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Abstract 

This paper suggests a mathematical programming structure for modeling and solving land 

use planning problem in the agriculture sector of a district. In the proposed approach, the 

crisp target levels of the entire objective functions associated with the problem are 

described as their aspiration levels. In the model formulation, first the objective goals are 

converted into their standard form of goals in goal programming (GP) formulation by 

introducing under- and over-deviational variables to each of them. In the goal 

achievement function, priority based GP is addressed to minimize the sum of weighted 

under- and over-deviational variables under which the most satisfactory land allocation 

decision according to the order of rank can be reached in the decision making horizon. A 

case example is considered to demonstrate the proposed approach.The model solution is 

compared with the other approach studied previously together with the district existing 

cropping structure to expound the potential use of the approach.  
 

Key words: Cropping plan; goal programming; farm management; priority based goal 

programming. 

  

1. Introduction 

In farm planning context, several conventional linear programming (LP) (Kuhn and Tucker 

(1956), Dantzig (1998)) models have been proposed by many researchers Heady (1954), Nix, 

(1979), Glen (1987), etc. The potentiality of using LP in the farm planning context has been 

well discussed by Sankhayan and Cheema in 1991. But most of the LP based agricultural 

planning models are involved with the optimization of a single objective subject to the 

limited supply of the resources. Now-a-days, most of the agricultural planning problems are 

of multiple numbers of objectives often being incommensurable and conflicting in nature, 

and decision situation is affected by different factors, such as natural conditions, social 

demands, technology and the local as well as on the global economy. 
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 In the agricultural planning horizon, conventional GP (Ignizio, 1976; Romero, 1986, 

2004) approach, an analytical and flexible approach to tackle multi-objective decision 

problems, has been investigated to the field of farm management problems in (Ghosh et ql., 

1992, 1993; Romero, 1989; Rehman and Romero, 1987). Wheeler and Russel (1977) 

introduced minsum GP (Charnes and Cooper, 1961; Romero, 2004) for agricultural planning. 

The use of different operational research techniques in firm planning has been surveyed by 

Glen (1987). However, the uses of GP approach for multi-objective decision analysis for 

farm planning problems are yet to be widely circulated in the literature. 

 This paper presents the priority based GP (Ignizio, 1983) approach where sensitivity 

analysis has been introduced for modeling the agricultural planning problems to achieve the 

aspiration levels of production of various seasonal crops by allocating the available land 

properly and utilizing productive resources efficiently in a farm management and planning 

horizon. In the proposed approach, the target levels for utilization of total cultivable land, 

achievement of the aspiration levels of production of seasonal crops and achievement of 

overall profit throughout the planning year, are described as their aspiration levels. In the 

model formulation, the objectives with the fixed target level is converted into the standard 

form of goals in GP by introducing under- and over-deviational variables to each of them. In 

the solution process, the sensitivity analysis with a need based priority structure is used for 

obtaining the most satisfactory solution in the decision making horizon. 

To expound the potentiality of the approach, a real-case example of the Burdwan district 

of West Bengal (WB), India is considered as study region. The model solution is compared 

with the solution obtained by using the minsum GP approach and district’s existing cropping 

structure. 

The general multi objective GP problem is presented in the following section. 

2. Multi-objective GP Problem Formulation 

  Find ),..,,( 21 nxxxX  so as to 

   Maximize ,)( jj tG ≥X j = 1, 2, …, m1       (1) 

   Minimize  ,)( jj tG ≤X  j = m1+1, m1+2, …, m     (2) 

   subject to 

   
kk bg   )(

















≤

=

≥

X , k = 1, 2, . . .K        (3) 

          ,0≥X                                                        (4) 

where X is a vector of n decision variables, Gj (X) is the j-th (i = 1, 2, …,m) objective 

function and gk (X) is the left hand side of the k-th (k = 1, 2, ..., K) structural constraint, bk is 

the right hand side value of the k-th structural constraint.  

2.1 Priority based GP Model Formulation 

To employ the standard GP model formulation, the defined objectives goals with aspiration 

levels are first transformed into standard form of goals in conventional GP by introducing 

under- and over-deviational variables to each of them.  
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    Then, the priority based GP approach (Romero, 2004), the most widely used technique as 

a simplest one for multi-objective decision analysis, is addressed to formulate the model of 

the problem. 

    The general priority based GP formulation of the problem can be presented as: 

Find ),..,,( 21 nxxxX  so as to:  

Minimize Z= )],().....,(),..,,(),,([ 21
+−+−+−+−

ddPddPddPddP Rr  

 

and satisfy 

,)( jjjj tddG =−+
+−

X mj ...,,2,1=                               (5) 

subject to the constraints given in (3) and (4),     (6) 

and Z represents the achievement function consisting of the weighted deviational variables, 

where )0(≥−

jd  and )0(≥+

jd with ,0. =+−

jj dd represent the under- and over-deviational 

variables associated with the j-th goal (j = 1, 2 ,..., m). 

In the above formulation, ),( +−
ddPr  represents the regret function of the vector +−

dd , of 

under- and over-deviational variables, respectively, associated with achievement of goals at 

the r-th priority level, and where ),( +−
ddPr is of the form:  

)(),( ++

∈

−−+− += ∑ jrjr

rIj
jrjrr dwdwddP   

where rI  designates  the set of model goals which is included at the r-th priority level Pr, r = 

1,2,…,R,  and where  U
R

r
r mI

1=

= and  φ=∩ sq II ; q ≠ s and q, s ∈{1,2,…,R}. +−
jrjr dd ,  are 

renamed for +−
jj dd , , respectively, to represent them at the r-th priority level, and )0(≥

−
jrw

and )0(≥
+
jrw are the numerical weights associated with the deviational variables −

jrd (≥ 0) 

and +
jrd (≥ 0), respectively.  

Here, it may be noted that the priority factors have the following relationship: 

,......21 Rr PPPP >>>>>>>>>>>>>>>  

 which means that the achievement of goals under the priority factor Pr  is preferred most to 

the next priority factor ,1...,,2,1,1 −=+ RrP r
 where >>> stands for ‘much greater than’.  

Now, the modeling aspect of land allocation planning in agricultural sector within the 

framework of the proposed approach is discussed in the following section 3. 

3. Farm planning problem formulation 

 

The decision variable and different types of parameters involved with problem in a farming 

context are introduced as follows: 
 

Decision Variables: 
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lcs         = Allocation of cultivable land for the crop c during  season s,  c = 1,2, ..., C;         

s = 1, 2,...,S. 

Resource Parameters: 

 LAs    = Total area of existing for cultivating the crops in season s. 

 APc  = Annual production level (in metric ton (mt)) of crop c per hector (ha) of land 

cultivated during   season s. 

TP   = Estimated total profit in the planning year. 

EMs    = Estimated total machine- hours (in hrs) required during the season s. 

EFfs    = Estimated total amount of the fertilizer f (f = 1,2,…, F) required during the 

season s. 

EWs   = Estimated total amount of water consumed (in million cubic meter (MCM)) 

during the season s. 

EB    = Estimated budget allocation in the plan period. 

 

Crisp coefficients 
 

MHcs   = Man hours (in hrs) required per ha of land for cultivating crop c during  season s. 

Ffcs     = Amount of the fertilizer f required (in kilogram (kg)) per ha of land for 

cultivating crop c during season s. 

Wcs       = Estimated amount of water consumed (in cubic meter (CM)) per ha of land for 

cultivation of crop c during season s. 

Pcs       = Estimated production of crop c per ha of land cultivated during season s. 

PCcs       = Average cost for the purchase of seeds and different farming assisting resources 

per ha of land cultivated for crop c during season s. 

MPcs  = Market price at the time of harvest of crop c cultivated during season s. 

 

The different goals and constraints associated with the farm are given below.   

Description of Goals and Constraints 

4.1 Farm Management Goals  

The following goals are associated with the proposed model. 

(i) Land utilization goal 

The goal for total land utilization appears as 

  
1

,...,2,1;1,2,...,,  
1

kiSsLAddl sii

C

c
cs ===−+ +−

=

∑        (7) 

(ii) Production achievement goal 

The production goal for each crops cultivated in all seasons appear as  

2
,...,2

1
,1

1
;1,2,...,, .

1

kkkiSsAPddPl sii

C

c
cscs ++===−+ +−

=

∑      (8) 

(iii) Budget allocation goal 
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An estimated amount of money at a minimum level is to be allocated for the purpose of 

purchasing seeds, fertilizers and different other productive resources. 

The budget allocation goal appears as  

3
,...,2

2
,1

2
, . 

1 1

kkkiEBddlPC ii

S

s

C

c
cscs ++==−+ +−

= =

∑ ∑
    

(9) 

(iv) Profit achievement goal 

A certain level of profit in terms of profit achievement from the farm is highly expected in 

the horizon of cultivating crops. 

The description of profit goal appears as  

  
kkkiTPddlPCPMP iicscscs

C

c
cs ,...,2

3
,1

3
,).( 11

1

++==−+− +−

=

∑               (10)

   

  4.2 Farm Management Constraints

 

(i) Manpower requirement constraints 

Minimum numbers of manpower are essentially to be employed throughout a plan period for 

crop yielding. The constraints appear as  

  SsEMMHl s

C

c
cscs 1,2,...,,  .

1

=≥∑
=

                 (11) 

(ii) Water supply constraints 

Water is an essential component for crop yielding and minimum level of water is needed. 

The water requirement constraints appear as  

SsEWWl s

C

c
cscs 1,2,...,,  .

1

=≤∑
=

                  (12) 

(iii) Fertilizer requirement constraints 

Fertilizers are very much useful for plant growth and sustainable production system as a part 

of sustainable agriculture, seeks to optimize the management and use of fertilizers in 

different seasons. The fertilizer requirement constraints take the form 

 SsEFFl fs

C

c
fcscs 1,2,...,,  .

1

=≥∑
=

                 (13) 

Now, the GP model formulation for execution of the problem is demonstrated via the 

following case study. 

5.  A case study of Burdwan district 

The crops planning problem of the Burdwan district of W. B. in India is considered to 

expound the proposed model. 

The data were collected from different sources: Action Plan for the year (2009–2010) and 

2010–2011), Basak (2000), District Statistical Hand Book (2009, 2010), Economic Review 

(2009, 2010).  

Major Field crops cultivated in the Burdwan district under the three seasons are given below: 
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Prekharif (s=1): Aus )( 11l , Brinjal )( 21l ;     Kharif (s=2): Aman )( 12l ,  Jute )( 32l ; 

Rabi (s=3): Boro )( 13l , Wheat )( 43l , Rape and Mustard )( 53l , Potato )( 63l , Rabi pulses )( 73l , 

Cabbage )( 83l , Cauliflower )( 93l . 

* Brinjal is an annual crop i.e. after plantation at a particular season continues the other two 

seasons before harvesting.  

 

 

                                                    Table 1: Data associated with the structural resource goals 

Goals Aspiration level 

1. Land use (’000 ha) 470.50 

2.   Production (’000 mt)  

Rice 1920.50 

Brinjal 145.201 

Jute 223.24 

Wheat 6.7 

Rape and Mustard 41.5 

Potato 1058.60 

Rabi pulses 1.44 

Cabbage 92.698 

Cauliflower 85.904 

3. Profit (in Rs. Lac) 4475689 

Source: West Bengal state marketing Board, www.wbagrimarketingboard.gov.in/fruits/burdwan.html   

Table 2: Data description for resource coefficients 

Crops Production 

(mt/ha) 

Market 

Price 

(Rs./mt.) 

Mandays 

(days/ha) 

Water 

consumption 

(CM/ha) 

Fertilizer (kg/ha)  Expenditure 

(Rs./ha) 
 Nitrogen Phosphate   Potash 

Aus 3.129 6350 100 8.635 50 25 25 12300 

Brinjal 17.767 4750 140 8.800 120 70 70 43500 

Jute 3.019 8000 88 5.020 25 30 20 11500 

Aman 3.069 6800 110 12.700 50 72 30 13250 

Boro 2.953 7100 140 17.870 110 65 48 12300 

Wheat 2.55 12000 95 3.820 105 45 50 17400 

Rape & Mustard 0.850 21000 85 2.550 75 40 30 9400 

Potato 21.674 4500 180 4.570 150 95 105 60250 

Rabi pulses 0.849 23000 80 2.550 80 40 40 12500 

Cabbage 28.513 1070 90 2.600 60 30 30 17550 

Cauliflower 27.167 1260 100 2.720 60 30 30 18027 

Source: National Committee on Plasticulture Applications in Horticulture, Govt. of India 

www.ncpahindia.com, AICRP: Crop wise fertilizer recommendation  

Table 3: Data description for requirement of productive resources 

Productive Resources Season 

Prekharif Kharif Rabi 

Required Mandays (’000 days) 20600 248800 169000 

Water Consumption (in MCM) 20.730 25.010 28.000 



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 1, January 2015, Pg. 218-227 

Jayanta Dutta, IJRIT-224 

 

Fertilizer (mt): 

Nitrogen 

Phosphate 

Potash  

 

85.100 

64.885 

46.850 

 

    172.000 

96.050 

84.080 

 

 193.150 

107.860 

88.100 

Total requirement of cash (Rs. lac)                                8597.67700 

 

Now, following the expressions in (7) – (13) and using the data tables the model goals are 

constructed in the following section. 

5.1  Construction of Model Goals 

(i) Land utilization goals 

Most of the crops are season based but some crops like Brinjal, pineapple are annual crop i.e. after plantation at 

a particular season continue the other two seasons before harvesting. The land utilization goals are given by   

705004 2111 ≤+ ll            (Pre-khariff)          (14) 

705004 321221 ≤++ lll
            

(Kharif)            (15) 

4705009383736353431321 ≤+++++++ llllllll                 (Rabi)           (16) 

Now, following the expression in (5) the standard goal expressions in (14) – (16) for land utilization in three 

different seasons are successively given by 

470500112111 =−++ −+
ddll           (Pre-kharif)           (17) 

47050022321221 =−+++ −+
ddAll           (Kharif)                (18)

 

470500339383736353431321 =−++++++++ −+ ddllllllll         (Rabi)           (19) 

(ii) Production achievement goals 

1920500953.2069.3129.3 44131211 =−+++ −+
ddlll

    
  (Rice)             (20) 

145201767.17 5521 =−+ −+
ddl

          
(Brinjal)           (21) 

223240019.3 6632 =−+ −+
ddl

          
(Jute)            (22) 

6700550.2 7743 =−+ −+
ddl       (Wheat)           (23) 

41500850.0 8853 =−+ −+
ddl

                    
(Rape and Mustard)        (24) 

1058600674.21 9963 =−+ −+
ddl            (Potato)           (25) 

1440849.0 101073 =−+ −+
ddl        (Rabi pulses)           (26) 

92698513.28 111183 =−+ −+
ddl            (Cabbage)           (27) 

85904167.27 121293 =−+ −+
ddl            (Cauliflower)           (28) 

(iii) Bubget allocation goal 

85976770018027175501250060250

9400174001230013500112504350012300

131393837363

53431332122111

=−++++

+++++++

−+
ddllll

lllllll

      (29)
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 (iv) Profit achievement goal 

4475689001683712977702736392

84501320086661761912652408937569

141493837363

53431332122111

=−++++

+++++++

−+ ddllll

lllllll

            (30) 

5.2  construction of Resource constraints 

(i) Manpower requirement constraints 

206000040100 2111 ≥+ ll      (Pre-kharif)           (31) 

2488000008811050 321221 ≥++ lll       (Kharif)                   (32)
  

1690000001009080180859514050 9383736353431321 ≥+++++++ llllllll   

         (Rabi)            (33) 

(ii) Water consumption constraints 

 20730000200.3635.8 2111 ≤+ ll     (Pre-kharif)           (34) 

25010000020.5700.12600.2 321221 ≤++ lll      (Kharif)                  (35)
  

28000000720.2

600.2550.2570.4550.2820.3870.17000.3

93

83736353431321

≤+

++++++

l

lllllll
  

                     (Rabi)          (36)  

(iii) Fertilizer requirement Constraints 

• Nitrogen requirement Constraints 

 85100006050 2111 ≥+ ll      (Pre-kharif)            (37) 

17200000255030 321221 ≥++ lll      (Kharif)         (38)
  

193150006060801507510511030 9383736353431321 ≥+++++++ llllllll   

         (Rabi)          (39) 

• Phosphate requirement Constraints 

 64885003025 2111 ≥+ ll      (Pre-kharif)         (40) 

9605000307220 321221 ≥++ lll      (Kharif)         (41)
  

107860003030409540456520 9383736353431321 ≥+++++++ llllllll   

         (Rabi)          (42) 

• Potash requirement Constraints 

46850003025 2111 ≥+ ll      (Pre-kharif)         (43) 

8408000203020 321221 ≥++ lll      (Kharif)                  (44)
  

881000030304010530504820 9383736353431321 ≥+++++++ llllllll    

         (Rabi)          (45) 

Now, the general structure of the executable model can be presented as 

  Find ),,,,,,,,,,( 9383736353431332122111 lllllllllllX  so as to: 

  )(),(),( 141413133

3

1

12

4
21

−−++

= =

−−++ +∑ ∑ dwdwPdwPdwP
i i

iiii

  

    

              and satisfy the goal expressions in (17) – (30)             

   subject to the system constraints in (31) – (45)  
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        and 0≥X                  (46)  

where
−

iw and )0(>+
iw  represent the weights of importance of achieving the i-th goal relative to others in the 

decision making environment.   

For simplicity and without loss of generality equal weights are given to all the goals.   

Now, the LINGO (ver. 6.0) solver is used to solve the problem.  

The resultant land allocation (’000 ha) is given by 

Rice= 613.66, Brinjal=58.82, Jute=52.75, Wheat=2.44, Rape and Mustard=49.88, Potato=94.78, Rabi 

pulses=1.696, Cabbage=3.251, Cauliflower=3.162. 

The resultant model solution together with solution obtained by using minsum GP approach and the 

existing cropping plan (2009-10) is displayed in the Table 4. 

Table 4: Land allocation and production achievement under the proposed model, minsum GP approach 

and existing cropping plan (2009-2010) 

 

Crops 

 Under the Proposed 

Approach 

Under minsum GP    

Approach 

 Under the existing    

cropping plan (2009-10) 

Land 

Allocation 

(‘000 ha) 

Production         

Achievement  

(‘000 mt) 

Land  

Allocation 

(‘000 ha) 

Production 

Achievement 

(‘000 mt) 

 Land  

Allocation  

(‘000 ha) 

Production 

Achievement 

(‘000 mt) 

Rice 613.66 1879.05 655.500 1851.995  655.500 2008.1 

Brinjal 58.82 1048.88 22.435 1150.964  22.435 365.691 

Jute 52.75 161.44 11.945 154.497  11.945 36.061 

Wheat 2.44 6.34 5.220 6.699  5.220 12.668 

Rape and Mustard 49.88 43.85 45.463 40.995  45.463 41.887 

Potato 94.78 2215.45 54.440 2030.182  54.440 1179.933 

Rabi pulses 1.696 1.440 3.336 1.440  3.336 2.441 

Cabbage 3.251 92.696 1.042 92.696  1.042 29.711 

Cauliflower 3.162 85.839 1.311 85.839  1.311 35.616 

The profit achievement under the proposed plan is Rs 470496 Lac. 

Profit achievement under the proposed plan is Rs 458776 Lac. 

Also, the profit achievement under the existing cropping plan is Rs 403782 Lac. 

A comparison of the results presented in the Table 4 shows that a better solution is obtained 

by using the proposed approach in terms of achieving the aspired levels of the production 

goals in the decision making environment. 

6. Conclusions and Scope for Future Research 

       The land use planning method outlined in this paper provides a good basis for analyzing 

the decision maker’s perception according to his/her priorities for achieving the aspiration 

levels of various conflicting objectives. In any realistic situation, it is difficult to achieve the 

desired aspiration levels of all the objectives, but the best possible solution can be achieved 

under the use the proposed model. Also, under the flexible nature of the approach other type 

environmental constraints can easily be incorporate in the model framework without any 

computational difficulty. Again, the possible extension of the proposed approach with the 

variations of the priority structure can be addressed and after that Euclidean distance function 

may be used to identify the appropriate priority structure in the planning horizon. However, it 



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 1, January 2015, Pg. 218-227 

Jayanta Dutta, IJRIT-227 

 

is hoped that the approach presented here can contribute to future study for taking decision in 

complex (exact/ inexact) agricultural planning arena. 
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