  

      
 
    (6) 

Rabi 

 
2 2 3

1 1 1

P TS R P TS R
i i i i i

i i i
iA A A CA CA CA

  

      
 
    (7) 

Hot Weather and Perennial 


2 1

1 1

P HW P H
i i i i

i i

A A CA CA
 

    
 
 

K

W            (8) 

iCA  Command area for Kharif season for ith crop 
(ha); 

R
iCA   Command area for Rabi season for ith crop 

(ha); 
HW
iCA 
P
iCA 

Command area under Hot Weather crop (ha); 
Command area under perennial crop (ha). 

2.3.2. Affinity Constraint 
The farmers of the region have a tendency to grow cash 
crops and other crops according to their own interest and 
benefits. To safeguard the interest of the food requirement 
of the region according to the storage capacity of the re- 
servoir, the following limitations (upper limit using the 
existing cropping pattern) for various crops have been in- 
corporated as constraints, 

Perennial 

1
P P

iA CA                  (9a) 

1
PA  Area under Perennial crop (Sugarcane)  

2
P P

iA CA                  (9b) 

2
PA  Area under Perennial crop (Banana)  

Two Seasonal 

3
TS TS

iA CA                 (9c) 

3
TSA Area under Two Seasonal crop (Chilies)  

4
TS TS

iA CA                 (9d) 

4
TSA Area under Two Seasonal crop (LS Cotton) 

Kharif 

5
K K

iA CA                  (9e) 

5
KA  Area under Kharif crop (Sorghum)  

6
K K

iA CA                  (9f) 

6
KA  Area under Kharif crop (Paddy)  

Rabi 

7
R R

iA CA                  (9g) 

7
RA  Area under Rabi crop (Sorghum)  

8
R R

iA CA                  (9h) 

8
RA  Area under Rabi crop (Wheat) 

9
R R

iA CA                   (9i) 

9
RA  Area under Rabi crop (Gram) 

Hot Weather 

10
HW H

i
WA CA                (9j) 

10
HWA  Area under Hot Weather crop (Groundnut) 

2.3.3. Labour Availability Constraint 
Refereeing to the problem of unavailability/shortage of 
labour during farming season it has suggested that to 
tackle the problem of uncertainty of availability of labour, 
the labour requirement should not exceed the total labour 
availability during that interval, 

Kharif 

2 2 2

1 1 1

2 2 2

1 1 1

P P TS TS K K
i i i i i i

i i i

P TS K
i i i

i i i

A RMD A RMD A RMD

LA LA LA

  

  

   
 
    
 

  

  
    (10)

 

Rabi 

2 2 3

1 1 1

2 2 3

1 1 1

P P TS TS R R
i i i i i i

i i i

P TS R
i i i

i i i

A RMD A RMD A RMD

LA LA LA

  

  

   
 
    
 

  

  
     (11)
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Rabi (Perennial and Hot Weather 
2 1

1 1

2 1

1 1

P P HW HW
i i i i

i i

P HW
i i

i i

A RMD A RMD

LA LA

 

 

  
 
   
 

 

 
     (12) 

2 2 3

1 1 1

2 2 3

1 1 1

P P TS TS R R
i i i i i i

i i i

P TS R
i i i

i i i

A RMU A RMU RMU

MA MA MA

A
  

  

 
 
 
 

  
 

 

 

  

  
 (14) 

iLA 
RMD

Labour availability for ith crop; 

i  Requirement of Man Days for ith crop/ha. Perennial and Hot Weather 

2 1

1 1

2 1

1 1

P P HW HW
i i i i

i i

P HW
i i

i i

A RMU A RMU

MA MA

 

 

 
 
 
 

  
 





 

 
            (15) 

2.3.4. Manure Availability Constraint 
Referring to the scarcity of manure, which is needed to 
ensure the fertility of soil, it is suggested that in order to 
maintain fertility of the soil, the total manure requirement 
should not exceed the total availability of the manure in 
that season. 

iMA  Manure availability for ith crop; 
Kharif RMU

2 2 2

1 1 1

2 2 2

1 1 1

P P TS TS K K
i i i i i i

i i i

P TS K
i i i

i i i

A RMU A RMU A RMU

MA MA MA

  

  

   
 
    
 

  

  
 (13) 

i   Requirement of Manure Utilization for ith 
crop/ha; 

2.3.5. Water Availability Constraint 
The total water requirement of different crops should not 
exceed the total water availability in the reservoir, 

 
2 3 2 2 1

1 1 1 1 1

K K R R TS TS P P HW HW
i i i i i i i i i i

i i i i i

j
iA IWR A IWR A IWR A IWR A IWR TWA

    

      
 
            (16) 

 
j

iTWA  Total water availability for ith crop (all crops) 
for jth interval (all seasons); 

1, 2,3.j   (No of crop Seasons) 
Irrigation water requirement (m) for ith crop; iIWR 

 
2.3.6. Non Negativity Constraint 

, , , , , , , , , , , , , ,

, , , , , , , , , ,

, , , , , , , , ,

, , , ,

K R TS P HW K R P TS HW
i i i i i i i i i i i i i

P TS K R HW P TS K R HW
i i i i i i i i i i

P TS K R HW P TS K R
i i i i i i i i i

HW P TS K
i i i i i

A A A A A AY MD MU CA CA CA CA CA CA

LA LA LA LA LA MA MA MA MA MA

RMD RMD RMD RMD RMD LA LA LA LA

LA RMU RMU RMU RMU , , , , ,

, , , , , , 0, ,

,R HW P TS K R
i i i i

HW P TS K R HW j
i i i i i i i

RMU MA MA MA MA

MA IWR IWR IWR IWR IWR TWA i j 
i

N

            (17) 

2.4. The Multiple Objective Linear Programming 

The multiple objective linear programming problems can be formulated as: 

     
 

TT

1 1max , , , ,

s.t. , : , 0

N

n

Z c x c x Z x Z x

x X X x R Ax b x

    

    

 
                        (18) 

 

where .    , 0 ,n
ij im n

c R i N b RA a


    m

In problem (18) as stated above, all the objective func- 
tions can hardly reach their optima at the same time sub- 
ject to the given constraints. Therefore in practice the 
decision-maker (DM) chooses some efficient solution as 
final decision according to the level of satisfaction    
(or preference) of each objective value. The fuzzy ap- 
proach for solving MOLP proposed by Zimmermann 

(1985) has given an effective way of measuring the level 
of satisfaction    of MOLP. 

Let us consider the initial solution of objective vector 
given by the decision maker be represented as: 

 1, , NO O O                (19) 

To have the proper decision on the choice of initial 
solution, a decision maker (DM) can use the negative 
ideal solution as a reference point, namely, chooses the 
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initial solution not less than negative ideal solution. In 
addition, the linear membership function of each objec- 
tive function value’s satisfaction degrees can be defined 
as the following: 

 

 
  

   

 

1,

1 ,

0,

k k

k k

k k

k k

k k

z x z

z z x
u x O z x z

z O

z x O








 

  






 k k     (20) 

If the initial solution has chosen to be negative ideal 
solution, then linear membership function of each objec- 
tive value’s satisfaction degrees has represented as be- 
low: 

 
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



 k k
     (21) 

To solve the problem of irrigation planning, following 
the concept of membership function, Zimmermann’s 
proposed max-min operator approach may be represented 
as: 

2.4.1. Zimmermann’s Max-Min Operator Approach 

 
 

max

s.t. , 1, , ,

0,1 ,

ku x k N

x X






 

 

        (22) 

2.4.2. The Two-Phase Approach for MOLP 
The optimal solution obtained by maxmin operator ap- 
proach may not be efficient solution because the obtained 
level of satisfaction    of compromised solution may 
not be same for all the objectives under consideration. 
This necessitate the solution obtained by maxmin ap- 
proach needs to be improved. Moreover, the disadvan- 
tage of max-min operator (22) can be overcome for 
which the following modified form may be used. 

   
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0

1
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, 1, 0,
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k k
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k k k
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x X
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 







  

  





     (23) 

2.5. Two-Phase Multi Objective Fuzzy Linear 
Programming (TPMOFLP) Algorithm 

In brief, the algorithm has represented in the following 
steps: 

1) Solve the irrigation planning problem as a linear 

programming model, prioritizing only one objective at a 
time. 

2) Find out the corresponding values of each objective 
from the solution obtained in step 1. 

3) Find out maximum value of each objective as an 
ideal solution  Z   as well as minimum value of each 
objective function as a negative ideal solution  Z   for 
each objective under consideration. 

4) Construct the linear membership function with the 
values of  Z   and  Z   for each objective. 

5) Introduce the dummy variable as level of satisfac-
tion    and subsequently, maximize the level of satis- 
faction subjected to the additional constraints due to the 
fuzziness in the value of the objective functions and ori- 
ginal constraints as a MOFLP model.  

6) Find out optimal solution with level of satisfaction 
 l  along with value of objectives  0Z  and decision 
variables as  0x . 

7) Find the membership function value of objective 
value’s level of satisfaction corresponding to (x0) as a 

 0
ku x  for each objective under consideration. 
8) Compare the value of  with  0

ku x l  for each 
objective, if these values equal/are same then the feasible 
solution for the problem exits otherwise proceed to the 
next step. 

9) Set  0l
k ku x  , and solve the TOMOFLP model 

Equation (23) to get an optimal solution x  with level 
of satisfaction opt . 

3. Results and Discussion 

The objective of the present study is to develop the sus- 
tainable irrigation planning model and analyze the same 
using two phase approach, considering the Equations (1) 
to (4) of the LP model, which are the maximization of 
the NB, CP, EG and MU for the command area of the 
Jayakwadi Project Stage-I. These objective functions are 
maximized separately subjected to constraints (Equations 
(5) to (17)) using the LINGO 13 (Language for INterac- 
tive General Optimization) software package. The results 
of this individual maximization of the four different ob- 
jectives are used to construct the linear membership 
function for each objective with the help of the ideal so- 
lution and negative ideal solution. The corresponding li- 
near membership functions are shown graphically in Fig- 
ures 2-5. The same membership functions are written 
from the results shown in Table 2 in the form of mathe- 
matical Equation (24) to (27). 
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(24) 
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Figure 2. Membership function for Z1 (million rupees). 
 

 

Figure 3. Membership function for Z2 (tons). 
 

 

Figure 4. Membership function for Z3 (million man days). 
 

 

Figure 5. Membership function for Z4 (tons). 
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(27) 
The membership functions      1 2 3, ,u x u x u x  and 
 4u x  of the fuzzy sets characterizing the objective 

functions rise linearly from 0 to 1 at the highest achiev- 
able value of Z1 = 1683.04 Million Rs, Z2 = 473464.40 
Tons, Z3 = 34.44 Million Man days and Z4 = 182542.50 
Tons respectively. The level of satisfaction (λ) associated 
with NB rises from 0 if the NB is 1255.69 Million Rs or 
less to 1 if the total NB Z1 = 1683.04 Million Rs or more. 
The level of satisfaction with respect to CP rises from 0 
if the CP is 106674.40 Tons or less to 1 if the CP Z2 = 
473464.40 Tons or more and the level of satisfaction 
with EG rises from 0 for 23.25 Million Man days or less 
to 1 for EG Z3 = 34.44 Million Man days and more. Si- 
milarly The level of satisfaction associated with MU 
rises from 0 if the MU is 70516.11 Tons or less to 1 if the 
MU Z4 = 182542.50 Tons or more. The maximum level 
of satisfaction from the membership functions of four 
conflicting objectives has been designated as the “best” 
achieved/compromised solution and the modified form of 
the optimization problem (MOFLP) by introducing the 
dummy variable i.e. level of satisfaction  

       1 2 3 4min , , ,l u x u x u x u x      such that the ob- 
jective is to: 

Maximize l  
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(28) 
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Table 2. Optimal solution for sustainable irrigation planning-LP/MOFLP model with max-min operator and two phase ap- 
proach. 

Solution for maximization of 

Compromised 
solution (Maxmin 

approach) 

 0.58l   

Two phase approach 
solution 

 0.65opt   Sr. No Crop and season 

NB (Z1) 
(Area of crop) 

CP (Z2) 
(Area of crop)

EG (Z3) 
(Area of crop)

MU (Z4) 
(Area of crop)

 0x  

Area of crop 

 x  

Area of crop 

1 Sugarcane (P) 4249.20 4249.20 0.00 4247.75 2166.18 2426.92 (+260.74) 

2 Banana (P) 2124.60 2124.60 0.00 2124.60 2124.60 2124.60 

3 Chilies (TS) 4249.20 4249.20 4249.20 4249.20 4249.20 4249.20 

4 L S Cotton (TS) 0.00 0.00 35410.00 35410.00 28567.80 30517.78 (+2949.98) 

5 Sorghum (K) 16996.80 16996.80 16996.80 16996.80 16996.80 16996.80 

6 Paddy (K) 6445.75 0.00 14164.00 14164.00 14164.00 14164.00 

7 Sorghum (R) 0.00 14683.76 0.00 20277.26 0.00 0.00 

8 Wheat (R) 35410.00 35410.00 35410.00 0.00 23832.78 22102.38 (-1730.40) 

9 Gram (R) 7082.00 0.00 6437.72 0.00 7082.00 7082.00 

10 Groundnut (HW) 0.00 0.00 0.00 0.00 0.00 0.00 

Net cropped area (ha) 76557.55 77713.56 112667.72 97469.61 99183.36 99639.68 

NB (Million Rs) 1683.04  1Z   1654.75 1255.69  1Z  1459.84 1503.73 1503.56 (-0.17) 

CP (Tons) 472166.50 473464.40  2Z  106674.40  2Z  446120.20 319563.50 335729.30 (+16165.80)

EG (Million man days) 24.72 23.25  3Z  34.44  3Z   26.17 29.74 29.74 

MU (Tons) 76554.09 70516.11  4Z  159485 182542.50  4Z  154506.50 160233.70 (+5727.20)

Irrigation intensity (%) 54.05 54.86 79.54 68.81 70.02 70.35 (+0.33) 

 0

ku x  0.58 0.58 0.58 0.75 

 ku x  0.58 0.62 0.58 0.80 

+ or – enclosed parenthesis value in the last 
column shows the increase or decrease. 

 
as (x*) represented in Table 2. In addition, the results 
MOFLP model, and TPMOFLP model have been shown 
graphically in Figure 6. 

and all other original constraint given (Equation (5) to 
(17)) in the model; λ ≥ 0.  

The compromised solution of MOFLP with level of 
satisfaction  l  along with value of objectives (Z0) 
and decision variables as (x0) has represented in Table 2. 
After finding membership function value of objective 
value’s level of satisfaction corresponding to (x0) as 

 for each objective under consideration, it is seen 
that the value of uk(x

0) i.e. (0.58, 0.58, 0.58 and 0.75) is 
equal to 

 0
ku x

l  i.e. (0.58) for first three objective but for 
fourth objective uk(x

0) i.e. 0.75 is not equal to l  i.e. 
0.58, which emphasizes that the obtained solution can be 
further improved. By following the concept of two phase 
approach, set k k  for each objective, and solve 
the modified form of model as TPMOFLP model Equa- 
tion (23) to get an optimal solution 

 0u xl 

x  with level of sa- 
tisfaction opt  and substitute the value of x  in the 
objective function in model. The optimal solution of 
TPMOFLP model with level of satisfaction  opt  
along with value of objectives (Z1) and decision variables  

4. Conclusion 

The objective of the study is to develop MOFLP model 
and apply the two-phase approach to find out optimal crop- 
ping pattern that maximizes NB, CP, EG and MU simul- 
taneously. For this, maxmin approach based MOFLP mo- 
del has been developed and applied to Jayakwadi Project 
Stage I, Maharashtra State, India. In addition, the two- 
phase approach has been applied to the MOFLP model to 
improve the efficiency of the solution obtained. It has 
found that the level of satisfaction (λ) using two-phase 
approach for four conflicting objectives under fuzzy en- 
vironment, which has improved from λ = 0.58 to 0.65. 
The TPMOFLP model solution provides NB = 1503.56 
(-0.17) Million Rupees, CP = 335729.30 (+16165.80) 
Tons, EG = 29.74 Million Man days and MU = 160233.70 
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Figure 6. Optimal cropping pattern plan. 
 
(+5727.20) Tons respectively to that of solution obtained 
by MOFLP model with maxmin approach. In addition, 
the irrigation intensity has also improved from 70.02% to 
70.35%. The present model will be helpful for the deci- 
sion maker (DM) to take decision under conflicting situ- 
ation while planning for different conflicting objectives 
simultaneously. This model has potential to find out an 
integrated irrigation planning with prime consideration 
for economic, social and environmental issue. The study 
proposes a basis for sustainable irrigation planning as- 
sociated with uncertainty/vagueness in irrigation para- 
meters. 
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