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1 Introduction

After the boom and the recent Great Recession in the US economy, also quickly spreading

around the European economies, a lot of economists found out that the role of the confidence

in the society could be crucial. Thus, the role of the confidence in the society came into

the center of attention. The primal role of the confidence in the society is obvious - without

any trust between two trading partners no trade could be done, without the confidence in pro-

tection of property hardly any good would be bought. One of the roles of government and

the functional law system is the establishment of the economic environment where these basic

principles of the confidence are assured.

However, the role of confidence in the society could go deeper, as was already emphasized

by Keynes (1936). According to him, the confidence on the side of firms could support

investment, the confidence on the side of consumers the aggregate demand. With the high level

of confidence the economy could be, according to Keyenes (1936), successfully drawn out from

the recession to the growth anew. The role of the confidence is emphasized in the case when

the economy is in its bottom. What could be the role of confidence when the economy is at its

peak? We have already witnessed that in the case of US financial crisis. The level of confidence

on the market of mortgages started to rapidly fall from its high level, taking down the whole

economy. Thus, we can take into the consideration that the role of confidence could be connected

with the business cycle movement in the economy.

Following the idea of the importance of consumer confidence, we would like to investigate

the spread of confidence and its impact on the economic activity. Taking into consideration that

Taylor and McNabb (2007) proposed to use the consumer confidence to determine turning points

of the business cycles and Howrey (2001) and Haugh (2005) confirmed its significance mainly

for predicting recessions or recoveries, we would like to concentrate also on the relationship

between confidence measure and economic activity within the business cycle. More precisely,

we would like to find out if the spread of optimism/pessimism in the consumer confidence can

lead to a cyclical movement of economic activity.

The suitable way how to model the influence of the consumer confidence on the economic

activity is still disputable. The confidence is individual and heterogenous among consumers,

related to the consumer’s environment on the micro level. The economic activity is on the other

side examined from the macro level. Modelling the economic activity on the aggregate level

means to try to track the evolvement of the economy in the environment of society, a complex

system which is, according to Hayek (1973), subordinated to spontaneous order. Hayek (1973,

p.41) claims that: "Since a spontaneous order results from the individual elements adapting

themselves to circumstances which directly affect only some of them, and which in their totality

need not to be known to anyone, it may extend to circumstances so complex that no mind can

comprehend them all. Consequently, the concept becomes particularly important when we turn

from mechanical to such ’more highly organized’ or essentially complex phenomena as we
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encounter in the realms of life, mind and society. Here we have to deal with ’grown’ structures

with a degree of complexity which they have assumed and could assume only because they were

produced by spontaneous ordering forces."

The first attempts to introduce the confidence into the macroeconomic modelling was through

time series analysis. Although, the importance of confidence was confessed by Keynes (1936),

due to a difficulty in its measurement, it was not considered in macroeconomic modelling

for a long time. Nowadays, with the technical development and wider statistical possibilities,

the economic confidence in the society is measured by questionnaires. On the basis of these in-

dicators, the importance of the economic confidence for modelling the development of economic

activity (measured by GDP) was already confirmed by Mueller (1966) and Ludvigson (2004),

etc. Carrol, Fuhrer and Wilcox (1994), Throop (1992), Acemoglu and Scott (1994), Bram and

Ludvigson (1998) and Souleles (2001) confirmed the significance of confidence indicator also

for predicting the consumption growth. On the other hand, Al-Eyd, Barrell and Davis (2009),

Cotsomitis and Kwan (2006) stated that its role in prediction of future consumption spending

after controlling for other measurable macroeconomic variables is, at least, limited. Dees and

Brinca (2013, p.2) stated that "while the evidence is overall rather mixed, most authors seem

to, at least, find a significant statistical relationship between confidence measures and economic

variables, current and future." Lahiri et al. (2016) reexamined the existing empirical models

on consumption and consumer confidence with the result in favor of consumer confidence’

significance.

What seems to be a viable alternative for modelling consumer confidence is a relatively

new approach called agent-based computational economics (ACE)1. In ACE macroeconomic

structures are modelled "from the bottom up", e.g. the macroeconomic features of the economy

are emerging from the simulations on a micro level. This approach could very well reflect

the spontaneous order presented by Hayek (1973), because it is focused on setting of individ-

ual rules only and the evolement of the system is generated by the spontaneous order based

on the interactions among individuals within the defined system.

The development of the economy in ACE model is simulated on the lattice of agents. These

agents are following microeconomic rules and interact among themselves. The big advantage

of modelling consumer confidence in ACE model is that confidence could be directly assigned

to each consumer and incorporated in the model on the microeconomic level. The second big

advantage is that, as the relationship between confidence and consumption spending emerges

from the interactions, there is no need (and not even possible) to specify the linearity/nonlinearity

of this relationship on the aggregate level. Thus, the model is suitable even for nonlinear

relationships on the aggregate level. Further, by use of ACE model we are no more limited

to work with the data on the aggregate level. Thanks to the construction of the model, we can

1The first agent-based model focused on the social phenomena was introduced by Shelling (1971). The confer-
ence proceedings about the application of agent-based models in behavioral or social science have been presented
since the early nineties, for example, by Gilbert and Doran (1994) or Gilbert and Conte (1995).
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work with heterogeneous agents and track the spread of the confidence and the consumption

spending on the individual level. De Giorgi and Gambetti (2015) already showed that we can

fit the business cycle movement in the aggregate consumption quite well by using microdata

of heterogeneous consumers.

Following the advantages and possibilities of this approach, we have decided to model

the spread of confidence and its impact on the economic activity within the ACE model.

However, the interest for agent based models is growing, their application in economics is, for its

novelty and complexity, still rare. Until now, there were only few ACE models for the whole

economy constructed in the European Union. According to our knowledge, such a model was

not constructed in the Czech Republic yet. The few ACE models in the European Union or

in the Czech Republic are usually focusing on just a part of the economy, not the complete

system. Thus, construction of the ACE model for the whole economy is still a big novelty

in the field of macroeconomic modelling.
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2 Objective and Structure of Doctoral Dissertation

The main goal of the thesis is to find out, whether the spread of the waves of optimis-

m/pessimism in consumer confidence in an ACE model could generate an endogenous

cyclical movement of economic activity. Slightly similar problem was already investigated

by Westerhoff (2010), who constructed an ACE model and modelled the spread of waves of op-

timism/pessimism in confidence of firms. The confidence of other firms was one of the factors

in determining the supply of a firm. It had a direct impact on the aggregate supply and the spread

of the waves of optimism/pessimism generated the cyclical behavior of aggregate income. In this

disertation, we would like to investigate if the confidence of consumers could cause the endoge-

nous economic cycle through the aggregate demand.

To achieve this main goal, the following partial goals were defined:

• The first partial goal is to find out, whether the spread of the waves of confidence

could lead to a cyclical movement of aggregate demand. Investigating this goal will

help us to support the propagation mechanism of consumer confidence. The results

of this partial goal can also contribute to recent results about the significance of consumer

sentiment for forecasting consumption spending.

• The second partial goal is to find out, whether the spread of the waves of confidence

could lead through the cyclical movement of aggregate demand to the cyclical move-

ment of economic activity, within a simple ACE model with uniformly distributed

income. The propagation mechanism of consumer confidence and its impact on economic

activity will be presented using a simplified ACE model.

• The last partial goal is to find out, whether the spread of the waves of confidence

could generate an endogenous cyclical movement of economic activity within the ACE

model with a heterogeneous labor market. According to Mueller (1966) and Malley

and Moutos (1996), there exists a strong negative influence of the rate of unemployment

on consumer confidence. As the consumer confidence in the model is an endogenous

variable, the effect of the unemployment rate on it should be considered. Therefore,

the simplified ACE is extended for the heterogeneous labor market with unemployed

agents. The effect of the rate of unemployment on the consumer confidence could be

expressed directly, by adding a new parameter in the simulation part of consumer confi-

dence, or indirectly, through the decreased income of the unemployed agent and hence,

the higher probability of being a pessimist for him/her and his/her neighbors. We have

constructed an extended version of the ACE model with a heterogeneous labor market and

indirect effect of the unemployment on the consumer confidence. The implementation

of direct impact requires a deeper analysis of the size and a form of this impact and could

be a possible way for future work in modelling consumer confidence.
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The structure of the dissertation thesis is following. Firstly, the motivation of the dissertation

thesis, which concentrates on the definition of the consumer confidence, its measurement and its

role in consumer behavior, will be presented in Chapter 2. The discussion of the possible methods

and deeper description of agent-based modelling will be provided in Chapter 3. The simple

agent-based model with the spread of economic confidence among consumers together with its

simulation results and sensitivity analysis is presented in the Chapter 4. The extended version

of this model with the heterogeneous labor market will be described in Chapter 5 (the simulation

results and the sensitivity analysis is included, too). Chapter 6 concludes. The lists of model

variables and equations from both models together with the code of the baseline model can be

found in Appendices. The code of both models together with their sensitivity analysis is attached

on CD.
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4 Procedure of Doctoral Dissertation

In this dissertation thesis, we investigate whether the optimistic/pessimistic fluctuations in con-

sumer confidence could generate a cyclical movement of economic activity. We follow the def-

inition of the business cycle by Robert Lucas, cited also in Hartley, Hoover and Salyer (1998,

p.10), who is "defining the business cycle phenomena as the recurrent fluctuations of output

about trend and the co-movements among other aggregate time series." As we are working with

the simple ACE model, there are no innovations and there is no trend assumed. The turning

point of a business cycle is defined as the moment, when the growth rate of income firstly

changes from nonnegative numbers to a negative value or from nonpositive to a positive value.

Hence, if the waves in consumer confidence lead to a cyclical movement in economic activity

and co-movement of other aggregate variables, it could be considered as an endogenous source

of business cycle.

The propagation mechanism of the effect of consumer confidence on the economic ac-

tivity is following. The consumer confidence has a direct impact on his/her consumption

demand. According to his/her confidence (i.e. he/she is optimistic/stable/pessimistic) each

consumer in the model is willing to increase, keep the same or decrease his/her consumption

demand relatively to his/her income from the past period. The longlasting optimism/pessimism

of the agent also leads to the adjustment in his/her marginal propensity to consume.2 The ag-

gregate consumption demand is then influenced by confidence from the bottom up. The spread

of the optimism or pessimism among consumers is through their consumption demands entering

the aggregate demand and could cause its cyclical movement. This cyclical movement could

further destabilize the production plan of a firm. As consumers are paid by the firm for their

labor, the income of consumers could vary too. The new economic conditions for consumers

are influencing consumers’ decision about their future state of confidence. The fluctuations

in consumers confidence could, therefore, by the interaction among consumers and firm through

different channels, generate the endogenous business cycle movement.

We have decided to work with the confidence in a similar way as Westerhoff (2010). Rather

than using aggregate data, we are simulating the spread of confidence on a lattice of agents.

By this setting, we can consider and monitor the spread of confidence from a micro level and

include the social interaction into the model. We investigate the impact of the confidence

on the economic activity from the demand side, focusing on consumers.3 The confidence

of a consumer (an agent in the model) is endogenous and is determined by his/her economic

situation and the level of confidence in his/her neighborhood. The spread of confidence on a lat-

tice could generate also the nonlinear development of an aggregate level of confidence during

2The exact description of the consumer problem can be found in the theoretical description of already constructed
model in Chapter 5.

3The similar problem was already discussed by Westerhoff (2005), however, he used a different model. We are
investigating the influence of the confidence spread among consumers on the economic activity within the model
with different and more sophisticated structure, with different confidence setting and with respect to the social
interactions within the agent’s neighbourhood.
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a cycle.

Following the partial goals of the doctoral dissertation, we have constructed the simple ACE

model. Further, this model was extended for the heterogenous labor market. We will introduce

the main structure of both models. More detail information about the exact models’ setting are

presented in the doctoral dissertation.

4.1 The baseline ACE model

The baseline version of an ACE model was programmed in software R4. The first version

of this model was described and shortly presented in Závacká (2016), simulations of both

models already confirmed the endogenous cyclical movement of economic activity generated

by changes in consumer confidence. Aside the main goal of the thesis, the baseline model

was already slightly extended and used also for the evaluation of monetary policy simulations

in Závacká (2015a). The list of all model variables and the list of model equations could be

found in doctoral dissertation in Appendix A.1 and A.2.

The first baseline model was constructed according to the TAPAS strategy ("Take a previous

model and add something.", Windrum et al., 2007, p. 13). The baseline model consists

of agents - consumers, who are heterogeneous only in their consumer confidence and hence,

consumption spending. For simplicity we assume a uniform distribution of income in society.

As the problem of the spread of waves of optimism/pessimism and its relation to the business

cycle movement was already solved by Westerhoff (2010), we have started with a replication

of his model. The model by Westerhoff (2010) has three big advantages. Firstly, it is quite

simple and therefore could be used as a good initial point for constructing more sophisticated

structures. Secondly, there is already the spread of waves of confidence defined on the micro

level. Thirdly, as the model deals with a similar topic, we can also use this model for calibration

of some parameter values. Because we are investigating the confidence from the perspective

of consumer, numerous changes in the model were necessary. Thus, we have reduced the model

of Westerhoff (2010) to the simulation of confidence and the general structure (the concept

of two differnet kinds of steps) and redefined the essential relations. Further, we have followed

the KISS strategy ("Keep it simple, stupid!", Windrum et al., 2007, p. 13) and built the model

step by step into its baseline version.

Westerhoff (2010) concentrates, in his model, on the spread of optimism and pessimism

among firms leading to the cyclical behavior of economic activity. We use the definition

of the spread of waves of optimism/pessimism in line with Westerhoff (2010), however with

strong modifications. Firstly, we relate the waves of confidence with consumers (agents), there-

fore not with the aggregate supply, but directly with aggregate demand. Secondly, we defined

the states of confidence in a different way. Because the confidence in the model is connected with

the consumers and influencing aggregate demand, while the confidence in the model of Wester-

4The code of the baseline model can be found in doctoral dissertation in Appenidx A.4 and in the attached CD.
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hoff (2010) is connected with firms and the aggregate supply, the adjustment of the confidence

definition is needed. Finally, we introduce the third possible state of consumer’s confidence -

the stable state. In addition, we have introduced consumers in the model, aggregated the pro-

duction sector under one firm and redefined the behavior of the firm. All other changes

in comparison to the model of Westerhoff (2010) are mainly resulting from this different setting.

The simulations of this model generate the cyclical movement of economic activity too.

The simple ACE model is constructed as a miniaturized model of economy, presented

on the lattice of M interconnected agents (consumers) and one production unit - firm. The sim-

ulation of behavior of this system runs in two types of steps - macrosteps t and microsteps

τ. The global situation of economy traced by the main macroeconomic variables is evaluated

during macrosteps. Between each two macrosteps t and t + 1 there are T microsteps, during

which the confidence in society is simulated. In each microstep τ one agent is randomly chosen

from the lattice. This agent, according to the global conditions (known from the last macrostep t)

and the consumer confidence from his/her neighborhood decides to be either optimist, pessimist

or a stable agent. After T microsteps the new state of aggregate confidence together with the new

state of economy is evaluated (macrostep t + 1). As we are going to describe the simulation part

of the confidence between the macrosteps t and t + 1 and then the evaluation of the new state

of macroeconomy in macrostep t + 1, the majority of model equations defining the new states

of macroeconomic variables are expressed with respect to the macrostep t + 1. We have run

the simulations for TT macrosteps.

The macroeconomic part of the model

The model was constructed for the purpose of observing the impact of consumer confidence

on economic activity, measured by the aggregate income. As the confidence is simulated on a mi-

cro level, model consists of M agents, which are heterogeneous in confidence. The production

unit is represented by one firm. For the simplicity, we consider the closed economy with no

monetary authority, no capital market, constant prices (as Westerhoff (2010) did) and zero real

interest rate.5 Without any loss of generality, we can directly normalize the price of goods to 1.

In the baseline model there is no fiscal authority. The scheme of the baseline model with the de-

scription of its main macroeconomic structure is presented in Figure 4.1. The color of the agents

express their confidence (green for optimism, black for stable mood, red for pessimism).

Concentrating on the pure impact of consumer confidence on an economic activity enables us

to evaluate this impact without any side effects. Moreover, the goal of the thesis is not to develop

the business cycle theory but rather to present how the waves of optimism/pessimism in consumer

confidence can contribute to the cyclical movement of economic activity. The complex analysis

of the impact of waves of optimism/pessimism in consumer confidence on economic activity

within a more sophisticated model could be a starting point for the future research in this field.

5The constat price level is a common assumptions in many demand oriented models, for example in IS-LM
models.
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4.2 The ACE model with a heterogeneous labor market

The extended version of an ACE model was also programmed in software R6. The model

was extended for a heterogeneous labor market to control for the impact of unemployment

on the consumer confidence.7 During simulation of this model the cyclical development of

economic activity was observed. The first version of the extended model with a heterogeneous

labor market was used, also, to measure the consumption-income ratio (Závacká, 2015b) and

the income inequality during the business cycle (Závacká, 2015c). The list of all model vari-

ables and the list of equations in the extended model could be found in doctoral dissertation in

Appendix A.1 and A.3.

The macroeconomic part of the model

According to Mueller (1966) and Malley and Moutos (1996), the consumer confidence is strongly

influenced by the rate of unemployment. Hence, we have extended the baseline model for the

heterogeneous labor market and unemployed agents. We distinguish between two types of

workers: 1st-tier workers and 2nd-tier workers (could be understood as managers). We have

also added into the model a fiscal authority in the form of social fund to redistribute the income

and provide the minimal financial help to the unemployed. This social fund is financed from the

share of wages of employed consumers.

The scheme of this extended version of the model is presented in Figure 4.2. The confidence

of agents is expressed by the color (the green color for optimists, the red color for pessimists

and the black color for stable agents). The agent with the ability to work as a 1st-tier worker

is marked with the circle shape, the agent with the ability to work as a 2nd-tier worker with

the square shape. The empty circle or square assign that the agent is unemployed at this time,

whereas the full colored shape means that the agent is working.

For this extension of the model the behavior of the firm and some other equations had to be

adjusted. All the changes which were done are introduced below. The definition of consumer

confidence together with the simulation mechanism remained unchanged.

6The code of the extended model is attached in CD.
7The consumer confidence could be also strongly influenced by the hyperinflation, price bubbles on the real

estate market or exogennous shocks. However, we work, in the model, with the stable price level, so we leave these
potential influences on confidence for future investigations.
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✛
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Consumers

consumers determine the individual demand (IDi
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according to their confidence, income, last consumption

spending and marginal propensity to consume

Figure 4.2: The scheme of the extended model.
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5 Methods Applied in Doctoral Dissertation

In the last years, thanks to the technological development, the new ACE approach has been

considered. This approach is investigating macroeconomy from the bottom up, e.g. the macroe-

conomic features are emerging from the simulations on the micro level8. This approach is

supported, for example, by Stiglitz and Gallegati (2011). The big advantage of this approach is

that it can be used for numerous heterogeneous agents and therefore a lot of assumptions, which

are used in dynamic stochastic general equilibrium (DSGE) models, could be relaxed. Further,

we are no more limited to observe and evaluate economy on the aggregated measurable macroe-

conomic variables but we can also look into its structure, observe its development, the rate

of heterogeneity and the sensitivity of the structure of agents on various settings. Except ACE

models there are no other macroeconomic models which are capable to replicate the structure of

society. The big disadvantage of this approach is that it is very difficult to fit these models to real

data. However, this approach is still quite new and thus, we can believe that with the time, this

problem could be solved or at least reduced.

The ACE approach seems to be an optimal choice for modelling the spread of consumer

confidence. The consumer confidence can be simulated already on the micro level, allowing

for the interactions among consumers and also for their heterogeneity, for example, in incomes.

The cyclical behavior of economic activity further emerges from these interactions on the micro

level. As this approach is used in this dissertation thesis, a more sophisticated description

follows.

5.1 Multiagent model

A vast amount of literature on ACE modelling could be found at the web pages of Leigh

Tesfatsion http://www2.econ.iastate.edu/tesfatsi/ace.htm. According to Borrill and Tesfatsion

(2010, p.3) "Social systems consist of heterogeneous communicating entities in an evolving net-

work of relationships." In Agent-Based modelling (ABM), "systems are modeled as collections

of autonomous interacting entities ("agents") with encapsulated functionality that operate within

a computational word" (Borrill and Tesfatsion, 2010, p.4). As the modelling of complex systems

is provided from the bottom up, from the behavior of individual agents and their interactions,

the main patterns, structure or behavior of these complex systems are emerging from these

interactions. This is the main feature of an agent-based model. Further, we present a short

description of agent-based modelling in the way it was introduced by Macal and North (2010).

According to Macal and North (2010) "A typical agent-based model has three elements:

A set of agents, their attributes and behaviors.

8The dynamic stochastic general equilibrium (DSGE) models are also built on microeconomic principles,
however the macroeconomic relations are firstly derived from these principles and the simulation is done on
the macro level (the "top down" approach).
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A set of agent relationships and methods of interaction: An underlying topology of con-

nectedness defines how and with whom agents interact.

The agent’s environment: Agents interact with their environment in addition to other

agents."

Hence, it is necessary to define and program9 this structure to be able to run the simulations

of agents’ behavior and interactions. This is often done, according to Macal and North (2010,

p.152) "in time-stepped, activity-based, or discrete-event simulation structure."

Agents

Macal and North (2010, p.153) claim that an agent should have certain characteristics:

• "An agent is a self-contained, modular, and uniquely identifiable individual."

• "An agent is autonomous and self-directed." An agent behaves independently, according

to predefined simple rules, with respect to a state of environment and information obtained

by interactions.

• "An agent has a state that varies over time." This state should represent the current state

of an agent and could be expressed as a set of attributes. The state of all agents together

with the state of environment express the state of agent-based model.

• "An agent is social having dynamic interactions with other agents that influence its be-

havior."

Macal and North (2010, p.153) further note that aside these essential characteristics, the agents

may have additional characteristics:

• "An agent may be adaptive, for example, by having rules or more abstract mechanisms

that modify its behaviors." This characteristic could be used to incorporate learning into

the model.

• "An agent may be goal-directed, having goals to achieve (not necessary objectives to max-

imize) with respect to its behaviors."

• "An agent may be heterogeneous."

Following Macal and North (2010, p.154) the agent is associated with attributes and meth-

ods that operate on the agent. Attributes could be stable (for example the unique identificator

of the agent) or dynamic (for example agent decisions) during simulations. Methods operating

over agents could be understood as predefined rules or more abstract representations, which

9There is an user-friendly program for constructing agent-based models NetLogo
(https://ccl.northwestern.edu/netlogo). Another way that could be to used is a programming environment
(Matlab, R, C++,..) and program the model.
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define the behavior of agent according to his/her state, the state of other agents and the state

of environment. The definition of these methods should be supported by a proper theoretical

background.

Relationships and interactions

As Macal and North (2010, p.154) explain "the two primary issues of modelling agent interac-

tions are specifying who is, or could be, connected to who, and the mechanisms of the dynamics

of the interactions." In general, each agent interacts just with some group of other agents, called

neighbors. These neighbors provide local information to an agent. Macal and North (2010) are

further explaining that there is no central authority in the system, which would spread the local

information to all agents. As each agent behaves also according to local information, the whole

system is decentralized. The development of the global environment is thus, emerging from

interactions among agents.

However, the opinion that only local information is available to agents should be considered

in macroeconomic agent-based models. Firstly, in economics there are already agent-based mod-

els where agents operate with some global information too. For example, in Westerhoff (2010)

the probabilistic distribution determining the firm’s confidence is also a function of the aggregate

demand for consumption, which is global information. In Delli Gatti et al. (2011) the agents

(firms) know the equilibrium price in economy from the last period.

Secondly, the global information could serve to inform agents about variable state of their

environment. Agents are not only parts of their local neighborhood but they are also parts

of the whole economy. As well as the macroeconomy is emerging from the microeconomy,

the state of macroeconomy is codetermining the state of environment of an agent, hence back-

wards influencing microeconomy. Even in the most simple models, when there are no fiscal or

monetary authorities, there are, for example, some "rules of the game" defined, which is global

information known by all agents. Further, in most sophisticated models, focused on fiscal or

monetary simulations, there exist a central fiscal or monetary authority which actively changes

the "rules of the game". This is again global information about the change of environment

distributed to all agents 10.

Thirdly, nowadays there is also global information about the state of economy available

to agents through various information channels (newspaper, media, internet, social networks)11.

There is no need of a central authority to distribute the information. As the information is widely

and almost freely available, each agent can search for it and obtain it. Actually, there is even

no need to assume that each agent searches for the information. If the information is spread

to vast majority of agents, it could be already known in local neighborhood of each agent. In this

way, even if the agent is "rationally ignoring" the global information (e.g. searching for global

10The example of this could be the change of personal income tax, which is done by the fiscal authority and
immediately followed by all working agents.

11For example, the Czech National Bank recently informed public about the end of exchange rate interventions
through the media.
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information is for him/her more costly than relying just on local information), he/she could

obtain this global information from his/her neighbourhood. Unlike the biological systems,

the economic systems nowadays dispose with these progressive information channels which

could provide the spread of global information. Thus, even if in agent-based models from other

scientific fields only the local information to agents is assumed, in the economic field the role

of global information should be considered.

Lastly, we should think about the reason why only the local information was accepted.

The main principle of agent-based models in macroeconomics is that they are decentralized and

the macroeconomic features are emerging from the interactions on microeconomic level. This

main feature of agent-based models has to be kept. Hence, the global information in the model

could only play a role to inform agents about the state of economy, as an additional information

about their state of environment, but it cannot directly determine the variables on the macroe-

conomic level. The state of macroeconomy must emerge from the bottom. The role of global

impact in this way is also in line with Hayek (1973, p.41), who states: "Since we can know

at most the rules observed by the elements of various kinds of which the structures are made

up, but not all the individual elements and never all the particular circumstances in which each

of them is placed, our knowledge will be restricted to the general character of society of human

beings, we may be in a position to alter at least some of the rules of conduct which the ele-

ments obey, we shall thereby be able to influence only the general character and not the detail

of the resulting order."

"How agents are connected to each other is generally termed an agent-based model’s topol-

ogy or connectedness. Typical topologies include spatial grid of network of nodes (agents)

and links (relationships)." (Macal and North, 2010, p.154). These topologies determine how

the information will be spread around the whole system. Macal and North (2010) note that the

agents could be connected either geographically or through some social network. In addition,

agents could be connected through various topologies. Topologies could be stable or dynamic

during simulations. In case of dynamic simulations, the links but also the nodes could be moving.

Environment

The agent-based models allow to define different environment conditions to agents across

the topology. Specially in dynamic topologies the environment conditions could be the important

source of agents’ movement.

The agent-based model has a wide range of applicability. As it is capable to model system

development on the basis of interactions among individual agents, it is used across various

scientific disciplines. Just to mention some examples, presented also by Macal and North

(2010), it is used in biology to track the spread of bacteria, in ecology to track the movement

of predators, in epidemic and pandemic models, to investigate the social instability or collective

behavior of people in crowds and in economics, for example, to analyze financial markets or labor

market.

23



In macroeconomics, only few agent-based models of the whole economy have been con-

structed up to date. The massive ACE model EURACE for the economy of the European Union

was built by Deissenberg, Van der Hoog and Dawid (2008). The smaller and very interesting

ACE model was presented by Delli Gatti, Desiderio, Gaffeo, Cirillo and Gallegati (2011). An-

other ACE models were constructed, for example, by Dosi, Fagiolo and Roventini (2006, 2010),

Ciarli, Lorentz, Savona and Valente (2010) or Westerhoff (2010).

5.2 Calibration and validation of the model

The ACE models have to be calibrated and validated. By the calibration process we are searching

for the optimal values of parameters used in the model. As ACE models are based on microeco-

nomic structures, their calibration should be ideally done on microeconomic data. The general

problem is now to obtain these microeconomic data. The calibration is directly related to the val-

idation process, when we are trying to estimate how well the model represents the real economy.

The common way for validation of models is to compare the model results with the stylized

facts known about the observed variables. In macroeconomic models, the usual comparison is

done for Phillips curve, Okuns law, distribution of incomes, etc. Fagiolo, Dosi and Gabriele

(2004) constructed an ACE model oriented on the labor market and by simulations showed that

the model is robustly reproducing the Okun, Beveridge and wage curves. The validation for styl-

ized facts was also done, for example, by Delli Gatti et al. (2011). Another possible instrument

for validation is the comparison of the model results, usually the mean values, standard deviation

or distribution of simulated variables, with statistical values estimated from their counterparts

in real data sets. The calibration and validation of the model is usually done simultaneously (e.g.

during the calibration the model is also validated, if the validation is not succesfull, the model

is recalibrated anew).

In general, Windrum et al. (2007) introduced three of the most influential approaches

which are used for the empirical validation of ACE models - the indirect calibration approach,

the Werker-Brenner approach and the history-friendly approach.

The indirect calibration approach

By using the indirect calibration of the ACE model, we are proceeding backwards. Firstly,

we validate the model and then, based on the results from the validation, we are calibrating

the model. Windrum et al. (2007, p.8) describe this approach in four steps:

"In the first step, the modeler identifies a set of stylized facts that s(h)e is interested

in reproducing and/or explaining with the model."

"In the second step, along with the prescriptions of the empirical calibration procedure,

the researcher builds the model in a way that keeps the microeconomic description as close

as possible to empirical and experimental evidence about microeconomic behavior and

interactions."
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"In the third step, the empirical evidence on stylized facts is used to restrict the space

of parameters, and the initial conditions if the model turns out to be non-ergodic."

"In the fourth and final step, the researcher should deepen his/her understanding of the causal

mechanisms that underlie the stylized facts being studied and/or explore the emergence

of fresh stylized facts (i.e. statistical regularities that are different to the stylized facts

of interest) which the model can validate ex post."

By using the indirect calibration the researcher should put more intention into the choice of styl-

ized facts to be replicated. Some stylized facts could be validated without putting any strong

restrictions on the parameter space.

The Werker-Brenner approach

In the Werner-Brenner approach we firstly calibrate the model, leaving wide ranges for parameters

for which we have less information. Then, during the validation of these models, we are

restricting these ranges. This approach is explained by Windrum et al. (2007, p.9) in three steps:

"Step 1 uses existing empirical knowledge to calibrate initial conditions and the ranges

of model parameters."

"Step 2 involves empirical validation of the outputs for each of the model specifications

derived from Step 1."

"Step 3 involves a further round of calibration. This uses the surviving set of models and,

where helpful, recourse to expert testimony from historians."

The history-friendly approach

A history-friendly approach was developed mainly for the ACE models with the focus on industry.

We do not distinguish among particular steps in this method. The main idea of this approach is

to use historical case studies from industry and use the data from this study not only in validation,

but also in constructing the model, defining model variables, agent behavior and its environment,

model parameters and also initial conditions. The model is built up according to these data and

later again validated on these data. As Windrum et al. (2007, p.11) describe "The authors

of history-friendly approach suggest that, through a process of backward induction one can

arrive at the correct set of structural assumptions, parameter settings, and initial conditions."

As this approach is based on the empirical data from chosen industry, it should be used for micro

dynamics.

However, the calibration and validation of ACE models is still in the process of development.

As Windrum et al. (2007, p. 13) point out, there are some unresolved issues left. One of these

questions is, for example, how to construct the ACE model. One possibility is to start with

the simplest one and then extend it ("KISS strategy: "Keep it simple, stupid!"", Windrum et al.,

2007, p. 13). Another option is then to do it the other way round, start with the most descriptive
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model and simplify it ("KIDS strategy: "Keep it descriptive, stupid!"", Windrum et al., 2007,

p. 13). The third strategy is to use some already constructed model and either extend or simplify

it ("TAPAS strategy: "Take a previous model and add something."", Windrum et al., 2007,

p. 13).

The other common problem in ACE models is over-parametrization. The model could be

defined with too many degrees of freedom, reproducing practically any possible solution. Hence,

the reduction of possible solutions should be done through the calibration and validation. As we

are calibrating and validating models on the basis of empirical data sets, we should also care

about the quality of the data. According to Windrum et al. (2007) only high quality data should

be used.
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6 Summary of Results and Conclusion

The main goal of the thesis was to find out, whether the spread of the waves of optimism/pes-

simism in consumer confidence in the agent based model could generate an endogenous cyclic

movement of economic activity. In order to investigate this hypothesis, two agent based models

were constructed.

Firstly, the simple baseline ACE model with the lattice of agents (consumers) and one

production unit (firm) was built. The consumers were heterogeneous in their confidence and

homogeneous in their income (the income was uniformly distributed among them). We have

used the lattice of agents to simulate the spread of the consumer’s confidence. During the simu-

ation the randomly chosen agent was reconsidering his/her state of confidence (an optimist,

a stable agent or a pessimist) according to his/her last income and the confidence in his/her

neighbourhood. The consumer confidence then directly influences his/her individual consump-

tion demand and according to the propagation mechanism, through the aggregated demand,

further the production and the economic activity observed on the aggregate income.

The model was calibrated mainly in line with similar agent based models (Ciarli et al.,

2010, Delli Gatti et al., 2011, Westerhoff, 2010) or studies for the estimations for initial model

parameters (Havranek et al., 2015). The validation of the model was assessed according

to the correspondence of its simulation results to the stylized facts about the macroeconomic

variables presented by Kydland and Prescott (1990) and Gabisch and Lorenz (1989) or to Okun’s

law.

The main hypothesis of this thesis was investigated within its partial goals following the prop-

agation mechanism of the influence of consumer confidence on the economic activity. Firstly,

in line with the first partial goal, we were examining if the waves of optimism and pessimism

in the consumer confidence could cause the cyclic movement in the aggregate demand for con-

sumption spending. We have defined the aggregate indicator of confidence (CONF) to measure

the level of consumer confidence in society. During the simulations we have observed the cycli-

cal movement in this confidence indicator. This movement was distinguished between the waves

of optimism and pessimism in consumers’ confidence. Because the consumer confidence was

one of the factors influencing the formation of the individual consumption demand, the ag-

gregate demand was, in most cases, directly influenced too. This impact was decreased during

the turning points in the aggregate demand, because the individual demand is limited from below

by the minimal level of consumption spending and from above by the production possibility

of the firm. We have observed, in the the simulation results, the comovement of these variables

and the cyclic movement in the aggregate demand. The indicator of consumer confidence was

a leading variable for the aggregate income. However, during the turning points the variables

were mainly synchronized. The upper turning points seemed to happen in the aggregate demand

first, followed with the turn in the consumers’ confidence (we have explained this behavior

by the lower and upper limitation of the aggregate demand). Albeit, according to the simulation
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results, the indicator of consumer confidence could be used for a predictive purposes of the upper

turning points in the aggregate demand, because before its turning point there has always been

an apparent slowdown in the growth of the consumer confidence.

Further, following the second partial goal, we were interested if the cyclic movement in the ag-

gregate demand could be transferred into the cyclic movement in the aggregate income. Ac-

cording to the simulation results, the cyclic behavior of the aggregate income and the mutual

cyclic comovement of both variables were observed. The development of both variables seemed

to be synchronized. The differences were observed during the turning points in the development

of these variables. According to the different turning points timing, an interesting observation

was uncovered. The stylized fact about the business cycle movement, presented, for example,

by Gabisch and Lorenz (1989), is that the phases of the expansion of the business cycle move-

ment are usually longer than the phases of its contraction. This behavior was also observed

during the simulations. However, the duration of expansion in the aggregate demand seemed

to be shorter than the duration of its contraction. According to the simulation results, there is

a long phase of growth in the aggregate income followed by the fast fall in it and the fast growth

of the aggregate demand, followed by the slow fall in it.

We cannot test the causality of the spread of the waves of optimism/pessimism in the con-

sumer confidence for the cyclic movement of economic activity (the main goal of the thesis)

directly from the model simulations with our fixed parameter settings. However, all simula-

tion results were not contradicting this influence. Thus, in addition, the sensitivity analysis

for the parameter of the spread of the confidence (1 − αy) was done. We have found out that,

when the influence of the spread of the consumer confidence was very slow or zero, ceteris

paribus, any cyclic movement in the aggregate activity was not observed, e.g. when the con-

fidence in the agent’s neigbourhood was an important factor for forming his/her confidence,

the cyclic behavior in the aggregate income appeared. On the contrary, when the influence

of the confidence around an agent was not important for his/her confidence, and so his/her con-

fidence was mainly based on the change in his/her income, ceteris paribus, the cyclic behavior

in the aggregate income was not observed.

These results were observed keeping all other parameters fixed. We have found out during

the simulations that once the flexibility in the adjustment of the marginal propensity to consume

is very low, the cyclic behavior in the aggregate income disappears. Our results concerning

the main hypothesis of the thesis are based od the fixed parameter setting, where the adjustment

in the marginal propensity to consume is rather flexible; this setting is in line with Keynes (1936),

Deaton (1989) and Pollin (1988). According to these findings, we cannot reject the hypothesis

of this thesis, that the waves of optimism/pessimism in the consumers’ confidence could lead

to the cyclic movement in the aggregate income.

Following the findings of Mueller (1966) and Malley and Moutos (1996), that the consumer

confidence is strongly negatively influenced by the rate of unemployment, we have decided

to build an extended version of this ACE model with heterogeneous labor market. By this
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model, we wanted to investigate if our conclusions remain stable also after considering this

additional factor. This was set as a last partial goal of the thesis.

In the extended version of the model, we distinguished between two types of workers -

1st-tier workers and 2nd-tier workers (managers). During the simulations, all workers were

hired or discharged by lottery, following the labor demand of the firm. The incomes of workers

were adjusted respectively to this setting. The model was calibrated in line with a baseline

model in order to allow us to compare the model results and according to the ACE model with

heterogeneous labor market proposed by Ciarli et al. (2010). The validation of the model was

tested on the business cycle stylized facts from Kydland and Prescott (1990) and Gabisch and

Lorenz (1989), extended for the case of heterogeneous workers.

The simulation results from the extended model were also in line with first and second

partial goals of the thesis. We could observe the cyclic behavior of the aggregate confidence

indicator, leading the cyclic evolvement of the aggregate demand. Because of the upper limitation

of the firm’s production and lower limitation of the individual demands, this lead was not

observed at the turning points of the aggregate demand. Further, we have observed the similar

comovement of the aggregate demand and the aggregate income. Thus, we can conclude

that the simulation results were in line with the last partial goal of the thesis, that the waves

of optimism and pessimism in consumer confidence could be the source of endogenous cyclic

movement in the economic activity within an ACE model with heterogenous labor market.

Similarly to the baseline case, we are not able to confirm the strict causality. However, also

in the case of extended model, the sensitivity analysis on key model parameters were provided.

The cyclic behavior in the economic activity was observed only in the case when the agent’s

confidence was influenced by the confidence in his/her nighborhood, ceteris paribus. Once this

influence on his/her confidence forming was decreased, the cyclic behavior disappeared. In ad-

dition, we have found out that in the model with heterogeneous labor market, the cyclic behavior

seemed to be even more sensitive on the changes in this influence. This time, the cyclical behav-

ior of the aggregate income was not present even in the cases of the low number of microsteps

(parameter T), which determines the length of the simulation for confidence spread. All the re-

sults were obtained, as well as in baseline model, for the flexible adjustment of the marginal

propensity to consume.

The simulation results from both models together with the results from sensitivity analysis

were in line with the main hypothesis, that the spread of the optimism/pessimism in the consumer

confidence could cause the cyclic movement in the economic activity. As we have already

emphasized, we cannot directly confirm that causality; however, all the results are very much

in line with this. We have already obtained the similar results in the ACE model by Závacká

(2016). The cyclic movement in the aggregate income was generated in the model of Westerhoff

(2011) as well, in this model the movement was generated by the waves of optimism/pessimism

in the confidence of firms.

Further, we would like to note, as we have already pointed out before, that the cyclic
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movement in the consumer confidence should not be understood as a primal and unique source

of the business cycle movement but rather as a contributional factor. The business cycle

movement should be rather understood as a result of various endogenous and exogenous sources.

Although we should not consider the fluctuations in the consumer confidence as a primal source

of the business cycle movement, admitting and investigating its participation on the business

cycle movement could improve the policies for smoothing the fluctuations in the aggregate

demand. Decreasing the impact of the consumer confidence on their individual consumption

demand could lead to a decrease in the aggregate income fluctuations. Or on the other hand,

supporting the optimistic confidence in times of contraction in the economic activity could be

the way for its softening.

The baseline and the extended version of ACE model, simulating the spread of the confi-

dence on the microeconomic level within the whole macroeconomy are, to our best knowledge,

the first models of this kind in the Czech Republic. The ACE models dealing with the spread

of confidence on the microeconomic level were already presented by Westerhoff and Hohnisch

(2010) and Westerhoff (2010), but not in such microeconomic details. Because of this novelty,

there is still a lot of space for future research in this field. We would propose to extend the model

for the variable price level and the investment, to observe its impact on the cyclical movement

in the aggregate activity. Further, the ACE model with heterogeneous labor market could be

used for simulations on the labor market based on the changes on a microeconomic level. We

can also use the model for observing the income inequality within the bussines cycle (was al-

ready presented in Závacká (2015c)), extend the model for simulating various fiscal or monetary

policies and investigate their impact on the income distribution. The main advantage of those

models is that they enable us to do the simulations and evaluations on the microeconomic level.

Despite the complexity of this approach, its disadvantages (model calibration, computationally

demanding, tough calibration on microeconomic data, etc.) we believe that, by considering

the mutual interactions among the consumers or firms, we can obtain more realistic results.

30



7 List of References

ABEL, Andrew B. Asset prices under habit formation and catching up with the Joneses.

The American Economic Review. 1990, vol. 80, no. 2, pp. 38–42.

ACEMOGLU, Daron a Andrew SCOTT. Consumer confidence and rational expectations:

are agents’ beliefs consistent with the theory? The Economic Journal. 1994, vol. 104, no. 422,

pp. 1–19.

AKERLOF, George A. and Robert J. SHILLER. Animal spirits: How human psychology

drives the economy, and why it matters for global capitalism. Princeton, New Jersey: Princeton

University Press, 2009.

AKERLOF, George A. and Janet L. YELLEN. Can small deviations from rationality make

significant differences to economic equilibria?. The American Economic Review. 1985, vol. 75,

no. 4, pp. 708–720.

AL-EYD, Ali, BARRELL, Ray and E. Philip DAVIS. Consumer confidence indices and

short-term forecasting of consumption. The Manchester School. 2009, vol. 77, no. 1, pp. 96–

111.

ANDRLE, Michal, HLÉDIK, Tibor, KAMENÍK, Ondra and Jan VLČEK. Implementing the

new structural model of the Czech National Bank. CNB Working Paper Series. 2009, vol. 2,

pp. 1–49.

ARGENTIERO, Amedeo, BOVI Maurizio and Roy CERQUETI. Over consumption. A horse

race of Bayesian DSGE models. MPRA Paper. 2015, no. 66445.

ARROW, Kenneth J. Risk perception in psychology and economics. Economic inquiry.

1982, vol. 20, no. 1, pp. 1–9.

BLANCHARD, Olivier. Do DSGE Models Have a Future?. Policy Briefs, Peterson Institute

for International Economics. 2016, no. PB16-11. pp. 1–4.

BLINDER, Allan S. and Louis J. Maccini. Taking Stock: A Critical Assessment of Re-

cent Research on Inventories. Journal of Economic Perspectives. 1991, vol. 5, no. 1, pp. 73–96.

BORRILL, Paul L. and Leigh TESFATSION. Agent-Based Modeling: The Right Mathemat-

ics for the Social Sciences? Working Paper, Iowa State University. 2010, no. 10023, pp. 1–28.

31



BRAM, Jason and Sydney C. LUDVIGSON. Does consumer confidence forecast household

expenditure? A sentiment index horse race. Economic Policy Review. 1998, vol. 4, no. 2.

CAHLÍK, Tomáš. Multiagentní přístupy v ekonomii. Praha: Karolinum, 2006. 155 p. ISBN

80-246-1223-2.

CARROLL, Christopher D., FUHRER, Jerey C. and David W. WILCOX. Does consumer

sentiment forecast household spending? If so, why? The American Economic Review. 1994,

vol. 84, no. 5, pp. 1397–1408.

CIARLI, Tommaso, LORENTZ, André, SAVONA, Maria and Marco VALENTE. The effect

of consumption and production structure on growth and distribution. A micro to macro model.

Metroeconomica. 2010, vol. 61, pp. 180–218.

CONFERENCE BOARD. Consumer Confidence Survey Technical Note [online]. Confer-

ence Board [February, 2011]. Available from: https://www.conference-board.org/pdf_free/press/

TechnicalPDF_4134_1298367128.pdf

COTSOMITIS, John A. and Andy C. C. KWAN. Can consumer confidence forecast house-

hold spending? Evidence from the European Commission business and consumer surveys.

Southern Economic Journal. 2006, vol. 72, no. 3, pp. 597–610.

DE GIORGI, Giacomo, and Luca GAMBETTI. Business cycle fluctuations and the distri-

bution of consumption. Review of Economic Dynamics. 2017, no. 23, pp. 19–41.

DEATON, Angus. Saving and Liquidity Constraints. NBER Working Papers. 1989,

no. 3196, pp. 1–42.

DEES, Stephane and Pedro Soares BRINCA. Consumer confidence as a predictor of con-

sumption spending: Evidence for the United States and the Euro area. International Economics.

2013, vol. 134, pp. 1–14.

DELLI GATTI, Domenico, DESIDERIO, Saul, GAFFEO, Edoardo, CIRILLO, Pasquale

and Mauro GALLEGATI. Macroeconomics from the bottom up. Milano: Springer-Verlag,

2011. ISBN 978-88-470-1970-6.

DEISSENBERG, Christophe, VAN DER HOOG, Sander and Herbert DAWID. EURACE:

a massively parallel agent-based model of the European economy. Applied Mathematics and

32



Computation. 2008, vol. 204, pp. 541–552.

DOSI, Giovanni, FAGIOLO, Giorgio and Andrea ROVENTINI. An evolutionary model

of endogenous business cycles. Computational Economics. 2006, vol. 27, pp. 3–34.

DOSI, Giovanni, FAGIOLO, Giorgio and Andrea ROVENTINI. Schumpeter meeting Keynes:

a policy-friendly model of endogenous growth and business cycles. Journal of Economic Dy-

namics & Control. 2010, vol. 34, pp. 1748–1767.

EUROPEAN COMMISSION. The joint harmonised EU programme of business and con-

sumer surveys 3-2016 [online]. European Commission [March, 2016]. Available from:

http://ec.europa.eu/economy_finance/db_indicators/surveys/method_guides/index_en.htm

FAGIOLO, Giorgio, DOSI, Giovanni and Roberto GABRIELE. Matching, bargaining, and

wage setting in an evolutionary model of labor market and output dynamics. Advances in Com-

plex Systems. 2004, vol. 7, no. 2, pp. 157–186.

FEDERAL RESERVE BANK OF ST. LUIS. Economics and Personal Finance Glossary

and Flashcards [online]. Federal Reserve Bank of St. Luis [15. 5. 2016]. Available from:

https://definedterm.com/a/document/11421

FEREIDOUNI, Hassan Gholipour and Reza TAJADDINI. Housing wealth, financial wealth

and consumption expenditure: the role of consumer confidence. The Journal of Real Estate

Finance and Economics. 2015, pp. 1–21.

FISHER, Marshall, HAMMOND, Jan, OBERMEYER, Walter R. and Ananth RAMAN.

Making supply meet demand in an uncertain world. Harvard Business Review. 1994, no. 94302,

pp. 83–93.

FRIEDMAN, Milton. A theory of the consumption function: a study by the National Bureau

of Economic Research, New York. 1st edn. Princeton: Princeton University Press, 1957. 243 p.

ISBN 06-910-4182-2.

GABISCH, Günter and Hans-Walter LORENZ. Business cycle theory. Berlin, Heidelberg:

Springer-Verlag, 1989. ISBN 978-3-540-51059-8.

GEIGER, Niels. “Psychological” elements in business cycle theories: old approaches and

new insights. The European Journal of the History of Economic Thought. 2016, vol. 23, no. 3,

pp. 478–507.

33



GILBERT, Nigel and Rosaria CONTE. Artificial Societies: The Computer Simulation of So-

cial Life. Bristol, PA: Taylor & Francis, Inc, 1995.

GILBERT, Nigel and James DORAN. Simulating Societies. The Computer Simulation of So-

cial Phenomena. London: UCL Press, 1994.

HANČLOVÁ, Jana. Long-run structural modelling of the Czech macroeconomy. WSEAS

Transactions on Business and Economics. 2011, vol. 8, no. 4, pp. 152–162. ISSN 1109-9526.

HALL, Robert E. Stochastic implications of the life-cycle-permanent income hypothesis:

theory and evidence. Journal of Political Economy. 1978, vol. 86, no. 6, pp. 971–987.

HARTLEY, James E., HOOVER, Kevin D. and SALYER, Kevin D. Real Business Cycles:

A Reader. London and New York: Routledge, 1998.

HAUGH, David L. The influence of consumer confidence and stock prices on the United

States business cycle, 1953-2003. CAMA Working Papers. 2005.

HAVRANEK, Tomas, RUSNAK, Marek and Anna SOKOLOVA. Habit Formation in Con-

sumption: A Meta-Analysis. Czech National Bank WP. 2015, no. 3, pp. 1–40.

HAYEK, Friedrich August. Law, legislation and liberty: a new statement of the liberal

principles of justice and political economy. Chicago: The University of Chicago Press, 1973.

HOWREY, E. Philip. The predictive power of the index of consumer sentiment. Brookings

Papers on Economic Activity. 2001, vol. 1, pp. 175–216.

KAHN, James A. and Margaret M. MCCONNELL. Has inventory volatility returned? A look

at the current cycle. Current Issues in conomics and Finance. 2002, vol. 8, no. 5, pp. 1–6.

KEYNES, John Maynard. The general theory of employment, interest and money. London:

Macmillan Cambridge University Press, 1936.

LAHIRI, Kajal, MONOKROUSSOS, George and Yongchen ZHAO. Forecasting consump-

tion: the role of consumer confidence in real time with many predictors. Journal of Applied

Econometrics. 2016, vol. 31, no. 7, pp. 1254–1275.

LUDVIGSON, Sydney C. Consumer confidence and consumer spending. Journal of Eco-

34



nomic Perspectives. 2004, vol. 18, no. 2, pp. 29–50.

LUX, Thomas. Herd behaviour, bubbles and crashes. The Economic Journal. 1995,

vol. 105, no. 431, pp. 881–896.

MACAL, Charles M. and Michael J. NORTH. Tutorial on agent-based modelling and simu-

lation. Journal of Simulation. 2010, no. 4, pp. 151–162.

MALLEY, Jim and Thomas MOUTOS. Unemployment and consumption. Oxford Economic

Papers. 1996, vol. 48, no. 4, pp. 584–600.

MARSHALL, Alfred. Money, credit and commerce. London: Macmillan, 1923.

MCWHINNEY, James E. Understanding The Consumer Confidence Index [online]. Investo-

pedia [28. 12. 2004]. Available from: http://www.investopedia.com/articles/05/010604.asp

MILL, John Stuart. Essays on some unsettled questions of political economy. London: John

W. Parker, 1944.

MUELLER, Eva. The impact of unemployment on consumer confidence. The Public Opin-

ion Quarterly. 1966, vol. 30, no. 1, pp. 19–32.

PIGOU, Arthur Cecil. Industrial fluctuations. London: Macmillan, 1923.

POLLIN, Robert. The growth of US household debt: demand-side influences. Journal

of Macroeconomics. 1988, vol. 10, no. 2, pp. 231–249.

POTTER, Simon M. Fluctuations in confidence and asymmetric business cycles. Federal

Reserve Bank of New York Staff Report. 1999, no. 66, pp. 1–28.

RICCETTI, Luca, RUSSO, Alberto and Mauro GALLEGATI. An agent-based decentralized

matching macroeconomic model. Journal of Economic Interaction and Coordination. 2015,

vol. 10, no. 2, pp. 305-–332.

RAYACK, Wendy. Sources and centers of cyclical movement in real wages: evidence from

panel data. Journal of Post Keynesian Economics. 1987, vol. 10, no. 1, pp. 3–21.

ROMER, Paul. The trouble with macroeconomics. Forthcoming in The American Economist.

2016, pp. 1–25.

35



SHELLING, Thomas C. Dynamic models of segregation. The Journal of Mathematical

Sociology. 1971, vol. 1, no. 2, pp. 143–186.

SMETS, Frank and Raf WOUTERS. An estimated dynamic stochastic general equilibrium

model of the Euro area. Journal of the European Economic Association. 2003, vol. 1, no. 5.

SOULELES, N.S. Consumer sentiment: its rationality and usefulness in forecasting expen-

diture - evidence from the Michigan micro data. NBER Working Papers. 2001, no. 15049.

STIGLITZ, Joseph E. and Mauro GALLEGATI. Heterogeneous interacting agent models for

understanding monetary economies. Eastern Economic Journal. 2011, vol. 37, no. 1, pp. 6–12.

TAYLOR, Karl and Robert MCNABB. Business cycles and the role of confidence: evidence

for Europe. Oxford Bulletin of Economics and Statistics. 2007, vol. 69, no. 2, pp. 185–208.

THROOP, Adrian W. Consumer Sentiment: Its Causes and Effects. Economic Review Fed-

eral Reserve Bank of San Francisco. 1992, no. 1, pp. 35–60.

TVERSKY, Amos and Daniel KAHNEMAN. Judgment under uncertainty: heuristics and

biases. Science. 1974, vol. 185, no. 4157, pp. 1124–1131.

WEST, Kenneth D. The sources of fluctuations in aggregate inventories and GNP. NBER

Working Paper. 1989, no. 2992, pp. 1–54.

WESTERHOFF, Frank. Consumer behavior and fluctuations in economic activity. Ad-

vances in Complex Systems. 2005, vol. 8, no. 02n03, pp. 209–215.

WESTERHOFF, Frank. An agent-based macroeconomic model with interacting firms,

socio-economic opinion formation and optimistic/pessimistic sales expectations. New Journal

of Physics. 2010, no. 12.

WESTERHOFF, Frank and Martin HOHNISCH. Consumer sentiment and countercyclical

fiscal policies. International Review of Applied Economics. 2010, vol. 24, no. 5, pp. 609–618.

WINDRUM, Paul, FAGIOLO, Giorgio and Alessio MONETA. Empirical validation of agent-

based models: alternatives and prospects. Journal of Artificial Societies and Social Simulation.

2007, vol. 10, no. 2, pp. 1–8.

36



8 List of Author’s Publications and Research

BADURA, Ondřej and Jana ZÁVACKÁ. Are remittances important for the aggregate con-

sumption growth?. In: Mathematical Methods in Economics: 34th international conference:

book of abstracts. Liberec: Technical University of Liberec, 2016, pp. 13–18.

BADURA, Ondřej and Jana ZÁVACKÁ. An influence of remittances on the aggregate

consumption growth – evidence from central America. In: 12th International Conference on

Strategic Management and its Support by Information Systems 2017. Ostrava: VŠB-Technical

University Ostrava, 2017, pp. 168–175.

HANČLOVÁ, Jana, JURIOVÁ, Jana and Jana ZÁVACKÁ. Long-run relations in a small

open economy of the Czech republic and the Slovak republic. Journal of Economics. 2017,

vol. 65, no. 5, pp. 408–425.

MACHÁČEK, Martin, KOLCUNOVÁ, Eva and Jana ZÁVACKÁ. Publishing performance

of Czech academic economists: (Just) a matter of time? In: XXIV Meeting of the Economics

of Education Association. Madrid: Universidad Autónoma de Madrid, 2015. (published also

in Investigaciones de Economia de la Educación, Vol. 10. 2015, pp. 271–283. ISBN 978-84-

944483-4-8.)

ŠTORK Zbyněk and Jana ZÁVACKÁ. Macroeconomic implications of fiscal policy mea-

sures in DSGE. MoF Working paper. 2010, no. 1.

ŠTORK, Zbyněk, VÁVRA, Marián and Jana ZÁVACKÁ. HUBERT: a DSGE model of

the Czech economy. MoF Working paper. 2009, no. 2.

ZÁVACKÁ, Jana. The indicator of consumer confidence as an instrument to certify the per-

manent income hypothesis - Czech economy evidence. MEKON 2013: 15th International

Conference. Ostrava: VŠB-Technical University Ostrava, 2013, pp. 612–620. ISBN 978-80-

248-2950-0. (published also in MEKON 2013 Selected Papers: 15th International Conference.

Ostrava: VŠB-Technical University Ostrava, 2013, pp. 183–194. ISBN 978-80-248-3068-1.)

ZÁVACKÁ, Jana. The role of confidence indicator in determination of consumption ex-

penditure in selected EU member countries. In: Mathematical Methods in Economics: 31st

International Conference. Jihlava: College of Polytechnics Jihlava, 2013b. pp. 1041–1045.

ISBN 978-80-87035-76-4.

37



ZÁVACKÁ, Jana. Monetary policy during the business cycle. In: 11th International

Conference on Strategic Management and its Support by Information Systems 2015. Uherské

Hradiště: VŠB-Technical University Ostrava, 2015a, pp. 329–338. ISBN 978-80-248-3741-3.

ZÁVACKÁ, Jana. The consumption-income ratio and its variability during the business

cycle: a heterogeneous agent case. In: Mathematical Methods in Economics: 33st International

Conference. Cheb: University of West Bohemia, 2015b. pp. 931–936. ISBN 978-80-261-

0539-8.

ZÁVACKÁ, Jana. Income inequality during the business cycle: an agent-based approach.

In: Economic Policy in the European Union Member Countries: 13th International Scientific

Conference. Ostrava: VŠB-Technical University Ostrava, 2015c, pp. xx–xx. ISBN 978-80-

248-3796-3.

ZÁVACKÁ, Jana. Can Consumers’ Confidence Contribute to Cyclic Movement of the Eco-

nomic Activity? In: Quantitative Methods in Economics: Multiple Criteria Decision Making

XVIII: proceedings of the international scientific conference. Bratislava: Letra Interactive,

2016, pp. 404–409.

ZÁVACKÁ, Jana. The modelling of behaviour of economic acitivity with respect to the dif-

ferent phases of the business cycle. In: MEKON 2012: 14th International Conference. Ostrava:

VŠB-Technical University Ostrava, 2012a.

ZÁVACKÁ, Jana. Constructing business cycle regime switching model for Czech economy.

In: Mathematical Methods in Economics: 30th International Conference. Karviná: Silesian

University of Opava, 2012b. pp. 1016–1020. ISBN 978-80-7248-779-0.

ZÁVACKÁ, Jana and František ZAPLETAL. Environmental Efficiency of Steel Industry

in Visegrad Four Countries: a Panel Data Approach. In: METAL 2016: 25th Anniversary In-

ternational Conference on Metallurgy and Materials: list of abstracts. Ostrava: Tanger, 2016,

pp. 1671–1676.

ZÁVACKÁ, Jana. The Optimal Strategy of the Demand Following Firm. In: Proceedings

of the 14th International Conference „ECONOMIC POLICY IN THE EUROPEAN UNION

MEMBER COUNTRIES“. Petrovice u Karviné : Silesian University in Opava, 2016, pp. 832–

841.

ZÁVACKÁ, Jana. Alternative roles of consumer confidence in forecasting consumption:

Evidence from European countries. Ekonomická revue. 2016, vol. 19, no. 4, pp. 133–142.

38



9 Summary

Keywords: sentiment, consumer, agent-based modelling, business cycle.

The importance of confidence was already emphasized by Keynes (1936), who used it to

support his reasoning on the potential of possible fiscal policies to stimulate aggregate demand

during the times of weak economic performance. The influence of confidence on economic

activity was later confirmed in many empirical studies (Mueller, 1966, Ludvigson, 2004, etc.).

The main goal of this dissertation thesis is to find out, whether the impact of the economic

confidence on economic activity could be even larger, if the spread of waves of optimism and

pessimism in society could not only influence the economic activity but also cause its cyclical

movement.

Similar idea was already presented by Westerhoff (2010) and we are partially continuing

in his work. In the model of Westerhoff (2010) the confidence is related to production units. Each

production unit is, on the base of its confidence, forming its expectations about the aggregate

demand and according to these expectations they determine its production. Westerhoff (2010)

proved that the spread of the waves of optimism and pessimism, among production units, can

generate the cyclical movement of economic activity.

In the dissertation thesis, we are considering the role of confidence from the side of a con-

sumer. The confidence is connected here with the formation of consumption spending and

determines the aggregate demand. The concrete goal of the thesis is to find out, whether

the spread of waves of optimism and pessimism among consumers could lead to a cyclical

movement of economic activity.

The research is undertaken using agent-based modelling. Within the thesis, we have con-

structed a simple agent-based model with a lattice of agents - consumers, on which a spread

of confidence is simulated. Besides the lattice, there is one production unit - firm in the model.

The model is focused on the development of an aggregate demand and an aggregate supply

to monitor the influence of confidence. There is no monetary authority and the prices are

assumed to be constant. The influence of the spread of the consumers’ confidence was fur-

ther assessed on more complex model. This model is an extension of the baseline model for

a heterogeneous labor market. The goal of this extension is to consider the influence of an

unemployment rate on the consumer confidence. Simulations from both models confirmed that

the spread of waves of optimism and pessimism can really generate the cyclical movement of

economic activity.
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A Appendix

A.1 Shrnutí

Klíčová slova: sentiment, spotřebitel, multiagentní modelování, hospodářský cyklus.

Vliv důvěry na vývoj ekonomické aktivity zdůrazňoval již Keynes (1936), který o něj

opřel své úvahy o možnostech fiskální politiky stimulovat agregátní poptávku v období slabé

ekonomické aktivity. Později byl tento vliv prokázán i v několika empirických studiích (Mueller,

1966, Ludvigson, 2004, aj.). Cílem této disertační práce je zjistit, zda v rámci vlivu důvěry

na ekonomickou aktivitu nemůžeme postoupit ještě dále, zda může šíření vln optimismu či

pesimismu ve společnosti vést nejen k ovlivnění ekonomické aktivity, ale rovněž způsobovat její

cyklické výkyvy.

Podobnou úvahou se zaobíral již Westerhoff (2010), na jehož práci částečně navazujeme.

V modelu Westerhoffa (2010) je sentiment vztažen k produkčním jednotkám. Jednotlivé pro-

dukční jednotky formují na základě sentimentu svá očekávání ohledně agregátní poptávky a dle

očekávání dále stanovují výši své produkce. Westerhoff (2010) prokázal, že šíření vliv opti-

mismu a pesimismu mezi produkčními jednotkami může generovat cyklické chování ekonomické

aktivity.

V rámci disertační práce se však zaobíráme důvěrou ze strany spotřebitele. Role důvěry je

zde přesunuta do formování spotřebitelských výdajů a určuje agregátní poptávku. Konkrétním

cílem práce je zjistit, zda šíření vln optimismu a pesimismu mezi spotřebiteli může vést k

cyklickému chování ekonomické aktivity.

K posouzení tohoto cíle je v práci využito postupů multiagentního modelování. V rámci

práce byl sestaven jednoduchý model se sítí agentů - spotřebitelů, na níž je simulováno šíření vln

optimismu či pesimismu. Kromě této sítě je v modelu přítomna jedna produkční jednotka - firma.

Model je dále za účelem sledování vlivu důvěry zaměřen na vývoj agregátní poptávky a nabídky,

neobsahuje monetární autoritu a předpokládá konstantnost cen. Vliv šíření spotřebitelské důvěry

je dále posuzován i na pokročilejším modelu. Tento model je rozšířením základního modelu

o heterogenní trh práce. Cílem tohoto rozšíření je zohlednění vlivu míry nezaměstnanosti na

spotřebitelovu důvěru. Simulace obou modelů potvrdily, že šíření vln optimismu i pesimismu

v důvěře spotřebitelů mohou vést k cyklickému chování ekonomické aktivity.
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