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 The aim of this study was to determine crop pattern using multi-period programming 

and considering risk in the program. Therefore, MOTAD multi-period programming 

model with the objective function of maximizing expected net present value was used. 

Price and yield variability were considered as risk factors that affect the industry in the 

short-run. According to the collected data, farms have been categorized into three 

groups including less than 5 hectare, between 5-10 and more than 10 hectares. Then 

the Mode of each group considered as representative farm in that group. Farms with 

size of 3, 8 and 15 hectare, were selected as representative of small, medium and large 

farms, respectively. Since in risky conditions, farmers usually want to minimize the 

negative deviation of gross margin, the results indicated that farmer are willing to 

cultivate crops which have less gross margin fluctuation compared to the others. Since 

the prices of wheat and sugar beet are guaranteed by government and also their yield 

had less fluctuation, therefore these crops have entered the crop pattern.  
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INTRODUCTION 

 

 Since agriculture is an axis of development and plays a crucial role in developing countries so proper 

policies are needed for agricultural development. Because of the importance of agriculture in economic 

development, increasing of production and farmers’ income always has been considered by policy makers. 

Awareness of production conditions in farm units and farmers decision making process is needed to implement 

suitable plans [4,8,10]. In one hand adoption of these plans by farmers has an important role in success of them, 

and in the other hand, farmers have different aims such as net income maximization and cost minimization in 

decision making to choice crop activities [6]. Lack of information about prices and also risk of price and return 

causes farmers to use inputs less than optimum point [4,8]. Considering farm management shows that using 

mathematical programming has an important role in determining optimum crop pattern. Since, there is a trade-

off between risk and return, risky programming models have attracted attention, among them MOTAD and 

target-MOTAD have been applied more than others for their flexibility. In this study, farmers’ crop pattern in 

Fars Province was investigated using a multi-period programming model under uncertainty.   

 

MATERIALS AND METHODS 

 

 The most straightforward linear programming model of a dynamic situation contains multi-year enterprises 

of known life with multiple years modeled. A number of key questions are involved with the modeling of 

dynamic situations. It should be asked whether an explicit multiple time period representation is necessary. If so 

some other questions appear. First, the length of the total time period and the starting date must be determined. 

Second, the length of the time intervals explicitly represented within the total time period must be determined. 

Third, initial and final inventory conditions must be specified. Fourth, one must decide on activity life; i.e., when 

a particular activity is begun and how long it lasts. Fifth, the rate of time preference must be determined; i.e., one 

needs the discount rate at which future returns are considered when compared with current returns. Sixth and 
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finally, one must decide whether to include uncertainty. The proposed model is a two –attribute risk and return 

model. Return is measured as the sum of the expected returns of activities multiplied by their individual activity 

level. Risk is measured as the expected sum of the negative deviations of the solution results from a target-return 

level. Risk is varied parametrically, so that, a risk-return frontier is traced out. A target-MOTAD formulation 

can be useful because decision makers often wish to maximize expected return but are concerned about net 

returns falling a critical target [4,8].  

 Because the target-MOTAD model has a linear objective function and linear constraints, the model can be 

solved with a linear programming algorithm. Since the model contains a parameter to be varied, the solution 

procedure is similar to that for a regular model. A discrete time representation is used in all models, annual time 

desegregations are most common. However, decades, half years, quarters and months have been used depending 

upon the problem structure. Model size usually increases rapidly as more periods are specified.  

 Enterprise life refers to the number of years that an activity lasts and may be assumed to be known or Un-

known. If enterprise life is unknown and is to be determined in the model, then constraints and activities must be 

present in the model to keep track of age of the items on hand. If not, a single activity can be used. Models using 

alternative enterprise life assumptions are given below. 

 Time preference is an important dynamic modeling concern. Given that returns and costs occur over time 

and alternative streams must be compared, these must be placed on common footing, usually using the concepts 

of discounting and present value. The present value of a Rial earned in year t, given a constant opportunity cost 

of funds of r is (1+r)-t. Thus, the current value of a flow of funds which varies from year to year (ct) over T 

years is 
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 Once time preference is considered, the question of specifying the appropriate cost of funds, (also called the 

discount rate) arises. Many considerations enter, such as whether the rate should be in real or nominal terms. 

Risk is definitely a factor in dynamic situations. Risk is almost always present as situations evolve over time.  

 Risk effects were incorporated by modifying the basic multi-period model. Capital intensive production 

technology typically bears a greater level of risk with respect to price. Various techniques have been developed 

to measure the risk and to study risky decision making [3,9]. Most risk-programming applications in agriculture 

are based on either mean variance or minimization of total absolute deviation (MOTAD) decision criteria.  

 In this study, risk was incorporated using the MOTAD multi-period programming model with the objective 

function of maximizing expected NPV. Price variability and yield were considered as risk factors that most 

affect the industry in short term. In this study risk analysis focused on gross margin variability. Since data were 

limited, only three states of nature were considered (high, average, and low gross margin) within and assumed 

equal probability of occurrence. Mathematically the revised model can be stated as [4]: 
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Where: 

E(Zt) 

NPVtj 

Xjt 

aktj 

btk 

Ctj 

Ft 

Expected total net present value of the total income 

Net present value of activity j at period t 

Level of activity j in time period t 

Technical requirement of activity j at period t for resource of constraint  

Level of resource or constraint k at period t 

The present  value of minimum income of activity j at period t 

The present value of minimum total income at time period t 
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M 

T 

Target level of net present value 

Net present value of activity j at period t for state of nature or observation r 

Deviation below T for state of nature or observation r 

Probability that state of nature or observation r will occur  

Number of activities  

Constant parameterized from M to 0 

Number of constraint and resource equations 

Number of states of nature or observation 

A large number  

Period  

 

 Needed data to determine crop pattern, were collected from 45 farmers in Fars province who produced 

various crops such as wheat, barely, maize, tomato, onion and sugar beet. According to the collected data, farms 

have been categorized in to three groups includes less than 5 ha, between 5-10 ha, and more than 10 ha.  Then 

the Mode of each groups considered as representative farm in that group. Farms with size of 3, 8 and 15 ha, 

were selected as representative of small, medium and large farms respectively. Also, information about income 

and cost of cultivated crops, were collected from agricultural - jihad organization over the past four years. 

 

RESULT AND DISCUSSION 

  

 Technical coefficients of inputs were calculated from farm level data. Model constraints include labor, 

capital and water. Discount rate of 25% was used to calculate the present value of gross margin. Target income 

was determined by solving simple linear programming.  Fluctuations of gross margin happened in the last four 

periods were used to consider risk in the model. For this objective, three states of maximum, minimum and mean 

scores of gross margin were considered with equal probability. Then crop pattern of representative farm was 

estimated as follow: The results of model solution for farm of 3 ha, in different levels of risk aversion by 

considering 3 states of gross margin fluctuations are illustrated in Tables 1, 2 and 3. 

 
Table 1: Optimal pattern for representative farm 3 ha. ( = 0).  

Activity 

Year 

wheat barely Rice maize tomato sugar beet onion 

1 0.05 0 0 1.92 0 1.02 0 

2 0.99 0 0 0 0.28 1.72 0 

3 1.37 0 0 0 0 1.63 0 

4 1.34 0 0 0 0 1.53 0.13 

 

Table 2: Optimal pattern for representative farm 3 ha. ( = 0.1 T). 

Activity 

Year 

wheat barely Rice maize tomato sugar beet onion 

1 0.77 0 0 0.86 0 1.36 0 

2 1.10 0 0 0 0.45 1.45 0 

3 1.37 0 0 0 0 1.63 0 

4 1.37 0 0 0 0 1.63 0 

 

Table 3: Optimal pattern for representative farm 3 ha. ( = 0.2 T ). 

Activity 

Year 

wheat barely rice maize tomato sugar beet onion 

1 1.31 0 0.19 0 0 1.50 0 

2 1.10 0 0 0 0.45 1.45 0 

3 1.31 0 0.19 0 0 1.50 0 

4 1.31 0 0.19 0 0 1.50 0 

 

 Investigation of the last four year indicated that negative deviation of gross margin of tomato and rice, 

while, positive deviation of gross margin pertains to sugar beet, onion, wheat, barley and maize. Under risky 

conditions, farmers usually want to minimize the negative deviation of gross margin; therefore the crops which 

have the least negative deviation will enter in crop pattern. 

 Table 1 indicates the states of   = 0. According to table 1, it is observed that in the first year, crops such as 

maize, onion and wheat with 1.92, 1.02 and 0.05 ha, respectively, maximize the gross margin. But in the next 

years, crop pattern has changed and acreage of wheat has increased. For example, in the second year, crop 

pattern includes wheat, tomato and sugar beet and in third year, only wheat and onion has entered the pattern. 

Since wheat has less need of labor, it seems that the reason of this subject is limitation of this input. 
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 In Table 2,  is considered 10% of target income. In the other word, it is assumed that the level of farmers 

risk aversion is 10% of target income. According to table 2, in the first year, wheat is cultivated more than the 

first state (that  = 0). This result indicates that farmers are willing to cultivate crops which have less gross 

margin fluctuation compared to the others. Since the price of wheat is guaranteed by government and its yield 

has less fluctuation, therefore, this crop has entered crop pattern. In the second year, crops such as wheat, tomato 

and sugar beet were entered the pattern. This is a logical result, because sugar beet similar to wheat has 

guarantee price and therefore has less income fluctuations. In third and fourth years, only wheat and sugar beet 

have entered the pattern and this result shows that farmers are risk averse. In the next stage, risk value () 

increases  ( equals 20%  of target income) and its results in Table 3 show that the acreage of sugar beet and 

wheat, increase compared to previous situation and also  rice has entered the pattern.  

 Table 4, 5 and 6 illustrates the results of determining crop pattern for 8 ha. Representative farm, with 

assumption =0. According to table 4, in the first year, only maize and onion have entered the pattern, but in the 

next years, maize was omitted from the pattern and crops include wheat, tomato and sugar beet have entered it. 

Meanwhile the acreage of onion has increased a little. 

 
Table 4: Optimal pattern for representative farm 8 ha. ( = 0). 

Activity 

Year 

wheat barely rice maize tomato sugar beet onion 

1 0 0 0 5.87 0 2.13 0 

2 3.18 0 0 0 1.21 2.33 1.28 

3 3.40 0 0 0 1.38 2.64 0.57 

4 3.18 0 0 0 1.21 2.33 1.28 

 

Table 5: Optimal pattern for representative farm 8 ha. ( = 0.1 T ). 

Activity 

Year 

wheat barely rice maize tomato sugar beet onion 

1 0.78 0 1.01 3.12 0 3.08 0 

2 3.68 0 0.39 0 0 3.93 0 

3 3.68 0 0.39 0 0 3.93 0 

4 3.68 0 0.39 0 0 3.93 0 

 

Table 6: Optimal pattern for representative farm 8 ha. ( = 0.2 T). 

activity 

year 

wheat barely rice maize tomato sugar beet onion 

1 1.84 0 1.30 1.45 0 3.40 0 

2 2.08 0 1.33 0 0 3.96 0 

3 1.43 0 1.72 0 0 3.96 0 

4 1.43 0 1.72 0 0 3.96 0 

 

 Based on table 5, by 10 percent increase in the risk level of the target income wheat, rice, maize and sugar 

beet have entered the pattern, in the first year. This result indicates that by increasing risk level, farmer’s 

attitudes to cultivate crops with less gross margin fluctuations are increased in the next years. Maize has been 

omitted from the pattern, acreage of rice has decreased and acreage of wheat and sugar beet was fixed in the 

pattern. Another reason for this result is that, these two crops have more positive deviations from mean 

compared to the others. According to table 6 by increasing the level of risk to 20% of target income, compared 

to the previous state, in the first year acreage of wheat and sugar beet has increased and acreage of maize has 

decreased. In the next years, maize has omitted from plan completely and only wheat, sugar beet and rice have 

performed in the pattern. 

 The above-mentioned analysis was done for 15 ha. Representative farm For stat  = 0 , in the first year, 

crops include maize and  sugar beet have entered crop pattern, but in the next years, maize has omitted from it, 

and wheat, rice, tomato and sugar beet have entered it. According to table 8, by increasing farmer’s risk level, 

sugar beet, maize and rice have entered the pattern in the first year. 

 
Table 7: Optimal pattern for representative farm 15 ha. ( = 0). 

activity 

year 

wheat barely rice maize tomato sugar beet onion 

1 0 0 0 14.47 0 0.53 0 

2 5.32 0 3.46 0 2.47 3.87 0 

3 5.10 0 4.14 0 0.92 4.84 0 

4 5.10 0 4.14 0 0.92 4.84 0 

 

 It seems that because of more income stability of sugar beet, acreage of this crop has increased. In the next 

years, like previous state, crops include wheat, rice, and sugar beet has entered the pattern. When value of risk 
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increased to 20% of target income, based on table 9, in the first year, wheat, sugar beet, maize and rice have 

entered the crop pattern. Compared to the previous state, acreage of maize has decreased but acreage of the 

others increased. In the next years, crop pattern had no considerable change.  
 

Table 8: Optimal pattern for representative farm 15 ha. ( = 0.1 T). 

activity 

year 

wheat barely rice maize tomato sugar beet onion 

1 0 0 2.18 8.93 0 3.89 0 

2 5.59 0 3.83 0 0 5.58 0 

3 5.59 0 3.83 0 0 5.58 0 

4 5.59 0 3.83 0 0 5.58 0 

 

Table 9: Optimal pattern for representative farm 15 ha. ( = 0.2 T). 

activity 

year 

wheat barely rice maize tomato sugar beet onion 

1 1.14 0 4.44 5.15 0 4.27 0 

2 5.59 0 3.83 0 0 5.58 0 

3 5.59 0 3.83 0 0 5.58 0 

4 5.59 0 3.83 0 0 5.58 0 

 

 Since in risky conditions, farmers usually want to minimize the negative deviation of gross margin, the 

results indicated that farmer are willing to cultivate crops which have less gross margin fluctuation compared to 

the others. Since the prices of wheat and sugar beet are guaranteed by government and also their yield had less 

fluctuation, therefore these crops have entered the crop pattern.  
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