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Mathematical Modeling of the Agriculture
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Abstract

The organized structure of computer system for economic and
ecological estimation of agriculture crop technologies is described.
The system is composed of six interconnected blocks. The linear,
non-linear and stochastic mathematical models for machinery siz-
ing and selection in farm-level cropping system is presented in the
mathematical model block of computer system.

1 Introduction

The agricultural multiply cropping systems are characterized to be
complex, dynamic, ecological and stochastic. The cultivation activi-
ties of agricultural crops are performed according to the season, so it
is necessary to examine their fulfillment every day. Another important
characteristic of this system is the necessity to take into considera-
tion the weather forecasting. The agricultural system is stochastical
because it strongly depends on the weather conditions.

The method of simulation is very often applied during the estima-
tion and analyzing of agricultural systems. A simulation run is an
experiment designed with the assistance of mathematical model and
computer software to evaluate system parameters, described through a
set of constraints.

There was found a method to solve using simulation difficult kind
of problems as the field optimization, usage of necessary and available
equipment, need and calculation of power consumption, of fuel con-
sumption, of fertilizers, making up agricultural operations schedule,
etc.
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2 Computer System

This paper describes a simulation model of agricultural technologies for
the multiply cropping systems. Diverse alternatives and performances
of agricultural technologies could be examined on the basis of this very
model.

The simulation system is composed of six blocks (Figure 1): the
data input block, the agricultural technology analysis block, the sim-
ulator, the agricultural technology data base, the mathematical model
block, the algorithm block. The simulation system models the agricul-
tural system over a sezon. The user introduces the production plan of
agricultural system, the area and yield of agricultural crops. The sim-
ulator imitates the crops cultivation process chosen trough data base,
mathematical models and optimization algorithmn.
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Figure 1:The simulation system arhitecture

The organizational structure of the simulation system allows the ad-
equate calculation of used energy. The system includes the calculation
of non-renewable energy and energy of biomass. The energy estimation
algorithm is composed of several steps. A way to increase the perfo-
mance of agricultural operations can be found using the mathematical
model of energy consumption minimization. Then the components of
non-renewable energy, i.e. fertilizer energy, fuel energy, tillage energy,
labor energy and electric energy, are found through energy estimation
block.
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3 Multi-Crops System

The agricultural system is composed of the following interacting ob-
jects (Figure 2): the agricultural crop, the agricultural operation, the
agricultural technique, the agricultural technology and the agricultural
unit. The agricultural technique is distributed in two subsets: tractors
and agricultural equipment. There are two formalized objects: the
algorithms of the operation volume calculation and the energy equiva-
lents. These subjects are described using tens of parameters. A part of
these parameters describes energy and stochastic properties[1,2]. Be-
sides that, the system contains a set of equivalencies of energy measures.

Agricultural Operation Agricultural
Volume Calculation Formula

Figure 2:The agriculture crop production system objects

Let’s denote the set of agricultural crops by S, the set of agricultural
operations by I, the set of agricultural machines and tractors by J, and
the set of agricultural equipments by L.

The agricultural unit is an aggregate of the agricultural machines
and agricultural techniques with the goal to perfom certain agricultural
operation. For each agricultural operation we will examine several
kinds of agricultural units. Let’s denote the set of agricultural units
for the i-th agricultural operation by N;, the subset of agricultural units
for the i-th operation with contains the j-th agricultural machine by
N;j, the subset of agricultural units for the i-th operation with contains
the [-th agricultural equipment by Ny;.
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Let K be the sets of days in the agricultural year.

The agricultural technology is the set of all agricultural operations
performed during a certain period of time for crop cultivation. Each
agricultural operation which belongs to the agricultural technology has
its starting day and its period. Let’s denote the set of the agricultural
operations in agricultural technology by R, the subset of of agricultural
operations which will be executed in the k-th day by Ry, the subset of
day for the r-th agricultural operation by K,.

4 Mathematical Modeling

There are two known methods for agricultural cropping technology
analysis: economic (costing) and energetic. Obviously, now the second
method is more appropriate. It is not dependent of many economic
factors, as, for example, inflation. Using the energy analyzes method
we can see the impact of the agricultural crop technologies on the en-
vironment, and it is easier to consider the agricultural cropping system
as an ecological one.

The description of mathematical model follows. The goal is to exe-
cute all agricultural operations included in the agricultural technology
at minimal of expenses or using minimal energy.

The formulation of the mathematical model will be:

reRnEN; keK, jedJ rERy, TLENi]'
+ 2 Ci(O; + Ep) max( E E AiniXrnk) — min
keK
leL rERE nENy,

subject to restrictions

P{Y" WinXong = QY (w)} > a,r € Rk € K,
nenN;

max( E E Xenk) < Mj,, 5, € J
keK
rERnENm

Xrnk Z 0
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where
Xrnk

C;

W;

Cj7 Cl
>\inl
M;

P«

an unknown daily number of agricultural units of the
n-th type at the r-th operation in k-th day;

daily operating expenditures of the n-th agricultural
unit at the ¢-th operation;

daily productivity of the n-th agricultural unit at the
i-th operation;

daily volume of r-th operation in k-th day;

standard ratio of efficiency of investments in new ma-
chinery;

ratios of deduction on renovation on the j-th agri-
cultural machine or tractor and the [-th agricultural
equipment;

costs of the j-th agricultural machine or tractor and
the [-th agricultural equipment;

number of the [-th agricultural equipment in the n-th
agricultural unut at the i-th operation;

limitation on number of the j,-th agricultural machine
or tractor;

probability operator and critical probability level.

Another formulation of the mathematical model follows:

> 2 Dilw)CinXpn + 3 Ci(O5 + Ep)max(y > Xen)+

rceRneNn;

jeJ rE€RE n€N;;

+Y_Ci(O1 + Ep) gcnea%( > > AimXyn) — min

sabject to

leL reRy neN;;

P{>" Di(w)WinXmn = Qr(w)} 2,1 €R
neN;

max( E E X)) < M, ju€J
keEK
rERnENj“

Xrp 20
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where

Xin an unknown number of the n-th agricultural units at
the r-th operation;

Qr(w) volume of r-th operation;

Dj(w) agricultural period of i-th operation

5 Results

Within a period of several years the agricultural technologies for 40
agricultural crops which are cultivated in the Republic of Moldova
were elaborated in accordance with the above-mentioned computa-
tional methodology. As building the technologies we designed them
taking into consideration that the very process consists of about 100
agricultural operations, the agricultural entity has at its disposal about
40 machines and tractors and 100 units of different agricultural equip-
ment. The most of agricultural operations which are characteristic for
Moldova have a period of 5-10 days. A maximum number of 6 of
its performances was examined for each operation. In this situation
the mathematical optimization model of agricultural techniques for an
agricultural farm which produces only one kind of crop consists of 150
constraints and 800 variables, at the average rate. Certainly, when
the farm cultivates 10 different crops, the number of constraints and
variables are increased 10 times respectively.
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