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Abstract

This chapter focuses on microeconomic and
macroeconomic issues. Regarding microeco-
nomics, the key microeconomic topics, as sup-
ply, demand, product markets and factor
markets, will be presented. The main
microeconomic variables connected with con-
sumer and producer behaviour will be
described, including the marginal variables.
Decision-making of producer and the
possibilities of market equilibrium will be
discussed, depending on different types of
competition. Specifics of factor markets will
be explained, precisely the labour market, land
market, and capital market. The macroeco-
nomic part focuses on key macroeconomic
issues connected with spatial aspects. Firstly,
the key macroeconomic indicators and their
features will be described. Then the spatial
view will be included, a comparison of
selected macroeconomic indicators in EU28
and NUTS2 regions will be presented. The
question of economic growth will be
discussed. The last part of the chapter deals
with economic modelling, both in
microeconomic and macroeconomic areas.
The short overview of possibilities of
modelling strategic behaviour of particular
economic subjects and agent-based modelling,

as well as options of macroeconomic
modelling in a short period (I-O analysis),
medium period (CGE models) and long-term
models will be presented. The spatial view in
the whole chapter is underlined.
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5.1 Methods in Microeconomics

5.1.1 Microeconomics
and Relationships Between
Variables

5.1.1.1 Microeconomic Issues
Microeconomics studies individual prices,
quantities and markets, on the other hand macro-
economics studies the behaviour of the economy
as a whole. It examines the forces that affect
firms, consumers and workers in the aggregate.

Regarding variables, microeconomics can
examine for example price, quantity, hours
worked, acres of land, incomes in currency
units, number of employees, etc. A functional
dependency between two variables exists in the
case when one variable depends on the other
variable, that is, the value of the dependent vari-
able is determined by the independent variable.
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For example, the price (independent variable)
determines the quantity of goods we buy (depen-
dent variable).

In general, it can be stated that there are
three possible types of relationships between
variables:

– direct - a positive relationship expressing that
the growth of one variable is accompanied by
the growth of the other variable (e.g., the price
and the offered quantity ¼ the supply
function),

– indirect - a negative relationship expressing
that the growth of one variable is accompanied
by the simultaneous decline of the other vari-
able (e.g., the price and the demanded quan-
tity ¼ the demand function),

– neutral - mutual independence of variables,
this means that the growth of one variable
does not cause a change in the other variable.

Every society must answer three basic eco-
nomic questions:

– What should we produce?
– How should we produce it?
– For whom should we produce it?

Although every society answers the three basic
economic questions differently, in doing so, each
confronts the same fundamental problems:
resource allocation and scarcity. The classical
microeconomic theory was developed by Adam
Smith in 1776 and later economists, such as
David Ricardo. The essential aspect of the classi-
cal microeconomic theory includes determination
of market price and output and market-
equilibrium. Adam Smith is well known for his
‘invisible hand of the market.’ In his approach,
people act out of self-interest and markets tend to
provide goods and services which are demanded
by the population. Market forces respond to
changes in demand and supply, e.g. a shortage
pushes up the price and causes demand to fall.

Smith also investigated topics such as the divi-
sion of labour, specialisation and economies of
scale. The early classical economists emphasised
the importance of costs to firms and consumers.

The following sections will focus on these topics
more in detail.

5.1.1.2 Economic Circle, Economic
Entities, Different Kinds
of Markets

One of the main basic models in economics is the
circular-flow model, which describes the flow of
money and products throughout the economy in a
very simplified way. The model represents all of
the actors in an economy as either households or
firms (companies), and it divides markets into two
categories:

• markets for goods and services (product
markets)

• markets for factors of production (factor
markets)

Product market represents the marketplace in
which final goods or services are offered for pur-
chase by consumers, businesses, and the public
sector.

Factor market represents the marketplace for
the services of a factor of production. A factor
market facilitates the purchase and sale of
services of factors of production, which are inputs
like labour, capital, land and raw materials that
are used by a firm to make a finished product.

The circular flow model is shown in Picture
5.1.

Consumers buy goods and sell factors of pro-
duction, businesses sell goods and buy factors of
production. Consumers use their income from the
sale of labour and other inputs to buy goods from
businesses, businesses base their prices of goods
on the costs of labour and property. Prices in
goods markets are set to balance consumer
demand with business supply; prices in factor
markets are set to balance household supply
with business demand.

5.1.1.3 Resources, Scarcity
Production factors are natural, human, financial
and other resources that enter into production and
help to create the final economic output. They are
scarce since the amount of these factors is limited.
We can understand the production factors as
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resources, which are transformed in the
manufacturing process into the desired products
and services. In other words, the elements of
production are the inputs, which the firm uses to
produce output desired by consumers and to
deliver this output to the market.

The factors of production include:

– labour,
– land and natural resources (raw materials),
– capital (financial capital, machinery and tools,

equipment),
– the level of technology (level of knowledge),

or entrepreneurship.

The demand for a given input is the so-called
derived demand, that means the demand for the
goods, which is produced using the given input.

The market of production factors is the point at
which the demand for factors of production meets
with the supply of factors of production. The
demanders in this market are the firms, that - via

the use of production factors - offer on the final
product market a specific product to achieve
profit. The suppliers on the market of production
factors are the households, i.e. the owners of the
factors of production. These households then rent
out these factors to get income.

Scarcity means that resources (production
factors) are limited, and hence the number of
manufactured goods cannot satisfy all human
needs. The category of needs is very broad; how-
ever, economics does not address its scope, struc-
ture and classification. Within economic theory,
only economic needs that are satisfied by using up
produced goods and services are relevant. The
essence is to satisfy the sense of lack of some-
thing that is desirable for the consumer and the
fact that the overall satisfaction is never found, as
the fulfilment of a need arises the additional one,
as well as both the intensity of a need and the
hierarchy of needs vary, etc. Satisfying needs is
related to the concept of consumption. Consump-
tion of economic goods leads to the satisfaction of

Picture 5.1 The circular-flow model. (Source: Own processing, based on Samuelson and Nordhaus 2010)
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the human economic needs, provided that these
goods are useful, i.e. able to satisfy the need of the
consumer.

5.1.1.4 Why Are Marginal Variables
Important?

In neo-classical economics, more emphasis was
placed on concepts of marginal utility and mar-
ginal cost. We make choices depending on satis-
faction we get from one extra unit of a good.
Economists such as Carl Menger, William
Stanley Jevons, Marie-Esprit-Léon Walras and
Alfred Marshall developed ideas such as
diminishing marginal utility.

Focusing on consumer issues, we can find as
an example marginal utility; it denotes the addi-
tional utility consumer obtains from the consump-
tion of one additional unit of a commodity.

The marginal utility is the change in the total
utility that is caused by the change of a consumed
quantity of goods by a unit.

Regarding producer, a typical example is a
marginal product, the extra output produced by
one additional unit of one input while other inputs
are held constant, or marginal cost of production,
the additional cost incurred in producing one
extra unit of output.

5.1.1.5 Market Equilibrium – Product
Markets, Factor Markets

Market equilibrium, also known as the market
clearing price, refers to a perfect balance in the

market of supply and demand, i.e. when supply is
equal to demand. When the market is at equilib-
rium, the price of a product or service will remain
the same, unless some external factor changes the
level of supply or demand. According to eco-
nomic theory, in a market economy, there is a
single price which brings demand and supply into
balance – the equilibrium price.

Product Markets
We can understand the market equilibrium as a
state where either the supplier or the buyer had, at
the given equilibrium price and quantity, any
interest in changing their behaviour. In the case
of Market equilibrium, quantity demanded equals
quantity supplied and there is no tendency for the
price to rise or fall - the equilibrium price is the
market-clearing price. Table 5.1 shows an exam-
ple of a market equilibrium, using a numerical
expression of the market clearing price setting on
the market.

Figure 5.1 shows the same example of the
market clearing price using the graphical expres-
sion. The quantity demanded connected with
retail price is represented by the demand curve,
the quantity supplied by the supply curve. The
equilibrium price Pe (17,500 EUR) shows the
market clearing price where the supply is equal
to the demand (500 cars).

Price elasticity is a crucial methodological
approach in economics. Generally, the price

Table 5.1 Example of market equilibrium using a numerical expression

Market Equilibrium – Car Market
Retail Price (EUR) Quantity demanded Quantity Supplied
30 000 0 1000
27 500 100 900
25 000 200 800
22 500 300 700
20 000 400 600

17 500 500 500
15 000 600 400
12 500 700 300
10 000 800 200

Source: Own processing, based on picture on https://marketbusinessnews.com/financial-glossary/market-equilibrium/
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elasticity of demand for some product is a sensi-
tivity of consumers to a price change. There are
some products like meat or fruits for which small
change in price causes a great change in the
quantity purchased. So, the demand for such
products is elastic. But, there are other products
(electricity, medical devices) for which the large
price change causes the small change in the quan-
tity purchased. Thus, the demand for such
products is inelastic. We use the coefficient of
price elasticity of demand EDP, to determine
whether the demand is elastic or inelastic:

EDP ¼ %Change in Quantity Demanded=

%Change in Price

ð5:1Þ
There can be three cases: if |EDP| < 1, then

demand is inelastic; if |EDP| > 1, then demand is
elastic and, finally, if |EDP| ¼ 1 we can observe
the unit elasticity. The slope of demand curves
can be different from our basic case, presented
in Fig. 5.1; therefore Fig. 5.2 shows the
selected examples of particular demand curves,
including the boarder elastic and inelastic demand
curves.

Factor Markets
On factor markets, companies represent demand
side and households represent supply side. The
demand for factors of production depends on the

demand for final products. Therefore, the demand
for a given input is also called derived demand.
This is derived from the demand for the goods,
which is produced using the given input.

Particular factor markets are characteristic by
specific market prices, as follows:

– Labour market: the price of labour is the wage
rate (w), for example, the amount of money for
one hour of work.

– Land market: the price of land is the rent (r),
for example, the amount of money for one
hectare of land.

– Capital market: the price of capital is the inter-
est rate (i), for example, the amount of money
for one machine hour. The firm can compare
the price of capital to the interest rate it could
gain from the money spent on the purchase of
the capital goods if it had put it in a bank. The
interest rate thus represents the alternative cost
of the ownership of the capital goods.

Regarding spatial aspects of particular produc-
tion factors, we will focus on more details of the
land market and labour market.

Land Market
The land market is characteristic by a fixed supply
of land and a rent, as a price of land. Generally,
some goods or productive factors are entirely set
in amount, regardless of price. Nature’s original
endowment of land can be taken as fixed in
amount. Giving the quantity supplied is constant
at every price, the payment for the use of such a
factor of production is called rent or pure
economic rent.

When supply is independent on price, the
supply curve is vertical in the relevant region.
Figure 5.3 shows the case of land, for which a
higher price cannot coax out any increase in
output. An increase in the demand for this fixed
production factor will affect only the price of this
production factor.

It is important to underline the spatial aspect of
land price; there can be observed differences in
land price in particular regions, depending on the
level of demand for some particular sort of land.
In areas with a better economic situation, the

Fig. 5.1 Example of market equilibrium using graph-
ical expression. (Source: Own processing based on
Samuelson and Nordhaus 2010; P price, Q quantity,
S supply, D demand, E equilibrium, Pe equilibrium
price, Qe equilibrium quantity)
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demand is higher. In poor countries, the demand
for the same sort of land will be probably lower.

Labour Market
The demand for labour is determined by its mar-
ginal productivity in producing final output. The
marginal productivity of labour can rise in the
following cases:

– workers have more or better capital goods to
work with,

– the marginal productivity of better-trained or
better-educated workers is higher than that of
workers with less “human capital.”

Real wages differ among countries, Table 5.2
shows the example of wages in manufacturing in
the year 2006.

Fig. 5.2 Examples of price elacticity of demand. (Source: Own processing based on Samuelson and Nordhaus 2010;
P price, Q quantity, D demand, EDP coefficient of price elasticity of demand)

Fig. 5.3 The land market equilibrium. (Source: Own
processing based on Samuelson and Nordhaus 2010; R1,
R2, R3 represent the price of land – the level of rent. D1,
D2, D3 represent the level of demand)
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Labour costs differ among countries, Picture
5.2 shows the overview of estimated hourly
labour costs in EUR in EU countries in the year
2017. The labour costs cover both wages and
salaries costs and other costs.

The spatial view can also include migration.
The critical aspect is the character of immigrants
if they are legal immigrants or political refugees,
their skills and education. From the point of view
of labour supply, the overall effect of immigration
can be an increase in the supply of low-skilled
workers relative to high-skilled workers. Studies

have estimated that this change in supply has
contributed to the decline in the wages of less-
educated groups relative to the college-educated.

5.1.1.6 Competition
We can distinguish two key categories of compe-
tition within the economy.

The first one is perfect competition. It
represents the case, where no firm or consumer
can affect prices. Imperfect competition exists
whenever a market, hypothetical or real, violates
the abstract tenets of neoclassical pure or perfect
competition. Since all real markets exist outside
of the plane of the perfect competition model,
each can be classified as imperfect. The contem-
porary theory of imperfect versus perfect compe-
tition stems from the Cambridge tradition of post-
classical economic thought.

The second one is imperfect competition. It
represents the case where a buyer or seller can
affect a good’s price. Regarding companies, we
can distinguish the following cases:

– Monopoly: a single seller with complete con-
trol over an industry.

– Oligopoly: a few sellers, each firm can affect
the market price.

Table 5.2 Comparison of wages in manufacturing in the
year 2006

Region
Wages and fringe benefits in
manufacturing, 2006 ($ per hour)

Germany 34.21
Italy 25.07
The United
States

23.82

Japan 20.20
South Korea 14.72
Mexico 2.75
China 1.37
Philippines 1.07

Source: Own processing based on Samuelson and
Nordhaus (2010)

Picture 5.2 Comparison of hourly labour costs in EU countries in 2017. (Source: EUROSTAT 2018)
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– Monopolistic competition: a large number of
sellers produce differentiated products; there
are many sellers, none of whom has a large
share of the market.

Selected examples of demand curves of differ-
ent kinds of imperfect competition are shown in
Fig. 5.4.

Generally, curves of marginal costs (MC) and
average costs (AC) represent individual
company’s costs in the market; on the contrary,
demand curve (D) represents the whole market
demand. Consequently, the company – monopo-
list is a price maker in the market, the company in
the monopolistic competition is rather a price
taker in the market.

5.1.2 Decision-Making Issues

5.1.2.1 Decision-Making of Consumer
The behaviour of both individuals and economic
entities can be explained by comparison of the
effects of economic activity and a “detriment”
(expenses, costs) associated with this activity. In
the case of individuals, the utilities resulting from
the consumption of individual goods are the
effect; the “detriment” is connected to spending
the incomes to purchase these goods.

The concept of utility was developed by
philosophers/economists – Jeremy Bentham and
John Stuart Mill. In microeconomic theory, it was
believed a consumer would buy goods depending
on the marginal utility (satisfaction) they get from

the good. This theory assumes consumers are
rational and seeking to maximise the satisfaction
they get. Rationally acting consumers maximise
the utility. Making decisions, however, is limited
by their income. At the same time, utilities are
influenced by consumer preferences.

The starting point for the consumer theory is a
consideration that an individual chooses from
different consumer goods baskets. The result of
consumer decision-making is then the choice of
such a consumer basket that brings the maximum
utility. Consumers compare individual consumer
situations from the perspective of their
preferences.

Since the development of the utility theory,
economic theory faces the problem of how to
measure the utility and whether it is measurable.
Based on an approach to the utility measurability,
we distinguish cardinal and ordinal theory. In
both cases, the utility of one good depends not
only on its quantity but also on the quantity of
other goods.

Cardinal theory considers the utility to be
directly measurable. In this case, specific values
of the utility are known. The total utility
(TU) represents the total satisfaction received
from consuming a given total quantity of a com-
modity. Marginal utility (MU) denotes the addi-
tional utility you get from the consumption of an
additional unit of a commodity.

Since the total utility is dependent on the quan-
tity of all goods, in unaltered conditions, the
utility is the function of the number of goods
consumed:

Fig. 5.4 Examples of imperfect competition. (Source: Own processing based on Samuelson and Nordhaus 2010;
P Price, Q Quantity, D Demand, MC Marginal Costs, AC Average Costs
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U ¼: f ðX1,X2, . . . ,XnÞ ð5:2Þ
where X1, X2, . . ., Xn are quantities of individual
goods.

According to the ordinal theory, the utility is
not directly measurable. Consumers can say what
their preferences are, but not to assess the utility.
Consumers are able to arrange combinations of
goods according to their utility, but not to deter-
mine the amount of the utility of such
combinations. The curves showing combinations
with the same utility are called indifference
curves.

When deciding on the purchase of goods,
however, consumers are limited by their income
and the prices of the products they buy.

Budget line is indicating the combination of
commodities X and Y that a consumer can buy
with a given income at a given set of prices.

Consumer Optimum
Consumers choose optimal combinations of
goods depending on their preferences and market
options. These options are affected by both their
income and market prices of goods. The way of
determining the consumer optimum depends on
the possibility to measure the utility.

Rationally acting consumers maximise the
utility within their budgetary constraints. Con-
sumer surplus is the difference between the total
utility of the consumed quantity of a given good
and the total amount spent on it.

5.1.2.2 Decision Making of Producer
Corporate behaviour is limited mainly by the
technological possibilities of production and
financial capacity of a firm.

To be able to analyse the decisions of a firm,
whose main activity is the transformation of
inputs into an output, i.e., production, it is useful
to create an abstract model of production
depicting the relations between input and output
as simply as possible. The production function
serves as this model. The production function is a
relation between the number of inputs used in
production in a given period, and the maximum

volume of output the inputs created by their func-
tioning in the given period.

The inputs used in production are labour, land,
capital and the entrepreneurial spirit. We can sim-
plify the real situation and assume that goods X
are being produced (with the output labelled Q)
from two inputs - capital (K) and labour (L),
sufficient for the realisation of X. Same as with
the production of goods which is considered to be
the flow of output, inputs are also considered to
flow in the production process.

• K/t ¼ machine hours per time,
• L/t ¼ hours worked per time.

After these simplifications, we can write the
production function in the following form.

Q ¼ f K,Lð Þ ð5:3Þ
where Q ¼ output, K ¼ input of capital per time,
L ¼ input of labour per time. A production func-
tion defined this way has the following properties:

(a) expresses the fact that an output can be pro-
duced through different combinations of
inputs,

(b) shows the technological constraints of pro-
duction, because it depends on the level of
technology,

(c) does not work with unnecessary or ineffi-
cient production processes, which stems
from the emphasis on maximum output in
the definition, i.e., firms use the most effi-
cient combination of inputs to create output.

If a firm uses themost efficient technology avail-
able, its output will dependmainly on the number of
inputs used and the efficiency of their use.

Time horizon in which a firm operates is also
essential for the further analysis of corporate
behaviour. Short run (SR) is characterised as a
period in which the services of at least one factor
of production a firm uses are fixed as a result of
previous choices. In the case of two factors of
production, capital is considered to be the fixed
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input, because it physically exists, for instance in
the form of machinery, which is fixed at a specific
location. A firm can own it or lease it but cannot
change its volume in order to change the output.
On the other hand, the volume of labour involved
in the production process can be easily reduced or
increased if necessary, usually through short-term
employment contracts. We, therefore, consider
labour as a variable input in the short run.

Since there is at least one fixed input, in our
case capital, in the short run, the relation between
input and variable output at a given level of
capital is characterised by a short-run production
function. In other words, it shows how the output
changes as a result of changes in one input -
labour. That means that the returns from only
one variable factor of production are the property
of the production function in the short run.

Long run (LR) is a period sufficient for the
change in the amount of all inputs used, i.e., it is
characterised by the fact that all inputs are vari-
able. In the long run, the firm can mutually sub-
stitute the two inputs we use. A long-run
production function depicts the relation between
the change in volume of both inputs used and the
subsequent change in output. If we focus only on
the currently proportionally equal increase in the
amount of all inputs and the change in output in
the long-run production function, we deal
with returns to scale. The essential characteristics
of a production function in the long run, therefore,
are the substitution of inputs and return to the
scale of input.

5.1.2.3 Costs Overview
Total costs represent total expenses needed to
produce output. In most cases, the total costs
increase together with the increase in output.
Total costs (TC) in the short run are the sum of
fixed costs (FC) and variable costs (VC):

TC ¼ FCþ VC ð5:4Þ
Fixed costs represent expenses that are paid

out even when no output is produced; unaffected
by any variation in the quantity of output. Vari-
able costs represent expenses that vary with the

level of output - such as raw materials, wages, and
fuel - and includes all costs that are not fixed. If
the output is zero, variable costs are zero as well.
The development of variable costs is a significant
element for the development of total short-run
costs.

Opportunity costs (alternative costs) - assuming
the best choice is made, it is the “cost”
incurred by not enjoying the benefit that
would have been had by taking the second
best available choice.

Marginal costs (MC) shows additional costs
connected with the production of one extra
unit of output.

Average costs AC (unit costs) represent the sum
of total costs (TC) divided quantity (Q):

AC ¼ TC=Q ð5:5Þ

The Costs of a Firm
Before we analyse the costs, recall the difference
between the economic and accounting concept of
costs. In the narrower sense - accounting - costs
are all actual costs incurred the movement of
which is recorded in the accounting books.
These are the explicit costs. The economic con-
cept of costs is broader: economists take into
account not only explicit costs but also implicit
costs. Implicit costs are costs that the firm does
not actually pay. The existence of these is based
on the principle of alternative costs, i.e., opportu-
nity costs. Implicit costs represent the costs the
firm loses by using limited resources in a certain
way and not any other. For better understanding,
let’s have a look at the specific differences
between accounting and economic concept of
costs of labour and capital (inputs used in our
analysis).

The costs of labour do not differ much as an
accounting and economic concept: both
approaches consider these to be explicit costs.
From an accounting perspective, these form a
part of the actual costs incurred. From an eco-
nomic perspective, the costs of labour are derived
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from the wage rate, which forms a part of the
employment contract. It is assumed that this
wage rate is the same as the best alternative return
of this input for its owner.

Costs of capital are perceived completely dif-
ferently by accountants and economists. From the
accounting perspective, the costs of capital are
determined by the price of the capital goods
which is used for determining the concrete share
of capital costs on the costs of a given output.
These are thus the actual, explicit costs incurred.
Economists, however, consider the costs of capi-
tal to be implicit; their amount per hour is deter-
mined by the price anyone would be willing to
pay for using the given capital goods if he/she
rented it for an hour. The firm thus loses the
alternative return from renting the capital goods
to someone else, i.e., the rent, because it is the
only subject using the capital goods. The costs of
capital are thus determined by the amount of rent
based on the nest alternative usage of the given
capital goods.

When analysing the costs, we use the
simplified situation in which the firm produces
only goods X and uses only two inputs for the
production, the prices of which do not change
with the quantity purchased (in other words, we
assume that there is perfect competition on the
market of labour and capital). Substantial sim-
plification is the assumption of a completely
homogeneous labour and completely homoge-
neous capital. Speaking of the prices of inputs,
remember that these are considered to flow in
the production process. Based on what has
already been said about the costs of labour and
capital:

– the price of labour is the wage rate (w), the
amount of money for one hour of work,

– the price of capital is the rent (r) corresponding
to the amount of money for one machine hour.

The firm can compare the price of capital to the
interest it could gain from the money spent on the
purchase of the capital goods if it had put it in a
bank. The interest thus represents the alternative
cost of the ownership of the capital goods.

The starting point for the analysis of costs is
the functional relationship between the costs and
the output per unit of time. Since we know that
the amount of output is a function of the inputs
used and if we know the prices of the inputs used
by the firm in the production process, we can
calculate the costs of production of a specific
output. The level and development of the costs
due to changes in the output of the firm thus
depend on two important factors:

1. The character of the production function in
question (which determines the shape of the
cost functions of the firm),

2. The prices of inputs (these determine the
costs).

A cost function can be expressed as:

TC ¼ f Q,w, rð Þ ð5:6Þ
If we assume that the firm behaves rationally,

this cost function expresses the minimum costs of
a firm for the production of various amounts of
output, using various combinations of labour and
capital.

The character of costs in the short run is dif-
ferent in many ways from the character of costs in
the long run. Since the firm cannot increase the
output in the short run by changing the production
premises or the technologies used, it can increase
it only by changing the variable inputs used to be
able to change the output by increasing the
amount of any input.

5.1.3 Market Failures

Neo-classical economics has become associated
with a belief in the efficiency of markets. The
microeconomic theory has also incorporated the
criticisms and limitations of free-markets. The
obstacles that prevent the price mechanism from
the efficient allocation of resources are described
as “market failures”. A perfectly functioning mar-
ket mechanism can be described by both the
demand side and the supply side provide
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objective information on the market situation.
The carrier of this information is the price that is
created at the market. In the real economic world,
there are plenty of obstacles of perfect competi-
tion that can cause market failures. The most
important of these may be classified as the
following:

– imperfect competition,
– externalities,
– public goods and
– imperfect information.

Imperfect competition and its features is
described above in the Sect. 5.1.1.6. Competition.

Externalities occur when a firm or people
impose costs (negative externalities) or benefits
(positive externalities) on others outside the mar-
ketplace. Negative externalities occur when pro-
duction and/or consumption impose external
costs on third parties outside of the market for
which no appropriate compensation is paid, for
example:

• Harmful impact of toxic ‘passive smoking’ on
non-smokers

• Air pollution from road use and traffic
congestion and the impact of road fumes on
lungs

• The external cost of food waste
• The external costs of cleaning up from litter

and the dropping of chewing gum
• The external costs of the miles that food travels

from producer to the final consumer

Public goods are commodities, which can be
enjoyed by everyone and from which no one can
be excluded. Public goods provide an example of
market failure resulting from missing markets.
Pure public goods are non-excludable and
non-rival in consumption. Public goods are also
known as collective consumption goods, for
example, police, defence, crime control, sanita-
tion infrastructure.

Regarding spatial view, it can be interesting to
observe the spatial distribution of market failures
in the economy. Good examples can be the

distribution of monopolist or oligopolist power
in EU countries or the whole World, the distribu-
tion of negative externalities and negative envi-
ronmental impacts on a local, regional, national
and global level or different placement of public
goods within the society and particular countries/
regions.

5.2 Macroeconomics
and Relationships Between
Variables

5.2.1 Macroeconomic Issues

5.2.1.1 General Macroeconomic Model
Macroeconomics studies the behaviour of the
economy as a whole. The following Picture 5.3
shows relationships between particular markets
and economic subjects – resource market, product
market, households, companies and government.

A macroeconomic model is an analytical tool
designed to describe the operation of the econ
omy of a country or a region. These models are
usually developed to examine the dynamics of
aggregate quantities such as the total amount of
goods and services produced, total income
earned, the level of employment of productive
resources, and the level of prices.

Macroeconomic models may be logical, math-
ematical or computational; the different types of
macroeconomic models serve different purposes
and have various advantages and disadvantages.
Macroeconomic models may be used to clarify
and illustrate basic theoretical principles; they
may be used to test, compare, and quantify differ-
ent macroeconomic theories; they may be used to
produce “what if” scenarios (usually to predict the
effects of changes in monetary, fiscal, or other
macroeconomic policies); and they may be used
to generate economic forecasts. Thus, macroeco-
nomic models are widely used in academia,
teaching and research, and are also widely used
by international organisations, national
governments and larger corporations, as well as
by economics consultants and think tanks.
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Households (individuals) behave rationally,
and therefore they do not spend their entire
income to purchase goods and services. The
remaining part of their income they save as they
assume that in the future their savings (S) will
bring additional higher income.

Firms (businesses) set their business
objectives and to meet them, they need additional
funds to renew or expand their production, which
means that they need to get a loan for purchasing
the means of production. This leads to the need
for creating a financial market (see Picture 5.4),
where household savings are transformed into the
investment resources of firms. The transformation
of household savings into the investment
resources of firms has two forms:

1. Households save their savings in financial
institutions (primarily banks), which provide
loans to businesses. The money market

mediates the relationship between households
and firms.

2. Households use their savings to purchase
securities issued by firms and therefore
directly, without the intermediary role of
banks, provide firms with the necessary invest-
ment funds. In this case, the relationship
between households and firms is mediated by
the securities market.

Household spending on goods and services,
i.e. consumption expenditure (C) is supplemented
by investment spending (expenditure) of firms (I).
The equality of the total income and the total
product is then kept, and therefore the total
(national) income and the total product are usu-
ally identified by the same symbol (letter) - Y
(yield). The quantity of the total product is equal
to the total expenditure (E), which was spent in
the economy (Y � E).

Picture 5.3 A general macroeconomic model. (Source: Own processing, based on Samuelson and Nordhaus 2010)
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5.2.1.2 Macroeconomic Indicators

Basic Macroeconomic Indicators and Their
Characteristics
Gross domestic product (GDP) is the measure of
the market value of all final goods and services
produced in a country during a year. There are
two ways to measure GDP - nominal GDP is
measured in actual market prices, real GDP is
calculated in constant or invariant prices.

Gross domestic product (GDP) is the most
frequently used measure for the overall size of
an economy, while derived indicators such as
GDP per capita — for example, in euro or
adjusted for differences in price levels — are
widely used for a comparison of living standards,
or to monitor the process of convergence across
the European Union (EU). Moreover, the devel-
opment of specific GDP components and related
indicators, such as those for economic output,
imports and exports, domestic (private and pub-
lic) consumption or investments, as well as data
on the distribution of income and savings, can

give valuable insights into the main drivers of
economic activity and thus be the basis for the
design, monitoring and evaluation of specific
policies.

Inflation occurs when the general price level of
prices is rising. We calculate inflation by using
price indexes - weighted averages of the prices of
thousands of individual products.

Inflation is the increase in the general level of
prices of goods and services in an economy; the
reverse situation is deflation when the general
level of prices falls. Inflation and deflation are
usually measured by consumer price indices or
retail price indices. Within the European Union
(EU), a specific consumer price index has been
developed — the harmonised index of consumer
prices (HICP). Other factors (such as wages)
being equal, inflation in an economy means that
the purchasing power of consumers falls as they
are no longer able to purchase the same amount of
goods and services with the same amount of
money. Purchasing power parities estimate price
level differences between countries and can be

Picture 5.4 Model of the macroeconomic cycle including a financial market. (Source: Own processing, based on
Samuelson and Nordhaus 2010)
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used to calculate price level indices, which may,
in turn, be used as a starting point for analysing
price convergence between countries or regions.

The unemployment rate is defined as the num-
ber of people who are unemployed expressed in
relation to the total labour force (persons who are
employed or unemployed). Focusing on the
example published by EUROSTAT (2018), we
can compare development in particular countries
and also in the EU as a whole. At the start of the
financial and economic crisis in 2008, there were
16.8 million unemployed persons in the EU-28,
which gave an unemployment rate of 7.0%. Five
years later — in 2013 — this figure had risen to
26.3 million unemployed persons, an overall
increase of 9.5million. The number of unemployed
persons in the EU-28 fell in both 2014 and 2015, to
22.9 million (ora rate of 9.4%). As such, the total
number of people who were out of work in 2015
was more than one third (36.5%) higher than at the
onset of the crisis, while the unemployment rate
was 2.4 percentage points higher.

The foreign exchange rate is the price of one
currency in terms of another currency. The for-
eign exchange rate is determined in the foreign
exchange market, which is the market where dif-
ferent currencies are traded.

Current Data vs. Constant Data
Data reported in the current (or “nominal”) prices
for each year are expressed in the value of the
currency for that particular year. For example,
current price data shown for 1990 are based on
1990 prices, for 2000 are based on 2000 prices,
and so on.

Other series in statistics can show data in
“constant” or “real” terms. Constant series show
the data for each year expressed in the value of a
particular base year. Thus, for example, data
reported in constant 2010 prices show data for
1990, 2000, and all other years in 2010 prices.

Current series is influenced by the effect of
price inflation. Data reported in “constant” or
“real” terms (constant series) are used to measure
the true growth of a series, i.e. adjusting for the
effects of price inflation. For example (using year

one as the base year), suppose nominal Gross
Domestic Product (GDP) rises from 100 billion
to 110 billion, and inflation is about 4%. In real
prices, the second year GDP would be approxi-
mately 106 billion, reflecting its true growth of
6%. Except for rare instances of deflation
(i.e. negative inflation), a country’s current price
series on a local currency basis will be higher than
its constant price series in the years succeeding
the constant price base year. (World Bank 2018).

Table 5.3 shows the example of official source
of macroeconomic data published by the Ministry
of Finance of the Czech Republic in 2018.

Economic Development – Different
Possibilities and Expressions
A gross domestic product, GDP, is a basic mea-
sure of the overall size of a country’s economy.

As an aggregate measure of production, GDP
is equal to
1. the sum of the gross value added of all resident

institutional units engaged in production, plus
any taxes on products and minus any subsidies
on products. Gross value added is the differ-
ence between output and intermediate
consumption,

2. the sum of the final uses of goods and services
(all uses except intermediate consumption)
measured in purchasers’ prices, minus the
value of imports of goods and services,

3. the sum of primary incomes distributed by
resident producer units.

We can use different possibilities of GDP
development presentation. It is possible to show
GDP growth in a selected period as a % change
compared with previous years or as GDP develop-
ment in current or constant prices. The examples,
published by EUROSTAT in the year 2018, show
different GDP development presentation in China,
USA, EU-28, Euro area and Japan in the period
2007–2017 (Picture 5.5 and Picture 5.6).

The Eurostat (2018) comments the GDP develop-
ment in the following way: “The global financial
and economic crisis resulted in a severe recession
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in the EU in 2009 (see Picture 5.5), followed by a
recovery in 2010. The crisis started earlier in
Japan and the United States, with negative annual
rates of change for GDP (in real terms) already
recorded in 2008, deepening in 2009, before
rebounding in 2010. By contrast, economic out-
put in China continued to grow at a relatively
rapid pace during the crisis (close to 10% each
year), slowing somewhat in subsequent years, but

remaining considerably higher than in any of the
other economies shown in Picture 5.5.”

Cross-country comparisons are often made
using purchasing power standards (PPS) which
adjust values to account for differences in price
levels between countries. The data shown in Pic-
ture 5.6 are in current prices and should not be
used for comparisons over time because of infla-
tion and exchange rate fluctuations.

Table 5.3 Main macroeconomic indicators in the Czech Republic

2013 2014 2015 2016 2017

2018 2019 2018 2019

Current forecast Previous forecast

Gross domestic
product

bill. CZK 4098 4314 4596 4768 5045 5296 5568 5300 5589

Gross domestic
product

real growth in % �0.5 2.7 5.3 2.5 4.3 3.0 2.9 3.2 3.1

Consumption of
households

real growth in % 0.5 1.8 3.7 3.6 4.3 3.6 3.6 4.3 3.9

Consumption of
government

real growth in % 2.5 1.1 1.9 2.7 1.3 2.5 2.1 2.1 2.0

Gross fixed
capital formation

real growth in % �2.5 3.9 10.2 �3.1 3.3 7.8 3.2 7.5 3.2

Net exports contr. to GDP
growth, pp

0.1 �0.5 �0.2 1.4 1.1 �0.4 0.0 �0.7 0.1

Change in
inventories

contr. to GDP
growth, pp

�0.7 1.1 0.8 �0.4 0.1 �0.8 0.0 �0.4 0.0

GDP deflator growth in % 1.4 2.5 1.2 1.3 1.5 1.9 2.2 1.8 2.3
Average
inflation rate

% 1.4 0.4 0.3 0.7 2.5 2.2 2.3 2.2 2.3

Employment growth in % 1.0 0.8 1.4 1.9 1.6 1.3 0.2 1.3 0.2
Unemployment
rate

average in % 7.0 6.1 5.1 4.0 2.9 2.3 2.3 2.3 2.3

Wage bill
(domestic
concept)

growth in % 0.5 3.6 4.8 5.7 8.2 9.5 8.4 9.3 8.3

Current account
balance

% of GDP �0.5 0.2 0.2 1.6 1.1 0.4 0.4 �0.3 �0.2

General
government
balance

% of GDP �1.2 �2.1 �0.6 0.7 1.5 1.6 1.0 1.6 .

Exchange rate
CZK/EUR

26.0 27.5 27.3 27.0 26.3 25.5 24.9 25.6 25.2

Long-term
interest rates

% p.a. 2.2 1.4 0.6 0.4 1.0 2.1 2.6 2.1 2.5

Crude oil Brent USD/barrel 109 99 52 44 54 74 77 73 72
GDP in
Eurozone

real growth in % �0.2 1.4 2.1 1.9 2.4 2.0 1.7 2.1 1.8

Source: Ministry of Finance of the CR (2018)
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Picture 5.5 Real GDP growth, 2007–2017 (% change compared with previous year). (Source: Eurostat 2018)

Picture 5.6 GDP development in current market prices, 2007–2017 (billion PPS – purchasing power standard).
(Source: Eurostat 2018)
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GDP per Capita
There are also other possibilities for GDP presen-
tation. It is suitable to show GDP per capita, for
regional comparison. Inequalities that exist
between different regions can be attributed to a
wide range of factors, including changes brought
about by globalisation (such as the relocation and
outsourcing of manufacturing and service
activities), the legacy of former economic
systems, socioeconomic developments, geo-
graphic remoteness, and the availability of
resources, including human resources.

Picture 5.7 presents the differences between
GDP per capita in the years 2007 and 2017 in
EU countries, published by EUROSTAT in the
year 2018.

Economic Growth
Economic growth is an increase in the capacity of
an economy to produce goods and services, com-
pared in the selected period. It can be measured in
nominal or real prices.

Economic growth sources are represented by:

– Increase in the number of production factors,

– Increase of total productivity of production
factors.

Extensive economic growth can be observed
in the case that inputs are increasing faster than
outputs. Intensive economic growth occurs when
outputs are increasing faster than inputs.

Economic growth indicators are the following:

– Economic power indicator, described by the
absolute amount of final products and services
in the economy. It is presented as GDP in mil.
EUR or other selected currency.

– Economic level indicator, represented by the
efficiency of production. It is presented as
GDP per capita.

Similarly, as in the case of GDP development,
there are different possibilities of economic
growth presentation. The examples, published
by EUROSTAT in the year 2018, show economic
power indicator (Picture 5.8) and economic level
indicator (Picture 5.8). Economic power indicator
(Picture 5.8) is expressed as GDP per inhabitant
in PPS in relation to the EU-28 average in the year
2015, focusing on NUTS 2 regions. Economic
level indicator (Picture 5.9) is expressed as a

Picture 5.7 GDP per capita, current prices 2007 a 2017 (EU-28¼ 100; base PPS per capita). (Source: Eurostat 2018)
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Picture 5.8 Economic power indicator. (Source: Eurostat 2018)
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Picture 5.9 Economic level indicator. (Source: Eurostat 2018)
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change of GDP per inhabitant in PPS in relation
to the EU-28 average in the period 2007–2015,
also dealing with NUTS 2 regions.

The “poorest” regions in the EU, with GDP
per capita less than 75% of the EU-28 average are
shown in the darkest shade of purple in Picture
5.7. On the other hand, the darkest shade of blue
colour represents the “richest” regions in the EU.

Picture 5.9 shows changes in regional GDP per
inhabitant relative to the EU-28 average for
2007–2016; the comparison covers the period
associated with the global financial and economic
crisis which has had a lasting impact on several
regions. Among the multi-regional EU Member
States, GDP per capita grew at a faster pace than
the EU-28 average in every region of Bulgaria,
Hungary, Poland, Romania, Slovakia and all
three of the Baltic Member States (each of
which is a single region at this level of detail),
as well as every region except one in Austria and
the Czech Republic. The majority of regions in
Germany also recorded an increase in their rela-
tive living standards. By contrast, average GDP
per capita grew at a slower pace than the EU-28
average in every region of Greece, Spain, Croatia,
Italy, the Netherlands, Slovenia, Finland and
Sweden, while a similar pattern was repeated in
all but one region of mainland France and
Portugal (Eurostat 2018).

5.2.1.3 State Budget Indicators
and Public Finance

We can identify three essential instruments or
tools that the government uses to influence eco-
nomic activity:

1. Taxes on incomes, goods and services. These
reduce private income, and consequently
decrease private expenditures (on automobiles
or restaurant food) and provide resources
for public expenditures (on education and
healthcare). The tax system also serves to dis-
courage certain activities by taxing them more
heavily (such as smoking cigarettes) while
encouraging other activities by taxing them
lightly or even subsidising them (such as envi-
ronmental protection).

2. Expenditures on specific goods or services
(such as roads, education, or police protec-
tion), along with transfer payments (like social
security and contributions) that provide
resources to individuals.

3. Regulations or controls that direct people to
perform or refrain from certain economic
activities. Examples include rules that limit
the amount firms can pollute, or that divide
up the radio spectrum, or that mandate testing
the safety of new drugs.

Fiscal policy regulates the use of taxes
and government expenditures. Government
expenditures come in two distinct forms. First,
there are government purchases. These comprise
spending on goods and services—purchases of
tanks, construction of roads, salaries for judges,
and so forth. Also, there are government transfer
payments, which increase the incomes of
targeted groups such as the elderly or the unem-
ployed. Government spending determines the
relative size of the public and private sectors,
that is, how much of GDP is consumed collec-
tively rather than privately. From a macroeco-
nomic perspective, government expenditures
also affect the overall level of spending in the
economy and thereby influence the level
of GDP.

The other part of fiscal policy, taxation, affects
the overall economy in two ways. Firstly, taxes
affect people’s incomes. By leaving households
with more or less disposable or spendable
income, taxes affect the amount people spend on
goods and services as well as the amount of
private saving. Private consumption and saving
have essential effects on investment and output in
the short and long run. Also, taxes affect the
prices of goods and factors of production and
thereby affect incentives and behaviour. Many
provisions of the tax code have an important
impact on economic activity through their effect
on the incentives to work and to save.

5.2.1.4 Monetary Indicators
and Monetary Policy
Instruments

Regarding monetary indicators and monetary pol-
icy instruments, national banks have more
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possibilities. The following overview of mone-
tary policy instruments is based on the
instruments currently used by the Czech National
Bank (find more in CNB 2018).

Open Market Operations
Open market operations are used for steering inter-
est rates in the economy. Open market operations
are mostly executed in the form of repo operations
(based on a general agreement on trading on the
financial market). Concerning their aim and regu-
larity, the central banks open market operations
can be divided into the following categories:

The main monetary policy instrument takes
the form of repo tenders. The central bank accepts
surplus liquidity from banks and in return
transfers eligible securities to them as collateral.
The two parties agree to reverse the transaction at
a future point in time when the central bank as
borrower repays the principal of the loan plus
interest and the creditor bank returns the collateral
to the CNB. The first duration of these operations
is 14 days; the two-week repo rate (2 W repo rate)
is therefore considered to be crucial importance
regarding monetary policy.

The additional monetary instrument is the
three-month repo tender. Here, the central bank
accepts liquidity for a three-month period. Fine-
tuning tools (foreign exchange operations and
securities operations) are used ad hoc, mainly to
smooth the effects on interest rates caused by
unexpected liquidity fluctuations in the market.
These instruments are rarely used.

Automatic Facilities
Automatic facilities are used for providing and
depositing liquidity overnight. As, from the
banks’ point of view, these represent standing
facilities for collecting or borrowing money, the
interest rates applied to them form the corridor for
short-term money market rates (as well as for the
two-week repo rate).

Minimum Reserves
In general, the minimum reserves are generally one
of the main monetary policy instruments through
which the central bank can influence the amount
of liquidity (free funds) in the banking system.

The application of the reserve requirement in
practice involves several areas (obliged entities,
the reserve requirement rate, maintenance
periods, the reserve base, fulfilment of the reserve
requirement, remuneration, the reserve require-
ment where statements are not submitted, etc.)
whose individual parameters can change flexibly,
reflecting the need to react to changes in trend in
the banking system.

FX Interventions
FX interventions are purchases or sales of foreign
currencies against selected basic currency on the
foreign exchange market. They are aimed at
dampening foreign exchange market volatility
and easing/tightening monetary policy. FX
interventions are not a regularly used instrument
in the inflation targeting regime. The standard
instrument is interest rates.

Nevertheless, FX interventions may be used
under certain circumstances. An example of such
a situation is a reduction in monetary policy inter-
est rates to “technical zero”, where further mone-
tary policy easing can be achieved by weakening
the selected basic currency exchange rate. The
CNB faced this situation between autumn 2013
and spring 2017 when it used an exchange rate
commitment to intervene on the foreign exchange
market if necessary to weaken the Czech koruna
to maintain the exchange rate close to CZK 27 to
the euro.

5.2.1.5 Aggregate Demand and Supply
Aggregate demand refers to the total amount that
different sectors in the economy willingly spend
in a given period.

An aggregate demand curve is the sum of
individual demand curves for different sectors of
the economy. The aggregate demand is usually
described as a linear sum of four separable
demand sources:

AD ¼ Cþ IþGþ X�Mð Þ ð5:7Þ
where C is consumption, I is investments, G is
government spending, NX ¼ X (export) - M
(import) is net export.
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Aggregate supply refers to the total quantity of
goods and services that the nation’s businesses
willingly produce and sell in a given period.

In the long run, the ability of an economy to
produce goods and services to meet demand is
based on the state of production technology and
the availability and quality of factor inputs.

The AD-AS or aggregate demand-aggregate
supply model is a macroeconomic model that
explains price level and output through the rela-
tionship of aggregate demand and aggregate sup-
ply. It is based on the theory of John Maynard
Keynes presented in his work The General The-
ory of Employment, Interest, and Money. It is one
of the first simplified representations in the mod-
ern field of macroeconomics and is used by a
broad array of economists, from libertarian, Mon-
etarist supporters of laissez-faire, such as Milton
Friedman, to Post-Keynesian supporters of eco-
nomic interventionism, such as Joan Robinson.

The conventional “aggregate supply and
demand” model is a Keynesian visualisation that
has come to be a widely accepted image of the
theory (see Fig. 5.5). The classical supply and
demand model, which is mostly based on Say’s
law (supply creates its demand) depicts the aggre-
gate supply curve as being vertical at all times
(not just in the long-run).

5.3 Economic Modelling

5.3.1 Overview of Applied Economic
Models

5.3.1.1 Possibilities of Economic Models
At present, many studies are dealing with
predictions and modelling of the impacts of eco-
nomic policy instruments. In the given area,
ex-ante and ex-post analysis of the government
policies impacts on the economy are discussed.
We can find analysis of the government policies
impacts on the economy as a whole, as well as on
households, firms, sectors of the economy, the
environment, macroeconomic variables, individ-
ual markets or mutual links between sectors and
markets. For analysing the economic policy
impacts, a wide range of both quantitative and
qualitative methods has been used so far. Since
appropriate tools are rarely introduced separately,
the final selection of the method used depends on
the required outputs.

Abstract models are the basis of understanding
real systems and are used to study and predict
their behaviour in a wide range of tasks of both
the system analysis and system synthesis. The
most widespread types of abstract models are

Fig. 5.5 Aggregate
supply and demand
model. (Source: Own
processing, based on
Samuelson and Nordhaus
2010; AD (AD0, AD1)
aggregate demand, SAS
(SAS0, SAS1, SAS3) short-
time aggregate supply, LAS
long-term aggregate
supply, Y product, Y�
potential product, P price
level, E (E0, E1, E2, E3)
equilibrium)
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numerical mathematical models. The analyses of
particular policies and regulations impacts can be
carried out with the use of macroeconomic or
microeconomic models (Bork 2006). Macroeco-
nomic models are usually based on the use of
aggregated data. Simulation of changes in
policies and regulatory instruments are obtained
in particular by modelling economic relationships
between different sectors and also by modelling
their behaviour changes

On the other hand, microeconomic models
(Lund 2007) are typically based on extensive
data files of disaggregated data, such as family
accounts or corporate accounts. These models
simulate the tax impact on individual units
(households or companies), and their micro-
economic results can be aggregated at the macro-
economic level to estimate the effects in the con-
text of the entire economy. The creation of a
microeconomic model depends on the availability
of the necessary disaggregated data (Bach et al.
2002; Bork 2006).

When modelling the macroeconomic impacts,
it is necessary to distinguish the time horizon of
the model. When modelling the short-term
consequences, it cannot be expected that the
adjustment mechanisms in the economy began
to take effect (Sahlin et al. 2007). If the aim is to
evaluate the short-term impacts, it is possible to
ignore the medium-term adjustment mechanisms
of the primary state variables (stock capital, the
external position of the economy, government
debt). For modelling the medium-term impacts
(in 2–5 years), it is necessary, by the economic
theory, to make assumptions about the effects of
the dynamic adjustment mechanisms. As an
example, these mechanisms can be used to spec-
ify changes in relative prices of domestic and
foreign goods in the context of a cost-push shock.

Furthermore, the parameters of these
mechanisms (for example, the price elasticity of
exports, the possibilities of substitution in the
production function, etc.) should be calibrated
(i.e. numerically quantified). Economists are not
consistent in this area; individual designs of mac-
roeconomic models differ from one another. Cur-
rently, the standard macroeconomic models are
for example the dynamic models of general

equilibrium. In the general equilibrium model,
the economy is interpreted as a system of interde-
pendent markets. A change, which at first sight
affects only one market, may, in practice, affect
all markets in the economic system. The long-
term modelling focuses mainly on the
endogenisation of mechanisms which are in stan-
dard macroeconomic modelling considered as
exogenous. It is, in particular, modelling of the
induced technological progress. Today, the stan-
dard tool for such modelling is the so-called
integrated assessment models (IAM).

5.3.1.2 Agent-Based Modelling
The optimal behaviour of particular economic
entities is multicriterial and dependent on many
factors. The rules of their behaviour are different
depending on their individuality or on their inte-
gration into a superior economic structure.

The behaviour of economic entities is a
favourite issue of particular economic, statistical
and econometric models and simulations. From
the time period view, there are short, medium or
long-term models, both static and dynamic. Con-
ventional econometric and statistical models fail
to capture cooperation and decision-making of
economic entities under conditions of a large
number of businesses that try to optimise their
economic situation. Conventional models cannot
distinguish the differences between individual
decision-making and cooperative decision-
making within a superior economic structure.
The real behaviour and decision making of par-
ticular economic entities can be different in the
situation with or without interactions with other
entities – in other words, the rules within a group
of economic entities can be different than individ-
ual entity rules.

The approach, which also includes interaction
rules, is called ABM - agent-based modelling.
Applying agent-based modelling, the researcher
explicitly describes the decision making pro-
cesses of particular actors at a micro level. The
structure emerges at the macro level as a result of
the actions of the agents and their interactions
with each other (Janssen and Ostrom 2006).

The modelling based on the agent-based
modelling or complex multiagent modelling has
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been historically used mainly in the field of engi-
neering and information sciences; however, the
importance of this kind of models has been rap-
idly increasing in the economic sciences and
management. It is visible mainly in the area of
financial markets management, corporate man-
agement, water management, waste management,
land management, transportation and energy
sources management.

A simple multiagent economic system can be
based on the basic economic entity – the broker –
with the only goal – the profit. Therefore we
should mention scientific studies based on finan-
cial markets - for example agent-based model
with multi-level herding for complex financial
systems (Chen et al. 2015), consentaneous
agent-based and stochastic model of financial
markets (Gontis and Kononovicius 2014), agent-
based double auction markets (Cai et al. 2014)
and synthesis of agent-based financial markets
and New Keynesian macroeconomics (Lengnick
and Wohltmann 2013).

Regarding interesting studies in management,
there should be mentioned mainly multi-agent
systems for the simulation of land-use and land-
cover change (Parker et al. 2003), ecosystem
management (Bousquet and Le Page 2004),
urban traffic management and planning (Fiosins
et al. 2011) or energy management (Lagorse et al.
2010).

There are also studies focused directly on
multiagent models connected with climate change
or carbon emissions reduction, for example, the
study focused on estimating the impacts of cli-
mate change policy on land use (Morgan and
Daigneault 2015) and exploration of the carbon
emissions trading scheme in China (Tang et al.
2015).

Companies can mutually cooperate and coor-
dinate their behaviour and their targets in the area
of carbon emission reduction and costs
optimisation. After selection of representation
and formalisation of the agent’s behaviour and
relationships between particular agents, it is nec-
essary to design new methods for investigating
their behaviour. It is possible to study not only the

behaviour of the individual agents, but also the
behaviour of the groups of agents, or even of the
whole economic system. It will allow us to iden-
tify cooperation, coordination and joint actions. It
also offers the use of cognitive analysis within the
multi-agent system. A multi-agent system (MAS)
can be defined as a group of connected autono-
mous systems (agents), cooperating to achieve a
common goal – in our case the maximal decrease
of carbon emissions with the minimal costs.
Activities of particular agents are based on the
principles of cooperation, coordination and
optimisation of their behaviour to achieve both
individual and global goals. Particular agents can
influence their behaviour to each other; their
activities may be carried out by the others or
merely avoid interfering with the work of the
others. However, they may also act against others.
For MAS creating, there are available the follow-
ing types of agents: cooperative agents - they
have common goals; competitive agents – they
have conflicting goals, and agents displacing each
other.

For multiagent model creation, particular
agents must be placed into the structure of the
multiagent system, which is also associated with a
precise definition of mutual relations and
hierarchies. Defined links will also serve as the
communication channels for sending the
messages - the type of ACL.

Both adaptation and learning can be designed
for the following three levels: the level of the
agent, the level of groups of agents and the global
level.

A multi-agent system (MAS) can be defined as
a group of connected autonomous systems
(agents), cooperating to achieve a common goal.
Activities of particular agents are based on the
principles of cooperation, coordination and
optimisation of their behaviour to achieve both
individual and global objectives. Particular agents
can influence their behaviour to each other; their
activities may be carried out by the others or
simply avoid interfering with the work of the
others. However, they may also act against others.
For MAS creating, there are available the
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following types of agents: cooperative agents -
they have common goals, competitive agents –

they have conflicting goals and collaborative
agents - displacing each other.

MAS will be performed in the specific
conditions of economic systems. From this per-
spective, the important characteristics of particu-
lar agents can be examined, precisely their
autonomy (the ability to achieve their objectives
without outside interference, ie. their interaction
with the environment), reactivity (the ability to
continuously respond to changes in the environ-
ment), intentionality (the ability to think about
their long-term objectives) and social intelligence
(the ability to communicate with other agents).
Particular attention will be focused on delibera-
tive agents (intentional and intelligent), whose
behaviour is approaching the autonomous
behaviour of humans. This kind of agent has its
symbolic representation of the external environ-
ment, which is implemented in the form of
knowledge base assertions about the world and
enables him to realize rational and purposeful
behaviour.

The multi-agent system is based on the follow-
ing procedures:

1. Communication - the process, which is a cru-
cial base for cooperation and coordination.
The communication is a process during
which the two or more agents exchange infor-
mation in the form of simple communication
messages in the appropriate language.

2. Cooperation – the process, when particular
agents negotiate to solve their problems or
conflicts. Precisely, it is a process of achieving
goals. The management of negotiating agents
can be centralised or decentralised. The role of
each agent within the MAS has to be precisely
defined.

3. Coordination – the process, when the limited
resources and tasks are divided to particular
agents in such way, that the whole behaviour
of the system is both effective and economical
and the system optimises the way for the opti-
mal output achieving. This communication
process results in a rational way of the
behaviour of the whole system.

4. Emergence - the process of spontaneous for-
mation of macroscopic characteristics and
structures of complex systems, which cannot
be derived from the characteristics of their
components. Associations of particular agents
and their mutual interactions can lead to emer-
gent behaviour, which can positively affect the
behaviour during the evolution of the system.

The solution of cooperation and coordination
procedures will use specific characteristics of par-
ticular agents, such as the possibility of their
complex, nonlinear or discontinuous behaviour
and interactions, in which the role is represented
by the spatial and social structure. It is obvious
that it is not possible to predict precisely the
future on the base of historical development, due
to external disturbances and different levels of
information available to particular agents. There-
fore each agent uses learning ability and both
behaviour adaptations and modifications. An
essential aspect of the solution is represented by
the purposeful optimisation of individual agents’
decision-making in conditions of uncertainty,
unexpected changes and disturbances. Particular
agents will be based on the expert models, which
will consist of the set of rules of behaviour.

5.3.1.3 Input - Output Models
The adjustment mechanisms in the economy can-
not be expected during modelling of short-term
impacts. Focusing on the main objective of the
analysis (short-term impacts), it is possible to
ignore the medium-term adjustment mechanisms
of the following variables: capital stock, external
position of the economy, government debt. In this
case, a so-called structural analysis also referred
to as the input-output table analysis, is a useful
tool. This analysis makes it possible to predict
short-term measures of economic policy or exog-
enous shocks to individual sectors and individual
types of households in the economy.
Fundamentals of structural analysis were
formulated in 1936 by Nobel Prize economist
Vasili Leontief. He was inspired by two theoreti-
cal bases: the neoclassical theory of national eco-
nomic equilibrium and the principles of
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compiling national economic balances. Theoreti-
cal conclusions have been demonstrated by a
detailed analysis of the US economy in the years
1919, 1929 and 1939 (Leontief 1966).

The structural analysis represents a set of
models and methods that serve to find an equilib-
rium solution for a particular economic system.
An equilibrium solution means a solution that
presupposes the balance of resources and the
needs of this system. Under the economic system,
we can understand the national economy and
particular interconnected sectors of the national
economy.

The input-output method is an adaptation of
the neoclassical theory of general equilibrium to
an empirical study of quantitative interdepen-
dence between different economic sectors.
Initially, this method was developed to analyse
the relationships between production and con-
sumer sectors within the national economy but
was also applied to the study of smaller economic
systems such as a region or even for a private
enterprise. The analysis is also used to identify
international economic relationships (Leontief
1966).

Regardless the purpose of input-output analy-
sis, the concept is essentially the same - a series of
linear equations are describing the dependence
between the different sectors of the national econ-
omy and then their specific structural
characteristics are reflected in the numerical
expression of the coefficients to these equations.
Coefficients must be determined empirically. In
the analysis of the structural characteristics of the
national economy, they are usually determined
from statistical input-output tables.

This kind of analysis enables to predict the
short-term impacts of economic policy measures,
or exogenous shocks, on individual sectors of the
economy. Input-output tables are suitable for the
description of the relationships between particular
sectors of the national economy. It makes it pos-
sible to analyse not only the direct impacts on
these sectors (for example, the impact of new
taxation) but also the “second order” effects
between the different sectors.

5.3.1.4 General Equilibrium Models -
CGE

To model medium-term impacts (2 to 5 years), it
is necessary to make assumptions about the
effects of dynamic adaptation mechanisms,
based on economic theory. Dynamic models of
general equilibrium represent standard tools,
which assume that economic entities can maxi-
mise their profit in the form of decisions about
investment activities (companies) or consumption
(households). This assumption sets the dynamics
of the model. Within the CGE model, the eco-
nomic system is interpreted as a system of inter-
dependent markets. A change that primarily
affects only one market can influence in longer
time period all markets in the given economic
system (Kriström, OECD 2006).

Computable General Equilibrium models
(CGE models) are often used for empirical
work. These models are used for several reasons.
For example, these models can be used to evalu-
ate who is the “winner” and who is the “loser” in
the case of tax reform. The model makes it possi-
ble to clarify the link between different tax bases.
If fossil fuels are the subject of energy tax and
carbon tax, raising carbon tax will reduce energy
tax revenues. Changing carbon tax may also
affect VAT and other tax revenues. All these tax
interactions can be easily influenced by the CGE
model (Kriström, OECD 2006).

CGE models simulate the behaviour and
mutual interactions of individual economic
entities operating in different markets. These
models are based on neoclassical microeconomic
assumptions, primarily on the premise of rational
(optimal) behaviour of economic actors. The data
source of these models is the Social Accounting
Matrix (SAM). In a very simplified way, SAM
can be described as a table aggregating flows of
goods, services and money in the economy in a
given period of time, usually one year.

The main areas of application of CGE models
are the analyses of the impacts of significant
changes in environmental, tax and foreign trade
policies. Because the economy is composed of
interconnected markets, a general equilibrium
perspective is needed to determine the
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distributional impacts of economic policy
(Kristrom, OECD 2006).

Some uncertainties are also associated with the
CGE model. For example, models are based on
demand and supply curves, whose gradients can-
not be determined with 100% confidence.
Regarding ex-ante models, it is not possible to
determine how consumers and companies will
finally react to the changes in economic policy.
If the supply and demand in the model are
identified incorrectly, this error may expand
within the model and will further complicate
predictions about the levels of particular
variables. Also, CGE models rarely include a
complete description of the tax system, which is
a disadvantage in many cases, for example, in
interpreting the regression or progressivity of tax
reforms (Kristrom, OECD 2006).

5.3.1.5 Long-Term Models
Long-term modelling focuses mainly on the
endogenisation of mechanisms that are taken as
exogenous in standard macroeconomic
modelling. It can be in particular the modelling
of induced technological development. The stan-
dard tool for such modelling is Integrated
Assesment Models (IAM).

W. Nordhaus created one of the best-known
IAM models (Nordhaus 2017). It is a model of
climate change DICE (Dynamic Integrated Model
of Climate and Economy) and a slightly modified
DICE-99 model. It is a highly aggregated global
model combining global production, energy con-
sumption and the climate sector (producing car-
bon dioxide emissions). The DICE model builds
on a more detailed RICE model (Regional
Dynamic Integrated Model of Climate and the
Economy) model, also created by W. Nordhaus,
but this model is disaggregated and covers eight
regions. Technological change in the DICE
model is expressed as the development of
technologies involving climate change (reducing
carbon dioxide emissions as greenhouse gas per
unit of production). Therefore it is involved as an
exogenous factor. The economic damage caused
by greenhouse gas emissions is modelled as a
variable that is dependent on the global average

temperature increase due to CO2 emissions pro-
duced by industry.

Standard macroeconomic models focus
mainly on the description of the main medium-
term dynamic links within the economy (payment
balance equilibrium, capital investments develop-
ment, public debt dynamics of public finances);
however, long-term growth mechanisms (change
in factor productivity, interactions between demo-
graphic and macroeconomic variables etc.) are
not included, or included merely, for example,
using an exogenous model. On the contrary,
IAM models explicitly seek to focus on these
long-term mechanisms consistently.
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