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Abstract
The purpose of the analysis presented in this paper is to answer why a specif-

ic price level of agri-food products is determined and accepted by both the con-
sumer and processor, as well as by the agricultural producer and processor. 
An answer to this question requires presenting a number of equations and func-
tional relationships based on specific assumptions, which is a formal and ana-
lytical method of analysis. This method is based on the assumption that the ac-
ceptance involves maximizing the goal function of the processor and the goal 
function of the consumer and agricultural producer simultaneously, as well as 
that there are conditions for competitive equilibrium on these markets. The es-
sence of this method is the choice of the processor in terms ofprices on the ag-
ri-food market. The importance of the procurement price level forthe choice of 
the processor is presented in an unusual and new manner by conducting an 
advanced analysis. The basic result of the analysis is a mechanism to deter-
mine the acceptable price level for these entities on the agri-food market. This 
is determined by introducing the admitting inequalities, which specify the ratio 
of expectations of these entities to the market equilibrium price. The conclu-
sion is that the price level is mutually acceptable because the goal functions of 
the entities have been carried out. The analysis is analytical and formal and has 
a theoretical and cognitive value. It may contribute to the theory of prices in 
the agri-food sector and the conditions for the choice of the processor.
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Introduction
Using control-related terms, the paper describes the issue of price formation at 

the input and output of an agri-food processor. In terms of microeconomics and 
agricultural economics this means the mechanism of price formation on the two 
markets where the processor operates. These include the market of final products 
of the processor, i.e., the food products, and the input market, i.e., the agricultural 
products. The latter determines the specificity of the processor. The value added 
of this paper is the determination of the mechanism of price formation of both 
products, the acceptable price level for the processor and its market partners, i.e., 
the consumer on the food market and the agricultural producer on the agricultural 
market. The statement that the level of these prices is determined as a result of 
the intersection of the supply and demand curves on both markets and the inter-
actions between the supply, demand, and prices, is insufficient. Firstly, the point 
is to determine the reason for which the processor accepts a given price level for 
its food product and the price level of a purchased agricultural product. Secondly, 
it should be determined why this price level is also acceptable to its market part-
ners. We believe that the basis of this acceptance lies in the processor’s benefits. 
However, transactions at a given price level require the acceptance of the other par-
ties, i.e., the consumer and agricultural producer, which involves the presence of 
mutual benefits of the consumer and processor on the final product market. Simi-
larly, mutual benefits for the processor and agricultural producer must be available 
on the agricultural product market.

The baseline for the analysis is the processor and maximizing their goal function. 
We assume that the processor operates within the two levels of prices, which on 
the one hand affect their revenues and on the other hand determine their production 
costs. The price of a final food product is a variable of its revenues, while the pro-
curement price is a variable of its production costs. As demonstrated in the paper, 
the price levels of agri-food products, maximum levels for the processor and its 
market partners, i.e., the consumers and agricultural producers, are formed on both 
markets. The price level for all these market partners is a market value. The partners 
act as price-takers. The activities of neither the consumer, nor the agricultural pro-
ducer or processor have an impact on the level of the actual equilibrium price – both 
of the food product and of agricultural product. In order to reflect the conditions for 
the maximization of the goal function, we adopt the assumptions of the neoclassical 
theory of producer behavior, as relevant to the actual conditions of the processor’s 
choice. However, we refer to the production factors in the production functions 
rather than to the processor’s choice. Such an approach derives from the invested 
capital and creates a production technique underlying the applied technologies and 
use of inputs. In this paper, we adopt it as a baseline condition following the ceteris 
paribus principle. According to the purpose of this paper, we refer to the processor’s 
choice with consideration to the two types of direct inputs. These include a resource 
input (agricultural product) and processing inputs. This creates a production func-
tion in relation to inputs, which can be understood as a technological function of 
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the processor. Revenues from the produced and sold volume of the final food prod-
ucts limit the volume of input use, which is understood as a hard budget constraint. 
The price incurred by these two influences affects the processor’s choice, the sub-
ject of this paper. The second selection criterion, albeit of secondary importance, 
is the “productivity”1 of both inputs. This second criterion refers in particular to 
the processor-specific conditions on the agri-food market, including the agricultural 
product market, which is not the area of interest of this paper. Our analysis focuses 
on the mechanism of price formation at a level acceptable to the market partners. 
The thesis we present and prove on the basis of an analytical and formal deduction 
is that there is a mechanism behind the formation of an acceptable price level of 
a product, both for the processor and consumer on the food market. The same ap-
plies to the presence of a mechanism behind the formation of a procurement price 
level acceptable for both the processor and agricultural producer on the agricultural 
market. Taking the level of generality into consideration, the reasoning falls within 
the margins of academic agricultural economics and microeconomics. The paper is 
of a theoretical and cognitive nature.

Reference to literature
The approach presented in this paper fills a specific research gap. In practice, 

the literature includes no references to the formation of a price level which is mu-
tually acceptable to the parties, i.e., the consumer and processor, or the processor 
or producer on both markets mentioned above. The approach of Jovens, followed 
by Marshal, differentiating between the cost economics (on the part of the produc-
er – supply) and utility economics (on the part of the consumer – demand)2 may 
serve as a theoretical prerequisite. Also the Hurwicz’s mechanism design theory, 
in which the parties pursue the maximization of the expected mutual benefits and 
compatible actions3 may be a point of reference. When referring to the prices af-
fecting the agri-food processor, the literature describes primarily the issue of price 
gap between the price level of a final food product and the procurement price lev-
el of an agricultural product. The theoretical foundations of price gap formation 
were developed in Gardner’s study (1990). Gardner associated the price gap with 
the processor’s goal function and the method of its maximization with considera-

1 Productivity can be defined as, e.g., the yield of a final product from agricultural product understood as 
resource input and processing input.
2 Jovens referred to the value (price) linking it with utility rather than costs. The manufactured product is a cost, 
while the purchased product is utility (becomes a good), thus not all incurred costs create a value. Jovens used 
the equations and deduction (Skousen, 2012), which reflects the approach presented in this paper.
3 The mechanism designing consists in the game of the parties to obtain maximum benefits, subject to certain 
assumptions derived by Hurwicz. In particular, there is no mechanism for decreasing the utility of one of 
the parties to the transaction, which at the same time leads to optimum in terms of Pareto (Jasiński, 2009). 
This paper does not discuss these issues, however, it determines the conditions for mutual benefits resulting 
from the parties’ utility function, i.e., admitting inequalities for the consumer and processor and the proces-
sor and agricultural producer, who derive their benefits and their levels without reducing the benefits of 
the other party. The above may be also referred to the individual utility functions in relation to the social 
welfare function (Kot, 2012) and decisions in the theory of games (Kiryluk-Dryjska, 2014).
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tion to the resource and processing inputs. This approach is indirectly referred to 
in this paper. The gap between the price of an agri-food product and the mecha-
nism of its formation has been continued without significant additions in the stud-
ies by Tomek and Kaiser (Tomek and Kaiser, 2014), and Hudson (2007), as well as 
Rembisz (2008), Hamulczuk (2018). There are many papers describing this phe-
nomenon in an evidence-based manner, including journalistic ones, which refer to, 
among others, the share of a farmer in USD (PLN) spent on food. It is even hard to 
list them. The differentiating papers include a study by Wough (1990) identifying 
the integrated two functions of prices of agri- food products, which was used in our 
paper to a certain extent. The papers referred to above fail to describe how these 
prices are formed. Some issues regarding the mutual relations between the agricul-
tural producer and processor in the supply chain, with a view to the contract terms, 
which implicitly and indirectly includes the prices, were discussed by Fałkowski 
(2015). Similar relations, including price relations between the entities, such as 
producer and processor in the value chain, based on a reasonable assessment of 
capacity, were presented by Wieland and Walbenberg (2013). These studies con-
tain only a few references to the mechanism of price formation at the processor’s 
input and output. Such references are presented in this paper. Using a formal and 
analytical method in a deduction-based approach, we derive the conditions that al-
low the formation of a mutually acceptable price of a final processed food product 
and the procurement price level of an agricultural product. The mutually accept-
able level means the level acceptable by the consumer and processor on the food 
market and by the agricultural producer and processor on the agricultural market. 
According to our hypothesis, such conditions may be formally determined with 
consideration to the maximization of the goal function of these entities, provided 
that the processor is the focus of interest.

Two prices in the goalfunction of the processor
The processor can be described in terms of microeconomics with a view to two 

inputs, i.e. agricultural product and processing inputs, as well as the final product 
of the processor, in the following manner4:

with the following constraint:

where:
ż – food product; y – agricultural product; n – input for processing the agricultural 
product; pż – price of the food product; py – procurement price of the agricultural 
product; pn – processing input price; all variables are positive, i.e., the price levels 
and volumes of production and inputs in a given period of time, the time variable (t) 

4 After the approximation and estimation of its parameters, it may be take the following form: 

ż��� � ���� ��    (1) 
 

             ż � �ż �� � � �� � � � ��    (2) 
 Jovens wykorzystywał wzory i rozumowanie dedukcyjne (Skousen 2012), co jest bliskie prezentowanemu w tym 

artykule podejściu  
3 W projektowaniu mechanizmów chodzi o grę stron dla uzyskania maksymalnych korzyści, przy pewnych 
założeniach wyprowadzanych przez Hurwicza, w szczególności nie występuje mechanizm oznaczający 
pogarszanie się użyteczności jednej ze stron gry (transakcji), który jednocześnie prowadzi do optimum w sensie 
Pareto, (Jasiński 2009). W artykule tak daleko nie idziemy, niemniej ustalane są warunki obustronnych korzyści, 
wynikające z  funkcji użyteczności stron  tzw.  nierówności dopuszczające dla konsumenta i przetwórcy oraz 
przetwórcy i producenta rolnego, którzy realizują swoje korzyści, ich poziomy, nie obniżając korzyści drugiej 
strony. Można to tez odnieść do indywidualnych funkcji użyteczności w relacji do funkcji dobrobytu 
społecznego (Kot 2012) oraz decyzji w teorii gier (Kiryluk-Dryjska 2014). 
4 W postaci do aproksymacji i estymacji jej parametrów może mieć postać:    
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is excluded. The expression on the left in the constraint is the processor’s revenue 
expressed as the product of the price level and production volume, equal to the sold 
volume: (ż ∙ pż), while the expression on the right side of the constraint is the costs 
of use of processing input: (y ∙ py) and processing input: (n ∙ pn). No costs other than 
inputs are included.

The baseline of this description of the processor is the following production func-
tion5:

where: ż – production volume; K – capital factor (machines and equipment); L – la-
bor factor (number of workers; ξ – residual.

The production function determines the relations in the above description of 
the processor expressed as a certain technological (input) function. The basic func-
tion also affects the manner, in which the productivity coefficients of the two di-
rect inputs are derived from this technological function. The technological func-
tion of the processor includes the variables from the two markets of interest: final 
agri-food market, including in particular the prices of food products: pż and from 
the agricultural market, namely the procurement prices and their level: py, as well 
as purchase volume: y. 

We assume that the processor is the price-taker on both markets. In addition, it 
can be assumed that the processor somehow affects the agricultural market, including 
the procurement prices. This depends mostly on the structure of this market. It needs 
to be noted that the processor, in a certain period of time, affects the revenues of agri-
cultural producers: y(t) ∙ py(t). This is determined by the processor’s revenues from 
sales of its products: ż(t) ∙ pż(t) and costs of processing inputs: n(t) ∙ pn(t). This defines 
the available options to pay for agricultural products used as inputs. Thus, the de-
pendencies are simple. The revenues of an agricultural producer are determined or, 
more generally, affected by the financial capacity of the processor, i.e.:

 

This may clearly suggest that the processor has some capacity to form the con-
ditions on the agricultural product market. This capacity results also from the func-
tion of the processor’s demand for agricultural products, which may be derived 
from the constraint of the processor’s revenues, i.e.:

Thus, the demand for agricultural products depends on the food production vol-
ume in relation to processing inputs and the ratio of final product prices to procure-
ment prices (which is known as the price gap), and the ratio of procurement prices 
to prices of processing inputs (alternate relationship). These demand variables are 
somehow independent from the processor in a certain period of time, although 

5 This function and the parameters were approximated and estimated by Firlej (2017).

                                                           .     
 

      �ż��� � �ż��� � ���� � ������ � ���� � �����   (4) 
 

���� � ż��� ∙ �ż�� ��� � ���� ∙ ���� ���   (5) 
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they depend on the market condition and the applied production technology deter-
mined by the basic function (changes are observed over a long-term perspective). 
The above should be taken into account when referring to the impact of the proces-
sor on the procurement price in a given period. The processor’s impact on the pro-
curement price for a given period, upon the transformation of the above formula, is 
determined by the following dependencies:

The dependencies are simple6. The level of the procurement price is determined 
by the ratio of the final product price to the price of the resource input needed to 
produce such a product. The procurement price also primarily depends on the pro-
cessing efficiency, which is understood in terms of a food product obtained from 
an agricultural product for a given price level of a final food product, which is re-
flected by the following formula:

The procurement price level also depends on the alternate relationship of process-
ing input to resource input for a given level of a processing input price:

These processor’s functions and associated conditions result in a specific demand 
on agricultural products of this agri-food processor. This may affect the formation 
of the procurement price: py, which in this paper takes a form of a reverse demand 
function7:
 
where:
y d – processors’ demand on agricultural products as inputs (resources) for produc-
tion; Ż = ż ∙ pż – processor’s revenues as a product of the production volume and 
sales of final food products: ż and their prices: pż, here as a constraint for the pur-
chase volume and procurement price level.

6 These values are identifiable and constituted the subject of empirical analyses. The estimated price rela-
tion of a retail food product to resource input ranges from 0.3 to 0.5, from 30 to 50%. The statistical data 
on the share of farmer in USD spent for food or the share of farmer in PLN spent for food, are a frequent 
example. In the past, these indicators decreased, while currently they have stabilized in the range defined 
above. This process reflects the structure of actual consumer demand with a higher share of services related 
to processing, trading, and delivery of a product, as well as catering services. All these processes are reflected 
in the indicators presented in this formula.
7 The introduction of a procurement price formula which includes the cost k(n), final product price pż, and 
the purchase volume as:

where the procurement prices are inversely proportional to the purchase volume at a given ratio of food 
product price to processing costs, and proportional to this difference.

����� � ż
� ��� � �ż��� �

�
� ��� � �����   (6) 

 

� � ż
� � �ż    (7) 

 

   (8) 
 

6 Te wielkości są identyfikowalne, były wiele razy przedmiotem analiz empirycznych , relacje cenowa produktu 
żywnościowego detalicznego do wkładu surowcowego szacuje się na poziomie od 0,3 do 0,5, od 30 do 50%, 
często przytacza się statystyki o udziale farmera w dolarze wydanym na żywność, czy udziale rolnika w 
złotówce wydanej na żywność,, wskaźniki te malały obecnie się stabilizują w pokazanym przedziale. To 
dopowiada strukturze faktycznego popytu konsumentów, w którym duży udział mają usługi związane z 
przetwórstwem, obrotem i dostarczaniem produktu, a także usługi gastronomiczne. Wszystkie te procesy 
znajdują odzwierciedlenie w pokazanych w tym wzorze wskaźnikach  
7 Można również wyprowadzić  formułę ceny skupu z uwagi na koszty������ , cenę produktu finalnego���ż  oraz 
wielkość skupu jako: 

�� � �ż � ����
��

                                                       �� � ����, Ż�     dla (t)     
 

for



Determining the Acceptable Price Level for Agri-Food Products 101

Zagadnienia Ekonomiki Rolnej / Problems of Agricultural Economics

The procurement price level is the function of processor’s demand for this prod-
uct and depends on the processor’s revenues from sales of final food products, 
which were processed with the use of the agricultural product. 

In the competitive equilibrium conditions, the situation on the final food prod-
uct market is as follows:

The induction symbol used in this formula suggests that the revenue amount is 
given independently from the processor, since the processor acts as the price-taker. 
Thus, the processor must adjust the production (processing) costs to the level of 
food product prices, which are formed on the market in the competitive equilib-
rium conditions, rather than vice versa. This bears the consequences for the above 
mentioned formula determining the procurement price level.

The ratio of processor’s revenue amount to resource costs is of the key impor-
tance for the analyzed issue and takes the following form:

 This ratio forms a basis to derive a simple formula determining the procurement 
price level for the processor’s revenues, i.e.: 

The interpretation of this formula is obvious. The procurement price level is in-
versely dependent on the purchasevolume for the given processor’s revenues.

The same principle applies to deriving a formula for the price level of the food 
product: 

The price of this product is inversely proportional to the production volume of 
final food products and incurred costs of resource purchase. 

The final food product price – the consumer perspective
The final food product market operates under certain conditions of competitive 

equilibrium, including the product price. This is acceptable both for the buyer (con-
sumer) and seller (agri-food processor)8 . This price is admittable or mutually ac-
ceptable, because a transaction – i.e. product purchase – takes place. The research 
focuses on how this mutually acceptable or admittable price level is formed. It is 
assumed that it results from certain references to the price level, which is visible 
(like the market price level) to both parties. Each party has its own perspective or 

8 Given that the reasoning in this paper is general, the role of wholesale and retail sales is omitted.

ż��� � �ż�t� � ���� � ����� � ���� � �����      (10) 
 

ż�����ż���
���������� � �   (11) 

 

����� � �ż���∙ż���
����   (12) 

 

�ż��� � ����������
ż���     
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basis of reference to the market price level, and has different expectations in terms 
of price. The basis of reference to the price is its impact on the opportunity to exer-
cise the individual goal functions in the sufficient value. The consumer’s objective 
function is the maximization of utility from income. In this case, the main role is 
played by the price of products whose purchase is associated with the maximiza-
tion of the utility function. The solution maximizing the utility function requires an 
equality of the marginal utility of the purchased good with its price level. It may 
be assumed that the basis of reference to the price of a given final food product for 
the consumer is its utility9:

It may be pointed out that this utility – i.e. food product utility – is a component 
of a general utility function. If it referred to two products (goods) – i.e. the food 
product and other products (industrial products and services), that is to say non-food 
products, we receive the following equation:

where:
nż(t) – the consumption of non-food products in a given time period; uż(t) – food 
product utility; umax(t) – maximized total consumer utility; other symbols as above.

The impact of the consumption of each of these products on total utility as 
the consumer’s goal function may be assessed by differentiating this function. As 
a result (skipping the transformations)10, the following equation can be derived:

where:
the first expression of the above equation on the left expresses the impact of changes
in consumption on the consumer’s utility, where:                   is a marginal utility of
a food product for a given time period (t). 

We know that the consumer maximizes its utility function where the marginal 
utility of a product equalizes with its price:

We also know that both marginal and average utility decrease along with an in-
crease in consumption, which affects the acceptable price of a food product. When 
analyzing the implemented conditions, it should be noted that food and non-food 
products compete for income or expenditure of the consumers within the given 
constrains. This results in the following equations:

9 Determination in time (t) is omitted.
10 For a general case in Rembisz and Sielska (2015).

                                                            �ż��� � ���ż����    
 

   (15) 
 

            dla danego (t) (16) 
 

7 
 

      �� � �����ż� � �ż � ������ż� � ��ż      dla danego (t) 
gdzie: 
pierwsze wyrażenie po lewej stronie powyższego równania wyraża wpływ zmian w spożyciu 
na użyteczność konsumenta, w tym:		���ż

�
� � �  to krańcowa użyteczność dobra 

żywnościowego dla danego okresu (t).  
Wiadomo, że konsument maksymalizuje swoją funkcję użyteczności wtedy gdy użyteczność 
krańcowa dobra zrównuje się z jego ceną: 

��
�ż

1
�

��� � �ż���   
czyli, popyt na produkty rolno-żywnościowe, który przyjmowaliśmy de facto jako założony 
czyli jako dany z góry, zależy od poziomu ceny relatywnej żywności tj stosunku poziomu cen 
tych produktów do poziomu osiąganych dochodów konsumentów , czyli: ( ��ż ���)11, z tym 
wiąże się prawidłowość Engla co de facto oznacza malejący relatywnie popyt na te dobra. 
Znaczenie ma także popyt substytucyjny i konkurencja cenowa, która występuje w danym 
czasie ze strony produktów nieżywnościowych:( ��ż�ż ���� oraz wielkość faktycznego popytu 
na te ostatnie dobra: �ż��� . Wszystkie te zmienne można ujmować w scenariuszowych 
projekcjach. 

Dla analizy w kontekście celu artykułu, czyli w związku z  ustalaniem się poziomu 
ceny dobra żywnościowego, najważniejszą kwestią jest wynikająca z tego rozumowania 
podstawa odnoszenia się nabywcy, czyli konsumenta do ceny tego produktu, mamy zatem12: 

�ż��� � ���ż���� 
Przyjęliśmy, iż tą podstawą jest użyteczność przeciętna, a nie krańcowa. Wynika to stąd , iż 
zrównanie się poziomu użyteczności krańcowej i przeciętnej, jak wiadomo  z analizy funkcji 
użyteczności, wyznacza racjonalny poziom i punkt przegięcia w hiperpłaszczyźnie funkcji 
użyteczności całkowitej. 
 

         Poziom ceny produktu żywnościowego dla przetwórcy 
 
                                                            

��
�ż

�
� � ��ż��� � �ż���  (17) 

 

 for a given (t)



Determining the Acceptable Price Level for Agri-Food Products 103

Zagadnienia Ekonomiki Rolnej / Problems of Agricultural Economics

 and: 
     

where: pnż is the price of non-food products.

With regard to the hypothesis on the decreasing utility of food products, such 
a situation affects the competitiveness of expenditure on food products compared 
with other expenditures. This translates into a demand for food products, which 
constitutes one of the key variables for the processor. Accordingly, demand is re-
lated to the food product price and other variables, including the prices of non-food 
products and consumer income. This demand can be determined using the penul-
timate equation:

which means that the demand for agri-food products, de facto assumed or given 
in advance, depends on the level of relative food price, i.e. the ratio of the price
of these products to the consumer income, i.e.:             11. This is associated with En-
gel’s law, which de facto means a relatively decreasing demand for these products. 
The other important variables also include the alternate demand and price compe-
tition, which occurs in a given time from non-food products:             and the value 
of actual demand for the latter products: nż(t). All these variables can be included 
in the projections. 

The essential issue for analysis in context of this paper’s objective – that is, 
the formation of food prices – is the basis of reference of the purchaser (the con-
sumer) to the price of this product, which gives12:

It is assumed that this basis is an average utility rather than marginal. The reason 
is that, according to the analysis of the utility function, the equalization of marginal 
and average utility determines the reasonable level and inflection point in the hy-
perplane of total utility function.

11 Some elements of the ratio of income to food prices analysis (Lee, Schulter, O’Roak, 2000).
12 This analysis will be performed without distinguishing whether the food product is domestically produced 
or imported. We consider only the utility in relation to the product price. Import definitely affects these 
relations and creates conditions for competitiveness and food consumption sensitivity (Gorzałczyński and 
Przybyliński, 2018).

���� � ż��� � �ż��� � �ż��� � ��ż���   (18) 
 

              ��ż � �ż��� � ���ż � ��ż���   (19) 
 

             	Ż��� � �
�ż ��� �

��ż
�ż ��� � �ż���    (20) 
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na użyteczność konsumenta, w tym:		���ż

�
� � �  to krańcowa użyteczność dobra 

żywnościowego dla danego okresu (t).  
Wiadomo, że konsument maksymalizuje swoją funkcję użyteczności wtedy gdy użyteczność 
krańcowa dobra zrównuje się z jego ceną: 

��
�ż

1
�

��� � �ż���   
czyli, popyt na produkty rolno-żywnościowe, który przyjmowaliśmy de facto jako założony 
czyli jako dany z góry, zależy od poziomu ceny relatywnej żywności tj stosunku poziomu cen 
tych produktów do poziomu osiąganych dochodów konsumentów , czyli: ( ��ż ���)11, z tym 
wiąże się prawidłowość Engla co de facto oznacza malejący relatywnie popyt na te dobra. 
Znaczenie ma także popyt substytucyjny i konkurencja cenowa, która występuje w danym 
czasie ze strony produktów nieżywnościowych:( ��ż�ż ���� oraz wielkość faktycznego popytu 
na te ostatnie dobra: �ż��� . Wszystkie te zmienne można ujmować w scenariuszowych 
projekcjach. 

Dla analizy w kontekście celu artykułu, czyli w związku z  ustalaniem się poziomu 
ceny dobra żywnościowego, najważniejszą kwestią jest wynikająca z tego rozumowania 
podstawa odnoszenia się nabywcy, czyli konsumenta do ceny tego produktu, mamy zatem12: 

�ż��� � ���ż���� 
Przyjęliśmy, iż tą podstawą jest użyteczność przeciętna, a nie krańcowa. Wynika to stąd , iż 
zrównanie się poziomu użyteczności krańcowej i przeciętnej, jak wiadomo  z analizy funkcji 
użyteczności, wyznacza racjonalny poziom i punkt przegięcia w hiperpłaszczyźnie funkcji 
użyteczności całkowitej. 
 

         Poziom ceny produktu żywnościowego dla przetwórcy 
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 The price level of food product for the processor 
A question arises as to what is the point or basis of reference of the processor 

for the price level of food product, which is determined on the market and inde-
pendently from the market. We must remember that the processor is the price-taker 
and operates on the market with competitive equilibrium, as agreed above. In order 
to answer this question, we performed the analysis in the same way as previously. 
We assume that the processor’s objective function is to maximize profit. This is 
achieved by the processor, like each processor in the microeconomic environment, 
when it equalizes the cost of production (marginal and average) with the price of its 
product, which is the exogenous variable. As already mentioned, this statement is 
important and obvious on the final food product market operating in full competi-
tive equilibrium. Thus, the processor must always compare the market price of its 
products with the unit (average) costs of its production:

 
where:
cż – average unit costs of production of the final product by the processor.

These unit costs: are specified as follows:

As we can see, the level of these costs depends on the scale of production ż(t), 
as well as other variables, including the procurement price level py(t) and purchase 
volume y(t) in a given time. The processor only affects the production volume. Its 
increase, which facilitates among others the process of concentration and speciali-
zation13, affects the processor’s reference to the market level of agri-food product 
price. From this perspective, the processor should pursue the following relation:

In other words, in the existing competitive market conditions, the processor is 
forced to adapt its costs to the price level rather than vice versa14. The basic way 

13 In practice, such increase in scale is required and ensured by the recipients, i.e. the retailers, including large 
retailers and discount stores, which prefer the processors ensuring a large scale of production. This attitude 
results from, among others, the discussed formula and is sometimes contested by some socio-political stands, 
including in particular populist addresses.
14 In monopolistic conditions of the processor, it is the processor who adapts the production volume to 
the price level of food products (determined by the processor) in relation to the production costs. The price 
level will be expressed in the following way:

pż = pż(ż)

This reverse demand function demonstrates that the processor sets the production volume adequately to 
the above mentioned price level (to sell all products), thus affecting this price level, which is derived from 
the following formula:                (see Tokarski, 2011).

�ż��� � ���ż����      (22)  
 

�ż��� � ���������������������
ż���     

 

�ż��� � �ż��� � ���������������������
ż���   (24) 

 

13 W praktyce np. takie zwiększenie skali wymagają i zapewniają odbiorcy, jakim są sieci handlowe w tym 
wielkopowierzchniowe i dyskonty, preferują  przetwórców zapewniających dużą skalę produkcji, jest to pewna 
prawidłowość wynikająca chociażby z omawianego wzoru. Nie zawsze jest to akceptowane w postawach 
politycznych czy ujęciach publicystycznych, a zwłaszcza wystąpieniach populistycznych. 
14 W warunkach jednak pozycji monopolistycznej przetwórcy to on dostosowuje wielkość produkcji do 
ustalonego przez siebie  poziomu ceny produktu żywnościowego  względem swoich kosztów produkcji. Poziom 
ceny będzie określony jako: 

�ż � �ż�ż�  
 z tej odwrotnej funkcji popytu wynika iż przetwórca stosownie do tego poziomu ceny ustala wielkość produkcji 
(tak by sprzedać wszystko)wpływając na ten poziom ceny, ten poziom jest określony przez:   ��ż��� � �  (por 

Tokarski 2011) 
15 To zwykle wiąże się z poprawą jakości , spełnianiem wymogów zdrowotnych  i użytkowych 
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to do this is to reduce the average costs, in most cases, by increasing the produc-
tion. Such activities also improve the input use efficiency indicators: agricultural
products:          and other products:         included in the formula. In most cases, 
this process is accompanied by increasing the share of the processor’s products on 
the market, which gradually affects the price: pż(t) in a given time period. The other 
issue is increasing the utility of the produced agri-food products15, which should 
be reflected by a price increase pż(t). The formula includes the procurement prices 
as our field of interest: py(t). We assumed that the formation of their level is indee-
pendent from the processor, although the processor’s impact on their level, as in-
dicated above, is more probable in terms of the processor’s impact on the prices of 
food products. This results directly from the cost formula. The processor, increasing 
the scale of production, also needs to increase the purchase, which affects the pro-
curement price level. These are the natural market processes.

These conditions comply with the term of the economic optimum of the pro-
ducer, in this case the agri-food processor, which specifies the basis of reference of 
the producer in more detail in terms of the market price of its product. The formula 
reflecting the economic optimum is as follows:

This indicates the equality of the levels of final product price with average costs, 
and the equality of average costs with the level of marginal costs. The same can be 
derived from the zero-profit assumption, which refers to the market in a competi-
tive equilibrium state (as the sine qua non condition). This assumption is usually 
valid in the conditions of the final food product market and affects the basis of 
reference of the processor to the price level of a final product, which should be 
reflected by the following formula:

 
The latter component of these functions will be included in further analysis.

Consumer and processor with reference to the price level of food product
The market level of food product price is a common reference for the consum-

er (buyer) and processor (seller)16. We assumed that this price is the equilibrium 
price, which is equally visible on the market to the consumer and the producer, and 
equally independent from them. However, the latter part of the assumption may 
be questionable. We will consider it valid, since the competition related to sup-
ply – i.e. to the processors – seems to be quite obvious. According to these assump-

15 This is usually associated with improved quality, compliance with H&S requirements and utility require-
ments.
16 There are also wholesalers, retailers, transport, marketing, etc., costs which are covered by the margin on 
the price actually earned by the processor. The same applies to VAT. At this level of generality, we recognize 
this value as a given value in a market price paid by the consumer and received by the processor, including this 
margin. The above derives from the reductionism method necessary for theoretical and cognitive reasoning.

     �ż��� � �ż��� � ��ż���  (25) 
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Innymi słowy, w obecnych konkurencyjnych warunkach rynkowych, przetwórca zmuszony 
jest dostosowywać swoje koszty do poziomu ceny a nie odwrotnie14. Podstawową drogą do 
tego, jak wynika z tych uwag, jest obniżanie kosztów przeciętnych. Najczęściej może to 
osiągnąć poprzez zwiększanie produkcji. To również daje poprawę ujętych w tej formule 
wskaźników efektywności wykorzystania nakładów: produktów rolnych: (�ż ↓) i pozostałych: 
���ż ↓). Towarzyszyć temu może, i najczęściej tak jest, zwiększanie udziału produktów 
przetwórcy  
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tions, both entities are the price-takers. We established the basis of reference of 
both analyzed entities to the equilibrium price, i.e. to its level. We did not find why 
the consumer and the processor accept, or agree on this market price level of a food 
product, and, as a result, whether they conduct the purchase and sales transactions 
according to this level. 

It is obvious, that the above must be associated with benefits from sales and pur-
chase of the same product at this price level. The benefit for the consumer is where 
the level of market price is below its utility assessment of this product. The equality 
of price and utility determines its optimum choice. This means that this equality is 
the limit of the profits17. The same applies to the processor’s benefits. If the level of 
market price exceeds the cost basis referred to above, i.e. average cost, this may lead 
to extraordinary profits, i.e. the processor’s benefits. The limit of benefits is the op-
timum state, in which the average cost (equal to marginal cost) is equal to the price. 
This situation is called a zero-profit situation, in which there is a return on the in-
vested capital at the level of its productivity and the costs of use of resources and 
other inputs with applicable margins are covered. Both parties – i.e. the consumer 
and the processor – have adequate expectations with respect to the value of benefits 
from the ratio of price to utility and costs. This affects their market behaviors. Both 
parties somehow design these behaviors with a view to gains, which, in a simplified 
form, may be perceived as an example of the Hurwicz’s mechanism design. 

Thus, a question about the consumer’s gains arises. We may assume that the con-
sumer expectations refer to inequalities18:

The consumer expects that the market equilibrium price: will be lower than its 
subjective assessment of the product’s utility (for specific income and preferences), 
which prioritizes this inequality over an optimum choice19. The relationship de-
termined by inequality is the consumer’s benefit. This can be also expressed as 
the consumer’s surplus, although these terms are not exactly the same. The benefit 
is a positive value:

 
Analogically, another question about the processor’s benefits arises. Following 

the same logic, we may determine the expectations of the processor with respect 
to a potential benefit for a given market price level (equilibrium). The processor 
expects, or hypothetically projects, that the market price level could be higher than 
the level of its average production costs, which are a subjective and completely 
dependent on the processor variable. The processor expects that the following con-
dition will be met:

17 When this situation occurs in the basket of food products and non-food products, i.e. the prices are equal to 
the utility of these two goods, we may also speak of the optimum in terms of Pareto.
18 We ignore the symbols of the expected value: and focus only on the essence of this issue.
19 The equality of price and utility of the product.
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The processor prefers this solution over the condition of optimum choice, because 
the first option guarantees extraordinary profits, which is reflected by the following 
equation:

The benefit must be a positive value:

These conditions are obvious to each processor and implemented in each favorable 
situation. 

The above expectations are not always met. What is more, when these benefits 
occur, they may relatively quickly decrease or disappear. They encourage both enti-
ties to behave in a specific manner. These behaviors of both entities change the situ-
ation and the ratio of the level of equilibrium price to utility and average costs as 
the reference points. Such benefit encourages the processor to increase production 
and sales, which may lead to a decreased price of the final product and therefore 
to reduced inequality understood as the benefit resulting from the new lower price 
level of food product. The processor will behave in such a manner in the competi-
tive conditions, because they want to obtain the most benefits. Although they are 
aware that such an approach may lead to a decrease in the equilibrium price and in 
this benefit, they continue doing so. The processor does not know how the competi-
tors – who are also focused on their profits – will behave. This approach is known 
from the theory of benefits as the prisoner’s dilemma. Only when the processor is 
in a quasi-monopolistic situation can they control the price level and value of ben-
efit. Similarly, the consumer’s benefit may encourage the increase of purchases of 
a given food product. This increases the demand, because the gains are similar for 
the vast majority of the consumers. As a result, the price level of this product may 
increase, which means a decrease in the favorable inequality between the market 
price level and its assessment in terms of product utility. From the perspective of 
the consumers, the demand for the final food products fully meets the conditions 
of perfect competition. Therefore, it is hard to concert these behaviors, the more 
so that no consumer can influence the location and slope of the demand curve. 
Herd behaviors prevail. In the case of the vast majority of final agri-food products 
as the basic goods, all fundamental rights and principles are observed (Woś, Ra-
chocka, Kasoerek-Hoppe 2011). The sustainability of demand for these products 
objectivizes and standardizes mass behaviors. These are the components of the ba-
sic behavioral mechanisms of market entities (Rembisz and Sielska, 2015; Morgan, 
Katz, and Rosen, 2009).

One may assume that the purchase and sales transactions take place, i.e. the food 
products are sold by the processors and purchased by the consumers, when there 
are benefits defined as above. They may be present in an adequate ratio. These mu-

                          �ż∗��� � �ż���  (29) 
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tual gains are the essence of reasoning and mechanism of accepting the equilibrium 
price level by the consumer and processor understood as the formation of a mutu-
ally acceptable price level of food product. It may be assumed, for example, that 
mutual benefits are relatively equal, though this condition is not necessary. It may 
also be assumed that the presence of a transaction, i.e. the transformation of a food 
product into a good (purchase), the following condition should be met:

This is of key importance, because it means that the consumer accepts the pro-
cessor’s product offered at a given price, and therefore accepts the costs of its pro-
duction. This is also of importance due to the presence of competitive equilibrium 
condition – the consumer may de facto choose between many processors, and may 
also withhold the purchase. This condition is equivalent to:

Both components of this formula (in order to emphasize the approximate values 
a symbol of a lesser strength than equality was adopted) have positive values, which 
means mutual benefits. In accordance with the above, the equilibrium price (its level) 
is a common price for the consumer and the producer in terms of their expectations 
and projections of their behaviors – following the thesis that at the beginning, this 
price is too high (consumer), and too low for the other one (processor). Their behav-
ior mechanisms lead to a consensus which can be expressed as follows:

and finally as:

where:
pżk – the price of a food product projected by the consumer;
pżp – the price of a food product projected by the processor.

These relationships resulting from the consumer and processor behaviors and 
affecting the projection of their expectations with respect to the price level of food 
product are of key importance. They form the demand conditions for the supplier, 
including in particular in terms of the price level of its final product. This undoubt-
edly affects the processor’s approach to the procurement price level of the agricul-
tural product.
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Procurement price level in choosing the agri-food processor
For the processor, the procurement price level of the agricultural product is 

the basic and crucial component determining the value of the production costs of 
the food product. In the assumed conditions of competitive equilibrium20, these 
costs of processor (price-taker), for a given price level of a final product in time (t), 
are usually minimized. This takes place in particular when the processor is unable 
to transfer the cost effect of the increase in the procurement price level on the price 
level paid by the final recipient, i.e. consumer, in the conditions of competitive equi-
librium. It seems that such a situation is relatively typical for the processor in the ex-
isting market conditions in Poland and the vast majority of the EU Member States. 
Thus, for this situation, we will solve the issue of maximizing the processor’s goal 
function as the basis of its reference to the procurement price level. With regard to 
the above, the basis of reference will be the reverse output function of the processor 
with the minimization of costs as the goal rather than the output function of the pro-
cessor. In the processor’s function, the procurement price is a component of cost 
constraint, the so-called isocosts. This is a line, on which the purchased agricultural 
products (as resource inputs): y and their prices: py, as well as inputs for resource 
processing: n and prices of these inputs pn are recognized. The isocost line expresses 
the amount of costs incurred for the processor’s production. This value is therefore 
a subject of minimization at a given production volume as a constraint. Thus, for 
a given (t), the output function of the processor is as follows: 

for a given processor’s goal function:

      
where:
kpmin – minimized production costs of the processor; other symbols as above, i.e.: 
n ∙ pn – processing costs as a product of processing inputs and their prices;  
y ∙ py – costs of purchase of agricultural product at the procurement price – costs 
of resource inputs, ż x – the assumed production volume; all variables for a given 
time (t).

For the processor’s function expressed in this way, subject to the above-men-
tioned conditions of the final food product market, the processor’s objective func-
tion – i.e. profit – can be maximized by means of the minimization of costs of used 
inputs necessary to achieve a given production volume, at the given final prices of
food products. This takes place in the ratio of: (    ), which is de facto a given
productivity from these outputs, which is associated with the used technique and 

20 The assumption on the conditions of competitive equilibrium on the retail food market, although disput-
able, is usually fulfilled. There may be also other market structures, for example of certain competitive 
advantages or monopolistic position of the processor, which would allow for the impact on the price level of 
final food product.
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cenobiorcy, bo przyjęliśmy że występują na tym rynku warunki równowagi konkurencyjnej20, 
są zwykle przedmiotem minimalizacji. Ma to zwłaszcza miejsce, gdy w warunkach 
równowagi konkurencyjnej, przetwórca nie może przenieść kosztowego efektu wzrostu 
poziomu ceny skupu na poziom ceny płacony przez finalnego odbiorcę, czyli na 
analizowanego wyżej konsumenta. Jak się wydaje, są to dość typowe warunki dla przetwórcy 
w obecnej rzeczywistości rynkowej w Polsce i większości krajów UE. Zatem dla tej sytuacji  
rozwiążemy zagadnienie maksymalizacji funkcji celu przetwórcy jako podstawy jego 
odniesienia się do poziomu ceny skupu. W związku z tym za podstawę do analizy nie 
przyjmujemy  nakładowej funkcji wyjściowej przetwórcy, a jej odwróconą postać z 
minimalizacją kosztów jako celem.   Formalnie w funkcji przetwórcy, cena skupu jest 
składową ograniczenia kosztowego tzw.  izokoszty. To prosta, w której ujęte są zakupione 
produkty rolne (jako nakłady surowcowe): �  oraz ich ceny: ��  jak również -  nakłady na 
przetworzenie surowców: �  i ceny tych nakładów ��. Wyraża ona wysokość ponoszonych 
kosztów na wytworzenie produkcji u przetwórcy. Ta wielkość jest zatem przedmiotem 
minimalizacji przy danej wielkości produkcji jako warunku ograniczającego. Zatem dla 
danego (t) wyjściową funkcję przetwórcy zapisujemy następująco:  
      ����� � � � �� � � � ��   
dla danej funkcji celu przetwórcy: 
                         ż� � ���� ��       
gdzie: 
������ – minimalizowane koszty produkcji u przetwórcy; pozostałe oznaczenia jak 
poprzednio, dla przypomnienia:  � � ��  - koszty przetwórstwa jako iloczyn nakładów 
związanych z przetwórstwem i ceny tych nakładów;�� � �� – koszty zakupu produktów 
rolnych po cenie skupu – koszty nakładów surowcowych, ż� – dana z góry wielkość 
produkcji; wszystkie zmienne dla danego okresu (t). 

Dla tak ujętej funkcji przetwórcy, przy wspomnianych warunkach rynku produktu 
finalnego żywnościowego, maksymalizacja funkcji celu przetwórcy  jakim jest zysk, może się 
więc odbywać poprzez minimalizację kosztów wykorzystanych nakładów na uzyskanie danej 
wielkości produkcji, przy danych finalnych cenach produktów żywnościowych. Odbywa się 
to również przy  danej relacji: ż

���
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technology of production applied by the processor and expressed, as already men-
tioned, by the production function: ż = f (K, L, ξ).

This issue is solved with the use of the Lagrangian conditional function:

and:

Thus, upon calculating the first derivatives (the second derivatives are assumed 
to be negative) of variables, i.e. the inputs: agricultural product: y, processing in-
puts: n, and an undetermined multiplier: λ for the given prices of these inputs, we 
compare them with zero as the extremum condition:

These extremum conditions determine the minimization of the input costs incurred 
for the production of a given volume of food products for the processor’s function 
referred to above. The Langrange multipliers and their economic interpretation are 
of importance at this point. When solving the first two conditions21 with the use of 
this multiplier, we receive:

  

which may be interpreted as profit in terms of marginal productivity from a mon-
etary unit spent by the processor on an agricultural product or input for its process-
ing. Needless to say that the greater the productivity, the lower the production costs 
of a food product incurred by the processor. From the perspective of the analyzed 
issue, i.e. the reference of the processor to the acceptable procurement price level, 
this is a clear indication. The processor refers to the procurement price level con-
sidering the productivity of inputs in a given time, that is:

This formula acts as a basis of productivity, which the processor may refer to 
the procurement price level and which is associated with the maximization of the goal 
function in the conditions of a competitive market for final food products in a given 
time period. It is obvious that the greater the input productivity, the lower the costs 

21 The third condition is of balance nature.
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of the final product. Thus, the processor, in accordance with λ, may be willing to pay 
for a given input, including accept a higher procurement price level (its higher level 
will be acceptable to the processor). In most cases, the way to achieve a higher input 
productivity leads to a more intensive processing of agricultural resources. The de-
pendencies are mutual. The increase in the procurement price level forces the need 
for its more intensive processing to achieve higher productivity, while improved pro-
ductivity allows for the acceptance of the higher procurement price:

When considering the ratio of processing input productivity to its price, i.e.:

the issue of substitution between these inputs, i.e. agricultural product and inputs 
for its processing seems to be obvious. This is determined by the relations of their 
productivity (understood as utility for the processor from the perspective of mini-
mizing the costs for production of a final food product unit) and the relations of 
the price levels. This also determines the basis of reference of the processor to 
the procurement price level. This may be proved in terms of the productivity and 
substitutability of processing inputs to achieve (constrained in advance) the pro-
duction volume of the final food products, resulting from the demand on a competi-
tive market, for a given time (t). We receive:

Both expressions on the right side of the equation demonstrate the impact of chang-
es in the use of both inputs, including the resource input (agricultural product) on 
the processor’s production volume. This specific change of using the input: Δy(t) 
and Δn(t) is weighted by the above-mentioned marginal productivity of resource
input:         and processing input: (     ) in a given period of time. Following
the theory of production function, these marginal productivities, may have posi-
tive values, approximating zero, or negative values for a given input. According to 
the right of decreasing productivity revenue for a given production function, they 
usually follow a decreasing course, yet demonstrate positive values. This may be ad-
justed upwards (moving the function curve up) only by technological progress and 
innovation. This means a dislocation of the input function and productivity (Tokarski, 
2011), and is achievable by investments made by the processor. These investments 
change the factor relations in the basic function22, i.e.: Ż = f (K, L, ξ) and, as a result, 
change the technological input function and input use efficiency, as indicated above. 

22  The basic function may have different estimable analytical forms, for example, the most common:

ż = A ∙ Ka ∙ Lb ∙ eut
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When assuming that the basic function and its location is given in advance23, 
i.e. when we refer to a given production volume using a given production technique 
in a given period of time, the total production growth is equal to zero. In such case, 
the exact differential is equal to zero, i.e.: dż = 0 to: y and n. Thus, the maximiza-
tion of the processor’s goal function involves a substitution between these inputs 
(resource and its processing) in terms of their marginal productivities in a given 
time (t), which may be linearly expressed as:

Considering the equation of income constraint for the processor and the relations of 
input prices, we determine the substitution of these inputs. In most cases, the sub-
stitution of resource input for its processing (or reversely) due to the relation of 
prices of both inputs in a given time (t), in which the product price increases more 
rapidly than the price of processing input can be expressed as follows:
 

The substitution of resource input by processing input, i.e. more intensive process-
ing of an agricultural product, depends on the relations of prices of these inputs. 
Increased procurement prices must lead to more intensive processing of an agri-
cultural resource, in particular when it is higher than the increase in the process-
ing input prices, which is very common (Szczepaniak and Firlej, 2015). This re-
sults directly from the processor’s goal function and the assumption determined by 
the exact differential equal to zero. The comparison of these marginal rates of sub-
stitution for agricultural product input by the processing input determines the con-
ditions acceptable for the processor in terms of the price level of both these inputs. 
After minor transformations for a given (t), we receive:
 

which determines the optimum structure of inputs for production of a food product 
at a given market price (established as in the first part of the paper) and the condi-
tions for increasing the use and acceptable input price level with regard to its pro-
ductivity for an agricultural product:

and for processing input: 

23 This may be related to a demand constraint resulting from a competitive equilibrium on the food product 
market, which seems to match the reality.
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When referring to the first formula, it is seen that the acceptable procurement 
price level for the processor is determined by the marginal efficiency of agricultural 
product processing and the capacity to use the increased resource input. The same 
applies to the resource inputs for processing. The marginal productivities, including:

   and the capacity to use the increased resource input: +Δy, are mostly determined

by the basic function of the processor: ż = f (K, L, ξ). These dependencies deter- 
mine the point or basis of reference of the processor to the procurement price level. 
To simplify, this results from the utility of input, i.e. the agricultural product for ex-
ercising the processor’s goal function. It is therefore difficult to expect that the pro-
cessor would accept a higher procurement price than determined on the basis of 
these dependencies. This has implications for the agricultural market and value 
chain, including the hypothesis on value extraction or transfer of surplus value 
(Czyżewski, 2017).

Procurement price level for the agricultural producer
In contrast to the processor, the procurement price level for the agricultural pro-

ducer is a variable being a revenue component. The value of revenue is expressed 
as: R, revenue is a product of volume24 of the sold product: and its price level: py: 
       

It should be assumed that the value of revenue should cover the costs of the in-
volvement of the production factors by the producer according to their actual in-
puts and remunerations25: 

 

where:
K ∙ pK + L ∙ pL + Z ∙ pZ  – the costs of the involvement of production factors, the costs 
of production excluding the costs other than inputs; individual variables; – approxi-
mate inputs of the production factor of capital, labor factor, and land factor; vari-
ables: are the costs of the involvement of these factors, and at the same time their 
remunerations, which are financed from the producer’s revenue; the products on 
the right are mostly the costs of inputs of the individual production factors26.

24 The measure of this volume is usually quintal or ton.
25 See the approach by Kleinanss (2014) derived from the theory by J.B. Clark (Binswanger, 2011), where 
the involvement or engagement of a given factor is weighted by its remuneration, which affects market 
conditions, e.g. interest rate, market wages and land rent. Also, the understanding of the production factors 
follows Woś andTomczak (1983), and Smędzik-Ambroży (2018).
26 In strict economic terms, according to the alternative uses of inputs of these factors or market prices of 
these inputs, or remunerations in these alternative uses, as presented by the authors and vast majority of rec-
ommended handbooks on microeconomics.
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The importance of the procurement price level is obvious. It acts as a variable 
forming the agricultural producer’s revenue and should cover the average costs of 
the use of inputs of the production factors27. Using the above-mentioned formula, 
we receive:

Another issue is whether the product price adjusts to the production costs, or 
whether it is the opposite, i.e. the costs, as a subjective category, are adjusted by 
the producer to the market procurement price level. We adopt the latter approach 
as binding, which is associated with the assumption on the presence of conditions 
similar to competitive equilibrium on the purchase market, where both the pro-
ducer and processor are the price-takers28.

 Acceptable price level for the processor and agricultural producer 
For both parties, i.e. the agricultural producer and agri-food processor, the mar-

ket procurement price (equilibrium price), determined as: is an exogenous market 
point of reference and is independent from each of them. Each of these entities 
is de facto a price-taker, and the market operations of neither the producer nor 
the processor change, at least essentially, the procurement price level29. In the case 
of the producer, this price affects the actual revenue:

      

In the case of the processor, this procurement price as the equilibrium price af-
fects the actual costs:

where: N = n ∙ pn costs of other processing inputs.

The procurement price as the equilibrium price is located on the two opposite 
sides in the goal functions of both entities, which confirms the previous comments 
and remarks. For the processor, it is located on the side of the costs, in contrary 
to the price of the final agri-food product (revenues) which was analyzed above. 

27 The costs other than inputs, e.g. taxes, contributions to the Agricultural Social Insurance Fund or the Social 
Insurance Institute, etc. are not included.
28 This assumption actually reflects the reality and has no visible competitive advantages. There is also no 
price intervention, the sectoral intervention programs are not based on the procurement price. The core in-
strument of the agricultural policy is the direct payments made outside the market scheme, which does not 
disturb the mechanism of procurement price formation.
29 It is the opposite in the case of the operations of a certain group of producers and processors. Usually 
the group of agricultural producers is larger or significantly larger than the group of processors. Thus, the po-
tential impact of the processor’s operations on the procurement price level is greater. This is a separate issue 
associated with the (agricultural) market structure and the arising conditions of competitive or monopolistic 
advantages. The impact of these operations on the formation of conditions allowing the mutually acceptable 
procurement price level may somehow change the perspective of analysis and requires a separate paper. 
A competitive advantage of a buying processor is usually pointed out (Czyżewski, 2017; Firlej, 2017).
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These obvious issues are emphasized due to their impact on the mechanism of 
the procurement price formation from the perspective of the processor. Both par-
ties, i.e. the producer and processor, have their own, different expectations with 
respect to the procurement price level as the equilibrium price. The basis of such 
expectations are their own maximized goal functions, i.e. income (agricultural pro-
ducer) and profit (agri-food processor).

For the agri-food processor, the procurementprice is not only the component of 
processing costs. Its level results from or is the function of the price level of final 
food product , in a given technology, established on the market in a given period 
of time (t):

     
This is the basic perspective of the processor, when they refer to the procure-

ment price level as the equilibrium price, i.e. a variable given in advance. The pro-
cessor must see the procurement price level from the perspective of the final food 
product price, the production of which requires buying the agricultural product at 
this price. We can also present it in analytical terms. The procurement price level, 
as seen by the processor, is derived from the final food product price as follows:

This takes place, as we frequently emphasize, when certain conditions of competi-
tive equilibrium on the market of final agri-food products are met. However, there 
can be an opposite situation, in which the procurement prices affect the final prices 
of food products. This may happen in the case of deficiency of agricultural product or 
control of their supply in effect of, for example, institutional and intervention activi-
ties, as well as in the case of disturbed competitive equilibrium in a given time period 
(including insufficient supply) on the final product market. In such a case:

In this situation, the processor would establish their prices (received for food 
products) with regard to the procurement prices (paid prices). This issue is fre-
quently brought up in the media and results from price transmission indicators 
(Rembeza, 2010; Olipra, 2020). In the conditions of strong competition on the final 
product market, this situation cannot take place. We will ignore this issue in further 
analysis, but it should be noted that it is associated with a price gap:

 

The greater the price gap, i.e. the higher quotient, the weaker the impact of 
change in the procurement price on retail price and vice versa. 

Considering the discussed procurement price as the equilibrium price and 
the processor’s perspective, it is assumed that the following condition is or should 
be met:
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Thus, the final price of a food product is higher than the procurement price, im-
plicite considering the technological conversion factors of processing the resourc-
es in a final product. In the context of willingness to pay (WTP)30, the processor 
would be willing to pay for an agricultural product (as an input) at the procurement 
price: py, where it achieves a benefit in the form of reduced production costs. This 
is met when, instead of the acceptable price level:          , it will pay less:          that
is when the following condition is met:

      

In such a case, the processor achieves a surplus, i.e. a reduction of costs to the planned 
level, for example, which forms a basis of extra profit. In the production costs of
the final food product at the price:       , the processor planned the price level:
            , while they actually paid:              that is, according to the above-mentioned for-
mula, less than planned. In such an event, the processor will increase purchases.
As a result, the market level of the procurement price:     may grow to the level 
of           , i.e.:

This mechanism is known from the price cobweb model.

The agricultural producer will expect the procurement price level as the equilib-
rium price to cover the production costs at a given production volume. The proces-
sor will expect the procurement price level on the market to allow the minimization 
of the costs of processed agricultural product as a resource for production of a final 
food product at the retail (wholesale) price established on the market. In formal 
terms, we may assume that the procurement price level for the agricultural pro-
ducer is the unit (average) cost function:

The agricultural producer may adjust to the procurement price or expect that 
the procurement price will adjust to the average costs: kp (t). However, the mechaa-
nism of price formation on the market is unclear. According to Jovens, the production 
costs – as a subjective and individual category – should be adjusted to the price as an 
objective (market) category and not the reverse. However, the impact of the organi-
zations and political force of the agricultural producers on the agricultural policy and 
intervention programs may invert and frequently inverted these principles.

An inverse procurement price formation system, based on a theoretical assump-
tion, the so-called production and cost formula, has operated in the public interven-
tion purchase scheme within a centrally planned economy. This cost and production 
basis for the procurement price is also one of the prerequisites of the so-called price 
intervention, i.e. maintaining the price in order to adjust it to the production costs cal-
culated as the average costs. This is also how the costs in the agricultural sector and 

30 Trendy terms in literature: willing to pay (WTP), and, previously in the text, willing to supply (WTS).
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its components are calculated. This is a separate issue, which refers to the market and 
intervention, as well as understanding the production costs, and affects the mecha-
nisms governing the choices made by the agricultural producers (Rembisz, 2010). 

The key point from the perspective of this analysis is that in the eyes of the pro-
ducer, as indicated above, the procurement price formed on the market should meet 
the following condition:

This is regardless of whether the producer adjusted their costs as an exogenous 
and subjective category to the procurement price of the product acting as a “price- 
-taker” or reversely – as a “price-maker”. The latter situation frequently takes 
place, where the price intervention adjusts the procurement prices to the average 
production costs, although – as mentioned above – this is a separate issue. The pro-
curement price level established by a market mechanism is an objective reference 
for the agricultural producer. From the standpoint of the agricultural producer for 
a given demand: dy (t), it is a function of agricultural product supply on a given 
market. The producer participates in the formation of supply on the basis of its ear-
lier production decision concerning the price. When implementing the results of 
this decision, the producer adopts a given procurement price level (of the product) 
as a specific variable – exogenous and market-based (the producer may also with-
hold the decision, although its action will not affect the market condition). The pro-
curement price level (of the product) is as follows:

  

or in analytical terms:
 

It is obvious that the greater the supply of agricultural products for a given demand, 
the lower the procurement price. This triggers the attempts of interventional impact 
on the formation of the procurement price. These attempts were focused, accord-
ing to the above-mentioned formula, on decreasing the supply (e.g. the scheme of 
warehouse receipts or state reserves) in order to maintain or increase the price level.

The procurement price level:   may also be a determiner or rather result 
from the production costs generated by the least efficient agricultural producers 
(the highest production costs). In such case, the producer surpluses do not occur. 
The surplus is used by the producers, who would be willing to supply products on 
the market at the prices below the procurement price, i.e. for:

       

because their price: is equal to the average costs generated by the more efficient 
producers:
       
All producers using the surplus will reduce the costs to the level falling within 
the price: py. This reflects the efficiency-based market regulation.
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The above derivations of the formulas and related comments lead to the sub-
sequent formulas determining the bases of favorable relations between the ex-
pectations of an agricultural producer and agri-food processor with respect to 
the procurement price level. The point is to achieve equal gains by both entities. 
As mentioned above, the procurement price is a common and exogenous variable 
for both the agricultural producer and processor. Considering the fact that the con-
ditions of competitive equilibrium are met, which does not differ from the reality, 
it is also assumed that both these entities are price-takers31. 

The above reasoning may form a basis to determine certain admitting inequali-
ties, which somehow refers to the Hurwicz’s ideas (Rembisz, 2020). It may be as-
sumed that a state of equilibrium or equality between the expectations as to the eco-
nomic benefits of both the producer and processor takes place, when the following 
equation is met:

that is:

This in fact describes the essence of market regulation. Generally speaking, 
it is about the satisfaction of both parties to the transaction. In formal terms, this 
is a scheme of specific equilibrium between the expectations of the agricultural 
producer and the food processor (in the food chain) with respect to the procure-
ment price level. Mutual expectations on the level or amount of the procurement 
price must be admitting. In other words, these expectations should be compatible 
to make a transaction. This means that the procurement price level of the product 
should be, on the one hand, lower than the price level of the final food product, 
while on the other hand the price level should be higher than the level of subjective 
average costs of the agricultural product that is the subject of purchase. 

Both the producer and processor must receive an economic benefit from the po-
tential purchase and sales transaction. The agricultural producer receives specific 
benefits, i.e. revenue from a given procurement price level (comparing to the pro-
ducer’s average costs), which allows for repeating production and potential indi-
vidual profits to be obtained. At this procurement price level, the processor assumes 
a specific price gap enabling production to be repeated and profit to be earned, 
which translates into the value added. This takes place providing that, as already 
mentioned, the price level of the final food product is given32 implicite on the com-
petitive equilibrium market. Without this assumption, the situation of a “pass it 
on” in relation to the costs would occur, which means transferring the effects of 

31 This assumption basically or fundamentally shapes or may shape the relations between the agricultural sec-
tor and processing sector, as well as the commercial sectors in the agri-food economy as a whole. It may be 
criticized in practice, because it is not always met at the local level. This issue requires, however, a separate 
analysis. The microeconomic approach does not always allow for aggregation and drawing conclusions at 
the sectoral level.
32 In more advanced approach, the logarithmic derivatives of these variables are in this case equal to zero.
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accepting the higher procurement price level than admittable one on the final food 
product, which can be illustrated as: 

This scenario is not favorable for the consumers and acts as one of the essential 
sources of inflation for the economy as a whole. This condition is provided only 
to illustrate the importance and additional aspects of the discussed issue, i.e. how 
the equilibrium between the expectations of and benefits for the agricultural pro-
ducer and processor for a given procurement price level is established.

We can also deviate from the market formation of a price, where the procurement 
price level is established by the administration authorities, for example as an inter-
vention or minimum price. In such a case, in order to ensure sustainable management, 
the admitting inequality referred to above must be maintained. If this is impossible, 
for example when the procurement price level is lower than the production costs of
the product, to which the procurement price refers:                      or when the procurement
price is higher than the price of the final food product:            , which should be
regarded not only as a hypothetical situation. Since such cases have occurred in 
the economic practice33, interventions and specific subsidies are usually needed. 
These are necessary to restore the admitting inequality:                        , which con-
trasts with the selective market scheme and leads to improved efficiency and social 
benefits.

It may be assumed that this distribution of benefits in the form of admitting 
inequalities and their formation mechanism is of an iterative nature. The mecha-
nism is similar to the Walrasian scheme, where it is described using the example 
of an auctioneer and equilibrium price established by means of a trial-and-error 
method. In reality, each short- or medium-term equilibrium (for a given purchase 
campaign in different locations and in the market scale) is established by means of 
a trial-and-error method. As a result, the subsequent iterations lead to equilibrium 
in terms of admitting inequalities, in particular on the real agricultural market, 
which determine the benefits of the parties, i.e. the agricultural producer and agri-
food processor as:

33 Both situations have frequently taken place in the centrally planned economy in the People’s Republic of 
Poland and in some cases, primarily the first one, in market interventions in the 1990s. At the times of central 
planning and in order to implement the specific socio-food policy, the prices of final agri-food products have 
been frequently controlled, i.e. maintained below the actual costs, which resulted in permanent deficien-
cies. The similar situation was observed in market intervention conditions, when the prices are adjusted to 
the higher average costs and production is intervention-based. This creates problems for the processor, in 
particular when the price level of the processed final goods is controlled administratively or formed in effect 
of competition with imported goods. In central planning and intervention, the prices do not lead to the condi-
tions determined by the admitting inequalities, which are the equilibrium system per se.
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Oczywiście możliwe są odstępstwa od  założenia odnośnie rynkowego kształtowania ceny,  
gdy poziom ceny skupu ustalany będzie administracyjnie, jako np. cena interwencyjna lub 
minimalna. Wtedy też jednak dla zachowania racjonalności gospodarowania musi być 
zachowana powyższa nierówność dopuszczająca. Gdy nie jest to możliwe, np. gdy poziom 
ceny skupu jest niższy od  kosztów produkcji produktu, którego dotyczy cena skupu: ��∗ � �� 
lub gdy cena skupu jest wyższa od ceny finalnego produktu żywnościowego:   �ż � ��∗ , co nie 
jest sytuacją hipotetyczną, bo  miało i ma niekiedy miejsce w praktyce gospodarczej33,  
zwykle konieczne są interwencje i określone subwencje. Są one potrzebne dla przywracania 
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and in more economic and empirical terms as: 

where:
     

This is the essence of mutual benefits (or surpluses) for the agricultural produc-
er and processor. The benefits refer to a procurement price level acceptable for both 
parties. The nature of benefits is relative – benefits understood as positive values 
are assessed subjectively by each of the parties. Thus, a subjective assessment may 
mean that despite a formal equality, the gains may be perceived as unequal. How-
ever, this is a separate issue pertaining to the effects of market regulations.

Conclusions
The deductive and formal analysis enabled the determination of the conditions 

in which the mutual acceptance of a specific price level on the two markets oc-
curs. These conditions include the benefits for both parties to a given transaction 
on a given market, referred to as the admitting inequalities. The two markets are 
the market of food products with a consumer and processor and the market of agri- 
cultural products with an agricultural producer and processor. The food market es-
tablishes the acceptable price level of food product which is mutually beneficial 
for the consumer and processor, and favorable from the perspective of their goal 
functions. This is determined by the conditions of the admitting inequalities derived 
in the paper. The same applies to the agricultural product market with reference to 
the procurement price. Its level is acceptable for the agricultural producer and agri-
food processor, because it is mutually beneficial from the perspective of their goal 
functions. An appropriate equilibrium between the prices on both markets is created. 
This affects the behavior and choices made by these entities on the food and agri-
cultural markets, and in effect the price relations. The analysis is performed under 
the assumption that the conditions of competitive equilibrium on both markets is 
met, i.e. no entity affects the price level – all entities are price-takers34 . The rea-
soning is performed from the perspective of an agri-food processor and the condi-
tions of their choice determined by the acceptable price level of the food product 
and agricultural product as an input. The formal basis of the analysis is the input 
(technological) function of the processor and the assumption of profit maximization 

34 We do not analyze the case, in which the processor affects the formation of the price level of a food prod-
uct and agricultural product. This creates the new admitting conditions for acceptance of this price level 
forced by one party. This is of the utmost importance for the procurement price. Perhaps there is also another 
mechanism. Some clues may be derived from the theory of choice of the producer – monopolist (oligopolist), 
price discrimination, the issue of the so-called competitive advantages, and the asymmetry of information. 
This is a new scientific challenge to which we should refer in near future.

�ż��� � ��∗��� � ��∗��� � �����  (72) 
 

�ż��� � ��∗��� � ��∗��� � �����    (73) 
 

       ��ż��� � ��∗���� � �    oraz  ���∗��� � ������ � � (74) 
 

and
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as the goal function. We assumed that this is the processor’s production function de-
termining its production technique. This forms the basis of effectiveness of resource 
(agricultural product) processing into the final food product, which is included in 
the technological function. The processor’s choices within this function, focused on 
the minimization of costs in order to achieve the final food product, are made within 
the relations of acceptable price levels on the food and agricultural markets. 

The scientific contribution of the analysis presented in this paper is the formal 
description of the comprehensive correlations of price relations on both markets 
and their impact on the choices made by the agri-food producer. The main con-
tribution of this paper is deriving the conditions of admitting inequalities for ac-
ceptance of a given price level, mutually acceptable for the entities operating on 
both markets, i.e. the consumer and processor on the food market, and the producer 
and processor on the agricultural market. This may shed new light on the transfer 
of surpluses and competitive advantages within the value chain, as well as the on 
the bases of the formation of a price gap between food and agricultural products. 
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KSZTAŁTOWANIE DOPUSZCZALNEGO POZIOMU CEN  
PRODUKTU ŻYWNOSCIOWEGO I ROLNEGO  

A WYBÓR PRZETWÓRCY

Abstrakt
Celem analizy w artykule jest odpowiedź na pytanie, dlaczego ustala się 

określony poziom ceny produktu żywnościowego i rolnego obustronnie akcep-
towany przez konsumenta i przetwórcę oraz producenta rolnego i przetwórcę. 
Dla uzyskania odpowiedzi na to pytanie wyprowadzamy szereg równań i zależ-
ności funkcyjnych przy określonych założeniach, co jest formalno-analityczną 
metodą analizy. W metodzie tej ważne jest założenie, że akceptacja wiąże się 
z jednoczesną maksymalizacją funkcji celu przetwórcy oraz maksymalizacji 
funkcji celu konsumenta i producenta rolnego, a także występują na rynkach 
warunki równowagi konkurencyjnej. Centralnym punktem rozumowania w tej 
metodzie jest jednak wybór przetwórcy w ramach cen na dwóch rynkach, żyw-
nościowym i rolnym. Zwłaszcza znaczenie poziomu ceny skupu w wyborze prze-
twórcy jest ukazane oryginalnie w nowy sposób i w zaawansowanej analizie. 
Najważniejszym jednak wynikiem analizy jest pokazany mechanizm ustalania 
się dopuszczalnego poziomu cen dla podmiotów na dwóch rynkach. Określają 
to wyprowadzone nierówności dopuszczające, w których określony jest stosunek 
oczekiwań tych podmiotów do ceny równowagi rynkowej. Wniosek z nich jest 
taki, że poziom cen jest obustronnie dopuszczalny, bo następuje realizacja włas-
nych funkcji celu podmiotów. Analiza ma charakter analityczno-formalny i ma 
znaczenie teoretyczno-poznawcze. Może być wkładem do teorii cen w sektorze 
rolno-żywnościowym i warunków wyboru przetwórcy.

Słowa kluczowe: dopuszczalny poziom cen, produkt żywnościowy i rolny, korzyści 
przetwórcy, producenta rolnego, konsumenta, wybór przetwórcy.
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