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Abstract

Sarov, A. & Kostenarov, K. (2019). The impact of CAP subsidies on the agricultural enterprise’s production structure. Bul-
garian Journal of Agricultural Science, 25(1), 10-17

The effect of implementing the Common Agricultural Policy (CAP) is a constantly discussed issue among society, politi-
cians, academicians, practitioners and others. The aim of this paper is to test the mathematical model to examine the impact
of CAP subsidies on the structure of production in the Bulgarian agricultural enterprise operating in a mountain region. In
order to optimize the production structure, complex factors and dependencies are considered. Mathematical model does not
allow taking into account informal relationships that do not have quantitative dimensions (habits, traditions, preferences). The
results show that CAP subsidies have no impact on the structure of production, but only increase in gross margin and profit.
The resulting optimization did not prove the successful applicability of the model in the CAP study. The model is applicable
in optimizing production structure, animal feed ration, etc., but must be applied separately. It is not appropriate to apply to
study the influence of CAP subsidies on production structure, livestock breeding, labor, plant growing, food ration. The article
presents one case from which no conclusions can be drawn about the effects of the CAP subsidies on farms. This is due to the
fact that the more criteria from different groups (land, plant, livestock, labor, food rations) are included in the optimization, the
more the model strikes for a balance between the created organizational conditions, which is often a prerequisite for compro-
mise solutions to the task significant discrepancies of expectations.
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Introduction

The effect of CAP subsidies is a constantly discussed
issue among the public, politicians, academicians, practi-
tioners, and others. The analysts try to assess the effects of
agricultural policies on sector level on the one hand, and on
the farm level, on the other. For this purpose, a number of
known methods, approaches and shared experience are ap-
plied in the field.

In regard to analyzes concerning CAP subsidies and pro-
ductivity of the EU farms, some studies use a structural semi-
parametric estimation algorithm (Rizov et al., 2013), question-
naire survey (Svobodové and Véznik, 2012; Bachev, 2013),

FADN Dataset (Galluzzo, 2016). There have been studies,
which analyze the effect of CAP subsidies according to the
econometric model (Arovuori and Yr1j6ld, 2015). Some stud-
ies analyse marginal returns and level of subsidizing through
stochastic models (Ivanov, 2016). Other (K#istkova and Hab-
rychova, 2011) analyze direct payments to agriculture by
applying Computable General Equilibrium (CGE) models.
Ciliberti and Frascarelli (2015) analyze a critical assessment
of the implementation of CAP 2014-2020 direct payments.
Kaneva et al. (2005) analyzes the efficiency of production
structures in Bulgarian agriculture using the DEA model.

We have accepted the challenge to test the mathematical
model to study the impact of CAP subsidies on linear opti-
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mizing the structure of production in a Bulgarian agricultural
enterprise operating in a mountainous region. A detailed de-
scription of the model is available in Dantzig (1987), Niko-
lov et al. (1994), Fletcher (2013), Vanderbei (2015), Piryo-
nesi and Tavakolan (2017).

Some of the first publications in Bulgaria related to eco-
nomics models are in the area of domestic trade planning, also
known as internal trade. Later there are researches on produc-
tion planning (Georgiev, 1973), forecasting and planning the na-
tional economy (Vladimirova, 1981), trade (Mladenov, 1984),
(Aleksandrov, 1986), linear optimization models (Avramov
and Grozev, 1991), agriculture (Nikolov et al., 1994; Nikolov,
1998). The more recent publications on this topic are: Abramo-
va (2003), Ivanov and Dobreva (2007), Pushkarova (2010), Do-
breva (2011), Milkova and Michaylov (2016).

The aim of this study is to test the mathematical model
to examine the impact of CAP subsidies on optimizing the
structure of production in a Bulgarian agricultural enter-
prise operating in a mountain region. Additionally, we want
to check the level of applicability of linear optimization
in studying the impact of the CAP subsidies. It should be
stressed that only the effect of subsidies on the production
structure of the farm is studied, not entirely from the CAP,
which has many other mechanisms of impact on farms.

Materials and Methods

For the creation of the model, the study is based on re-
searches of Nikolov et al. (1994). Solving a particular eco-
nomic problem with mathematical methods means creating
an economically-mathematical task. Economic modeling is
a mathematical task, which reflects with satisfactory preci-
sion the most important relations and characteristics of the
economic problem. These tasks are constructed in a system
of linear dependencies. They should reflect the conditions to
be taken into account when solving the task. The objective
function expresses the optimality criteria (min, max):

A X +ALX + .+ A1 X <B
Ay X, +Ap X, + ..+ Ay X > B,
' (1)
Alel + A X, + o+ A X =B,
F=CX +CX, +.. +CX — max (min)

where:
X indicates the size (magnitude) of the activities or metrics,
A, and Cj indicate the activities that will be done,
B, means the amount of available resources or the amount
of activities (restrictions).

The objective function F' gives the optimality criteria.

The solution of the model will answer the following
questions:

1. Establishing the optimum production structure accord-

ing to the constrains and the optimality criteria;

2. Establishing the impact of the CAP subsidies on ef-
ficiency and production structure, depending on the
chosen optimal criteria.

In order to establish the production structure of the se-
lected agricultural holding, it is necessary to determine:
crops area, number of animals, feed balance, labor resources
and other activities. When developing the model, the opti-
mality criteria will be max gross margin. Additionally, we
will set another criterion for optimality — max profit.

The argument for choosing the farm is based on the fact
that experts and researchers in agri-economic science find
that farms in mountain areas have a mixed specialization —
plant growing and dairy farmer.

Description of the farm

The necessary information was gathered with the assis-
tance of specialists from the studied farm.

The farm is a legal entity registered under the Commer-
cial Law as a sole limited liability company. Its activities
are in a mountainous area on a territory of Sofia region. The
soil type is Cambisoles, the area falls in the group of infer-
tile lands in the bonity rating 0-20 ball,10% category. Climate
conditions create prerequisites for growing wheat, rye, vine-
yards, fruit trees, late vegetables.

The management is located in lands of the former coop-
erative union. At the beginning of the 1990s, an agricultural
cooperative for production and services was set up, but after
2010 it ceased agricultural activity.

The farm pays to the cooperative a rent, which is used for
storage of grain — BGN 650 per year. The farm is equipped
with modern equipment — John Deere tractors and harvesters.

There is a mixed plant breeding specialization of its pro-
duction activity. The farm does not own land. It rents 2000
decares (da). It pays a rent of BGN 24/da. In addition, 1500
da of pastures/meadows are rented from the municipality for
the feeding of the animals. They are used both for animal
grazing (green food) and for hay. The land is distributed as
follows: 500 da municipal land and 1000 da white spots. The
municipality pays municipal rent of BGN 8 per decar per
year. There is no additional opportunity for hiring land in
the area because it is too organized as a production resource.
There are no irrigation facilities built on the land.

Cultivated crops on the rented land are as follows: wheat
— 700 da; barley — 300 da; sunflower — 700 da; corn for si-
lage — 300 da. Wheat, barley and sunflower are also grown
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for commodity crops, except for animal feed. Wheat could
be sold at BGN 0.27/kg, barley — 0.26 BGN/kg, sunflower
— 0.65 BGN/kg. For the purpose of the model we assume
that the products can be purchased at the same price. Wheat
yield is 400 kg/da; barley yield is 500 kg/da; sunflower yield
is 200 kg/da. According to the studies, the amount of straw
is about 40% of the yield. We assume an average amount of
straw of 180 kg/da. We do not apply the sunflower rotation
requirement (1/6 of the area). The yield of silage corn is 1
tonne/da.

The farm has the potential to grow about 100 cows. At
the moment there are 75 dairy cows with an average of 10 li-
ters of milk per day or about 3600 liters per year. The breeds
are ,,Bulgarian Rhodope Govedo” and “Iskar Govedo”. Due
to the commitment because of the subsidy received, the farm
is obliged to grow a minimum of 20 animals of every breed.
Every day the produced milk is bought from a processing
plant at a price of 0.70 BGN/liter. At this stage, cows are fed
on a level of 4000 liters milk per year. The necessary food for
animal feeding is farms own production. Additionally for the
ration of the animals concentrated fodder can be bought at
the price of 0.65 BGN/kg. On the farm, cows are fed accord-
ing to a ration determined by the zootechnics, in agreement
with the farm manager.

The required Net Energy Intake (NEI) per year for one
cow will be determined according to the technical and eco-
nomic standards. According to zootechnical requirements,
we assume (according to Nikolov et al., 1994; Nikolov,
1998) that the relative share of fodder to get the required
NEI may vary within the following limits:

1. Concentrated feeds from 20 to 40% from the neces-

sary NEI;

2. Silage — from 30 to 48% of NEI;

3. Hay — from 5 to 12% of NEI;

4. Green fodder — from 10 to 20% of NEI;

5. Straw — maximum 10%.

The bred cattle are 55 cows of the “Bulgarian Rhodope
Govedo” and 20 cows of “Iskar Govedo” breed. The milk
Bulgarian Rhodope Govedo breed is less in quantity, but due
to commitments under Measure “Agroecology” of CAP and
the subsidies taken, there is an obligation to select them for 5
years. There are 9 people permanently employed on the farm,
distributed as follows: 3 mechanics with gross remuneration
at 1100 BGN/month (13 200 BGN/year); 2 labourer with
1000 BGN/month (12 000 BGN/year); 2 dairy farmers with
BGN 1100/month (BGN 13 200/year). These labor costs will
be considered as variable costs because they depend on the
amount of activity performed and may in practice vary. The
salary costs of the administrative and managerial staff will
be included in the column of permanent costs: 1 agronomist

— 1000 BGN (12 000 BGN/year); 1 zootechnician — 1000
BGN (12 000 BGN/year); accountant (cashier and human
resources) — BGN 1000 (BGN 12 000/year); manager — 15
000 BGN/year. Additionally, temporary support of 70 work-
ing days for common work and up to 90 working days for
mechanized activities can be recruited on a monthly basis.
Payments are 30 BGN per day for a labourer and 40 per day
for a mechanic. Annually a single worker and mechanic can
provide 240 working days, and one dairy farmer — 280 work-
ing days. The maximum number of permanent workers on
the holding may not exceed 18 people. The months with the
highest labor pressure are July, August and September. The
number of days during which it is possible to carry out field
work in the months with high labor tensions are respectively:
July — 26 working days; August — 26; September — 24. When
mechanics do not carry out mechanized activities, they can
do a common job.

According to the technological requirements (Nikolov et
al., 1994; Nikolov, 1998), the following restrictions must be
observed:

1) Autumn crops under non-irrigating conditions occupy
not less than 45% and not more than 55% of the crop rota-
tion area;

2) The sunflower does not occupy more than 17% of the
crop rotation area (1/6).

Since the aim is to assess the impact of the CAP subsidy
on the efficiency and structure of production, information
relevant to their application on this farm is needed.

The farm has received subsidies under Pillar 1 of the
CAP for 2017 as follows:

¢ 41 BGN/da, distributed as follows — 19.50 BGN/da un-

der Single Area Payment Scheme, 12.50 BGN/da green
payments, 9.00 BGN/da for disadvantaged areas;

e 75 dairy cows (419 BGN/animal) under Scheme 11 for

support for dairy cows under selection control.

Development of feeding normative is an important step
in collecting information. For different crops, livestock and
other activities a set of norms has been developed, depend-
ing on whether the activity is commodity or not. Commodi-
ties are the activities from which the final output is obtained,
i.e. production for sale. These are wheat, barley, sunflower,
cow’s milk. Non commodity is the production that is used
in the production cycle for producing milk, like: 1) fodder
crops needed to feed the animals — wheat, barley, sunflower,
silage corn; 2) animals for carrying out the reproduction pro-
cess. For the different activities, norms are developed for 1
decar or 1 tonne of production. In addition, it is necessary to
pay attention to the optimal feeding of ruminants. The opti-
mal ration is the one that satisfies the maximum zootechnical
feed requirements of the respective group of animals.
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Setting the model

In order to determine the production structure of the select-
ed mountain farm, it is necessary to determine the area of the
crops, the number of animals and other activities to achieve
maximum economic impact. During the developing of the
model, the criterion is to achieve the maximum gross mar-
gin with the inclusion of CAP subsidies and without applying
them. The solution of the problem will also answer the ques-
tions regarding the most cost-effective production processes
for crop production (for feed and commodities) and for live-
stock breeding (cows, feeding with ration for 4000 1 milk). On
the other hand, the model provides the opportunity to quickly
and easily develop different options for optimizing the pro-
duction structure in case of a change of production or some of
the limiting conditions. Additionally, the decision will pres-
ent the impact of CAP subsidies on the production structure
and, accordingly, on the economic outcome. The production
structure in the case at hand depends on the specifics of natural
conditions and limiting factors. On the chosen farm, the orga-
nizational conditions are as follows:

1. Quantity and quality of the land (impossibility to rent
more land, low bonity estimated, non-irrigated condi-
tions, etc.);

2. Amount of grazing meadows;

3. Quantity and quality of the main productions (breeds
of selected animals, milking, presence of cowshed,
warehouses, etc.);

4. Labor resources (number of permanently employed
workers, field workers, livestock workers, mechanics,
zootechnics, agronomist;

5. Agrotechnical crop rotation requirements (minimum/
maximum limits in which they may vary, green/dry
weight ratio);

6. Zootechnical conditions regarding the feeding of ani-
mals according to the milking;

7. Contracts to buy milk, sale of commodity crops;

8. Ability to purchase concentrated fodder;

9. Prices of marketed production and means of production.

Fot the purpose to optimize the objective function we use

the SOLVER application in MS Excel. SOLVER is an appli-
cation that can be used to find an optimal solution (minimum
or maximum) of an equation that is subject to various con-
straints. The optimal solution should be located in one cell
and to be the result of the mathematical calculation of the
variables of the objective function.

Creating unknown variables and limitations

To determine the impact of CAP subsidies on the eco-
nomic efficiency of the farm, we define the following un-
known variables:

X, —wheat (da)

X, — barley (da)

X, — sunflower (da)

X, —corn for silage (da)

X, — pasture meadows (da)

X, — hay for feed, own production (t)

X, —purchased concentrated fodder for cows (t)

X, —own concentrated fodder for cows (t)

X, — green feed (m)

X, — straw for feed, own production (t)

X, — purchased hay for feed (t)

X,, —cows — 4 tons of milk (number)

X, —rented land (da)

X,, — labourers, permanent workers (number)

X, —mechanics, permanent workers (number)

X, — livestock workers, permanent workers (number)

X,, —revenue (BGN, thousands)

X — variable costs (BGN, thousands)

X, — labor costs (BGN, thousands)

X,, — fixed costs (BGN, thousands)

X,, — gross margin (BGN, thousands)

X,, — profit (BGN, thousands)

X,, — NEI (number)

X,, — administrative costs (BGN)

X,, — Wheat, commodity (da)

X,, — barley, commodity (da)

X,, — sunflower, commodity (da)

After determining the unknown variables, we develop
the necessary constraints expressing in a mathematical
form the different conditions and requirements that we
need to comply with in the optimal plan. The constraints
are:

I. First group of constraints on land use requirements
1. Constraints on rented land (da)

X1, =2000 2)
2. Relationship between agricultural crops and rented land
X+ X, +X +X +X +X +X =2000 3)
3. Meadows constraints (da)

X, <1500 4
4. Autumn crops, at least 45% of the crop rotation area (da)
X, + X, + X, + X, =900 %)
5. Autumn crops, max 55% of the crop rotation area (da)
X+ X, +X,+X, <1100 (6)

6. Sunflower, a maximum of 17% of the crop rotation
area (da)

X, + X, <340 ()
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I1. Second group of constraints on the use of labor re-

sources

7. Workers, maximum (number)

X X+ X, <18 ®)
8. Workers, minimum (number)

Xl4 + XIS + Xlé Z 9 (9)
9. Labourers, maximum (number)

X,<6 (10)
10. Labourers, minimum (number)

X,=3 (11)
11. Mechanics, maximum (number)

X <6 (12)
12. Mechanics, minimum (number)

X,=3 (13)
13. Livestock workers, maximum (number)

X <6 (14)
14. Livestock workers, minimum (number)

X=3 (15)

II1. Third group of constraints on animal feed
15. Balance of NEI needed to feed the cows (number)

489X, + 480X, + 1050, + 1160, + 170X, +

+280X,, + 480X, >7100X , (16)
16. Silage, min 30% from NEI (number)

489X, >2130X , (17)
17. Silage, max 48% from NEI (number)

489X, <3408X , (18)
18. Concentrated fodder, min 24% from NEI (number)
1050, + 1160X, > 1704X , (19)
19. Concentrated fodder, max 40% from NEI (number)
1050, + 1160X, < 2804X , (20)
20. Green fodder, min 10% from NEI (number)

170X, > 710X, 2n
21. Green fodder, max 20% from NEI (number)

170X, <1420X , (22)
22. Straw, max 10% from NEI (number)
280X,,<710X, (23)
23. Hay, min 5% from NEI

480X, +480X > 355X, (24)
24. Hay, max 12% from NEI

480X, + 480X, <852X, (25)

25. Processed concentrated fodder which we feed the ani-

mals and the source from which we receive it (t)

0.4X +0.5X,+0.2X, <X, (26)
26. Relationship between straw and autumn crops
X, <0.16X +0.16X, 27

27. Balance between green fodder and hay that the farm

can get from pasture meadows

4X + X, <2.2X, (28)
28. Wheat, min 20% of concentrated fodder

0.4X, > 20%X, (29)
29. Barley, min 20% of concentrated fodder

0.5X, > 20%JX, (30)
30. Sunflower, min 20% of concentrated fodder

0.2X, > 20%X, 31

IV. Fourth set of limitations for the minimum and

maximum limits between which the specified crops and
animals may vary

31. Cows, minimum (number)

X, =40 (32)
32. Cows, maximum (number)
X, <100 (33)

V. Fifth group of constraints, auxiliary
33. Income (BGN)

X, =108X,, + 130X, + 130X, + 2800X  +

+419X + 42X, (34)
Income (BGN) — 2 option without subsidies
X = 108X, + 130X, + 130X, + 2800X (35)

34. Variable costs (BGN)

X = 70X + 62X, + 54X, + 50X, + 70X, + 62X, +
+ 54X, + 100X, + 650X, + 100X, + 110X, +
+50X, + 12 000X, + 13 200X, + 13 200X, (36)

35. Labor costs (BGN)

X, =12000X, + 13 200X, + 13 200X (37)
36. Administrative expenditure (BGN)

X, =40 800 (38)
37. Fixed costs (BGN)

X, = 24X, +8X, + X, (39)
38. Gross margin (BGN)

‘le :‘Xn_Xls_Xw (40)

39. Profit (BGN)
X22=X17_X18_X19_XZO_X25 (41)
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40. NEI (number)
X, = 489X, + 480X, + 1050X + 1160X, +

+ 170X, + 280X, + 480X, (42)
41. Minimum contribution of fodder crops (da)
X, 2 20%X, (43)
42. Minimum contribution of fodder crops (da)
X, >20%X, (44)
43. Minimum contribution of fodder crops (da)
X, = 20%X, (45)

In order to assess the impact of the subsidies implement-
ed under the CAP, it is necessary to define the criterion of
optimality. The gross margin will be used in this example.
Additionally, the task will be solved with a maximum profit
criterion.

F=108X, + 130X, + 130X,, +2800X,, + 419X, +
+ 42X, — 70X, - 62X, - 54X, - 50X, - 70X,
~ 62X, — 54X, 100X, — 650, — 100X, — 110X,
50X, 12 000X,, - 13 200X, — MAX gross me (46)

The objective function is designed to affect the area of
different crops used for feed or for sale, cows and subsidies
(when using optimization subsidies), the area of grazing
grassland used and hay production, purchased fodder and
labor costs. The solution of the optimization equation is ex-
pected to result in the area of the land to be sown with a
particular crop, the optimal number of cows to grow.

Solution of the task under different optimality crite-
ria (gross margin/max profit, with and without subsidies)

The optimization was solved with the SOLVER software
product.

Table 1. Parameters of the optimal solution for the gross margin/max profit target with/without subsidies

Unknown variables

Decares

Tonnes Numbers Thousand BGN

X Wheat

31

Barley

(&

275

Sunflower

o

31

| X

[+

Corn for silage

697

Pasture meadows

o

514

Hay for feed, own production

X

674

Purchased concentrated fodder for cows

=

Own concentrated fodder for cows

oc

156

PR R | X

\S

Green feed

835

Straw for feed, own production

=

Hallig

Purchased hay for feed

11

Cows — 4 tons of milk

S

100

Rented land

o>

2000

Labourer, permanent workers

=

Mechanics, permanent workers

3

Livestock workers, permanent workers

>

Revenue

<

531,364

Variable costs

3

127,9

Labor costs

s

115,2

Fixed cost

i~
S

46627,34

Gross margin with subsidies

NNN><><><><><><><><><
=2

288,262

Gross margin without subsidies

o
=

162,32

Max profit with subsidies

I
>

190, 635

alte

Max profit without subsidies

64, 735

NEI

i~
o

710 000

Administrative cost

[
=

51,00

Barley, commodity

)
S

Sunflower, commodity

S

656

M| | |

Wheat

S
S

309

Source: Own calculations
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Results and Discussion

The results obtained from the optimization are shown in
Table 1, in which the parameters of the optimal solution for
the gross margin/max profit target with/without a subsidy in-
cluded are presented.

In the management of the farm it is assumed that the
rented land is 2000 decares and is used at its full capacity.
In determining the optimal structure of the farm, the require-
ments for optimal ration of animals are taken into account by
tracking the balance of the NEI.

The main effect on the results is the type of objective
function, the constraints and the set price parameters. The
type of the objective function is linear, as well as the con-
straints. Linearity influences the results in 2 ways:

1. It maximizes the quantities produced from crops with
a good price, on the one hand;

2. It minimizes the crops with price disadvantage to the
minimum, on the other hand.

That is why, the produced wheat for fodder is only 31
decares (the production costs of wheat are 72 BGN/da, while
for barley and sunflower they are respectively 62 BGN/da
and 54 BGN/da) and the commodity wheat is 0. The latter
results from the lower sales price of wheat set in the model —
108 BGN/da (130 BGN/da for barley and sunflower).

The amount of land sown with sunflower fodder is also
31 decares. Although sunflower is financially profitable for
cultivation at a cost of only 54 BGN per decare, its profitable
market price is the reason for it to be sold as commodity (309
decares) and for this reason the minimum quantity is set as a
fodder according to the limitations introduced.

The moderate production costs and the good market price
of barley cause it to be the optimal crop, both for feed (275
decares) and for sale (656 decares).

In fact, the difference between market price and produc-
tion costs is greater for sunflower, which is why it is also
mainly produced as a commodity crop.

The quantity of silage corn (697 t) is determined primar-
ily by its low price and restrictions on its use for food.

In terms of the number of breeding animals (X ,), the
function is maximized by maximizing the number of cows
— 100 within our study. As already mentioned, the linearity
of the gross margin objective function implies such a result
when gross margin is positive.

It is interesting to note whether the availability of CAP
subsidies will change the results of optimization. The impact
of the subsidies on the model is reflected by the animal sub-
sidies of BGN 419 and the subsidies per unit area of BGN
42. The main result of the use of CAP subsidies is the in-
crease in the gross margin from BGN 162.32 thousand up to

BGN 288.26 thousand. Accordingly, max profit is from BGN
64.735 thousand up to BGN 190.635 thousand.

All other parameters of the model — with regard to the
structure of the areas for cultivation of different crops, graz-
ing meadows, labor costs remain unchanged, whether or not
subsidies are used.

Conclusion

In this paper, we tested the impact of CAP subsidies on
the production structure of an agricultural enterprise through
a mathematical model. The main conclusion from the opti-
mization model of the objective function of the gross mar-
gin/max profit is that the existence of CAP subsidies does not
affect the production structure of the agricultural enterprise‘s
with regard to the crop rotation and animals.

The resulting linear optimization did not prove the suc-
cessful applicability of the model in the CAP study. Betting
as optimal criteria in the gross margin/maximum profit goal
optimizes costs in line with the limitations. The model is ap-
plicable in optimizing production structure, animal feed ra-
tion, etc., but must be applied separately. It is not appropriate
to apply for studing the influence of CAP subsidies on pro-
duction structure, livestock breeding, labor, plant growing,
food ration.

At the same time, we also need to address some of the
weaknesses we identified during the task development and
after getting the possible solutions. The mathematical model
is not able to take into account the influence of external fac-
tors (temperature, humidity, precipitation, atmospheric pol-
lution, climate change), including current environmental,
behavioral, social, etc. Also, the model can not foresee the
possible future changes in the market environment, the be-
havior of competition, the change in consumer requirements.
The task’s condition does not include the behavioral charac-
teristics of managers, employees and stakeholders. However,
it is not possible in the mathematical model to take into ac-
count and include all factors influencing the production ac-
tivity of the holding. The task also does not make it possible
to take into account important factors for the operation of the
enterprise, provided that it is in a situation of unfavorable po-
sition compared to competition. This greatly determines the
possible optimal solutions, which does not, therefore, justify
making a correct management decision.

The subjective approach in determining the minimum
and maximum parameters of the participation of the different
feed groups in the animals feeding leads to a narrowing of
the possible iterations to ensure full biological nutrition. This
is due to the fact that the more criteria from different groups
(land, plant, livestock, labor, food rations) are included in
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the optimization, the more the model strikes for a balance
between the created organizational conditions.

References

Abramova, G. (2003). Model for optimal functioning of the dairy
cattle / economics-mathematical “simplex method”. Bulgarian
Journal of Agricultural Economics and Management, 48(1),
54-58.

Arovuori, K., & Yrjold, T. (2015, October). The impact of the
CAP and its reforms on the productivity growth in agriculture.
In 147th EAAE Seminar: “CAP Impact on Economic Growth
and Sustainability of Agriculture and Rural Areas (pp. 1-14).

Avramov, A., & Grozev, S. (1991). Mathematical modeling. Sv-
ishtov (Bg).

Alexandrov, Kr. (1986). Economic and mathematical methods and
models in trade: Operations research. Sofia, Higher Economic
Institute (Bg).

Bachev, H. (2013). Assessment of the impact of the EU CAP on
agricultural cooperatives. Bulgarian Journal of Agricultural
Economics and Management , 58(1), 22-36.

Ciliberti, S., & Frascarelli, A. (2015). A critical assessment of
the implementation of CAP 2014-2020 direct payments in Ita-
ly. Bio-based and Applied Economics, 4(3), 261-277.

Dantzig, G. B. (1987). Origins of the simplex method. Stanford
Univ., CA, Systems Optimization Lab, Defence Technical In-
formation Center, Tehcnical Report Sol. 87-5.

Dobreva, Yu. (2011). Optimization modeling in sustainable devel-
opment survey. Sofia University “Sv. Kl. Ohridski”, Disserta-
tion (Bg).

Fletcher, R. (2013). Practical methods of optimization. John Wiley
& Sons.

Galluzzo, N. (2016). Analysis of subsidies allocated by the Com-
mon Agricultural Policy and cropping specialization in Ro-
manian farms using FADN dataset. Scientific Papers: Man-
agement, Economic Engineering in Agriculture & Rural
Development, 16(1), 157-164.

Georgiev, T. (1973). Economic and mathematical model and tasks
for production planning in APK, TKZS, DZS. Sofia, Zemizdat
(Bg).

Ivanov, B. (2016). Scenarios and effects on different probabilities
of development of Bulgarian agriculture. In: Proceeding from

Received: 01.08.2018; Accepted: 17.11.2018

IIrd Applied science forum “Agricultural Development and
Commodity Market Projection” (November 28-29, 2016, So-
fia), pp. 22-33.

Ivanov, L., & Dobreva, J. (2007). Application of the optimization
model and the Slutsky equation in the supply of public goods.
In Proceedings of International Conference of Rousse Univer-
sity (Vol. 46, pp. 161-167).

Kaneva, K., Mladenova, M., Koteva, N., Bashev, H., Risina, M.,
Hadzhieva, V., & Mitova, D. (2005). Efficiency, sustainability
and competitiveness of agricultural holdings. Bulgarian Jour-
nal of Agricultural Economics and Management, 50( 5), 44-54.

KF¥istkova, Z., & Habrychova, A. (2011). Modelling direct pay-
ments to agriculture in a CGE Framework — analysis of the
Czech Republic. Agric. Econ.-Czech, 57(11), 517-528.

Milkova, T., & Mihaylov, D. (2016). Operations research. Varna,
University of Economics (Bg).

Mladenov, H. (1984). Application of economic and mathematical
methods and models in domestic trade. Sofia, Higher Economic
Institute (Bg).

Nikolov, N. (1998). Designing the production structure of agricul-
tural production. Sofia, Stopanstvo (Bg).

Nikolov, N., Ivanov, G., & Stefanov, L. (1994). Economic and
mathematical modeling of agricultural production. Sofia, Zem-
izdat (Bg).

Piryonesi, S. M., & Tavakolan, M. (2017). A mathematical pro-
gramming model for solving cost-safety optimization (CSO)
problems in the maintenance of structures. KSCE Journal of
Civil Engineering, 21(6), 2226-2234.

Pushkarova, A. (2010). Mathematical models of economic tasks
for decision making. In: Proceedings of the Scientific Confer-
ence, Veliko Tarnovo, pp. 451-455 (Bg).

Rizov, M., Pokrivcak, J., & Ciaian, P. (2013). CAP subsidies and
productivity of the EU farms. Journal of Agricultural Econom-
ics, 64(3), 537-557.

Svobodova, H., & Véznik, A. (2012). Impacts of the Common Ag-
ricultural Policy of the European Union in the Vyso¢ina region
(Czech Republic) by the view of the farmers. Journal of Cen-
tral European Agriculture, 12(4), 726-736.

Vanderbei, R. J. (2015). Linear programming. Heidelberg, Springer.

Vladimirova, K. (1981). Economic and mathematical methods and
models for forecasting and planning of the national economy.
Sofia, Higher Economic Institute (Bg).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


