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Abstract 

In order to obtain the time-related data of the price and output of agricultural products 
through the network platform, and to predict the labor cost and income of agricultural 
products, this paper adopts the time series forecasting method, and calculates the 
expected labor cost and income of different agricultural products by using Matlab 
software based on the collected data of previous years. The expected labor cost and 
income of different agricultural products were calculated with MATLAB software. The 
multi-objective fuzzy stochastic optimization model was used to solve the problem, and 
the optimal planting area of crops was obtained by using linear programming 
correlation algorithm and Matlab software. At the same time, in order to provide farmers 
with a reasonable large-scale agricultural planting plan under the condition of sufficient 
land resources. We used the multi-objective fuzzy stochastic optimization model to solve 
the problem, and obtained the optimal planting area of crops by using linear 
programming correlation algorithm and MATLAB software. 
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1. Introduction 

Under the situation of the spread of globalization and the steady improvement of national living 
standards, the demand for green agricultural and livestock products may usher in a new 
outbreak period. Traditional large-scale planting or breeding mode because of its greater risk 
of product quality. [1,2] In addition, the rural revitalization strategy advocated by the country 
and the urgent need to solve the problem of inadequate and uncoordinated development in 
various regions indicate that the family-based unit or small-scale personalized planting and 
breeding plan is expected to become a new economic growth point of the country.  

It is of great significance to analyze and discuss the expected labor cost and income of different 
agricultural products and provide reasonable large-scale agricultural planting plan for farmers 
with sufficient land resources, which will guarantee the stable income of farmers and ensure 
the recycling of land resources to the maximum extent. [3,4] 

This paper adopts the time series forecasting method, and calculates the expected labor cost 
and income of different agricultural products by using Matlab software based on the collected 
data of previous years. And used the multi-objective fuzzy stochastic optimization model to 
solve the problem, and obtained the optimal planting area of crops by using linear 
programming correlation algorithm and MATLAB software. 
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2. Time series prediction 

The time series model is actually a regression model. On the one hand, we can recognize the 
continuity of the development of things, and use the data of the past time series for statistical 
analysis to predict the development trend of things. On the other hand, the randomness caused 
by accidental factors is fully considered. In order to eliminate the influence of random 
fluctuations, the historical data are used for statistical analysis, and the data are properly 
processed for trend prediction. [5,6] Generally, Tt is used to represent the long-term trend item, 
St is used to represent the seasonal trend item, Ct is used to represent the cyclical trend item, 
and Rt is used to represent the random disturbance item. There are several types of common 
deterministic time series models. 

Additive model(1): 

𝑦𝑡 = 𝑇𝑡 + 𝑆𝑡 + 𝐶𝑡 + 𝑅𝑡                                                                (1) 

Multiplication model(2): 

𝑦𝑡 = 𝑇𝑡 ⋅ 𝑆𝑡 ⋅ 𝐶𝑡 ⋅ 𝑅𝑡                                                                   (2) 

Hybrid model (3-4): 

𝑦𝑡 = 𝑇𝑡 ⋅ 𝑆𝑡 + 𝑅𝑡                                                                       (3) 

𝑦𝑡 = 𝑆𝑡 + 𝑇𝑡 ⋅ 𝐶𝑡 + 𝑅𝑡                                                                  (4) 

Where, yt is the observation record of the observation target, the mean value,E(Rt)=0, Var(Rt)=σ2. 

If within the forecast time range, there is no sudden change and the variance 2 of random 
change is small, and there is reason to believe that the past and present evolution trend will 
continue to develop into the future, the moving average method can be used for forecasting. 

Let the observation sequence be y1,…,yT, take the moving average of the terms N<T. The formula 
for calculating one time moving average is(5): 

𝑀𝑡
(1) =

1

𝑁
(𝑦𝑡 + 𝑦𝑡−1 + ⋯ + 𝑦𝑡 − 𝑁 + 1) =

1

𝑁
(𝑦𝑡−1 + ⋯ + 𝑦𝑡−𝑁) +

1

𝑁
(𝑦𝑡 − 𝑦𝑡−𝑁) 

= 𝑀𝑡−1
(1) +

1

𝑁
(𝑦𝑡 − 𝑦𝑡−𝑁)                                                           (5) 

The quadratic moving average is calculated by(6): 

( ) ( ) ( )( ) ( ) ( ) ( )( )2 1 1 2 1 1

1 1

1 1
...t t t N t t t NM M M M M M

N N
− + − −= + = + −          (6) 

When the basic trend of the forecast target is fluctuating around a certain level,The prediction 
model can be established, and its standard error is (7) 

𝑆𝐸 = √
∑ (𝑦̂𝑡−𝑦𝑡)2𝜏

𝑡=𝑁+1

𝜏−𝑁
                                                                   (7) 

The average value of the most recent N period series is used as the prediction result of future 
periods. When the basic trend of the historical sequence changes little and there are many 
random changes in the sequence, the value of N should be larger, otherwise, the value of N 
should be smaller. [7,8] In data with a definite seasonal fluctuation period, the number of 
moving average items should be the period length. An effective method to select the best N 
value is to compare the prediction errors of several models, the one with the smallest standard 
error is better. 

When there are both linear trend and periodic fluctuation in the series, the trend moving 
average method can be used to establish the prediction model(8)-(9). 

𝑦̂𝑚+𝜏 = 𝛼𝜏 + 𝛽𝜏𝑚 £, 𝑚 = 1,2, . ..                                                     (8) 

𝛼𝜏 = 2𝑀𝜏
(1) − 𝑀𝜏

(2), 𝛽𝜏 =
2

𝑁−1
(𝑀𝜏

(1) − 𝑀𝜏
(2))                                      (9) 

According to the above model, the reference data and results are given: 
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Table 1. Labor cost of crops 

 
 

Table 2. Crop cash income 
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Table 3. The expected results 

 
 

According to data statistics and calculation, we found that some crops (such as soybean and 
cotton) could not guarantee the livelihood of farmers only by selling income, so it was necessary 
for the government to subsidize agriculture, rural areas and farmers. [9,10] If the country does 
not subsidize the livelihood of agriculture, rural areas and farmers, a large number of rural 
labor force will flow to urban work to make a living. Crops include food crops and cash crops. 
In order to ensure China's food demand, the government should stipulate that farmers must 
plant food crops (otherwise, farmers only choose to plant cash crops in the goal of maximizing 
profits) on the one hand; on the other hand, it should vigorously support and encourage farmers 
to diversify food crops both materially and spiritually. [11,12] 

For the time and price historical series of some agricultural products, the basic trend changes 
greatly and there are many random changes, so the one-time average movement method has 
limitations. Based on the trend, the exponential smoothing method and the differential 
exponential smoothing method will be more accurate. 

3. Multi-objective fuzzy stochastic optimization model 

We consider fallow as a means of promoting land recycling. After eliminating the irrelevant and 
unreasonable data, the multi-objective fuzzy stochastic optimization model was used for point-
splitting processing. Specific steps are as follows: 

1. Determine the relative membership matrix; 

2. Determine the relative superior degree of target; 

3. Establish a multi-objective fuzzy stochastic optimization model; 

4. Determine the minimum and maximum planting area of each crop; 

5. Solve the optimal planting area through the established model. 

It is assumed that N kinds of crops need to be planted, and their scheme set is as follows: 

𝑋 = [𝑥1, 𝑥2, . . . , 𝑥𝑛]                                                                   (10) 

The quadratic moving average is calculated by 

𝑆 = [𝑠1, 𝑠2, . . . , 𝑠𝑛]                                                                    (11) 

Let the optimization model have m goals, which constitute the goal set. For scheme xk (k = 1, 
2, · · ·, n), the evaluation is carried out according to the ith target Si, and the evaluation value 
obtained is denoted as xik, so that xk can be expressed as (12): 

𝑥𝑘 = {𝑥1𝑘, 𝑥2𝑘, . . . , 𝑥𝑚𝑘}𝑇                                                              (12) 

It can be represented by an m by n matrix  

𝑋 = (𝑥𝑖𝑘)𝑚×𝑛                                                                      (13) 

The benefit target is the bigger the better target, and the cost target is the smaller the better 
target. In practical application, the physical dimensions of targets are often different, so relative 
membership matrix should be established to avoid the influence of different dimensions on 
optimization problems  
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When the goal is bigger is better  

𝛾𝑖𝑘 =
𝑥𝑖𝑘−𝑚𝑖𝑛𝑥𝑘  

𝑚𝑎𝑥𝑥𝑘 − 𝑚𝑖𝑛𝑥𝑘  
                                                               (15) 

When the goal is the smaller the better  

𝛾𝑖𝑘 =
𝑚𝑎𝑥𝑥𝑘 −𝑥𝑖𝑘

𝑚𝑎𝑥𝑥𝑘 − 𝑚𝑖𝑛𝑥𝑘  
                                                                (16) 

Generally speaking, different objectives have different status in the optimization, and different 
weights should be given to reflect their importance. Let the target weight vector be 

𝑤 = [𝑤1, 𝑤2, . . . , 𝑤𝑛]                                                                (17) 

In the multi-objective programming problem, if the target has a high relative membership 
degree to the optimal in the overall optimization, then the objective status of the target will be 
high, which will usually attract more attention and be given a greater weight value. 
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The relative membership matrix of the target to the fuzzy concept of "importance" is obtained 

The relative membership vector of target Si to "importance" is 

𝑤(𝑖) = [𝑤1𝑖
, 𝑤2𝑖 , . . . , 𝑤𝑛𝑖]

𝑇
                                                          (20) 

The weight of target Wi (I = 1, 2, · · ·, m) is calculated as 

𝑤𝑖 =
1

1+[
∑ (1−𝑤𝑘𝑖)𝑛

𝑘=1
∑ 𝑤𝑘𝑖

𝑛
𝑘=1

]

2                                                                 (21) 

According to the two-level fuzzy optimization model, the relative superior degree UK (k = 1, 
2, · · ·, n) of scheme k to the optimal comprehensive benefits can be calculated as follows 

𝑤𝑖 =
1

1+[
∑ (1−𝛾𝑘𝑖)𝑛

𝑘=1
∑ 𝑤𝑘𝛾𝑖𝑘𝑛

𝑘=1
]

2                                                                 (22) 

Based on the data obtained above, a multi-objective fuzzy stochastic optimization model of crop 
planting structure was established. The objective function is 

𝑚𝑎𝑥 𝑉 = ∑ 𝑢𝑘𝑎𝑘
𝑛
𝑘=1                                                                 (23) 

Whereinto, ak is the optimal planting area of crop k(k = 1, 2 · · n), and the optimal planting area 
vector is denoted as 

𝑎 = [𝑎1, 𝑎2, . . . , 𝑎𝑛]                                                                 (24) 

The objective function is solved under the following constraints: 

1. Area constraint 

∑ 𝑎𝑘
𝑛
𝑘=1 ≤ 𝐴                                                                       (25) 

𝑚𝑖𝑛𝑎𝑘 ≤ 𝑎𝑘 ≤ 𝑚𝑎𝑥𝑎𝑘                                                              (26) 

Where, A is the total amount of available arable land area, and Min Ak and Max Ak are the 
minimum and maximum planting areas of crop K respectively, which are determined by market 
demand, independent demand or expert experience 

2. Water constraint 



Volume 2 Issue 8, 2021 

DOI: 10.6981/FEM.202108_2(8).0029 

204 

Frontiers in Economics and Management 

ISSN: 2692-7608 

∑ 𝑏𝑘𝑎𝑘
𝑛
𝑘=1 ≤ 𝐵                                                                     (27) 

Where, Bk is the irrigation quota of crop K, and B is the total amount of agricultural water 
available 

3. Cost constraints 

∑ 𝑐𝑘𝑎𝑘
𝑛
𝑘=1 ≤ 𝐶                                                                     (28) 

Where, CK is the cost per unit area of planting crop K, and C is the total amount of available 
agricultural funds. 

4. Constraint of human demands 

∑ 𝑑𝑘𝑎𝑘
𝑛
𝑘=1 ≤ 𝐷                                                                     (29) 

Where, Dk is the artificial number required by unit area of crop K in a certain period, and D is 
the total amount of artificial amount available for agriculture in the corresponding period. 

5. Minimum income constraints 

∑ 𝑒𝑘𝑎𝑘
𝑛
𝑘=1 ≥ 𝐸                                                                      (30) 

Where, Ek is the net income per unit area of crop K in a certain period, and E is the minimum 
total income stipulated by agriculture in the corresponding period. 

6. Non-negative constraints 

𝑎𝑘 ≥ 0                                                                              (31) 

Assume cultivation time τ1 and fallow time τ2. For crop I, the cost of planting is cτ (1i) and the 
cost of fallow is cτ (2i), the economic benefit of planting time τ1 is Ep τ(1i), and the economic 
benefit of fallow time τ2 is Ep τ(1i), and the calculation formula is 

𝐸𝑃𝑇𝑖
(𝑖) =

government subsidies-opportunity cost

opportunity cost
                                                (32) 

Ep (I), the economic benefit of crop I, which is modified according to the weighting of planting 
time and fallow time, is 

𝐸𝑃(𝑖) =
𝜏1⋅𝐸𝑃(𝑖)

𝑇1+𝜏2⋅𝐸𝑃(𝑖)
𝑇2

𝜏1+𝜏2
                                                            (33) 

According to the data shown in Table 4 below, the following results were obtained by using 
MATLAB. 

 

Table 4. Comparison of quantitative indexes of different crops 

 
 

𝑢 = (0.1023,0.4842,0.9454,0.3792)                                                 (34) 

Secondly, according to the experience of experts, we obtained the maximum and minimum 
planting areas of the four crops and their artificial demands, as shown in Table 5-6. 

Finally, multi-objective fuzzy stochastic optimization is carried out according to the above 
data,The optimal solution is 
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𝑎 = 103(3.8172,3.8205,2.5800,1.5000), 𝑚𝑎𝑥 𝑉 = 5.2483 × 103                     (35) 

 

Table 5. The maximum and minimum planting area of crops 

 
 

Table 6. Artificial demand for crops 

 
 

We adopt a multi-objective fuzzy random optimization model, calculated the optimal size and 
relative membership matrix, finally converted into linear programming problem to solve, in the 
process of building model, we simplify the model, without considering the environmental 
benefits of the agricultural products, but to ensure that land fallow recycling, there will have 
some error. 

4. Conclusion 

Optimal from relatively speaking, the optimal relative of wheat is lower than other kinds of 
crops, this is because the economic benefits of wheat is low, the cost of demand on the high side 
so the efficiency target and cost target value is very low, so the wheat crops in our model 
belongs to the planting of crops is not recommended (without considering national policy 
subsidies). However, cash crops such as potato are highly recommended in the model. From the 
point of the optimum planting area, the actual results with our vision, on the other hand, 
although the wheat from the economic perspective is not high, but the market demand is very 
big, commercialization degree is high, this is because the wheat, as one of the three major staple 
foods, no matter from the perspective of national food security or from the perspective of 
individual be fond of all requirements of its production is very high. In this multi-objective fuzzy 
stochastic optimization model for integrated test a variety of factors, combining the resources 
of data, obtained under the condition of land information is sufficient, guarantee the farmers' 
income and make the land as far as possible to recycle the planting plan, which takes into 
consideration the fallow situation, make the circulation utilization of land, planted crops 
safeguard farmers' income, but also take into account the food crops. 
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