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Introduction
Economic fluctuations were a focal point for economic science from antiquity to the present day
and there is yet no single explanation for their emergence and development.
Acceptance or denial of business cycles spawned various economic schools of thought sometimes
contradictory, as oscillations are considered by the classical school, simple accidents which must be
removed by stability, in contrast to the modern idea of anti- fragility, which argues that an oscillating
system is alive, balanced and able to cope with external disturbances, with more robustness than a static
one.
In the doctoral thesis, entitled " Statistical modeling of the dynamics of the business cycle's
phases", we proposed a qualitative and quantitative study of the highly complex phenomenon called
"business cycle".
The importance of research is revealed by recent events on the international economic scene, that
triggered a deep recession, at the end of the 2000s, and the propagation thereof from USA to Europe and
Asia as well as the side effects of this imbalance, that have been felt in other areas, such as social and
political.
In this context, this paper has proposed four major goals.
First, the characterization of the existing theoretical framework to identify the fundamental ideas
and research directions about the business cycle.
The second objective was to identify the most suitable business cycle indicators, both by
validating those considered classics, such as variation in GDP, but also by introducing some innovative,
such as the price of gold.
A third line of research has focused on studying the synchronization of business cycles and the
channels through which this is achieved, since knowledge of the phenomenon helps the development of
anti-crisis strategies.
The last objective aimed to study the repercussions of the economic crisis in other areas of
interest, such as social but also political.
The methods used in this thesis are innovative, some are borrowed from the sciences and applied
as a premiere to study phenomena related to the business cycle and its indicators. We recall among
statistical tools used: panel data analysis for studying simultaneously spatiotemporal relations defining the
business cycle of a particular group of countries; ARIMA type analysis was used to highlight structural
changes in data sets analyzed, reflecting structural changes in the economy.
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Data clustering methods in hard clusters and fuzzy clusters, helped define the poles of influence
of international business cycles and showed that one can define a degree of membership to the macrocycles for each country.
Finally, the method of Markov chains helped establish probabilities of occurrence of each phase
of the business cycle, defining a stochastic model of oscillations.
Thethesis is divided into two parts, each including three chapters, plus conclusions section.
The first part, entitled "Theoretical and methodological aspects of the business cycle" includes
three chapters. The first chapter discusses the conceptual elements of the business cycle, definitions,
classifications. The second is dedicated to the classic and modern theories which have appeared since the
eighteenth century to the present. The third chapter is focused on discussing the methodological issues
and statistical models used in the study of business cycles. This part corresponds to the first research
objective, formulated above, related to the knowledge of the theoretical framework.
The second part, entitled " Empirical Approaches to the business cycles" also consisting of three
chapters, focuses on meeting the other three research objectives, addressing in turn, one chapter at a time,
the problem of business cycle indicators, followed by the measurement of synchronization of business
cycles and concluding with the dissemination of economic crisis in social and political spheres of
influence.

Part I Theoretical and methodological aspects of business cycles
Chapter 1 Conceptual Elements of the Business Cycle
1.1. The importance of the business cycle's study




epistemologically, it represents the closest approach to the idea of an experiment in the sciences
"vehicle of progress and instability" , the business cycles have the power to generate strong
convergence in industrial, commercial and financial processes.
the interdependencies established between macroeconomic variables

1.2. Definitions of the business cycle
The "classical" definition of business cycle
Amongst conceptual definitions we mention the one offered by Burns and Mitchell that has
become representative in the twentieth century, considered now to "classical" (Burns, A .; Mitchell, C.,
1946), hereinafter definition of B & M:
” Business cycles are a type of fluctuation found in the aggregate economic activity of
nations that organize their work mainly in business enterprises: a cycle consists of
expansions occurring at about the same time in many economic activities, followed by
-3-

similarly general recessions, contractions, and revivals which merge into the expansion
phase of the next cycle As a term, these fluctuations contain a period extend from 1 to 12 years,
without being possible to be divided into subunits with a similar behavior.”

Figure 1- Diagram of a business cycle

Source: own processing after
http://sparkcharts.sparknotes.com/economics/macroeconomics/section4.php
NBER definition
The practical definition of the business cycle is the one used by the National Bureau of Economic
Research (NBER) in the US, which states that a certain the economy is in recession if it has experienced
two or more consecutive quarters of negative GDP growth, which analogously means that, expansion is
defined as two or more quarters of positive GDP growth. The simplicity of this definition brings into
discussion its validity.

1.3. Characteristics and classification of business cycles
As regards the business cycles, the most used classification is the one according to duration.
Schumpeter (Schumpeter & Schumpeter, 1954) notes:
Stock Cycles (Kitchin), which have a duration of about 40 months. The main reason for their
appearance is the need to rebuild the stock. They also called the "minor cycle".
Fixed assets investment cycles (Juglar) with a duration of about 7-10 years, caused by major
developments arising from industrial processes. These are called "major cycles" or, using Juglar's
terminology of "intercrize" or rather, "inter-recession". Kitchin recognizes their existence, but claims that
these are groups 2-3, rarely 4 short cycles. (Estey, 1960, p. 17).
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Infrastructure investment Cycles of (Kuznets) with a duration of 15-25 years, associated with
demographic processes (migratory movements) that influence the intensity of construction activity.
Long cycles (Kondratiev), which have a duration of 50 years, are due to major innovations,
consisting of an alternation of business cycles with a shorter duration, such as Juglar type cycles.

Chapter 2 Business Cycle Theories
2.1. Historical perspective of the business cycles
The early business cycle analysis models which were developed in the XVIIIth and XIXth century
are the kernels of modern economic theory.
The classical theory proposed by Adam Smith can be considered the starting point of more recent
theories, such as that belonging to Keynes, and the real business cycle, while the first monetarist theories
lead to the development ideas of the Chicago School.
Some initial theories about business cycles, such as demographic, agricultural and climatic
conditions will be completely abandoned in the second half of the twentieth century. These were not
justified any longer by economic realities, but remain valuable by the study instruments they propose, like
structural equations and time series analysis.
2.2. Modern perspective of the business cycles
The twentieth century is a time of ideas and new theories on the business cycle. Extreme events
(world wars, the Great Depression) that occurred during this period of time, provided the impetus for
rethinking the causes of business cycles and ways to overcome recessions.
While Schumpeter identifies innovation as a driver of business cycles, Keynes prefers the
reiteration of classical theory, by altering its assumptions, centering the discussion on aggregate demand.
An opposite view, focusing on aggregate output is given by real business cycle theory.
The Chicago School relies on a logical, econometric approach, , wishing to induce to the central
banks the idea that is not wise to abuse the power they have.

Chapter 3 Econometric Methods for the Study of Business Cycles Phases
From the multitude of existing theories presented in the previous chapter, it is anticipated that the
study methods and econometric models developed are numerous and diverse.
This chapter aims to make a summary of the methods currently used for the study of the business
cycles, along with a comparison of their predictive power, in order to choose the most valuable, with the
shortest response time.
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3.1. Methods for the identifying business cycle phases
3.1.1. Dynamic equations models
3.1.1.1. Dutch econometric model
3.1.1.2. The Samuelson model (1939)
3.1.1.3. The Allais model for monetary dynamics (1955)
3.1.2. Threshold methods - The Bry & Boschan algorithm (1971)
3.1.3 Methods of trend disposal
[1]. Estimate a linear, deterministic trend, and eliminate it from the original series by simply subtraction;
[2]. Differentiate the original series to eliminate the stochastic component;
[3]. Apply complex filters, Hodrick-Prescott type, Baxter-King and Christiano-Fitzgerald
3.1.4. Stochastic methods
3.1.4.1. Auto-regressive methods - ARIMA
Box and Jenkins (1970) proposed the implementation of a methodology based on ARMA (autoregressive moving average) stochastic processes. The equation proposed by them, for a process described
by 𝑦𝑡 series and modeled by ARMA (p, q) is:
𝑦𝑡 − 𝜙1 𝑦𝑡−1 − ⋯ − 𝜙𝑝 𝑦𝑡−𝑝 = 𝜀𝑡 − 𝜃1 𝜀𝑡−1 − ⋯ − 𝜃𝑞 𝜀𝑡−𝑞 ,
where (𝜀𝑡 ) is a series of random independent and identically distributed disturbances.
3.1.4.2. Markov chains
The study the business cycle can benefit from using Markov chains by identifying the business
cycle phases with the set of possible states of a stochastic process.
This leads to a simple Markov chain with two states. The transition probabilities are the elements
of the stochastic matrix:
𝑝11
𝑝21

𝑝12
𝑝22 , 𝑝11 + 𝑝12 = 1, 𝑝21 + 𝑝22 = 1.

The sates of the system are 𝑎1 , 𝑎2 , the transition probabilities 𝑝𝑖𝑗 = ℙ(𝑋𝑛 = 𝑎𝑗 |𝑋𝑛−𝑖 = 𝑎𝑖 ), while
𝑋𝑛 are the variables modeling the chain.
These are estimated by maximum likelihood (Perlin, 2012) starting from the equation:
𝑦𝑡 = 𝜇𝑆𝑡 + 𝜖𝑡
𝜖𝑡 ~𝒩 0, 𝜎𝑆2𝑡 ; 𝑆𝑡 ∈ 1,2
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proving the regime change between states 1 and 2. The maximum likelihood function of this model is:
𝑇

ln 𝐿 =

1

ln

2𝜋𝜎 2

𝑡=1

exp −

𝑦𝑡 − 𝜇𝑆𝑡
2𝜎 2

.

The difficulty of estimating this model is that the 𝑆𝑡 conditions are not known, but are internal to
the system, otherwise it would have been sufficient to maximize the previous expression, depending on
the vector of parameters 𝜃 = (𝜇1 , 𝜇2 , 𝜎12 , 𝜎22 ).
For a Markov chain, the maximum likelihood function is modified, being replaced the weighted
average likelihood for each state 𝑓 𝑦𝑡 |𝑆𝑡 = 𝑗, 𝜃 . The weights are the probability of occurence of the
respective state ℙ 𝑆𝑡 = 𝑗 . The maximum likelihood function becomes:
𝑇

ln 𝐿 =

2

ln
𝑡=1

𝑓 𝑦𝑡 |𝑆𝑡 = 𝑗, 𝜃 ℙ 𝑆𝑡 = 𝑗

.

𝑗 =1

When probabilities are not directly observable, the previous function is estimated iteratively
based on probability inference, according to Hamilton (1989):
1. Choose start probability at time t = 0, for each frame,
ℙ 𝑆0 = 𝑗 , 𝑗 = 1,2
These can be chosen equal, ℙ 𝑆0 = 𝑗 = 0,5, 𝑗 = 1,2 or by calling the unconditional probabilities
(Chauvet & Hamilton, 2005):
ℙ 𝑆0 = 0|𝜓0 =

1 − 𝑝11
2 − 𝑝11 − 𝑝22

ℙ 𝑆0 = 1|𝜓0 =

1 − 𝑝22
2 − 𝑝11 − 𝑝22

2. Choose t = 1 and calculate the probabilities to time t-1:
2

ℙ 𝑆𝑡 = 𝑗|𝜓𝑡−1 =

𝑝𝑗𝑖 ℙ 𝑆𝑡−1 = 𝑖|𝜓𝑡−1
𝑖=1

3. Update the probability for each state for time t. This operation is done by calculating the
conditional probability:
ℙ 𝑆𝑡 = 𝑗|𝜓𝑡 =

𝑓 𝑦𝑡 |𝑆𝑡 =
2
𝑗 =1 𝑓 𝑦𝑡 |𝑆𝑡

𝑗, 𝜓𝑡−1 ℙ 𝑆𝑡 = 𝑗|𝜓𝑡−1
= 𝑗, 𝜓𝑡−1 ℙ 𝑆𝑡 = 𝑗|𝜓𝑡−1

4. Update 𝑡 → 𝑡 + 1 and re-iterate 2-3, until t=T.
5. Compute maximum likelihood function, which estimates the parameters from the vector 𝜃 and
the matrix of the states at time t, 𝜓𝑡 .
𝑇

ln 𝐿 =

2

ln
𝑡=1

𝑓 𝑦𝑡 |𝑆𝑡 = 𝑗, 𝜃 ℙ 𝑆𝑡 = 𝑗|𝜓𝑡

.

𝑗 =1
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3.2. Highlights in the literature on the analysis of turning points
Harding and Pagan define the business cycle through four main features, described as a triangle:
• the duration of the cycle and its phases;
• the amplitude of the cycle and its phases;
• the asymmetric behavior of each phase;
• the accumulated movements in phases.
3.3. Comparing the effectiveness of methods involved in the study of business cycles' phases
3.4 Econometric methods for the synchronization of business cycles
3.4.1. Panel data analysis
Fixed effects Method
Fixed effects method treats the constant as belonging to a particular group, thus it is typical for a
certain section / a temporal moment, hence it allows the use of different constants for each group (section)
or per time unit analyzed.
Random effects method
Random effects method is an alternative estimate, which considers the constants belonging to
each section / time as random parameters, rather than fixed.
3.4.2. Cluster analysis
The thesis employs two different clustering techniques, ie hard k-means clusters and fuzzy cmeans clusters, in order to assess the most appropriate method of measuring the transmission of business
cycles.
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Part II Empirical approaches to the phases of the business cycles
Chapter 4. Business cycle indicators
4.1. Precursor, successor and coincident indicators of the business cycles
Table 1- Classification of the usual business cycle indicators
Indicators

Precursor

Coincident

Successor

Pro-cyclical

Investments

GDP/GNP

Inflation

Anti- cyclical

Initial unempl.rate

Commercial flows

Unemployment rate

Non-cyclical

--------------------------

Source: (Roubini)

4.2. STUDY - Gold and unemployment - business cycle indicators
The purpose of this study is to evaluate statistically the predictive power of several variables, in
order to validate them as indicators of the business cycle and to classify them either as precursor or
successor indicators. The detection of critical points in the time series, focuses exclusively on US area
and the study uses Markov chains. The results show that both the gold price and unemployment can play
alternatively the role of as precursor or successor indicators.
The novelty of the study lies in the idea of introducing a third dimension in the classification
matrix discussed at the beginning of the chapter, namely, the business cycle phase. In this case, some
indicators, which show only a weak pro-cyclical or anti-cyclical character towards the business cycle are
particularly useful when studying the relationship only with a certain stage of the business cycle.
The results in this section were published under the title "Leading and lagging indicators of the
economic crisis" (Palasca & Jaba, 2014).

Chapter 5. Synchronization of the business cycles
5.1. Causes, motivations, tools and economic effects of business cycles synchronization
5.1.1. Synchronization of business cycles
A special phenomenon regarding the business cycles is represented by their synchronization, an
equally controversial and difficult phenomenon.
5.1.2. Determinants of business cycle synchronization
The literature has identified four main determinants of business cycle synchronization, namely:


International Trade;
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industrial structure and specialization;
financial channels;
economic policies and structural determinants,

which are super-imposed on globalization, a phenomenon that can be analyzed from two perspectives,
both as a driver and as a result of synchronization.
5.2. STUDY - Business cycles' synchronization through international trade in Europe 19912011
The euro area has a clearly defined business cycle dictated by the founders and supported by the
countries of the second wave of accession. With regard to the indicators used, it turned out that both GDP
and annual growth rates for external trade are good measures for modeling business cycles
synchronization.
The results in this section were published under the title "Statistics of the Romanian Political
Business Cycle" (Palasca, 2013)
5.3. STUDY - Business cycles' synchronization through foreign direct investment in Europe
1992-2011
The purpose of this study is to explain the synchronization of business cycles, starting from the
relationship between the growth rate of GDP and the inputs/ outputs of foreign direct investment (FDI). In
terms of methodology, the study uses panel data analysis which has the advantage that it captures the
behavior of both the cross section (country) and the effects of the period (year).
An array of fixed and random effects models are proposed and tested in order to choose the most
appropriate and statistically significant.
The study concludes that there is strong statistical evidence, supporting the existence of the
synchronization of business cycles in Europe. In addition, the statement of the previous study, which
claims that the degree of synchronization is dependent on the time of accession to the European Union if
also verified.
The results in this section were published under the title "Globalization versus Segregation Business Cycles Synchronization in Europe." (Enea & Palasca, 2012)
5. 4. Estimating the effects of synchronization of business cycles in Europe, using cluster
analysis
The clustering of countries, on economic and / or financial grounds has increased the importance
of evaluating the transmission of fluctuations between countries, as evidenced by recent works (Artis M.,
Okubo T., 2009; Eickmeier, 2007).
- 10 -

The methods used for these studies cover a wide range of statistical approaches, including cluster
analysis and, more specifically, fuzzy cluster analysis (Boreiko, 2003), (Tsangarides & Qureshi, 2008),
which is considered to be more realistic, as a country can have a number of features in common with a
certain group and other features can be more similar to those of another group.
The aim of this work is to compare the two methods of grouping, ie disjoint clusters k-means type
clustering and fuzzy c-means type on their performance to assess the business cycle transmission between
European countries in the last two decades.
The results in this section were published under the title
• "Measuring Globalization by Means of Business Cycles Synchronization. A Fuzzy Cluster
Framework. "(Jaba, Palasca, Enea, & Roman, 2014)
• The results of this section were published under the title "Business Cycle Synchronization
Channels in the European Union" (Enea & Palasca, 2013)
5.5. STUDY: Business cycles' synchronization in the G7, using Markov chains
The objective of this study is to divide the countries of the G7, in leaders and followers, in terms
of the business cycle and in particular regarding the crisis. To this end, were implemented in MATLAB
Markov switching models to identify critical points in the series of the quarterly seasonally adjusted GDP,
for the time interval 1991-2012.
The results show a clear demarcation between leaders and followers, each country playing a
different role in each phase of the business cycle. Moreover, there is a significant quadratic relation
between the aforementioned probability and duration of the crisis.
The results in this section were published under the title "Leaders and Followers in the Business
Cycle Game. A Case Study of the G7 "(Palasca & Jaba, 2015).
5.6. Macro-cycle or macro- cycles in Europe?
Europe's case is relevant to the problem of synchronization of business cycles, because this
region is a veritable breeding ground for the elusive phenomenon, especially in its history after World
War II and, more recently, in the period after 1990.
The results showed that, depending on the variable studied, the findings differ significantly.

Chapter 6. Political and Social Effects of the Business Cycle
In an ideal context, political influences economic and social dimensions only indirectly, through a
positive the legal framework, conducive to development, which it creates and is intended for the proper
functioning of the other two spheres.
The proposed approach aims to quantify the magnitude of these influences in two directions :
- 11 -

• the link between business cycle and political cycle;
• the influence of the economic crisis on health policies.
In reality, the political influence is likely to be direct by regulatory and budgetary constraints that
may destabilize the chances of achieving a market equilibrium situation.
6.1 STUDY - The political business cycle in Romania
The purpose of this section is to demonstrate the intrusion of political manipulation tools before
the election, followed by reverse policies after the elections, leading to the emergence of a cyclical
pattern. The study focuses on the case of post-communist Romania. Statistical analysis of data provides
clear evidence of political intrusion in the economy of Romania between 1995-2014.
The results in this section were published under the title "Statistics of the Romanian Political
Business Cycle" (Palasca, 2013).
6.2 STUDY - Social effects of the economic crisis
This study aims to assess the impact of the current crisis on health systems in European countries,
in order to highlight the link between economic environment and negative, on the social level. The results
on the time axis, indicated a clear breakdown of all national healthcare systems in 2009, while the effects
of cross-sectional suggested that the 23 countries could be divided into 3 groups depending on their health
policy in particular with regard to health insurance.
The results in this section were published under the title "The Aftermath Of The Economic Crisis:
Healthcare Systems'inequalities In Europe" (Palasca & Aeneas, 2014).

Conclusions
Regarding the implications of the studies presented in the thesis, to economic and social policies,
we can mention:
1. Use the gold price in the algorithm for calculating the phase of the business cycle;
2. Extended caution regarding the exchange rate for strong currencies in the pre-election period;
3. Establishment of anti-cyclical measures in vulnerable social areas (health, pensions, education),
whereas the austerity measures destabilize, sometimes irreparably, the system;
4. For small or developing countries, monitor the economic situation of the leader countries,
especially regarding trade and investment relations, as these are business cycles transmission channels. As
a leading country recovers quickly, the recession transmitted through one of the aforementioned channels,
to a developing country can have devastating and long-lasting effects, even if they come with some lag.
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***
Limitations of the discussed studies usually come from the size of the sample, a restriction on
the availability of data or relevance.
The study was mostly focused on the latest economic crisis, as the scope of the thesis did not
include a historical vision. However, in order to validate the proposed methods, they could be applied to
historical data sets.
***
This thesis' contribution to the literature, resides in the fact that it presented the study of business
cycles, in statistical terms, using a stochastic modern vision, without attempting to explain past economic
crises, but only using the data provided by these as a basis to build new models.
Based on the theory of "black swans", which argues that rare but potentially devastating events,
such as major economic crises cannot be predicted but must be anticipated, in this thesis the author has
tried, wherever possible, to introduce idea volatility and randomness in the models built.
We believe that although these deterministic models lose the elegance of simplicity, they gain
robustness anti-fragility (Taleb, 2012).
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