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Introduction

This elaboration presents a synthesis of studies carried out in the topic
»,Development and Application of Advanced Analytic Methods for Ex-ante and
Ex-post Evaluation of Effects of Changes in the Common Agricultural Policy
and in Macroeconomic Determinants”, realized in 2008-2009 under the multi-
-annual programme ,,Economic and Social Determinants of Development of
Polish Food Economy after Poland’s Access to the European Union”. The prob-
lem range of the topic covered the following three substantively connected re-
search tasks:

1. Production growth equilibrium in the agri-food sector — development of ana-
lytic methods and their ex-post and ex-ante verification.

2. Model of dynamic stochastic state of general equilibrium in the agricultural
sector as a tool supporting formulation of assumptions for future national ag-
ricultural policy.

3. Price risk analysis, forecasting and management in basic agricultural markets
— possibilities of stabilizing the income of food producers.

The basic assumption underlying the undertaken studies was recognizing
further changes in the European Union’s Common Agricultural Policy (CAP) as
practically inevitable, and treating the macro-economic environment as a very
important source of determinants for functioning of the Polish agriculture and
the entire food economy. Under that assumption, the main objective of the con-
ducted research works was using advanced analytic methods to give an answer
to key questions concerning realistic premises for production growth in the agri-
food sector, effects of potential changes in the CAP and their implications for
the national agricultural policy, or finally the possibility of stabilizing the in-
come of agricultural producers under increased price risk resulting from limita-
tion of the protectionism and increasing liberalization of international trade.

The research works connected with realization of the topic were carried
out by IERIGZ-PIB employees and numerous external research workers, who
represented such academic centres and institutions, as: Agricultural Market
Agency, Institute of Structural Research in Warsaw, Institute of System Re-
search of the Polish Academy of Sciences in Warsaw, National Bank of Poland,
Warsaw University of Life Sciences (Szkota Giowna Gospodarstwa Wie-
jskiego), Warsaw School of Economics (Szkota Gtowna Handlowa), Poznan
University of Life Sciences (Uniwersytet Przyrodniczy) and University of War-
mia and Mazury in Olsztyn.



The main tools used in the conducted studies were various types of
mathematical and econometric models, namely: mathematical model of produc-
tion growth in the agri-food sector, partial equilibrium model, dynamic stochas-
tic general equilibrium model, temporal series analysis and linear programming
models, or finally the multi-person game model based on the game theory. The
most important findings and practical conclusions following from the conducted
studies are a result of theoretical and empirical analyses focused on the follow-
ing issues:

1. Premises for production growth and income allocation in the agri-food
sector;

2. Possibilities of applying dynamic and stochastic general equilibrium models
in analysis and evaluation of the agricultural policy;

3. Prospects and effects of possible changes in CAP;
4. Price and income risk in basic agricultural markets;
5. Possibilities of stabilizing the income of food producers.



1. Demand-related premises of production growth
and income allocation in the agri-food sector

1.1. Growth in demand for food as determinant of production
growth

The possibilities of production growth in the agri-food sector conditional
on the market equilibrium are strictly determined by prospects of growth in de-
mand for agri-food products over a specific time. The given rate of that growth
can be treated as a factor increasing the dynamics or limiting the production
growth in that sector, and in consequence also growth in agricultural produce
designated for consumption. This applies to the market on the scale of national
economy, economy of a world region, and the global economy. In most coun-
tries or economically integrated regions with relatively high GNP level per
capita, e.g. the European Union, demand is a determinant which limits the pro-
duction growth in the analyzed sector. In such a situation, it is the efficiency im-
provement rather than the production growth by increasing expenditure on pro-
duction means that gains importance as the main development factor. The de-
mand barrier affects also less developed countries, though their food needs are
not satisfied. Under the analytic approach adopted in the conducted studies, rela-
tions of the balance type were captured. The consumer’s behaviour was not ana-
lyzed in the aspect of his/her endeavours to achieve balance, i.e. maximization
of his/her usefulness function, which is a strictly microeconomic approach, and
refers to behaviour mechanisms. Nevertheless, such a microeconomic behaviour
of the consumer is captured in an implicit assumption.

In turn, the equation for rate of change in demand for food was modelled
on the approach proposed by Hallet and Yotopoulos, both classic and obvious in
its simplicity. According to that approach, the level of demand for food on the
scale of a country or integrated market is determined in the initial period by the
following identity:

) 7P

Z° =L, -I; (1.1)
) 7P

A :I; (1.2)
Z° =L 27, (1.3)



where:
7" — demand for food on macroeconomic scale (domestic consumption),
L« — population of the country,

Z? — average food consumption (demand per inhabitant).

Hence in the macroeconomic approach the demand for food is determined
by the number of population and by the size of demand per capita, while the
growth rate of the demand for food is determined solely by changes in these two
easily identifiable factors. In order to obtain a dynamic demand formula, we can
transform the above identity to an index form. A transient form is the following
sum of difference quotients:

AZP AL . AZ] L Al AZP
Z2° L. 22 L.-ZP
The components of this sum are of very essential, defining importance for
the conducted analysis, namely:

(1.4)

AZ° .
5D =z _ growth rate (e.g. average annual rate, average monthly rate) of the
demand for food on the country scale (jointly, as an aggregated quantity),
AL, _
L =l - growth rate of the population number or the consumer number (av-
K
erage annual rate, average monthly rate),
AZD N
70 = Z_ — growth rate of the demand per inhabitant or per consumer (growth
L
rate of the individual demand for food over a specific time).
. . A|-K AZl_D
Assuming that the quotient: Wtends to zero, we can assume that
K &L

the growth rate of demand for food is shaped by two indexes: I (growth rate of

the population number or the consumer number) and z, (growth rate of the in-
dividual demand). Both of them can be easily analyzed theoretically and identi-
fied empirically. However, though the first of them has a self-explanatory char-
acter, the second one requires an additional definition and more exact specifica-
tion of its economic essence.

According to the well-known Engel’s equation, the individual demand
(demand per person Z_) is a function of income:

Zp> = f(m) (1.5)
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where:
m —income per consumer in real terms (individual income).

Reducing equation 1.5 to an identity and differentiating it with respect to
time, we obtain:

oZ° 1 9Z°> m om 1

ot 7% om 22 ot m (16)
The individual elements of equation 1.6 can be interpreted as follows:
ozp 1 . . . _
ot 70 = Z| — growth rate of the individual demand for food in a given period;
L
om 1 . _ . :
o m =M" — growth rate of the average income (individual income of the con-
sumer in a given period);
0z m | .
‘=5 = E, — income-related flexibility of demand for food:;
om Z;
070 _ .
om extreme growth of demand for food with respect to income growth (ex-

pressed per capita).
As a result, we obtain the following equation for the growth rate of the
demand for food per inhabitant:
z,=m"-E, (1.7)
By equation 1.7, the growth rate of the demand for food per capita is de-
termined by the growth rate of the average income m® and by the value of the
coefficient of income-related flexibility in the demand for food E, . The income

change rate m® is an index concentrating the effects of economic growth. When
interpreting coefficient E,, we assume occurrence of competitive equilibrium

conditions in the food market. This means that the coefficient correctly reflects
the influence of income on the demand for food in presence of given prefer-
ences, tastes, current price relations and given social and income structure of
consumers, as well as given nutrition models, advertising, regulations and other
limitations. With such assumptions, the demand growth is the result of con-
sumer’s sovereign decision compliant with the consumer’s objective, which is
maximization of the usefulness function in the context of specified limitations.
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Taking in consideration equations 1.4 and 1.7, we can finally derive an
equation which enables calculation of the growth rate of the joint demand for
food products, having the following form:

D

zo =l +m*-E, (1.8)
According to this equation, the growth rate of the demand for food is the
sum of the population growth rate |, and the product of the growth rate of the

per capita income m*® and the value of the coefficient of income-related flexibil-
ity of the demand for food products E ;. This equation also reflects the potential

rate of changes in the food market value and income of the agri-food sector. As
a final effect, it determines the actual demand for agricultural produce growth,
which in turn determines other relations in agriculture, including first of all pos-
sibilities and actual increase in agricultural producers’ income. Unfortunately,
the demand growth rate determined by the variables contained in equation 1.8
need not be sufficient for shaping the appropriate growth rate of agricultural
producers’ income, and consequently of the development processes based, as
generally known, on accumulation and investments.

When considering the factors influencing the growth rate of the demand
for food, in case of an open economy, we have to additionally take into account
the foreign trade exchange balance (export and import balance). This is particu-
larly important when foreign trade in food products can have an increasingly
large share in shaping the possibilities of agricultural produce growth due to
demand barriers in the domestic market. It is worth noting here that such an ap-
proach is not fully compliant with the terms of common EU market, which
should provide conditions for utilization of the production potential of the whole
EU agriculture. However, the EU market is not a single currency area, and hence
we have to do with potential impact of the exchange rate on the volume of trade
exchange between some EU countries. Since such a situation applies, among
others, to Poland, it is justified to include the foreign trade category in the analy-
sis of factors influencing the growth of demand for food, due to the impact of
the exchange rate on shaping of that demand, while preserving ceteris paribus in

case of other factors. As a result, an index hz, was defined to illustrate the in-

fluence of foreign trade on shaping the growth of the demand for food on the

country scale. The said index has the form:
AX, Al
X I

(1.9)

z z
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where:

X, —food export,

I, —food import.

This index is of a corrective character and, depending on whether export
or import dynamics prevails, the value of the index either increases or decreases
the calculated growth rate of the domestic demand for food. One can also as-
sume that the size of export or import of agri-food products is a function of the
relation between the prices of those products in the domestic and international
markets. Given the assumption on absence of limitations in international trade,
increase in prices in the world market beyond domestic prices leads not only —
which is obvious — to increased export, but also to increase in domestic prices.
In the opposite situation, we have to do with increase in the domestic demand
and increasing import of food products. We also assume occurrence of the equi-
librium conditions, in which price increase leads to supply increase and demand
decrease, while price decrease has the opposite effects. Taking these assump-
tions into account, we add index hz, to the right hand side of equation 1.8, ob-

taining as a result:
=1, +m"-E, +hz (1.10)

Equation 1.20 determines the growth rate in the agri-food sector condi-
tional on the market equilibrium. The index on the left hand side of this equation
is in fact in a sense the index of vector (z°), which results from multiplying the
quantities of food products {X,,X,,......X,} by their prices {c},C5,....,C}}.
Hence this index determines the change in the total income of agri-food sector in
the potential, forecasted or actual dimension. The discussed equation can also
be used for simulating growth processes and for examining various growth sce-
narios from the viewpoint of both the market equilibrium and changes in the
economic and technical relations triggered by changes in the production effec-
tiveness and production techniques. Specific assumptions, forecasts or analyses
of the actual state of things regarding the parameters included on the right hand
side of the equation can be used as a basis for estimating the chances of income
growth in the agri-food sector.

According to equation 1.8, the rate of changes in the domestic demand for
food is the resultant of the population number change rate and the individual
consumption change rate. The results of the conducted studies indicate that in
Polish conditions the first causative factor not only has failed to be the driving
force of the demand for food over the recent years but, to the contrary, has had
a weakening influence on it (slight, but perceivable decrease in the number of
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population). Demographic forecasts for our country indicate that in the coming
decade the situation in this area might be even less advantageous.

As to the changes in the individual food consumption level, the latter con-
sumption is determined by the growth rate of the average income of the popula-
tion and the income-related flexibility of the demand for food. Potential growth
of the population income resulting from economic growth should stimulate the
demand for food. However, we should also take into account the fact that possi-
ble growth of the population income will translate to growth of the demand for
food in a degree much lower than proportional, due to the relatively low income-
related flexibility of the demand for food, decreasing together with growing af-
fluence. This is shown by the data on the domestic consumption level of basic
food products compared to changes in the GDP in 2000-08. Though the 38.3%
GDP growth (calculated in fixed prices) was accompanied by similar, and even
slightly higher, dynamics of expenditure on food, yet the individual consump-
tion of basic food products was characterized by stagnation in that period, and in
case of some of them (e.g. potatoes, baker’s goods and milk) even by a decreas-
ing tendency. This means that the clear, reaching 40% growth in the expenditure
on food noted in that period was caused by increased demand for the quality and
processing form of the food product rather than for its quantity in the initial form
produced by the farmer.

By equation 1.10, in addition to the domestic demand, also export can be
a source of income for the agri-food sector. However, we should remember that
the above income can also be weakened by the demand for imported products.
Since its access to the EU, Poland has been noting a clearly positive balance in
foreign trade in agri-food products, exceeding EUR 2 billions in 2006 and 2007.
However, up to now the scale of this very advantageous phenomenon has not
been large enough to allow for recognizing export as a decisive factor in shaping
the demand for food produced in our country (the balance amount in the men-
tioned years constituted 7-8% of the total amount of the national expenditure on
food). Maintenance, not to speak of possible improvement in this situation, will
be relatively difficult, and will be conditional on favourable foreign exchange
relations and on the competitiveness of Polish food products following from
their quality.

Summing up, we should state that the presented analytic approach can be
successfully applied for determining realistic possibilities of increase in the agri-
food sector income. In the Polish conditions, that income will depend in the
nearest future on two factors: population income and food export dynamics.
Possible growth of the population income and the export surplus will contribute
to growth of the sector’s income, determining at the same time the growth pos-
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sibilities of agricultural producers’ income. The latter depend also on the alloca-
tion of income in the individual links of the marketing chain of food. While
growth of the sector’s income due to the food export growing faster than import
should translate to improvement in the income situation of agricultural produc-
ers, the above is not so obvious in case of the population income growth. Having
in mind the tendency observed in the country which consists in an increase in
expenditures on food with simultaneous stagnation in the quantitative consump-
tion level, we could think that the potential growth of the agri-food sector in-
come as a result of population income growth, conditional on the income-related
flexibility of the demand for food, would first of all benefit the processing indus-
try and trade link rather than the agricultural producer. A symptom of this spe-
cific asymmetry in income allocation in the individual links of the marketing
chain of food is formation of the so-called price spreads.

1.2. Price spreads in the marketing chain of food

Price spreads can be measured using the absolute value or percentage ap-
proach. In the first approach, the price spread is a difference between the retail
price of a food product and the purchase price of the agricultural raw material
used for manufacturing that product. In the second approach, the price spread is
the relation of those prices, showing the percentage share of the agricultural
producer and the added value, generated in extra-agricultural links of the mar-
keting chain, in the final price of the food product paid by the consumer.

In general, increase in the price spreads with simultaneous increase in
consumers’ expenditure on food gives rise to negative income-related conse-
guences for agricultural producers, following from decrease of their share in the
allocation of income generated in the whole agri-food sector. Evaluation of the
phenomenon of price spread formation in Polish conditions was conducted
based on the analysis focused on the changeability in the relations between
prices occurring in the individual links of the marketing chains of the main agri-
food products in 1996-2008, and especially the changeability of the share of the
agricultural raw material price in retail prices. The analysis covered the follow-
ing agri-food markets and the monthly prices of basic agricultural raw materials
and food products noted down in those markets by GUS (Central Statistical Of-
fice), GIJHAR-S (Main Inspectorate of Commercial Quality of Agricultural and
Food Products) and MARD (Ministry of Agriculture and Rural Development),
namely:

e Grain and grains products (purchase prices of wheat, rye and barley, as well
as sales prices and retail prices of the ,,Poznanska” wheat flour, baker’s
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wheat flour — 850 type, baker’s rye flour — 720 type, mixed bread, rye bread,
wheat rolls and the ,,Mazurska” barley grits);

e Rape and consumer oil products (purchase prices of rape, as well as sales
prices and retail prices of edible rape oil and the ,,Palma” margarine);

e Pork and pork products (purchase prices of pork livestock, as well as sales
prices and retail prices of pork loin, boiled pork ham, ,,Zwyczajna” sausage,
and pork frankfurters);

o Beef and beef products (purchase prices of beef livestock, as well as sales
prices and retail prices of raw meat with bone — flank, raw meat with bone —
rump, and boneless raw meat — boned haunch);

e Poultry and poultry products (purchase prices of poultry livestock, as well as
sales prices and retail prices of gutted chicken, chicken breast, poultry ham
and poultry frankfurters, purchase prices of turkey broiler, turkey haunch and
turkey breast);

e Cow milk and milk products (purchase prices of milk, as well as sales prices
and retail prices of milk with 3.0-3.5% fat content, 18% cream, ,,Gouda” rip-
ening cheese, semi-fat cottage cheese and fresh butter up to 85% fat content).

The food products with prices subjected to analysis are characterized by
homogeneity of quality attributes (relatively constancy of standards). That is
why, the prices of those products in a given marketing chain can be deemed
comparable over time. In order to determine the price spreads for the individual
markets and the related products, the shares of raw material purchase prices and
of the sales prices in the retail price of each considered food product were calcu-
lated, and then aggregation was carried out to enable establishment of the aver-
age values of those shares for a given product category. The results of the calcu-
lations, which show shaping of the share of the purchase prices of basic agricul-
tural raw materials in the retail prices of food products and the share of the main
links of the marketing chain in those prices, are presented synthetically in Fig-
ures 1.1 and 1.2.
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Figure 1.1. Share of purchase prices of basic agricultural raw materials
in retail prices of analyzed food products in 1996-2008
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Figure 1.2. Share of main links of the marketing chain in retail prices
of basic food products in 1996-2008
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Based on the results on the conducted analysis, covering the years
1996-2008, one cannot speak of an unequivocal — over that period — model of
price spread shaping in the markets of basic agricultural raw materials and food
products. First of all, the sizes of those spreads, measured by the share of pur-
chase prices in retail prices of food, differ considerably depending on the type of
agri-food products and the related degree of their processing. In case of grain
and main grain products, such as flours and baker’s goods, the average share of
the purchase prices of grain in the retail prices of those products amounted to
about 20% in the analyzed period, while the average share of the purchase prices
of pork, beef and poultry livestock in the retail prices of main meat products ex-
ceeded 30%. The average share of the purchase price of milk in the retail prices
of main milk products was the lowest (about 13%). However, we should stress
here that with respect to all analyzed markets, a very clear connection was re-
vealed between the processing degree of the product and the size of price spread
(i.e., the higher the processing degree, the bigger the spread).

Secondly, the tendencies which characterized the shaping of the examined
price spreads in the analyzed period were different. Price spreads in the markets
of grain and grain products, as well as in the markets of pork, beef and poultry
livestock and main meat products, showed a tendency for growth (especially
strong in the beef livestock and beef market). However, in case of rape, rape oil
and margarine markets, as well as milk and main dairy products markets, we can
speak of a tendency for decrease.

Thirdly, in the analyzed period, the examined spreads differ both in their
structure (in division by the processor and the retailer) and in the changes taking
place in this respect. In the marketing chain of grain and grain products, the
share of the retail link in the price paid by the consumer amounted on average to
about 60%. In turn, in the marketing chains of all meat types and main meat
products this share was much lower, and amounted on average to 14% in case of
pork, 12% in case of beef, and 16% in case of poultry. In these marketing
chains, the link with the highest share in the retail price of a product was the
processor. The processing industry link in the price paid by the consumer was
the highest in the marketing chain of beef as well as of milk and milk products
(in both cases, it reached about 60%).

The common feature of all the examined spreads is their very high varia-
tion over the analyzed period, which is a symptom of the absence of immediate
and full transmission of price impulses in the marketing chain of food. The
course of that process, and in consequence the shaping of the price spreads over
time, depends on the competitiveness of the discussed market structures, and on
the distribution of the market force in the marketing chain.
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1.3. Implications of price behaviour of agri-food processing
enterprises

As the demand for agricultural raw materials has a derived character with
respect to the consumer demand for food, the income of agricultural producers
depends not only on the size of that demand but also on the competitiveness of
the price behaviour of processing and trade enterprises, and on the pricing policy
conditional upon the market power they possess. The prices behaviour of the
participants of a given food marketing chain that diverge from the competitive
model of price transmission usually have a negative influence on the income of
agricultural producers. In particular, this applies to the asymmetry of price re-
sponses of the processing enterprises to increases and decreases in the prices of
agricultural raw materials. The occurrence of this phenomenon is also proven by
the results of studies concerning the decisions of agri-food processing industry
enterprises regarding changes in the prices of the manufactured products in re-
sponse to changes in the prices of raw materials.

The main objective of those studies was identification and establishment
of the importance of the factors influencing the price decisions of the enter-
prises, as well as determination of the speed and the strength of the price re-
sponses of the enterprises to changes in the prices of raw materials depending on
the direction and scale of those changes. The studies covered the total of 91 en-
terprises located in north-eastern Poland, which represented the following sec-
tors: feed production (12), grain and mill processing (9), baking (17), red meat
processing (21), poultry meat processing (15) and milk processing (17).

The results of the conducted studies indicate far-reaching differentiation
of the importance of the essential factors shaping the price behaviour of process-
ing enterprises, as well as of the rate and scale of changes in the prices of final
products compared to changes in the prices of raw materials (Figures
1.3-1.8). The most important factors determining the decisions on changing the
level of final product prices in the examined enterprises turned out to be changes
in the purchase pieces of raw materials and the price pressure from the competi-
tors. These factors were pointed out as those having large or very large influence
of the price decisions by over % enterprises.
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Figure 1.3. Evaluation of the importance of factors influencing the decision to change
the price level of final products in examined enterprises
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Figure 1.4. Frequency of monitoring price levels of agricultural raw materials
by examined enterprises in analyzed markets
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Figure 1.5. Speed of price responses of examined enterprises to increase
in raw material prices in analyzed markets
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Figure 1.6. Speed of price responses of examined enterprises to decrease
in raw material prices in analyzed markets
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Figure 1.7. Strength of price responses of examined enterprises
to increase in raw material prices
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Figure 1.8. Strength of price responses of examined enterprises
to decrease in raw material prices
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The factors influencing the price decisions which were treated as less es-
sential included: bargaining power of retailers, costs of changing the final prod-
uct price, and prices in the international market. The examined enterprises
placed a relatively high emphasis on monitoring the prices of raw materials in
agricultural markets on a current basis. The greatest frequency of price monitor-
ing was exhibited by enterprises operating in the meat markets, especially poul-
try meat markets (at least once a week). The grain processing and feed manufac-
turing enterprises did this relatively less frequently. The least frequency of
monitoring occurred in enterprises operating in the milk products markets (over
60% of them did it a few times a month or even more rarely). One could think
that such sector-related differentiation in the activeness of the examined enter-
prises in monitoring prices in the markets of agricultural raw materials is con-
nected with the variability degree of those prices. However, one should also
guess that the frequency of price monitoring is not without its influence on the
speed of price responses of the enterprises.

Actually, it has turned out that the speed of price responses of the enter-
prises to changes in the prices of agricultural raw materials depends on the di-
rection and size of those changes. Generally, the examined enterprises reacted
faster to the increase than to decrease in the prices of raw materials. The re-
sponses were also the faster the stronger the price movements were, though
a rather clear sector-related differentiation was also marked here. The greatest
sensitivity to increases in the raw material prices characterized enterprises oper-
ating in the meat and flour markets (immediate responses to increases within
9-12% and higher), while the least was noted in the milk products and the
baker’s goods markets (the latter enterprises did not respond at all to price in-
creases lower than 6%). In case of raw material price decreases, the sector-
related differentiation of the speed of price responses of the examined enter-
prises was very similar, whereby relatively small decreases more often did not
trigger any response, and responses to greater decreases were decisively slower.

From the viewpoint of income allocation in the marketing chain of food,
another essential factor is the strength of response of processing enterprises,
which directly influences the course of the price transmission process, and in
consequence shaping of the economic surplus of the agricultural producer and
the consumer. Most of the examined enterprises did not respond to relatively
small movements of raw material prices, which did not exceed 3%. This applied
in particular to price decreases, which were ignored by over 40% enterprises
even when they were in the 3-6% interval. The product prices were raised pro-
portionally to the increase in the raw material prices — depending of the strength
of the increase — by 29.7 to 43.2% enterprises, while no more than 1/3 enter-
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prises lowered them proportionally to the decrease in the raw material prices.
Price increases, and even more so decreases, exceeding the proportional ones
were a rarity. The examined enterprises responded to changes in raw material
prices by product price increases or decreases generally lower than proportional
ones, whereby this happened more often in case of decreases. In general, we can
state that the examined enterprises responded more frequently and stronger to
increases than to decreases in the prices of agricultural raw materials. Such price
behaviour of enterprises is a source of asymmetry in the price transmission proc-
ess in the marketing chain of food, and in consequence might have negative in-
fluence of the income of agricultural producers.
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2. Using the dynamic stochastic general equilibrium
models in the analysis and evaluation of the
agricultural policy

2.1. Essence of the DSGE models

The DSGE models, which by definition are based on the concept of gen-
eral equilibrium, focus on three main sectors: the household sector, the enter-
prise sector and the public sector (monetary authority). The household and en-
terprise sectors are assumed to function rationally and the utility and profits are
supposed to be maximised in mid-term perspective and in uncertainty condi-
tions. The monetary authority fixes the interest rates in accordance with the spe-
cific rules or maximizes its own function of the objective. The DSGE models are
dynamic and, therefore, allow studying the economy changes in time. As the
economy is exposed to sudden shocks, such as technological change, price fluc-
tuations, or macroeconomic policy errors, the models were also given a stochas-
tic character, conversely to the static models of equilibrium.

The traditional macroeconomic forecasting models, used by central banks
since the 70’s, allow to estimate, often using thousands of variables, the dy-
namic correlations between prices and volumes of goods in various sectors of
the economy. On the other hand, the equations in DSGE models are more diffi-
cult to be solved and analysed from the technical point of view, but they focus
on a considerably lower number of variables that are the most important for each
sector. The theoretical DSGE models involve only a few variables, though the
experimental forecasting models, developed for example by the central banks
may cover hundreds of variables.

While devoid of sectoral details, the DSGE models are characterised by
logical consistency resulting from the macroeconomic principles of deci-
sion-making process modelling. This comes down to the aspects of economy
such as preferences, technology and institutional framework. Preferences consist
in the specific objectives of business entities. For instance, the households
maximize the utility functions through consumption and labour, whereas enter-
prises maximize their profit functions. Technology stands for the operators’ pro-
duction capacities which must also be precisely defined. Companies have pro-
duction functions that determine the volume of manufactured goods depending
on the amount of labour and capital invested. Technical constraints of operators’
decisions take into account the costs of adjusting capital reserves, employment
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and price levels. On the other hand the institutional framework means that the
institutional constraints for the interactions between the operators must be de-
fined as well. For many DSGE models this may simply mean that the operators
make their choices within an externally defined budget framework whereas the
prices adjust themselves until the market equilibrium occurs. This may also
mean a specification of fiscal and monetary policy rules, or determination of the
changes of budget rules and constraints change depending on the policy process.

A DSGE model solution consists in specification of the preferences (what
the operators want), technology (what the operators may manufacture) and insti-
tutions (their reactions). Next, the actual output, trade and consumption can be
predicted. Basically, it is also possible to predict the effects of the institutional
framework changes. Contrary to the opinion of Lucas, such a prediction is
unlikely to be valid in traditional macroeconomic forecasting models, since
those models are based on observed past correlations between macroeconomic
variables. These correlations can be expected to change when new policies are
introduced, invalidating predictions based on past observations.

A standard DSGE model is a model of an open or closed economy with
real and nominal price rigidity, based on microeconomic foundations. House-
holds consume, make decisions how much to invest and are monopolist provid-
ers of different types of work that allows them to impose the remuneration level.
Companies employ workforce, lease capital and are monopolistic suppliers of
diverse goods, so that they may impose the prices. Fiscal policy is usually re-
stricted in the Ricardian sense, while monetary policy is pursued according to
the principle stating that the interest rate is set as a response to deviation from
the inflation target and certain measures of economic activity, such as the output
gap. A specified degree of interest rate smoothing is also adopted. The basic
model is additionally provided with a stochastic structure which is associated
with different types of shocks, such as supply-side shocks (productivity and la-
bour supply), demand-side shocks (preferences, investment specifics, public
spending), price shocks (price increase, salary increase, risk premium) and
monetary shocks (interest rate and other targeted variables). It is also assumed
that all types of shocks are a primary derivative of the autoregression process.

Generally, the framework of the DSGE model is created so as to reflect
the business cycle dynamics in the economy in a reliable manner. At present, the
problem of modelling financial markets, greater emphasis on the role of fiscal
policies, improved interaction between trade and financial openness, modelling
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labour markets and modelling inflation dynamics (e.g. as to the role of expecta-
tions and price formation) are the main challenges for its improvement.

The common argument for the use of DSGE models is that their micro-
economic basis and separation of structural parameters covering, preferences,
technology or describing aggregated shock movement law from preferences pa-
rameters depending on a given policy guarantee their usefulness policies analy-
sis. In other words, DSGE models are resilient to Lucas’ critique and may be
successfully used for quantitative evaluation of certain policies.

To sum up, DSGE models are valuable tools which allow to establish
a coherent framework of policy analysis and creation. They are helpful to iden-
tify the sources of fluctuations, to answer questions on structural changes, to
forecast and predict the effects of changes to policy and to run counterfactual
experiments. Those features of DSGE models arise interest of the central banks
mainly. Some of them have worked out and use DSGE models for policy analy-
ses and predictions. Nevertheless, it is believed that their use may not give rise
to excessive expectations despite a great progress in development and use of
DSGE models, mainly as far as their ability to fully explain empirical regulari-
ties is concerned.

2.2. Problem areas and examples of DSGE model use

DSGE models emerged in response to the needs of central banking sys-
tems seeking tools to evaluate and formulate the assumptions of macroeconomic
policy, yet currently they are more frequently used for analyses focused on the
functioning of certain important areas of the economy, such as the agri-food sec-
tor. There are five problem areas directly or indirectly connected with agricul-
tural policy in which DSGE models may be used for analytical purpose. These
are: nature, international trade, allocation of factors of production, progress in
agriculture and economic development.

Research on interaction between nature and agriculture is a relatively new
area of interest for the analysts who use the tools such as the DSGE models. Fo-
cused on studying interactions between agriculture and nature, DSGE potentially
allow to evaluate the effects of agricultural policy in this respect. The ‘nature’
problem area can be divided into three sub-areas: biodiversity, water quality and
deficit, and climate change.

Research carried out in the framework of ‘biodiversity” sub-area may be
the source of valuable information on the changes in land use and farming inten-
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sity. The analysis may cover the relations between restricted biodiversity and
changes in agriculture as well as the effects of conservation programmes. It is
possible to model the mutual impact of policy, land use and biodiversity as well
as the impact of scientific progress on animal welfare.

The subject of water quality and deficit belongs to the most frequently
discussed issues among the problem areas referred to above. In the framework
of the sub-area, DSGE models can be used to study the effects of phosphate and
nitrate emission in agriculture. Other potential areas of application include: solv-
ing problems of water reallocation policy, relationships between trade reforms
and operation of water markets, irrigation and water deficit, price policy and
ownership policy.

Climate change analyses frequently face the problem of nitrogen surplus
and pollutants spread in the agricultural sector. However, modelling of the ef-
fects of the policy to reduce greenhouse gas emissions is the leading topic in this
sub-area. DSGE models provide information on and allow simulations of the
changes in regional environmental pollution level as well as studying the poten-
tial economic, social, and environmental effects of specific policy instruments
applied to reduce greenhouse gas emissions.

The increasing number of bilateral trade agreements under which new tar-
Iff rates are frequently introduced constitutes a serious challenge for the agri-
food sector trade analysts using the DSGE models. In the majority of cases, third
country price pressure on EU markets was not a result of tariff obligations of the
WTO but of preferential trade agreements. The highly varied nature of the
agreements, particularly bilateral trade agreements with the European Union, is
the reason behind serious problems concerning data such as trade flows and the
definition of products covered by the agreements. It is worth highlighting that
the problem area is perceived as the most important one from the point of view
of significance of issues connected with the future and development of the agri-
food sector in a number of countries. As a result, the number of studies on these
issues with the use of DSGE models is relatively the highest. They are focused
primarily on the global prices, liberalisation of trade and the effects of reforms
negotiated in the framework of WTO, or the impact of shocks.

Analyses concerning the operation of the agri-food sector that employ
DSGE models frequently touch upon volatility of prices of agri-food products.
High price fluctuations in the agricultural sector and their impact on stability of
farmers’ income as well as price interactions between particular sectors of agri-
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culture are of primary interest. DSGE models also allow the analysis of the vola-
tility of global prices of agricultural products to take into account factors such as
the role of emerging countries, changing diets, the increase in demand for en-
ergy connected with the biofuels boom, unfavourable weather, speculation, agri-
cultural policy and the volume of final reserves.

DSGE models are also quite frequently applied in the research on evalua-
tion of the impact of trade liberalisation on agricultural markets of selected
countries. Liberalisation of trade is closely connected with activity of the WTO.
It is most frequently the case that DSGE models are used to evaluate the impact
of liberalisation on agricultural markets of the European Union or the effects of
bilateral agreements between the countries or groups of countries. Quite numer-
ous studies in the area of international trade, either general or concerning spe-
cific states, are conducted with a view to evaluate the effects of reforms pro-
posed by the World Trade Organisation (WTQO) that were negotiated in the
framework of the Doha Round, such as optimum tariffs, domestic support or
specific trade agreements. DSGE models are also considered the best available
tools for modelling of the impact of events which result in market shocks. These
events mainly include outbreaks of diseases such as BSE, bird flu, foot-and-
mouth disease and others, as well as bioterrorism and crises affecting non-
agricultural sectors, such as the copper market.

Analysis of primary factors of production does not belong to the areas
where DSGE models are traditionally used. More frequently investigated issues
include the analysis of agricultural markets and selected tools of agricultural
policy. On the other hand, reforms of the European agricultural policy consid-
erably affect the markets of factors of production, resulting in a need to have
these issues analysed. Therefore, developments in the application of the models,
which allow to determine land allocation in accordance with the profile of pro-
duction, and prediction models should be considered as striving at better under-
standing and prediction of land allocation, labour resources and capital in the
agricultural sector. For the agricultural sector, studies using the DSGE models
focus mainly on analysing the impact of particular factors of production on
prosperity, development of rural areas and reducing poverty.

The researchers who apply DSGE models in their work are considerably
interested in production of biofuels as the models allow to evaluate various mar-
ket development scenarios and production profitability, taking into account the
projected increase in demand for renewable fuels. DSGE models can also be
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used to analyse the impact of an increase in bioethanol production on the econ-
omy and the environment. It should also be emphasised that interest in renew-
able energy sources increased in the recent years due to the concerns about the
security of energy supplies and the environment. Due to the great significance
of energy for each country’s economy, the energy sector arouses great interest,
but also great controversy. DSGE models can also be used to study the impact
of the power sector deregulation on the economy, including the agri-food sec-
tor, but also to study the impact of energy prices on global agricultural markets
in the long run.

Technological and organisational progress in agriculture has numerous
implications whose comprehensive analysis is relatively difficult. In view to en-
hance the competitiveness of agriculture, the production and management meth-
ods as well as the agricultural holding operation are more and more frequently
changed. DSGE models can also be useful for evaluation of the impact of these
changes on productivity, efficiency and development of the agricultural sector
and rural areas functioning. DSGE models can be applied in the research on the
technological changes impact on the country development broken down into the
agricultural and non-agricultural sector, as well as on phenomena such as the
scale of poverty or regional differences.

Evaluating the impact of specific biotechnologies on productivity of agri-
cultural sectors where new technologies are applied is one of important issues
that attract researchers’ attention. Biotechnologies reduce production costs and
thus accelerate the growth and enhance efficiency of given sectors. Research
using the DSGE models provides an opportunity to better understand and assess
the nature and degree of biotechnological impact on the economy. For example,
they can be used to study international diffusion of benefits of biotechnologies,
the research on the impact of genetically modified crops on international trade
results, and to analyse the policy of identifying genetically modified products.

Because DSGE models, as general equilibrium models, must take into ac-
count different sectors of the economy as well as economic development indica-
tors, it is possible to study different aspects of relations between the agri-food
sector and general economic development of countries. The analytic capacity of
DSGE models in this respect is considerable and perceived equally by research-
ers and those who commission research. It is a result of certain advantage of
general equilibrium models over partial equilibrium models. On the one hand,
the agri-food sector can be looked at from a wider perspective, and on the other
hand, it can be studied from the point of view of the sector changes impact on
the economy of the whole country.
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Table 2.1. Examples of potential applications of DSGE models for analysis
and evaluation of the effects of agricultural policy according to problem areas

Example problem

No. Model description Author(s) or place of origin area
1 G-Cubed WJ M(_:Klbbm fr_om Aust.rall_an National Environment
University, Brookings Institution
Model by the Economic Devel- | X. Diao and T. Roe from the Economic
2. opment Center, University of | Development Center, University of Min- | Environment
Minnesota nesota
F. Femenia and A. Golin from the French
3. INRA and UMR SMART National Institute for Agricultural Re- | International trade
search INRA and UMR SMART
A. Somwaru and D. Skully from the Eco-
4. MerI by the US Department of nomic Research Service, US Department | International trade
Agriculture .
of Agriculture
G. Impullitti from IMT Lucca Institute for
5. Free trade model Advanced Studies and O. Licandro from | International trade

the European University Institute

6. Model by CIRAD-ES-UMR

F. Gerard and M.-G. Piketty from
CIRAD-ES-UMR

Factors of production

GTAP-Dyn model modified by
the Ohio State University

E. lanchovichina, R. McDougall from
GTAP and Ohio State University

Factors of production

Model by the Center for Agricul-
8. tural and Rural Development,
lowa State University

M. Baker, D. Hayes and B. Babcock from
the Center for Agricultural and Rural
Development, lowa State University

Factors of production

9. TAIGEM-E

D.-H. Lee, H.-Ch. Lin and Ch.-Ch. Chang
from universities in Taiwan in coopera-
tion with Australian Monash University

Factors of production

10 Model by the Michigan State

E. Dinopoulos from the Department of
Agricultural Economics and the Depart-

Progress in agricul-
ture and economic

University ment of Economics, Michigan State Uni-
; development
versity
—_ . | Progress in agricul-
1 ICES A group of scientists from FEEM coordi- twure and  economic

nated by F. Bosello

development

. . Economic  develop-
. Danish R rch Insti fF Eco-
12. Dynamic-AAGE anisn iesearc stitute of Food Eco ment and sectoral
nomics T
implications
. .| Economic  develop-
Institute for Structural Research (IBS) in
13. Structural model by IBS (IBS) ment and sectoral
Warsaw S
implications

Source: literature review.

Studies of impact of different policies and solution in the agri-food sector
on economic development turn out particularly important for underdeveloped
countries where the agri-food sector generates a considerable percentage of na-
tional product. Thus, any changes to the sector considerably impact the general
condition of the economy and the quality of life of the citizens. DSGE models
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can be applied in research on the emergence and impact of agricultural produc-
tion surplus in economically underdeveloped countries as well as in studies
aimed at establishing the role of agriculture of selected countries in the context
of various development paths.

In the search for an appropriate development strategy for selected coun-
tries, the use of DSGE models can also be helpful to identify the likely effects of
reforms of the industry protection policy and the agricultural policy. For exam-
ple, it is possible to study the effects of the choice of certain production profiles
in selected countries or the impact of the agricultural sector functioning in se-
lected countries on their economic development. DSGE models may assess the
impact of an increase in outlays on research and development on the given agri-
cultural production trends in selected countries or the impact of development in
the R&D sector of agriculture and industry on the economic growth in a selected
country. Table 2.1 presents examples of potential applications of specific DSGE
models for analysis and evaluation of the effects of agricultural policy in relation
to defined problem areas.
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3. Perspectives and effects of potential CAP changes
In the light of modelling results

An important part of the research in this field consisted in modelling po-
tential CAP changes and macroeconomic conditions to evaluate the impact of
these changes on the Polish agri-food sector, and to evaluate usefulness and pos-
sibility of using various equilibrium models, including dynamic stochastic gen-
eral equilibrium models (DSGE), as supporting instruments to formulate the na-
tional agricultural policy. The main reason behind the research was the discus-
sion on the need to change the current shape of CAP in the context of adequacy
of its goals and instruments, and in the light of social expectations and the re-
quirements of international competition. The economic effectiveness and legiti-
macy of various intervention and support forms was an important topic in the
discussion, which mobilised those who challenge very sense of the CAP and
triggered proposals of its total abolition referred to as renationalisation.

The current cost of CAP implementation is about EUR 55 billion per
year and accounts for 40% of the total EU budget. In the CAP critics opinion
this amount is regarded as high and spent rather ineffectively, especially com-
pared to its alternative purpose, for example for research conducive to the
innovative economy development. On the other hand, the CAP supporters argue
that it accounts for merely less than 0.5% of the GDP in the EU, i.e. about EUR
2 a week per each EU citizen. There are also opinions that CAP has to be kept
up and continued in a practically unchanged form because of its beneficial im-
pact on the economic condition of agriculture and rural areas that is particularly
evident in the new Member States, such as Poland.

The importance of our country benefits in the form of transfers under the
CAP is mainly associated with the fact that almost 15% of the total employed
are involved in agricultural activity which accounts for about 4% GDP. There-
fore, the share of subsidies in the income of agricultural holdings (according to
FADN) is approximately 50% on the average. The position of Poland on the
CAP explicitly in favour of further financing this policy at least at the current
level, adopted finally by the Council of Ministers on 12 June 2009, reflects the
natural tendency to keep the benefits in the form of EU transfers. However, the
presence and the future shape of CAP will be determined by the positions of all
EU Member States, which may differ from ours.

The variety of views on the CAP usefulness in various significant opin-
ion-forming circles is caused mainly by the diversified degree of social and po-
litical acceptance of the present situation in various countries (supporters and

35



opponents), and the national balance of costs and benefits (beneficiaries and
payers) is of considerable significance in this respect. With regard to the un-
avoidable differences in the opinions on the CAP, its future shape may be ex-
pected to be determined by a range of opinions, from those in favour of main-
taining the status quo, through proposals (more or less radical) of changes, to
those justifying its abolition (renationalisation).

3.1. Prospects of CAP changes in the context of the shared
game model

The evaluation of the impact of potential CAP changes primarily sought
an answer to the question what is the likeliness of these changes and how
far-reaching they might be. To this end, a mathematical model of a shared game
developed within the framework of the research carried out on this subject. The
main concept underlying the model is the divergence of interests between the
parties (players) which leads to coalitions whose members (coalition members)
commit themselves to represent common position by making the same decision
to pass a specific draft policy.

The potential premises for divergence in the perception of costs and bene-
fits associated with abolishment or continuation of the CAP in its present form
are reflected by the data shown in Table 3.1. representing the socio-economic
importance of agriculture and rural areas in the particular EU Member States.
The data analysis leads to a key conclusion that the polarisation of interests in
the debate on the CAP future is virtually inevitable. It is associated with the very
diversified broadly defined socio-economic significance of agriculture and rural
areas in the particular Member States.
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Different attitudes towards the CAP in its current form may also result
from a given Member State situation — whether it is a net payer or beneficiary,
and which part of the transfers is received under CAP. In the years 2007-2013,
the group of net payers included 10 countries, and that of net beneficiaries —
17 countries (Poland being the largest among them). The countries which are net
payers and do not benefit under CAP naturally oppose the policy, while the larg-
est beneficiaries of the CAP defend it." In such circumstances a considerable
difference in positions on acceptable character and scope of the CAP changes
should be expected. The above represents a natural tendency to form coalitions
aimed at maintaining the status quo, abolishing the CAP completely, or adopting
a compromise solution lying in-between the first two extreme measures.

Each coalition member negotiates bilateral agreements concerning the
scope of costs to be incurred for the benefit of the other player and the scope of
benefits to be obtained from the other player. The perception and estimation of
costs and benefits depends the sectoral interest resulting mainly from the impor-
tance of agriculture and rural areas in individual Member States on the one hand,
and on the general economic and political interest resulting from other national
objectives beyond the sectoral perspective, on the other hand. The model ob-
tained assumes that the benefits of one player are the other player’s costs, and
that the estimation of the value of costs and benefits meets two premises:

a) itis identical for each pair of coalition members, therefore all the estimations
may be considered in terms of value for a potential beneficiary or in terms of
value for a potential payer;

b) it is “fair’ in terms of monotonicity, that is, a higher value is represented by
a greater amount (quantitative property) of better quality (qualitative property).

Let us assume that A; = (Ai1, A2, Aiz, ..., Ain) is the cost vector of the
coalition member i for i=1, 2, 3, ... , n, where ‘n’ is the number of coalition
members. Let us also assume that Aj; is the cost incurred by the player i for the
benefit of the player j to adopt a common position under the agreement negoti-
ated. The set of vectors A; shall be expressed as Anxn and referred to as the
Cost-Benefit Matrix (CBM) where:

! The Common Agricultural Policy reform orientation within the framework of the review
scheduled for the years 2008/09 — the Polish point of view. Consultation paper prepared by
the Foreign Agricultural Markets Monitoring Unit of the Foundation of Assistance Pro-
grammes for Agriculture (FAPA) in collaboration with the Department of Analyses and
Strategies of the Office of the Committee for European Integration (UKIE),
http://www.fapa.com.pl/gfx/saepr/dokument_konsult_na_www.pdf.

39



==

An Agn\

Apyn = k ' )
”1 !qm_

For CBM matrix the total cost incurred by one coalition member for the

A
i

benefit of other coalition members shall be:

Ci = AitAptAit...+Ai
Similarly, the total cost incurred by other coalition members for the bene-

fit of the coalition member i shall be:

d)

Bi = AutAoitAgit... +Aj,

The basic properties of CBM matrix are as follows:
diagonal matrix values equal zero (as a rule, the coalition member does not
pay anything to himself);
the sum of matric values in row i equals C; (costs);
the sum of matric values in column j equals B; (benefits);
the sum of all C; equals the sum of all B;.

In order to reflect the negotiation process let us assume that:

the coalition member E is the sole holder of a resource e, the coalition mem-
ber F is the sole holder of a resource f, the coalition member G is the sole
holder of a resource g, and the coalition member H is the sole holder of a re-
source h;

the beneficiaries want to acquire resources e, f, g and h;

each potential payer E, F, G, H sets out specific conditions which have to be
satisfied in order to have access to the resources reserved under the exclusiv-
ity right;

Payers conditions depend on other fulfilled preconditions so that the second
condition will be satisfied if the first condition is met; analogically, the third
condition depends on the status of the second one, while the first one de-
pends on the status of the last one.

This leads to situations that could be referred to as deadlocks. The dead-

locks may be of two types:

a)

b)

short-term deadlock (the beneficiary considers one draft policy and does not
take other coalitions into account);

long-term deadlock (the beneficiary participates in diverse coalitions — in
one of them the cost-benefit balance is positive, in another one this balance
IS negative, and yet in another one it may be zero).

If the CBM matrix is approached solely as a matrix of mutual liabilities

and receivables, it may be subject to the reduction procedure. In order to do that,
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for each coalition member the value of B; - C; should be calculated, next, the
coalition members should be arranged in the order of B; - C; value. A given coa-
lition member is considered:

e a‘payer’,ifB;-C;<0;
e ‘neutral’, if B;-C;=0;
e a ‘beneficiary’, if B; - C; > 0.

It should also be noted that the sum of costs borne by the ‘payers’ is equal
to the sum of benefits received by the ‘beneficiaries.” The calculation algorithm
of the model consists in that a reduced cost-benefit matrix (RCBM) is built up
according to the rule that the *largest beneficiary’ receives the transfer from the
‘largest payer’ (the rule is repeated until all the receivables of the beneficiaries
are financed by means of all the liabilities of the payers). Zero value is assigned
to the remaining RCBM elements. The CBM and RCBM matrices are equal in

terms of balance, the only omitted information concerns the ‘equivalent transac-
tions’ concluded as a result of coalition agreements.

The RCBM matrix has the following properties:
a) the row and column for the ‘neutral’ coalition member contain zeros only;
b) the ‘payer’ does not obtain any benefits;
c) the “beneficiary’ does not bear any costs.

Non-zero elements of RCBM matrix represent the short-term deadlocks.
If p>0 is assumed to be the number of ‘payers’ and that b>0 is the number of
‘beneficiaries’, we obtain:

2<p+b<n.

In other words, if there is at least one payer, there is also at least one bene-
ficiary.

Let us assume that the set ZK is composed of elements consisting in pairs
of indices (i,j) of the RCBM matrix such that A;; is the element of the RCBM
and Aj; > 0. It can be readily noticed that the number of elements in ZK satisfies
the following inequality:

b<|zZK|<p-b,
where: | | refers to the cardinality of the set.

If we assume that Xj; is a Boolean (binary) variable associated with A;; of
the RCBM matrix so that (i,j) is an element of ZX, and then X;; has the value of
1 (truth), whereas otherwise its value is 0 (false), the following conclusion re-

garding the short-term deadlock may be made in the form of the following Boo-
lean expression:
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Vv (i) of the element of ZK,, X;; = 1.

The fulfilment of this condition is tantamount to the conclusion that the
debated draft CAP will be accepted if each deadlock is realised.

Assuming that RCBM becomes open to the public, a number of produced
draft policy versions should be taken into account as both the supporters and the
opponents of the current version of the RCBM will try to conclude new bilateral
agreements. Assuming that k versions are produced, after the negotiation period
an RCBM will be created for each version where k = 1,2,3,..,K. The analysis of
the set of all RCBMy may allow predicting a probable solution. Namely, a ver-
sion of the draft policy