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Abstract

This thesis presents an empirical analysis of the unemployment hysteresis in

the Czech Republic on quarterly data from 1999 to 2015. The hysteresis is

modelled by allowing for: (i) impact of the cyclical unemployment on the

NAIRU; (ii) impact of the long-term unemployment on the NAIRU. Models

are written in state space form and estimated using the Bayesian approach.

The main contributions of this thesis are as follows. The results provide ro-

bust evidence in favour of the hysteresis in the Czech Republic, but precise

size of the hysteresis effect is surrounded by relatively large uncertainty. Pos-

terior mean estimates of key parameters indicate that in response to increase

in the cyclical unemployment of 1 percentage point, the NAIRU increases by

0.15 percentage points. The first specification of the hysteresis implies that

the hysteresis induced changes in the Czech Republic’s NAIRU of at most 1

percentage point. The hysteresis specified as impact of the long-term unem-

ployment on the NAIRU then implies even weaker effect, inducing changes in

the NAIRU of at most 0.6 percentage points. The models are estimated jointly

with the hybrid Phillips curve identified using survey forecasts as proxies for

the expectations. Estimate of the expectations’ parameter 0.65 indicates the

forward-looking nature of the Czech Republic’s inflation dynamics.
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Abstrakt

Tato práce na čtvrtletńıch datech pro Českou republiku z let 1999-2015 předsta-

vuje empirickou analýzu hystereze nezaměstnanosti. Hystereze je modelována

jako: (i) vliv cyklické nezaměstnanosti na NAIRU; (ii) vliv dlouhodobé nezaměst-

nanosti na NAIRU. Modely jsou formulovány ve stavovém tvaru a odhadnuty

pomoćı bayesovského př́ıstupu. Tato práce přináš́ı následuj́ıćı závěry. Výsledky

odhad̊u poskytuj́ı robustńı evidenci ve prospěch hystereze v České republice,

avšak přesná velikost efektu hystereze je obklopena relativně velkou nejisto-

tou. Odhady posteriorńı středńı hodnoty kĺıčových parametr̊u naznačuj́ı, že v

reakci na nár̊ust cyklické nezaměstnanosti o 1 procentńı bod vzr̊ustá NAIRU

o 0.15 procentńıho bodu. Má prvńı specifikace hystereze implikuje, že hys-

tereze vyvolala změny v NAIRU České republiky o maximálńı výši 1 pro-

centńıho bodu. Hystereze specifikována jako vliv dlouhodobé nezaměstnanosti

na NAIRU pak implikuje dokonce slabš́ı efekt, vyvolávaj́ıćı změny v NAIRU

o maximálńı výši 0.6 procentńıho bodu. Modely hystereze jsou odhadnuty

společně s hybridńı Phillipsovou křivkou, identifikovanou za použit́ı inflačńıch

očekáváńı finančńıho trhu jako proxy proměnné pro očekávanou inflaci. Odhad

parametru očekávané inflace 0.65 indikuje vpřed hled́ıćı charakter inflačńı dy-

namiky v České republice.
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Hypothesis #1: Is the unemployment rate in the Czech Republic evolving

accordingly to the unemployment hysteresis theory? If yes, then how strong is

the hysteresis in the Czech Republic?

Hypothesis #2: Is the unemployment rate in the Euro Area evolving accord-

ingly to the unemployment hysteresis theory? Is hysteresis stronger in the

Czech Republic or in the Euro Area?
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long-term unemployment and depreciation of human capital?
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cyclical component. Hysteresis effect is introduced by a lagged effect of the cyclical

unemployment on the equilibrium unemployment rate. Then we can test the statis-

tical significance of this lagged effect of the cyclical unemployment and thus of the

hysteresis in the Czech Republic and in the Euro Area. And the size of this lagged
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root approach. They also provide measure of the strength of the hysteresis mecha-

nism and allow for an indirect test of the depreciation of human capital hysteresis

hypothesis. Thus I think that models which I am going to use can bring a new insight
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Chapter 1

Introduction

Standard macroeconomic models typically assume that aggregate unemploy-

ment rate can be decomposed into cyclical component and long term equi-

librium component, known also as the Non-accelerating inflation rate of un-

employment (NAIRU) or the natural rate. In a short run, aggregate demand

and monetary policy can induce deviations of the cyclical unemployment from

the NAIRU. But in a long run, unemployment converges back to the NAIRU,

which is determined by structural characteristics of economy and independent

of monetary policy. This insight into the long run neutrality of money has a

long tradition in the economic theory and is characteristic also for state of the

art Dynamic stochastic general equilibrium (DSGE) models.

In contrast with the standard natural rate approach, unemployment hys-

teresis theory states that the cyclical unemployment and the NAIRU do not

evolve independently. Concept of hysteresis builds on an idea that even tran-

sitory causes may have permanent effects. In context of unemployment, the

hysteresis states that the NAIRU is affected also by cyclical shocks, in addition

to its structural characteristics. The unemployment hysteresis brings impor-

tant policy implications. Theoretical results of Kapadia (2005), Kienzler &

Schmid (2014), and Gaĺı (2015; 2016) point to adequacy of the dual mandate

of central banks in presence of the hysteresis. Empirical results of Ball (1999)

then imply that passive economic policy during recessions has a high costs: not

only temporarily but permanently high unemployment.

The aim of this thesis is to evaluate the unemployment hysteresis on the

Czech Republic’s data. Until now, almost all authors who have investigated the

hysteresis on the Czech Republic’s data have used a simple unit root tests. The

weak point of the unit root approach is in the fact that the tests are valid only
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against the alternative of constant NAIRU. Some tests control for structural

breaks in the NAIRU using dummy variables, but this approach is rather ad

hoc, allows for only small number of structural breaks, and has only limited

economic interpretation. Unfortunately, conclusions about the hysteresis in the

Czech Republic crucially depend on this weak point of the unit root approach.

The hysteresis is usually rejected if tests control for structural breaks (see e.g.

León-Ledesma & McAdam 2004; Camarero et al. 2008), and tests support the

hysteresis otherwise (e.g. Gozgor 2013; Furuoka 2014a).1

On the other hand, state space modelling strategy of the hysteresis, intro-

duced by Jaeger & Parkinson (1994), specifies hysteresis from its definition as a

situation when the cyclical shocks affect the NAIRU. The state space approach

allows for progressive structural changes in the NAIRU. In addition, it does

not require specification of the NAIRU’s determinants, or additional informa-

tion about the timing or shape of the structural changes. Until now, this state

space approach to the hysteresis has not been applied on the Czech Republic’s

data. Model-based investigation of the hysteresis presents only Němec (2010)

and Pošta (2015), whose results strongly support the hysteresis in the data.

This thesis thus builds on the results of Němec (2010) and Pošta (2015),

uses the state space modelling strategy of Jaeger & Parkinson (1994), and in-

vestigates the following questions. Firstly, is unemployment rate in the Czech

Republic evolving accordingly to the unemployment hysteresis theory? And if

yes, how strong is the hysteresis effect? Similar questions were already inves-

tigated by Němec (2010), who estimated model of a hysteretic Phillips curve,

a reduced-form open economy model with rational expectations, and an error

correction model of wage bargaining between firms and unions.2 This thesis

uses a different approach and investigates the hysteresis specified as impact of

the cyclical unemployment on the NAIRU. Secondly, this thesis follows a recent

study of Pošta (2015), investigates hysteresis specified as impact of the long-

term unemployment on the NAIRU, and compares results of this approach with

results from the first approach.

Models of hysteresis are estimated using the Bayesian methods and quar-

terly time series which runs from 1999Q2 to 2015Q3. In a nutshell, the results

provide robust evidence in favour of the hysteresis effect in the Czech Republic’s

unemployment data. Estimates of key parameters of the models then indicate

that the hysteresis effect is relatively weak, but its precise size is surrounded by

1The empirical literature on hysteresis in the Czech Republic is summarized in Section 3.2.
2For more details about the results of Němec (2010), see Section 3.2.
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relatively large uncertainty. The estimates imply that in response to increase

in the cyclical unemployment of 1 percentage point, the NAIRU increases on

average by 0.15 percentage points. The hysteresis thus historically induced

changes in the Czech Republic’s NAIRU of at most 1 percentage point.

The remainder of this thesis is organized as follows. Chapter 2 provides brief

summary of the natural rate and the hysteresis theory. Chapter 3 reviews a

relevant empirical literature. Chapter 4 introduces our econometric framework

and data which are used for empirical investigation of the hysteresis. Chapter 5

presents the unit root analysis of the Czech unemployment and results for

our baseline models. Sensitivity and robustness of results from these baseline

models is then investigated in Chapter 6. Chapter 7 concludes with summary

of the main findings.



Chapter 2

Theoretical Background

2.1 Natural Rate of Unemployment

The concept of natural rate of unemployment firstly introduced Milton Fried-

man (1968, p. 8) during his famous presidential address to the American Eco-

nomic Association, using the following definition:

”The natural rate of unemployment, in other words, is the level that would be

ground out by the Walrasian system of general equilibrium equations, provided

there is imbedded in them the actual structural characteristics of the labour

and commodity markets, including market imperfections, stochastic variability

in demand and supplies, the cost of gathering information about job vacancies

and labour availabilities, the costs of mobility, and so on.”

Friedman (1968, p. 10-11) utilized this concept in his critique of a permanent

inflation-unemployment trade-off. Friedman claims that this trade-off exists

only in short run and that it comes from an unanticipated inflation. He claims

that labour market can be kept below the natural rate of unemployment only

by accelerating inflation.

The natural rate of unemployment is thus connected with the inflation-

unemployment trade-off, or a Phillips curve. Ball & Mankiw (2002, p. 118)

present the following form of the Phillips curve

πt = Etπt+1 − λ(ut − uNt ) + εt (2.1)

where πt and Etπt+1 denote actual and expected inflation, ut is unemployment

rate, εt is a supply shock, and λ denotes the slope of the Phillips curve. The

natural rate of unemployment uNt then represents unemployment prevailing

when inflation expectations are confirmed and there are no supply shocks.
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When we assume a simple adaptive expectations where Etπt+1 = πt−1, the

Phillips curve can be written as

∆πt = −λ(ut − uNt ) + εt (2.2)

where ∆πt represents the change in inflation. The natural rate of unemploy-

ment uNt then can be interpreted as the NAIRU, Non-Accelerating Inflation Rate

of Unemployment, or as the unemployment rate stabilizing the inflation. And

as Ball & Mankiw (2002, p. 119) point out, in environment where inflation

is close to the random walk process, forecasting inflation by past inflation is

actually not far from the rational expectations.

A small note on terminology. In remainder of this thesis we follow Stiglitz

(1997, p. 3) and define the NAIRU as

”The rate of unemployment consistent with an unchanging inflation rate.”

And similarly as Stiglitz (1997) we use the NAIRU as a synonym for the natural

rate of unemployment, as is usually done in the literature. Even though, strictly

speaking, the NAIRU and the natural rate of unemployment are equivalent only

in the accelerationist Phillips curve (2.2). Furthermore, following Layard et al.

(1991, p. 15), the NAIRU will be also treated as a synonym for the equilibrium

unemployment rate.

A standard economic literature usually assumes that the NAIRU is deter-

mined by structural characteristics of labour market, independently on aggre-

gate demand, and that the NAIRU changes over time. A research that attempted

to identify determinants of the NAIRU is reviewed by Blanchard & Katz (1997,

p. 51-52). This research is driven by two key ideas: (i) labour market can

be characterized by large flows of workers; (ii) wage setting differs from the

competitive wage setting.

Investigation of the flows of workers among different labour market states

summarise in their book Davis et al. (1998), up-to-date literature then present

Davis et al. (2006) or Davis et al. (2012). This stream of the literature generally

points to a large magnitude of the labour market flows. These flows in turn

imply that there exists some frictional unemployment as one of the NAIRU’s

components.

Imperfectly competitive wage setting is then investigated within three main

theoretical frameworks: matching models, efficiency wage models, and compet-

itive models. The matching models, represented by work of Dale T. Mortensen

(1994), determine equilibrium of labour market in environment where firms and
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workers have some bargaining power and mutually search for each other. Higher

equilibrium unemployment rate in these models is associated with a higher

search and matching frictions, as is discussed by Pissarides (2011, p. 1096):

”The frictions could be due to a number of factors, such as mismatch between

the skill requirements of jobs and the skill mix of the unemployed, differences

in location, the institutional structure of an economy with regard to the trans-

mission of information about jobs, and others.”

The efficiency wage models are centred around hypothesis that labour pro-

ductivity depends positively on real wage of workers. This then explains why

firms may not reduce wages and thus hire more workers in presence of an

involuntary equilibrium unemployment. Wages higher than under the perfect

competition may bring at least four benefits for firms (Yellen 1984, p. 200-204):

(i) A higher cost of job loss for workers and thus reduced shirking

(ii) Reduction of labour turnover which is costly for firms

(iii) Reduction of an adverse selection - with a wage cut, the most productive

workers would leave as the first

(iv) Higher wages may also raise a group work norms and thus an average

effort of workers.

As is claimed by Blanchard & Katz (1997, p. 53), the efficiency wage models

imply that all factors affecting wage setting affect also involuntary unemploy-

ment and thus the NAIRU.

The competitive approach, summarized by Murphy & Topel (1997, p. 295),

stresses that some part of unemployment may be caused also by a poor labour

market opportunities for some workers, whose optimal labour supply decision

may be not to work. This approach also focuses on nonemployment rate, which

measures a proportion of workers who are out of labour force, and thus should

capture state of labour market more appropriately than unemployment rate.

Murphy & Topel (1997, p. 298) show both theoretically and empirically that

decreasing employment among American men during 1970s can be partially

explained by this competitive approach within simple labour supply-demand

framework: given stable and elastic labour supply, a steady decrease in labour

demand for the less-skilled workers (due to skill-biased technological changes)

results in fall in employment of these workers.
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Having defined different theoretical approaches to the NAIRU, several au-

thors assessed how well the structural characteristics of labour market em-

pirically explain movements in the NAIRU. The latest research on this topic

represent Gianella et al. (2008), Fedeli et al. (2015), and Afful (2014).

Gianella et al. (2008, p. 6) firstly estimate the NAIRU using a Phillips curve

and Kalman filter for a panel of Organisation for Economic Co-operation and

Development (OECD) countries. These estimates of the NAIRU are then re-

gressed on a set of institutional and policy variables. Controlling for unob-

served macro shocks and potential endogenity of the institutions, only level of

the tax wedge, union density, and long-term real interest rates as proxy for the

cost of capital, have a robust and positive impact on the NAIRU.

Fedeli et al. (2015) then also use the Kalman filter estimates of the NAIRU

for 22 OECD countries. The authors use a panel cointegration analysis and

conclude that net lending of government and general government total receipts

have also significant and positive impact on the NAIRU.

Afful (2014) similarly firstly estimates the NAIRU using an iterative Phillips

curve approach for panel of 15 OECD countries, and then employs a panel

regression techniques. The author concludes that from 11 different variables

characterizing the structure of labour market, only the degree of union density

and the proportion of young people in the labour force have significant impact

on the NAIRU.

The results of these three studies thus show that almost 20 years old words

of Blanchard & Katz (1997, p. 69) are still valid:

”While substantial conceptual progress has been made in thinking about the

natural rate of unemployment, empirical knowledge lags behind. Economists

are a long way from having a good quantitative understanding of the determi-

nants of the natural rate, either across time or across countries.”

And this lag of empirical knowledge is reflected also by Richardson et al. (2000,

p. 34-39), who review recent literature and conclude that the most popular tech-

nique in empirical works estimating the NAIRU is a semi-structural framework

based on a Phillips curve and Kalman filtration, with the NAIRU specified sim-

ply as the random walk. This specification of the NAIRU in fact does not require

a good quantitative understanding of the determinants of the natural rate, but

instead of this identifies the NAIRU as the unemployment rate consistent with

a stable inflation. Models which are estimated in this thesis also follow this

semi-structural approach, for details see Chapter 4.
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2.2 Unemployment Hysteresis

Unemployment hysteresis hypothesis is an interesting extension of the natural

rate of unemployment theory. While traditional NAIRU theories assume that the

equilibrium unemployment rate is unaffected by the cyclical unemployment,1

the hysteresis allows for permanent effects of the purely transitory shocks. The

hysteresis was introduced into the economics by Blanchard & Summers (1986)

as explanation for European experience in the 1980s: it seemed that European

unemployment rates in response to the transitory oil price shocks permanently

increased and failed to converge back to the original NAIRU. Blanchard &

Summers (1986, p. 17) introduced the following definition of the hysteresis:

”Formally, a dynamic system is said to exhibit hysteresis if it has at least one

eigenvalue equal to zero (unity, if specified in discrete time). In such a case, the

steady state of the system will depend on the history of the shocks affecting

the system. Thus, we should say that unemployment exhibits hysteresis when

current unemployment depends on past values with coefficients summing to

1. We shall instead use hysteresis more loosely to refer to the case where the

degree of dependence on the past is very high, where the sum of coefficients is

close but not necessarily equal to 1.”

Again a small note on terminology. The concept of hysteresis has origins

in physics, and its key idea is that even transitory causes may have permanent

effects (O’Shaughnessy 2011, p. 324). In remainder of this thesis we will stay

with this traditional definition, and the hysteresis will denote situations when

the cyclical or transitory shocks have a permanent effects in a sense that they

affect the NAIRU.

On the other hand, some authors distinguish between the terms hystere-

sis effects and pure hysteresis in unemployment (Roed 1997, p. 396). The

hysteresis effects in unemployment denote a situation when transitory shocks

have strongly persistent, but not permanent effects on the equilibrium unem-

ployment. The pure hysteresis is a special case when transitory shocks have a

permanent effects on the equilibrium unemployment. But Roed (1997, p. 406)

points out that this distinction between the strong persistence and the pure

hysteresis is not a crucial problem from a practical point of view:

”In the presence of very strong persistence, the long run equilibrium of a

non-hysteretic model may be almost irrelevant because it fails to attract the

1The cyclical unemployment rate, or the unemployment gap, is usually defined as the
difference between the actual unemployment rate and the NAIRU. This definition is used
also in this thesis. Some alternative definitions of the unemployment gap are presented for
example by Stock & Watson (2010, p. 17).
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variables of interest with any appropriate strength. Hence, even if the non-

hysteretic model is true, it may elicit false conclusion to the extent that weight

is attached to its equilibrium solution. On the other hand, hysteretic model

may be false in the formal sense, but nevertheless provide a fairly good basis

for understanding the present functioning of the labour market.”

It is far more important to distinguish between exogenous structural changes

in unemployment, and between the effects of the hysteresis. In case of the ex-

ogenous structural change, the unemployment permanently changes in response

to a shift in some of the structural parameters which determines the NAIRU.

On the other hand, the hysteresis is a situation when unemployment changes

permanently from a different reason. Structural determinants of the NAIRU are

affected by the cyclical deviations from the NAIRU, causing that deviation from

the equilibrium changes the equilibrium itself (Roed 1997, p. 395).

There are various mechanisms through which may the hysteresis work. A

comprehensive reviews of a theoretical literature which has focused on this

problematic are presented for example by Roed (1997) or O’Shaughnessy (2011).

The following subsections will briefly describe only two of these mechanisms,

role of insiders in wage bargaining, and role of long-term unemployed.

Another theoretical explanations emphasize for example path dependence in

formation of preferences, path dependent stigma effects associated with unem-

ployment, effects of cyclical unemployment on formation of institutions, effects

of cyclical unemployment on capital formation, increasing returns to scale, and

for example coordination failures (Roed 1997, p. 398-405).

2.2.1 Insider Effects in Wage Bargaining

According to Blanchard (2006, p. 19), the insider-outsider approach is the

most influential approach in current theoretical research of the hysteresis. But

role of insiders in wage bargaining was highlighted even in a seminal work

of Blanchard & Summers (1986). The insider-outsider models are based on

a crucial assumption that wage bargaining is largely influenced by insiders,

currently employed workers. Outsiders, currently unemployed workers, do not

have a significant impact on the wage determination.

Blanchard & Summers (1986, p. 29) used an extreme example, which il-

lustrates how the insider-outsider mechanism works: Suppose that all wages

are set by bargaining between insiders and firms, and that the only objec-

tive of insiders is to maintain their jobs. Insiders thus set wages such that
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future employment remains the same in expected value. But due to presence

of macroeconomic shocks, employment and unemployment follow the random

walk processes. An adverse shock, which would under normal circumstances

increased unemployment only temporarily, causes that some of insiders loose

their insiders status. And a smaller group of insiders then in the next period

sets wage such that their employment remains the same in expected value. Un-

employment thus in response to the temporary shock increases not temporarily,

but permanently.

Blanchard & Summers (1986, p. 30-39) formalized these ideas in their model

and showed that employment and unemployment rates follow a random walk

(and we thus obtain the pure hysteresis) only in a special case when we define

members of the insiders group as currently employed workers. If unemployed

maintain the insider status for some time after loosing their job, the insider-

outsider model generates persistent but not non-stationary unemployment rate.

We will present these conclusions within a model proposed by Gustavsson &

Österholm (2007, p. 161), which is a simplified version of the original model of

Blanchard & Summers (1986).

This model has three building blocks: demand for product of firm i, firm’s

production function, and insider’s wage setting rule. All variables are repre-

sented in logarithms. The demand for product of firm i in period t is

yi,t = (mt − pt)− α(pi,t − pt) (2.3)

where yi,t is the firm’s output, mt is the nominal money supply, pt is the

aggregate price level, pi,t is the firm’s nominal price, and parameter α > 1.

The firm’s production function is for simplicity linear and with labour as the

only input

yit = ni,t (2.4)

where ni,t is employment in particular firm. The wage setting rule is based

on assumption that each firm’s insiders n∗
i unilaterally set wage, knowing that

outsiders are employed only after all insiders have their job. Wages are set

before the nominal money supply (the only source of shocks in this model) is

known according to

Et[ni,t] = (1− ρ)n∗
i + ρni,t−1 (2.5)

where 0 ≤ ρ ≤ 1 is weight of unemployed insiders in the wage setting rule.

If ρ = 0, wages are set to employ all insiders in expectation. And if ρ = 1,
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only the currently employed insiders are in expectation employed in the next

period (Gustavsson & Österholm 2007, p. 161).

Each firm maximizes its profit function

πit = yi,tpi,t − wi,tni,t (2.6)

where wit represents the nominal wage paid by firm i. Using (2.4), maximiza-

tion of profit with respect to ni,t gives the following optimality conditions

pi,t = wi,t (2.7)

pt = wt (2.8)

The labour demand of firm i is then obtained plugging (2.4), (2.8) and (2.7)

into (2.3)

ni,t = (mt − wt)− α(wi,t − wt) (2.9)

Substitution of this labour demand into the wage setting rule (2.5) implies

that the wage wi,t set by insiders satisfies

Et[mt]− Et[wt]− α(wi,t − Et[wt]) = (1− ρ)n∗
i + ρni,t−1 (2.10)

Using assumption that all firms and insiders are the same, the nominal wage

set by all firm-specific insiders is the same:

wi,t = wt = Et[wt] (2.11)

Using this result and substituting (2.5) into the labour demand (2.9), we

obtain that the aggregate employment is given by

nt = (1− ρ)n∗ + ρnt−1 + εt (2.12)

where εt = (mt − Et[mt]) ∼ i.i.d.(0, σ2
ε) holds under assumption that expecta-

tions are rational and that shocks to the money supply are i.i.d..

Equation (2.12) thus shows that the insider-outsider model implies the ran-

dom walk process for employment only if ρ = 1, when insiders set wages in a

way that the future employment remains the same in expected value. Other-

wise, this model predicts possibly persistent but stationary behaviour of the

employment. As Gustavsson & Österholm (2007, p. 161) point out, a substan-

tial part of the empirical literature is motivated by equation (2.12), assume



2. Theoretical Background 12

one to one relationship between employment and unemployment, and test the

hypothesis of hysteresis by means of a unit root tests. For further discussion

of this unit root approach to the hysteresis, see Subsection 3.1.1.

2.2.2 Role of Long-Term Unemployment

Another mechanism that theoretically explains how the unemployment hys-

teresis works emphasizes a role of the long-term unemployed. One stream of

this literature focuses on depreciation of human capital, assuming that the

long-term unemployment is associated with some loss of skills.

Pissarides (1992) incorporates the search and matching labour market into

an overlapping generations model and shows that when there is depreciation

of human capital during a period of unemployment, aggregate employment is

strongly persistent. The mechanism causing persistence has form of the thin

market externality, described by Pissarides (1992, p. 1371-1372) in the following

way:

Consider a one-period negative shock to employment that reduces hiring, and

so lengthens unemployment durations. If unemployed workers lose some of

their skills and become less attractive to firms, fewer jobs come into the market

next period. The market becomes thin, because job seekers as a whole have

less human capital. But with the number of jobs below trend after the shock,

the unemployment durations of the new cohort of unemployed also increase

above trend. So the market remains thin, even if the old unemployed have all

left unemployment. The thin market leads to more job shortage which in turn

perpetuates the thinness.

For some values of parameters, the model of Pissarides (1992) can gen-

erate even the pure hysteresis in a form of multiple stable equilibria. Small

shocks then cause fluctuations around a low unemployment or around a high

unemployment equilibrium. But sufficiently high transitory shock permanently

moves economy from one equilibrium to another.

An interesting modification of the accelerationist Phillips curve presents

Ball (1999). Ball (1999) assumes that the long-term unemployed do not put

downward pressure on wages and thus do not affect inflation. According to

Nickell (1987, p. 111-112), this absence of the pressure on wages may be caused

by loss of skills during unemployment, or the long-term unemployed may get

out of the habit of working. As a result, the long-term unemployed may be less

active in job searching and also less desirable for employers. And in extreme

case, they may exhibit no pressure on wages.
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Ball (1999, p. 228-229) in his model assumes constant labour force nor-

malized to one and employment nt determined exogenously by aggregate ex-

penditures. st denotes the short-term unemployed workers, defined as workers

unemployed for one time period. Long-term unemployment is then 1− nt − st
and denotes workers unemployed for more then one time period. There is fixed

job separation rate β. Finding of a new job takes time, workers whose jobs

break up become unemployed and a new jobs are occupied by the unemployed

form the previous period. Ball (1999) shows that these assumptions imply that

in the steady state s̄ = βn̄, or that the steady state ratio of the short-term

unemployed to the employed equals to the job separation rate β.

The modified accelerationist Phillips curve is then specified as

πt = πt−1 − λ(
st
nt
− β) (2.13)

where only movements in the st/nt change inflation in the opposite direction,

and the long-term unemployed do not exhibit wage and inflation pressures.

Ball (1999, p. 229-230) argues that this Phillips curve relation can be gener-

ated within a standard efficiency-wage model of Shapiro & Stiglitz (1984), or

within the search and matching model of Blanchard & Diamond (1994). Hir-

ing of the long-term unemployed is costly in model of Blanchard & Diamond

(1994), because the long-term unemployed need retraining or do not search

for a job as the short-term unemployed. Ball (1999) shows that the Phillips

curve (2.13) implies that if the employed worker loses job, he becomes short-

term unemployed and his re-employment chances depend only on the amount

of short-term unemployed. The re-employment chances does not depend on

the amount of the long-term unemployed, because their hiring is more costly

for firms.

Ball (1999, p. 230-231) emphasizes that if the aggregate expenditures are

sufficiently high, the firms in his model hire even the long-term unemployed.

In this situation, the long-term unemployed do not put pressure on the wages,

but firms prefer to hire them rather then leave jobs vacant. As the result,

model based on the modified Phillips curve (2.13) generates pure hysteresis in

unemployment: there is unique level of short-term unemployment β consistent

with the stable inflation, but total unemployment has no stable equilibrium

due to behaviour of the long-term unemployment.



Chapter 3

Review of Empirical Literature

This chapter starts with introduction of the most common approaches to the

hysteresis in the literature. Subsection 3.1.1 thus discusses a unit root approach

to the hysteresis, while Subsection 3.1.2 discusses more structural state space

approach to the hysteresis. Section 3.2 then reviews empirical evidence on the

hysteresis in the Czech Republic.

3.1 Leading Approaches to Hysteresis in Litera-

ture

3.1.1 Unit Root Approach

According to Gustavsson & Österholm (2007), a substantial part of the empir-

ical literature considers a unit root in unemployment rate data as synonym for

the unemployment hysteresis. Even Blanchard & Summers (1986, p. 52-58),

who in their pioneering paper estimated employment, unemployment, and wage

equations, in fact also investigated stationarity of unemployment rate series.

Theoretical motivation for stationarity tests of unemployment rates was also

provided by the insider-outsider model of Blanchard & Summers (1986, p. 29-

44). In this model, all wages are determined by bargaining between firms and

employed workers, insiders. The objective of the insiders is to maintain their

jobs, and they do not care about needs of unemployed. The authors then show

that under these circumstances and some additional assumptions, employment

and unemployment rates follow the random walks.

Typical paper from the unit root stream of literature employs univariate

tests of the unit root null hypothesis, versus stationary alternative. There are
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also reversed tests with stationarity under the null hypothesis. In addition, the

unit root and stationarity tests with structural breaks are applied. These tests

are motivated from research of Perron (1989), who showed that standard tests

have a low statistical power in presence of a structural break. These structural

breaks are usually interpreted as changes in the NAIRU. In order to further

increase the power of tests, a panel stationarity and unit root tests are applied;

they may again control for structural changes.

Empirical results of this unit root approach are summarized in a meta-

regression analysis by Stanley (2004), who uses 24 studies containing 99 es-

timates of the unemployment persistence1 and concludes that unemployment

hysteresis falsifies the natural rate theory.

Roed (1997, p. 408) and O’Shaughnessy (2011, p. 325) discuss several weak-

nesses of this unit root approach. One of the most serious is in the fact that

a standard unit root tests are valid only against the alternative of a constant

natural rate of unemployment. Quite frequent solution of this problem is inclu-

sion of a break dummies or various deterministic trends. But these additional

variables should be applied together with a careful reasoning. Otherwise, this

method is rather ad hoc and may result in a serious bias. Because we almost

always reject the null of the unit root if we include sufficient amount of the

break dummies into a model. In addition, tests with structural breaks allow

for only small number of structural changes in time series, typically one or

two. The number of the structural breaks and their timing must be a priori

specified by the researcher, or estimated jointly with the test statistics from

the investigated time series. And these tests usually allow only for structural

changes in form of the discrete jumps.

Solution to the problems of the unit root approach offers the state space

approach to the hysteresis. As is claimed by Logeay & Tober (2006), the state

space models allow for progressive structural changes in the NAIRU and do not

require explicit specification of the NAIRU’s determinants. In addition, they

can provide directly interpretable measure of the strength of the hysteresis in

data. While the unit root approach can only accept or reject hysteresis in the

data and does not provide any information about strength of the effect.

1These persistence estimates are the most often based on the unit root tests, see Stanley
(2004, p. 611-612).
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3.1.2 State Space Approach

Jaeger & Parkinson (1994, p. 331) present the first application of Kalman filter

and state space modelling in the hysteresis literature. The authors proposed

an unobserved components model, where the observable unemployment rate

is decomposed into a nonstationary natural rate component and a stationary

cyclical component. The unemployment hysteresis effect is then specified as an

impact of the lagged cyclical unemployment rate on the natural rate component.

In this framework, deviations of the actual unemployment from its natural rate

may induce permanent shifts in the natural rate of unemployment. Jaeger

& Parkinson (1994) use a linear approach, which can be generalized using a

treshold autoregressive model. This non-linear approach allows for a different

effect of the cyclical unemployment on the natural rate, depending on the state

of the economy (Alon & Sanzo 2005).

Logeay & Tober (2006, p. 414) take a similar approach to the hysteresis

as Jaeger & Parkinson (1994). These authors also decompose the observable

unemployment rate into the NAIRU and the cyclical unemployment. But the

unemployment hysteresis effect is specified as an explicit effect of the lagged

actual unemployment on the unobservable NAIRU, while Jaeger & Parkinson

(1994) use the lagged cyclical unemployment rate.

Slightly different approach to the unemployment hysteresis is presented by

Berger & Everaert (2008). These authors do not directly postulate a reduced

form equations for dynamics of the unemployment like Jaeger & Parkinson

(1994) and Logeay & Tober (2006). Instead of this, the authors derive be-

haviour of the unemployment gap from a model which includes a Phillips curve,2

Okun’s law, and aggregate demand. This approach has two advantages - es-

timated parameters of the model have at least some structural interpretation3

and the model allows for time-varying core inflation. The reduced form of this

model is estimated using Bayesian techniques, while Jaeger & Parkinson (1994)

and Logeay & Tober (2006) use a classical maximum likelihood.

2Derived from a wage setting and a price setting system of equations by Layard et al.
(1991).

3However, the model of Berger & Everaert (2008) is still far from being structural in a
sense of the DSGE models, which are derived from optimization of individual agents. DSGE

modelling of the unemployment hysteresis is very rare. The first introduction of the unem-
ployment hysteresis into the microfounded New Keynesian model presents in his working
papers Gaĺı (2015) and Gaĺı (2016). Gaĺı has so far used only a calibrated version of the
models. Alternatively, the endogenous business cycles DSGE models, reviewed by Farmer
(2016), can also generate a hysteretic behaviour of the unemployment rate. The endogenous
business cycle DSGE model is estimated for example by Plotnikov (2014).
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The unemployment hysteresis may be caused by different mechanisms. One

of them works through the long term unemployment. According to Einarsson

& Sigurdsson (2013, p. 21), the long-term unemployed may reduce effort for

searching jobs and they human capital may depreciate. This may prevent

firms from hiring these workers. The long term unemployed may also play a

role of the outsiders in wage bargaining. The result is that compared with the

short-term unemployed, the long-term unemployed may not exhibit a downward

pressure on wage inflation.

Guichard & Rusticelli (2010, p. 18) and Einarsson & Sigurdsson (2013,

p. 21) therefore use a state space models and investigate a Phillips curve model

which separates unemployment by duration. In particular, these authors spec-

ify the short-term and the long-term unemployment gaps and show that usually

only the short-term unemployment gap has a significant negative effect on the

inflation rate. Very similar approach is also used by Llaudes (2005, p. 13-14),

whose unemployment gap measure in a Phillips curve is based on the weighted

average of the short-term and of the long-term unemployment rates.

Direct impact of the long-term unemployment rate on the NAIRU investi-

gate Logeay & Tober (2006, p. 417-419), Kajuth (2010, p. 5), Rusticelli (2014,

p. 118), and Pošta (2015, p. 156-158). These authors decompose the observ-

able unemployment rate into the NAIRU and the cyclical unemployment and

measure effect of the long-term unemployment rate on the NAIRU.4

3.2 Hysteresis in the Czech Republic

This section provides the review of empirical literature which investigated the

unemployment hysteresis in the Czech Republic. We start with summary of the

most common approach to the hysteresis, unit root and non-stationarity tests.

The review then continues with literature which employed more structural ap-

proaches to the hysteresis. The last paragraphs of this section introduce litera-

ture whose primarily objective is not the hysteresis, but whose results provide

additional evidence about this topic.

León-Ledesma & McAdam (2004) investigated degree of persistence in un-

employment rates of the Central and Eastern European Countries (CEEC),

including the Czech Republic’s monthly data from 1991-2001. The initial unit

root and stationarity tests without structural breaks most often support the

4Or alternatively, some authors investigate effect of change in the long-term unemploy-
ment rate on the NAIRU.
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hysteresis in the Czech Republic’s unemployment. On the other hand, the

hysteresis is rejected by unit root test with structural break. The break date

is estimated for year 1998. Markov-switching regression analysis then reveals

transition of the Czech economy from a low-unemployment state to a high-

unemployment state during the late 1990s.

León-Ledesma & McAdam (2004) used also panel unit root test with struc-

tural breaks for their sample of 12 CEEC, including the Czech Republic. They

conclude that the hysteresis is not presented in the data. A similar methodol-

ogy was used also by Camarero et al. (2008) for panel of 8 CEEC including the

Czech Republic’s monthly data from 1991-2003. Panel stationarity test with

endogenously determined structural breaks again indicate no hysteresis in the

data. The panel unit root tests were applied also by Gozgor (2013), who uses

the monthly data for 10 CEEC, including the Czech Republic from 1998-2012.

A panel unit root test now supports the hysteresis hypothesis in all investigated

CEEC. In contrast with the previous two papers, Gozgor (2013) does not take

into account possible structural breaks in the NAIRU, which may explain his

opposite conclusion about the hysteresis in the data.

Yilanci (2008) tests for unit root in the Czech unemployment against the

alternative of non-linear stationary exponential smooth transition autoregres-

sive process. The author uses monthly data from 1998-2007 and rejects the

linear unit root in favour of the non-linear stationary process. Yilanci (2008)

interprets this result as the evidence against the hysteresis, even though his al-

ternative hypothesis implies that the unemployment exhibits instability within

the locality of its equilibrium level, and that the unemployment converges to-

wards its equilibrium only when it is sufficiently far away from it (Kapetanios

et al. 2003, p. 362).

Furuoka (2014b) investigates quarterly data for the Czech Republic from

1998-2013. The author uses four different linear unit root tests and Seemingly

unrelated regressions (SUR) Augmented Dickey Fuller (ADF) test, which is ap-

plied jointly on the Visegrad Four panel data. All tests of Furuoka (2014b)

reject the hysteresis in the Visegrad Four panel data. On the other hand, Fu-

ruoka (2014a) tests the hysteresis on the quarterly panel data for 14 regions of

the Czech Republic from 2005-2013. The author now uses several linear and

non-linear univariate tests, and the panel SUR ADF test. Furuoka (2014a) con-

cludes that the hysteresis can be rejected only in Central Bohemia, South Bo-

hemia, Vysočina, Zĺın and Moravia-Silesia. But unemployment should evolve

accordingly to the hysteresis theory in the remaining regions. Furuoka (2014a)
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then investigates also the aggregate unemployment rate for the Czech Republic

using eight different (non)stationarity tests without structural breaks. All tests

support hysteresis in the aggregate unemployment data.

Detailed and more structural empirical investigation of the unemployment

hysteresis on the Czech quarterly data from 1995-2007 presents in his disser-

tation thesis Němec (2010). The author starts with a simple unit root tests,

which indicate presence of the hysteresis. Němec (2010, p. 95-100) then esti-

mates a Phillips curve model, which specifies the hysteresis as dependence of

the NAIRU uNt on the lagged actual unemployment rate ut−1

uNt = ηut−1 + zt (3.1)

with zt representing a random shock. The estimate of parameter η is 0.6727,

which is interpreted as a strong hysteresis in the unemployment data. Němec

(2010, p. 101-103) also estimates a reduced-form open economy model with

rational expectations. This model includes the NAIRU specified as the random

walk, and equation for the unemployment gap uCt specified as

uCt = −φ1y
C
t + φ2u

C
t−1 + εt (3.2)

where yCt represents the output gap and εt a random shock. φ2 estimate is

0.85, which indicates a strong persistence of the unemployment gap as a symp-

tom of the hysteresis. Also model of a wage bargaining between firms and

unions estimated in the error correction format identifies hysteresis in the Czech

unemployment data.5 And finally calibrated endogenous growth model quite

successfully replicates presence of two steady states in the unemployment and

capital stock data.

Pošta (2015) investigates the hysteresis specified as impact of the long-

term unemployment rate on the NAIRU, using the quarterly Czech data from

1998-2013. The author uses a two-step procedure. The first step consists of

the structural estimation of the open economy hybrid New Keynesian Phillips

curve (NKPC), using the generalized method of moments. The estimates from

the first step are then used for calibration of some parameters of state space

model, which is in the second step used for estimation of the NAIRU, and of

the impact of the long-term unemployment on the NAIRU. The results of Pošta

5This model is estimated using time series data for inflation, unemployment, employment,
labour force, productivity, and tax burden.
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(2015, p. 157-158) show that the hysteresis effect is significant in the Czech

data, but it has only small impact on the trajectory of the NAIRU.

The most recent research on the unemployment hysteresis in the Czech

Republic present Marjanovic et al. (2015), using the quarterly data from 2000-

2012. The authors specify an unobserved components model, which decomposes

the observable unemployment rate into the natural rate component and the

cyclical component. The natural rate is specified as the random walk and the

cyclical component follows the AR(1) process. The model is estimated using

the Kalman filter. The authors then claim that the unemployment hysteresis

mechanism is presented in the Czech data, because the filtered NAIRU has

statistically significant deterministic trend and is nonstationary according to

the KPSS test.6

Interesting results for the Czech Republic are presented also by Galuščák

& Münich (2005), Br̊uha (2011), Němec (2013), and by Babecký (2008), even

though the hysteresis was not a main research question of these authors.

Br̊uha (2011) estimates an empirical small labour market model in the state

space form on the quarterly Czech data from 1996-2010. The author claims that

low-frequency spectral coherence between output per capita and unemployment

together with the anti-cyclical character of the filtered unemployment trend

indicates presence of the hysteresis in the Czech data.

Němec (2013) estimates a small DSGE model with search and matching

frictions on the Czech quarterly data from 1999-2011. The resulting impulse

response functions to the technology and output shocks are too persistent,

compared with the standard economic theory. The author then claims that

this persistence might be a symptom of the unemployment hysteresis.

Galuščák & Münich (2005) estimate the time-varying unemployment elas-

ticity of real wages using a panel of the Czech district-level data from 1994-2001.

Firstly, their results indicate that the wage formation is mainly affected by the

short-term unemployed, while the wage elasticity for the long-term unemployed

is not statistically significant. Secondly, the results indicate that the wage elas-

ticity significantly dropped during the 1997-1998 recession, but then not have

returned to the pre-recession level. The authors associate this observation with

hysteresis effects in the Czech Republic.

Aggregate wage flexibility was investigated also by Babecký (2008). The

6According to our opinion, this is not the most appropriate method to test the hystere-
sis. The non-stationarity of the filtered NAIRU should not be surprise, because the authors
specified the process for the NAIRU as the random walk.
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author used time-varying Phillips curve and the quarterly Czech data from

1995-2004. The results imply that the wage flexibility with respect to unem-

ployment was increasing till 1998 and declining onwards. Secondly, a vector

error correction model indicates that the Czech real wages grow faster than

productivity, that an adjustment to a long-run equilibrium works through the

unemployment channel, and that the real wage and productivity adjustment

channels are insignificant. Babecký (2008, p. 139) concludes that a stable

long-run equilibrium relationship between productivity, real wages, and unem-

ployment is possible due to rising unemployment.

Results of the empirical literature on the hysteresis in the Czech data thus

can be summarized as follows. The most common approach to the hysteresis,

the unit root and stationarity tests, is producing a mixed results. It seems

that rejection of the hysteresis in the data depends on whether tests control for

structural breaks. While tests without breaks support hysteresis in the data,

the hysteresis is rejected by tests with the structural breaks. On the other

hand, more structural approaches unequivocally indicate the hysteresis in the

data.



Chapter 4

Methodology and Data

This chapter introduces our econometric methodology and data which are used

for evaluation of the hysteresis. Section 4.1 presents Model 1, which specifies the

hysteresis as impact of the cyclical unemployment on the NAIRU. Section 4.2

then presents Model 2, which specifies the hysteresis as impact of the long-

term unemployment on the NAIRU. These two models are estimated on Czech

data jointly with a hybrid Phillips curve, which is introduced in Section 4.3.

Econometric framework used for estimation of the models is briefly described

in Section 4.4, and Section 4.5 introduces our dataset.

4.1 Impact of Cyclical Unemployment on NAIRU

This section outlines an unobserved component model, which will be then used

for evaluation of the strength of the unemployment hysteresis in the Czech

data. We refer to this model as Model 1 in the remaining parts of this thesis.

Specification of the model combines approaches proposed by Jaeger & Parkin-

son (1994) and Logeay & Tober (2006). Similarly as Jaeger & Parkinson (1994,

p. 331), we decompose the observed unemployment rate ut in (4.1) to a sum of

a nonstationary NAIRU component uNt and a stationary cyclical component uCt

ut = uNt + uCt (4.1)

uCt = φ1u
C
t−1 + φ2u

C
t−2 + εCt (4.2)

uNt = uNt−1 + αuCt−1 + εNt (4.3)

The cyclical unemployment uCt in equation (4.4) is specified as AR(2) pro-

cess. Positive parameter φ1 and negative parameter φ2 will capture a ”hump-



4. Methodology and Data 23

shaped” dynamics of the cycle. Similarly as Jaeger & Parkinson (1994) we

assume that the cyclical unemployment is by definition stationary. In order to

conveniently impose stationarity restrictions on the AR(2) process we follow

Planas et al. (2008, p. 19), use a polar notation and reparametrize equation

(4.2) as

uCt = 2A cos

(
2π

τ

)
uCt−1 + (−A2)uCt−2 + εCt (4.4)

where A denotes amplitude and τ period of the cyclical unemployment.1 This

representation thus allows for more natural interpretation of the coefficients,

compared with the original AR(2) parameters in equation (4.4).2

The NAIRU in equation (4.3) is specified as the random walk process. In

addition, parameter α allows for impact of the cyclical unemployment on the

NAIRU. Parameter α in equation (4.3) thus measures strength of the unem-

ployment hysteresis, adopting its spillover interpretation. When parameter α

is positive, some part of the cyclical deviations from the NAIRU remains per-

manent. And α measures in percentage points by how much NAIRU increases

after a 1 % increase in the cyclical unemployment (Jaeger & Parkinson 1994,

p. 332).

Shocks εCt and εNt are mutually independent, normally distributed and with

variances σ2
C and σ2

N . Shock εNt is interpreted as a permanent shock affecting

NAIRU, whereas εC represents a transitory shock which primarily affects the

cyclical unemployment.

As is discussed by Jaeger & Parkinson (1994, p. 332), the unobserved com-

ponent model (4.1) - (4.3) specifies the unemployment hysteresis as a situation

where the transitory (cyclical) shocks have a permanent effects. Within this

model, a unit root in unemployment rate is necessary but not sufficient condi-

tion for the unemployment hysteresis. Unemployment rate may include a unit

1For example Hamilton (1994, p. 56-57) shows that AR(2) process parametrized as in
(4.2) is covariance-stationary if φ1 and φ2 lie within the triangular region described by the
following three conditions: (i) φ2 − φ1 < 1; (ii) φ2 + φ1 < 1; (iii) |φ2| < 1. It is possible
to impose these three conditions on φ1 and φ2 during estimation of the model, but this
approach is rather cumbersome. More practical polar parametrization in (4.4) follows from
the stochastic cycle parametrization introduced by Harvey (1993, 182-183). In comparison
with Harvey (1993), (4.4) excludes a moving average component of the cycle, and uses the
fact that the frequency of the process is given by 2π/τ . As is shown by Harvey (1993), the
cycle described in (4.4) is stationary if 0 ≤ A ≤ 1. And this restriction can be very easily
implemented during estimation of the model.

2Note that even though Jaeger & Parkinson (1994, p. 338) and Logeay & Tober (2006,
p. 416) specify AR(2) process for the cyclical unemployment using the standard parametriza-
tion presented in equation (4.4), estimated AR(2) parameters are in the end interpreted in
terms of periodicity of the cycle, using theoretical spectral density.
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root also only due to presence of a permanent shocks to the NAIRU, but with

no permanent effect of the transitory shocks, when α = 0.

This unobserved component model is also immune to Berger & Everaert’s

(2008) critique of Logeay & Tober’s (2006) specification of the unemployment

hysteresis. In particular, Logeay & Tober (2006, p. 414) specify hysteresis

as a situation when lagged unemployment rate increases current NAIRU. But

as is explained by Berger & Everaert (2008, p. 282), this specification of the

unemployment hysteresis implies that also shocks to NAIRU induce hysteresis

effects. As unemployment rate shifts in response to shift in NAIRU, NAIRU itself

will react again, responding to change in lagged unemployment. In contrast,

the Model 1 specifies hysteresis from its definition as a situation when purely

transitory shocks have permanent effect. It thus relates the NAIRU to the lagged

cyclical unemployment and not to the overall unemployment rate. Therefore

permanent shocks do not necessarily induce hysteresis effects as in the Logeay &

Tober’s (2006) model, because the cyclical unemployment is given by a relative

position of the NAIRU and the overall unemployment rate.

4.2 Hysteresis and Long-term Unemployment

Guichard & Rusticelli (2010), Einarsson & Sigurdsson (2013) and Llaudes

(2005) estimated impacts of long-term and short-term unemployment rates on

an inflation within a Phillips curve model and concluded, that, in comparison

with a short-term unemployment rate, a long-term unemployment rate usually

exhibits much more lower inflation pressures. Motivated by these results we

will follow Logeay & Tober (2006), Kajuth (2010), Rusticelli (2014), and Pošta

(2015), and investigate also alternative to the Model 1, which was proposed in

the previous section. This alternative model of hysteresis examines impact of

a long-term unemployment on the NAIRU. We refer to this model as Model 2

in the remaining parts of this thesis.

In particular, we will adopt the model proposed by Rusticelli (2014, p. 118),
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which can be summarized in the following four equations

ut = uNt + uCt (4.5)

uCt = 2A cos

(
2π

τ

)
uCt−1 + (−A2)uCt−2 + εCt (4.6)

uNt = uNt−1 + αLT∆uLTt−1 + εNt (4.7)

∆uLTt = ψ0 + ψ1∆uLTt−1 + εLTt (4.8)

The first two equations are exactly the same as in the Model 1; the first one

decomposes the overall unemployment rate to sum of the NAIRU and of the

cyclical component. The cyclical unemployment is then represented as AR(2)

process, using the polar notation. The NAIRU in (4.7) is specified as the ran-

dom walk with the drift term αLT∆uLTt−1. More concretely, ∆uLTt−1 represents

the lag of change in the long-term unemployment rate. Parameter αLT then

measures a proportion of this change that translates into an increase in the

NAIRU. αLT thus measures the hysteresis effect. The change in the long-term

unemployment rate ∆uLTt , which is directly observable, is then specified as a

stationary AR(1) process. The shock εLTt is normally distributed, with variance

σ2
LT and independent on the other shocks in the model.

Note that both equation (4.7) from the Model 2 and (4.3) from the Model

1 specify the hysteresis from the definition that purely transitory shocks may

have a permanent effects. But the parameters α and αLT are not directly

comparable. The first model specifies hysteresis as impact of the lagged cyclical

unemployment on the NAIRU, while the NAIRU in the second model is affected

by the lagged change in the long-term unemployment. In case of the first

model, a transitory shock which may have a permanent effect is represented by

the cyclical unemployment shock εCt . While in case of the second model, it is

shock to the change of the long-term unemployment rate εLTt . These two models

thus provide a slightly different perspective on the unemployment hysteresis.
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4.3 Phillips Curve

The Model 1 presented in Section 4.1 is generally not identified,3 and an addi-

tional information from some observable variable related to the NAIRU or to the

cyclical unemployment is needed. We will thus follow Logeay & Tober (2006,

p. 414) and employ a Phillips curve relationship as the last equation of the

model. The Model 2 will be also estimated jointly with this Phillips curve.

As is in detail discussed by Gordon (2011), a current Phillips curve literature

has been split in two directions. The first one, represented by Gordon’s (1997)

triangle model, emphasizes persistence and inertia of inflation. Persistence is

captured by a rich lag structure of inflation rate in a model. The second stream

of the literature, represented by a seminal paper of Gaĺı & Gertler (1999),

emphasizes a role of forward-looking inflation expectations in the NKPC model.

It is the Gordon’s (1997) triangle model and its modifications which have

been extensively used by different researchers and institutions for estimation

of the NAIRU. See e.g. official methodology of OECD, described in Guichard &

Rusticelli (2011, p. 10). The backward-looking Phillips curve is, in spirit of the

triangle model, also traditionally employed in empirical literature investigating

the unemployment hysteresis, see Logeay & Tober (2006), Berger & Everaert

(2008) and Proietti et al. (2007).4

But as was shown by Gaĺı et al. (2001) and Rumler (2007), the hybrid ver-

sion of the NKPC can successfully capture the Euro Area inflation dynamics,

with important role of the inflation expectations. Similar conclusions are re-

ported for example by Milučká (2014) for the Czech Republic. A meta-analysis

of the NKPC by Danǐsková & Fidrmuc (2012, p. 26) estimates the share of

forward-looking agents in the hybrid NKPC as 0.56 for the Czech Republic.

Hurńık & Navrátil (2005, p. 28) then argue that omission of the significant

forward-looking expectations from the model may result in downward-biased

estimates of NAIRU. And finally also OECD starts to recognize importance of the

inflation expectations in their model used for NAIRU estimation. In particular,

3The model is not identified in a sense that parameters of the model are not uniquely
determined by the second moments of the observable unemployment rate. This result follows
from Theorem 1 in Nowak (1992, p. 716). Jaeger & Parkinson (1994, p. 333) illustrate
this problem of identification by using the following example: For simplicity, suppose that
uCt = εCt . Then, taking the first differences of equations (4.1) - (4.3) and substituting for
∆uCt and ∆uNt in (4.1), we get that ∆ut = εNt + (α − 1)εCt−1. We can determine only the
variance and the first autocovariance of ∆ut from the data, which is not sufficient to uniquely
determine three parameters of the model, σ2

C , σ2
N and α.

4 The only exception from this hysteretic literature is Pošta (2015), who employs the
NKPC framework.
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Rusticelli et al. (2015) report that incorporation of a notion that inflation ex-

pectations are anchored around the inflation target systematically outperforms

purely backward-looking model.

A Phillips cure used in this thesis for identification of the unemployment

hysteresis effect will be therefore specified in spirit of the hybrid NKPC.5 In

particular, we will use the following specification of the Phillips curve for the

Czech republic

πt = γfEtπt+1+γbπt−1+(1−γf−γb)imt−1+λ1u
C
t−1+λ2êrt−1+λ3π̂

EA
t−1+επt (4.9)

where πt represents the inflation rate, Etπt+1 stands for the inflation expecta-

tions observed at time t, πt−1 is one period lagged inflation rate, and imt−1

is lag of the import price inflation. uCt−1 is the lagged cyclical unemployment

rate with the parameter λ1 measuring slope of the Phillips curve. The one

period lag of real effective exchange rate is represented by êrt−1. Finally, π̂EAt−1

stands for the one period lagged Euro Area inflation gap, and επt is normally

distributed shock with variance σ2
π, independent on the other shocks.

We use almost the same specification of the Phillips curve (4.9) as Hurńık

& Navrátil (2005, p. 29), who as one of the first authors estimated the NAIRU

for the Czech Republic. The only difference is that we also control for the Euro

Area inflation rate.6 The inflation rate πt is driven by the expected inflation

and by the lagged inflation, which allows for the intrinsic inflation persistence.

Since the Czech Republic is a small open economy whose inflation may be

potentially affected by external factors, the Phillips curve also includes the real

effective exchange rate gap. In spirit of the open economy NKPC presented by

Gaĺı & Monacelli (2005) and Mihailov et al. (2011), the real effective exchange

rate gap proxies the terms of trade. In addition, the import price inflation

variable allows for direct effect of the prices of imported goods on the domestic

aggregate prices. In order to ensure the linear homogeneity of the inflation and

existence of the well-defined NAIRU, sum of the coefficients of Etπt+1, πt−1 and

5On the other hand, empirical literature on the NKPC is still full of puzzles, see a com-
prehensive survey by Mavroeidis et al. (2014). These authors report a large specification
and sampling uncertainty for the NKPC estimates, explained by the weak instruments and
hence by the weak identification problem. According to their results, a survey forecasts used
as a proxy variables for inflation expectations tend to provide a better identification of the
forward-looking component than other methods.

6Very similar specification of the Phillips curve for the Czech republic is then used by
Milučká (2014), Vaš́ıček (2011), Pošta (2015) and Baxa et al. (2015). The main difference
between these authors and our specification is that we use the unemployment gap as the
domestic forcing variable.
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imt−1 is restricted to one. An additional external forcing variable, the Euro

Area inflation gap, is motivated by results of Vaš́ıček (2011, p. 85) who showed

that the Euro Area inflation has relatively high impact on the Czech inflation.

And finally, effect of the domestic real economic activity on the inflation is

captured by the unemployment gap.

4.4 Econometric Framework

The Model 1 and Model 2, proposed in Section 4.1 and Section 4.2, can be

together with the Phillips curve (4.9) cast into the following state space repre-

sentation

yt = czt + Hxt + Gut (4.10)

xt = a + Fxt−1 + Rut (4.11)

where t = 1, ..., T ; yt, zt, and xt represent vectors of endogenous, exogenous,

and state variables. ut is the vector of shocks and c, H , G, a, F , and R

are determined by parameters of the Model 1 or Model 2, and by the Phillips

curve equation. The state vector consists of three variables in case of the

Model 1, xt = [uNt , u
C
t , u

C
t−1]ᵀ, and the vector of shocks includes three elements

ut = [επt , ε
N
t , ε

C
t ]ᵀ. The vector of observable endogenous variables is given by

yt = [πt, ut]
ᵀ. In case of the Model 2 the state vector includes four variables,

xt = [uNt ,∆u
LT
t , uCt , u

C
t−1]ᵀ, and the vector of shocks includes four elements

ut = [επt , ε
N
t , ε

C
t , ε

LT
t ]ᵀ. The vector of observables for the Model 2 is given by

yt = [πt, ut,∆u
LT
t ]ᵀ. The vector of exogenous variables is the same for both

models and includes five elements, zt = [Etπt+1, πt−1, imt−1, êrt−1, π̂
EA
t−1]ᵀ.

Assuming the Gaussian distribution of the shocks one can, in principle, use

the prediction error decomposition and estimate parameters of the state space

model (4.10)-(4.11) by means of the Kalman filter and the classical maximum

likelihood. But our models include relatively large number of parameters and

our dataset consists of relatively short time series, which makes maximization

of the sample likelihood function quite problematic. Therefore we use an alter-

native approach, employ a prior information about the parameters and analyse

the state space models from the Bayesian point of view. Advantage of the

Bayesian approach over the classical maximum likelihood is also in the fact

that it allows for computation of the posterior distribution for both parame-

ters and the state variables. The posterior distribution then takes into account
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both the parameter uncertainty and uncertainty about the estimated states.

In contrast, the classical maximum likelihood approach ignores the parameter

uncertainty during estimation of the state variables.

We use a Fortran program DMM for the Bayesian estimation of our state

space models. Technical details about algorithms used within the DMM and

all assumptions behind the state space model (4.10)-(4.11) are presented by

its authors in Fiorentini et al. (2015). In a nutshell, the parameters of the

state space model are sampled using the slice sampler of Neal (2003). The

state variables are sampled by the simulation smoother of Durbin & Koopman

(2002). Initial conditions for the non-stationary variables in the Kalman filter

are estimated by the diffuse algorithm of Koopman (1997). And the model’s

marginal log-likelihood is computed by the bridge sampling estimator of Meng

& Wong (1996).

A significance of the unemployment hysteresis effect is in this thesis evalu-

ated by means of the Bayes factor. In order to obtain results comparable with

the classical likelihood ratio tests, we follow Kass & Raftery (1995, p. 776-777)

and estimate each model in two versions, restricted and unrestricted. Under

our ”null” hypothesis, the model is non-hysteretic and parameter α or αLT is

restricted to 0. The marginal likelihood of the model under the null hypothesis

is denoted as pr(D|H0). Under our ”alternative” hypothesis, the model is hys-

teretic and is estimated without restrictions on the parameter α or αLT . The

marginal likelihood of the model under the alternative is denoted as pr(D|H1).

The Bayes factor is then given by

B10 =
pr(D|H1)

pr(D|H0)
(4.12)

The Bayes factorB10 thus summarizes evidence provided by the data against

the null hypothesis (of no hysteresis in case of our models). Kass & Raftery

(1995, p. 777) show that the Bayes factor can be viewed as measure of the

relative predictive success of H1 and H0. For interpretation of the results, Kass

& Raftery (1995, p. 777) suggest to consider twice of the natural logarithm of

the Bayes factor. Interpretation of this measure is presented in Table 4.1.

Selection of the priors for each model is described in Subsection 4.4.1, the

dataset is presented in Section 4.5. To obtain the results for the Model 1, we

sample 300 000 draws from the posterior distribution, burn the initial 150 000

draws to ensure the convergence, and from the remaining 150 000 draws we

record only every fifth draw to address the potential autocorrelation in the
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Table 4.1: Interpretation of Bayes Factor

2 ln(B10) Evidence against H0

0 to 2 Not worth more than a bare mention
2 to 6 Positive
6 to 10 Strong
>10 Very strong

Source: Kass & Raftery (1995, p. 777).

chain. The posterior inference is thus based on the 30 000 draws. The posterior

inference for the Model 2 is also based on the final 30 000 draws. But because

this model includes slightly more parameters and one more state variable, we

sample in total 650 000 draws, burn 500 000 draws and record only every fifth

draw from the remaining 150 000 draws. The convergence is checked for each

model by means of the Geweke (1992) convergence statistic, and we also inspect

the autocorrelation between draws. The baseline specifications of the Model 1

and Model 2, whose results are presented in Section 5.2, pass these diagnostics

tests well. But some modifications of the Model 1 and Model 2, whose results

are presented in Chapter 6, required slightly longer burn-in period or a higher

thinning of the chain to ensure the convergence or eliminate autocorrelation.

4.4.1 Prior Distribution of Parameters

The prior distribution for the parameters of the Model 1 is described in Ta-

ble 4.2 by the prior mean, standard deviation, and the interval over which are

the parameters defined. These priors are set according to the economic theory

and previous empirical studies.

We start with five parameters of the Phillips curve (4.9), which are charac-

terised by the truncated normal distributions and restricted to be (in absolute

value) not higher than one. Danǐsková & Fidrmuc (2012, p. 26) in their meta-

regression analysis of the NKPC report country-specific results for the parameter

γf . We use their result for the Czech Republic and set the prior mean γf = 0.56.

The prior mean for γf is set to 0.25, which is the highest value estimated by

Milučká (2014). The prior standard deviation of both parameters is specified

as 0.05. The prior mean for λ1 is, according to the results of Hurńık & Navrátil

(2005), set to -0.55. The standard deviation of 0.15 then reflects our higher

uncertainty about impact of the unemployment gap on the inflation. The prior
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Table 4.2: Prior Distributions, Model 1

Distribution Mean Sd. Support

γf TN 0.56 0.05 [0, 1]
γb TN 0.25 0.05 [0, 1]
λ1 TN −0.55 0.15 [−1, 0]
λ2 TN −0.2 0.05 [−1, 0]
λ3 TN 0.6 0.05 [0, 1]
α TN 0.18 0.07 [0, 1]
Period BE 19.7 4 [6, 32]
Amplitude BE 0.8 0.16 [0, 1]
Signal-to-noise BE 0.1 0.05 [0, 1]
σ2
π IG 0.9 0.18 [0, 7]
σ2
C IG 0.6 0.12 [0, 7]

Notes: Table presents prior distribution for parameters of Model 1. TN denotes truncated

normal distribution, BE represents beta and IG stands for inverse gamma distribution. Each

parameter of the model is defined over a finite support and characterized by prior mean and

standard deviation (Sd.). Source: author’s computations.

mean for λ2 is, according to the results of Hurńık & Navrátil (2005), set to -0.2.

And based on the estimates of Vaš́ıček (2011), the prior mean for λ3 = 0.6.

The next three parameters characterize dynamics of the unemployment,

see Section 4.1. The prior mean for the α, the measure of the unemployment

hysteresis, is set to 0.18. This prior is based on results of Jaeger & Parkinson

(1994, p. 337) and of Logeay & Tober (2006, p. 416), whose estimates are

directly comparable with our Model 1. With exception of the U.S., for which

the estimate of α equal to 0.02, the authors report parameters between 0.18 and

0.26. The prior standard deviation 0.07 ensures that even values of α between

0.1 and 0.3 are associated with relatively high prior probability.7

The prior mean for the Period of the cyclical unemployment is set closely

to 20 quarters, which is the most important periodicity found in investigation

of the Czech business cycle by Pomenkova & Marsalek (2011). The support

for the Period is restricted to [6, 32] quarters, which is a standard periodicity

associated with the business cycles. The prior mean for the Amplitude of the

cycle is set to 0.8, similarly as is done by Planas et al. (2008, p. 23) for the

U.S. and Euro Area. The parameters describing the cyclical unemployment are

associated with a relatively high prior standard deviations.

7This is well visible in Figure B.1 in the Appendix B, which shows also plots of the prior
distributions.
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As Guichard & Rusticelli (2011, p. 11) claim, the authors who investigate

properties of the NAIRU by means of the Kalman filtration usually do not

estimate all variances of the shocks. A usual practice is calibration of so-

called signal-to-noise ratio σ2
N/σ

2
π. The signal-to-noise ratio compares a relative

variation in the NAIRU and in the inflation, and it determines the smoothness

of the estimated NAIRU. We follow this approach only partially, parametrize

σ2
N in terms of the signal-to-noise ratio, and estimate the signal-to-noise ratio

as another parameter of the model. For example Laubach (2001) and Gordon

(1997) calibrate this parameter to values between 0.05 and 0.15. The prior mean

for the Signal-to-Noise ratio is thus specified as 0.1 with the prior standard error

of 0.05.

The remaining two parameters of the Model 1 are variances of the shocks.

The prior mean for σ2
π is specified as 0.9, according to the results of Milučká

(2014). And the prior mean for σ2
π is set to 0.55, which is a very close to the

value used by Benes & N’Diaye (2004). The prior standard deviations of these

two parameters are relatively large.

Table 4.3: Prior Distributions, Model 2

Distribution Mean Sd. Support

γf TN 0.56 0.05 [0, 1]
γb TN 0.25 0.05 [0, 1]
λ1 TN −0.55 0.15 [−1, 0]
λ2 TN −0.2 0.05 [−1, 0]
λ3 TN 0.6 0.05 [0, 1]
αLT TN 0.75 0.07 [0, 1]
Period BE 19.7 4 [6, 32]
Amplitude BE 0.8 0.16 [0, 1]
Signal-to-noise BE 0.1 0.05 [0, 1]
σ2
π IG 0.9 0.18 [0, 7]
σ2
C IG 0.6 0.12 [0, 7]
ψ0 BE 0.01 0.005 [0, 1]
ψ1 NT 0.6 0.1 [0, 1]
σ2
LT IG 1 0.2 [0, 7]

Notes: Table presents prior distribution for parameters of Model 2. TN denotes truncated

normal distribution, BE represents beta and IG stands for inverse gamma distribution. Each

parameter of the model is defined over a finite support and characterized by prior mean and

standard deviation (Sd.). Source: author’s computations.

The prior distribution for the parameters of the Model 2 is described in

Table 4.3. We choose exactly the same priors for parameters which are common
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to the Model 1 and Model 2. Specification of the priors for the remaining

parameters of the Model 2 is as follows. The prior mean for αLT is specified as

0.75, based on results of Rusticelli (2014) and Pošta (2015). Rusticelli (2014,

p. 119), who uses exactly the same specification of the equation (4.7), reports

αLT between 0.43 and 0.78 for European countries with significant hysteresis

effect. Pošta (2015, p. 157) then reports relatively strong impact of the level of

long-term unemployment rate on the NAIRU in the Czech Republic; his estimate

is 0.87. The prior standard deviation for αLT 0.07 is then the same as for for

α in the Model 1.

The remaining parameters of the Model 2, ψ0, ψ1, and σ2
LT , describe AR(1)

process (4.8) for the observable long-term unemployment. We therefore set the

prior means for these parameters very closely to the simple OLS estimates of

the equation (4.8), with relatively large prior standard deviations.

4.5 Data

Data used for estimation of the Model 1 and Model 2 are presented in Table 4.4.

The dataset consists of quarterly time series, running from 1999Q2 to 2015Q3.

The time series were downloaded from Eurostat and Czech National Bank

databases. We try to use data which are seasonally adjusted from the source,

or we perform the adjustment by X-13ARIMA when the adjusted data are not

available.

The unemployment rate ut is captured by the percentage unemployment

rate of the active population form 15 to 74 years. Change in the long-term

unemployment rate ∆uLTt is captured by the first difference of the long-term

unemployment rate of the active population from 15 to 74 years. The long-term

unemployment rate was then constructed as a ratio of all economically active

persons who are unemployed 12 and more months over to the economically

active population, and multiplied by 100.

The inflation rate πt is measured as the quarter-on-quarter log difference in

the harmonised consumer price index, annualized and multiplied by 100. The

Euro Area inflation rate gap π̂EAt is then constructed as the Hodrick–Prescott

(HP) filtered cyclical component8 of the Euro Area inflation rate. The gap

measure is used in order to control for potential trend inflation in the Euro

Area.

8With the smoothing parameter λ = 1600.
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Table 4.4: Data Variables

Variable Definition Source

ut Unemployment rate Active population from 15 to 74 years Eurostat
une rt q

∆uLT
t Change in long-term Unemployed 12+ months, divided by active Eurostat

unemployment rate population, from 15 to 74 years, first difference lfsq ugad, lfsq agan

πt Inflation rate All-items HICP, 2005=100, Eurostat
Q-o-Q inflation rate, annualized prc hicp midx

Etπt+1 Expected inflation Inflation expectations of the financial markets Czech National
at the one-year horizon Bank

π̂EA
t Euro Area All-items Euro Area HICP, 2005=100, Eurostat

inflation gap HP filter gap from Q-o-Q annualized inflation prc hicp midx05

imt Import price inflation Imports of goods and services, implicit deflator, Eurostat
2005=100. Q-o-Q inflation rate, annualized namq 10 gdp

êrt Real effective REER index, deflator: consumer price indices of 42 Eurostat
exchange rate gap trading partners, 2005=100, HP filter gap ert eff ic q

Notes: Codes below the ”Eurostat” refer to a code of the data in the Eurostat database.

Source: Eurostat Database and Czech National Bank.

We use a direct measure of the inflation expectations Etπt+1 in form of the

Financial market inflation expectations at the one-year horizon, published by

the Czech National Bank. We for simplicity follow Milučká (2014) and treat

the survey forecasts as exogenous variable, even though this approach requires

specific assumptions about a timing of the expectation and about a nature

of the disturbance term in the model, for details see Mavroeidis et al. (2014,

p. 138). On the other hand, Mavroeidis et al. (2014, p. 161) show that treat-

ing the survey forecasts as exogenous or endogenous does not affect a central

tendency of the estimates. Mavroeidis et al. (2014, p. 166-168) also compare

estimates obtained using survey forecasts with the estimates obtained using a

generalized instrumental variables technique,9 for which they compare differ-

ent sets of instruments. They show that the estimates obtained using survey

forecasts are characterized by much more lower sampling uncertainty. The also

conclude that survey forecasts used as proxy variables for inflation expectations

tend to provide the best identification of the NKPC from all techniques so far

used in the empirical literature.

The import price inflation imt is measured as the quarter-on-quarter log

difference in the implicit deflator of imports of goods and services, annualized

9The expectations are replaced by realizations and a model is estimated using instrumental
variables.
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and multiplied by 100. The real effective exchange rate gap êrt is constructed

as as the HP filtered cyclical component10 of the logarithm of the real effective

exchange rate index, multiplied by 100. Positive values of the real effective

exchange gap capture real domestic appreciation above the trend.

Table 4.5: Descriptive Statistics

ut ∆uLT
t πt Etπt+1 π̂EA

t imt êrt

Observations 66 66 66 66 66 66 66
Missing values 0 0 0 0 0 0 0
Minimum 4.3000 −0.4233 −1.9186 1.4075 −4.1705 −22.9476 −4.8360
Maximum 9.2000 0.5954 9.9580 4.9500 3.7647 18.6317 9.0013
Mean 7.0576 −0.0029 2.1481 2.8719 0.0000 0.1610 0.0000
Median 7.2000 −0.0190 1.9053 2.6802 0.0347 0.2006 −0.4113
Std. deviation 1.2397 0.1951 2.2808 0.9326 1.3013 7.7478 3.0062
ADF statistic −2.6698 −3.7641 −3.1388 −3.2017 −4.4252 −4.2271 −3.4287
ADF p-value 0.3033 0.0263 0.1131 0.0951 0.0100 0.0100 0.0590

Notes: Table presents a basic descriptive statistics for the variables defined in Table 4.4.

The sample spans form 1999Q2 to 2015Q3. ADF unit root test (Said & Dickey 1984) was

computed with lag order 4. Source: author’s computations.

Table 4.5 shows the basic descriptive statistics for all variables. Plots of

these time series, their autocorrelation functions, and kernel density estimates

are then shown in Figure A.1 and Figure A.2 in Appendix A. Time series plots

of two most important variables, the unemployment rate and the inflation rate,

are for convenience also repeated in Figure 4.1. This first investigation of the

data shows that the inflation rate πt is more than two times more volatile than

the inflation expectations Etπt+1. Visual investigation of these two series sug-

gests that especially the expected inflation exhibits very moderate downward

sloping trend. Results of the ADF test then show that the Czech inflation rate

probably includes the unit root. And the unit root null hypothesis can be re-

jected only at 10% significance level in case of the expected inflation. A role of

the trend inflation is in more detail investigated in Section 6.1, motivated by

these results.

Figure 4.1 compares also the quarter-on-quarter inflation rate with an al-

ternative measure of the inflation, the inflation gap. The inflation gap is con-

structed as as the HP filtered cyclical component11 of the logarithm of the

harmonised consumer price index, multiplied by 100. Even though an overall

pattern of the inflation behaviour depicted by both measures is approximately

the same, the quarter-on-quarter inflation rate is more volatile and lags behind

10With the smoothing parameter λ = 1600.
11With the smoothing parameter λ = 1600.
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Figure 4.1: Unemployment and Inflation in the Czech Republic
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Notes: The unemployment rate time series runs from 1993Q1 to 2015Q3. Q-o-Q annualized

inflation rate is represented by the first log-differences of the price index, multiplied by 400.

Inflation gap is the cyclical component obtained by the HP filtration of logarithm of the price

index, multiplied by 100. Source: Eurostat database and author’s computations.

the inflation gap.12 These differences can be explained by results of Baxter &

King (1999). These authors show that the first differencing and the HP filter

are both a low-pass filters. But while the HP filter represents relatively good

approximation of the ideal filter, the first differences amplify a high frequencies

in the original data and introduce a large phase shift. The amplification thus

explains the higher volatility of the quarter-on-quarter inflation rate, and the

phase shift explains why the quarter-on-quarter inflation rate lags behind the

inflation gap. The log-difference is a standard inflation measure used in the

literature, and we also use this variable in the baseline models. But as we tried

to illustrate, the first differencing may have some drawbacks. Therefore we re-

estimate the baseline models using the inflation gap measure in Section 6.1.

12Standard deviation of the inflation gap is 1.0814, less than 50 % of the quarter-on-quarter
inflation rate’s volatility.



Chapter 5

Results

This chapter represents the most important part of this thesis and presents

results of our empirical investigation of the hysteresis. Section 5.1 starts with

the unit root analysis of the Czech Republic’s unemployment rate. Section 5.2

then summarizes results of the Model 1 and Model 2.

5.1 Unit Root Analysis

The result of the ADF test for the unemployment rate ut from 1999Q2-2015Q3

period in Table 4.5 showed that the unit root null hypothesis can not be re-

jected even at 10% level. The unit root approach, which was introduced in

Subsection 3.1.1, would interpret this finding the evidence for the unemploy-

ment hysteresis. The following paragraphs will investigate this result in more

detail. Persistence of time series may be visualised by means of the autocor-

relation function. Following Gaĺı (2016, p. 2), Figure 5.1 therefore shows the

autocorrelation function for the unemployment rate and for 10 000 times simu-

lated random walk process. We investigate two samples of the unemployment,

the standard 1999Q2-2015Q3 and 1991Q1-2015Q3. In comparison with the

simulated random walks, the unemployment ACFs exhibit slightly faster de-

cay. On the other hand, these ACFs lie within the 95% confidence band for the

random walks. This experiment thus also does not provide evidence against

the unit root in the Czech unemployment.

Table 5.1 presents results of more detailed investigation of stationarity of

the unemployment rate. For both samples, the unit root null hypothesis can

not be rejected even at 10% level. The stationarity null hypothesis is then

rejected at 5% significance level (or lover) by the KPSS test. Even the unit
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Figure 5.1: Unemployment Rate’s Autocorrelation Function
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Notes: ACF for the Czech unemployment rate is estimated for two samples, 1993Q1-2015Q3

and 1999Q2-2015Q3. ACF for a random walk is the mean estimate (with an approximate

95% empirical confidence band) of the distribution of the ACF, computed for 10 000 times

simulated random walk with 91 and 66 observations. Standard error for the noise in the

simulated random walks was set based on an estimated AR(1) models for the Czech unem-

ployment. Source: author’s computations.

Table 5.1: Unit Root and Stationarity Tests for Unemployment

Unemployment rate sample
Test 1999Q2-2015Q3 1993Q1-2015Q3

ADF −2.6698 −2.0284
KPSS 1.4991∗∗∗ 0.582∗∗

Zivot and Andrews −3.8683 −3.7395
(Break point) (2010Q1) (1998Q2)

Notes: Table shows test statistics for the ADF unit root test (Said & Dickey 1984), KPSS

stationtarity test (Kwiatkowski et al. 1992) and for the Zivot & Andrews (1992) unit root test

with structural break. ADF and Zivot and Andrews tests can not reject the null hypothesis

of unit root in the Czech data, KPSS test then rejects the null of stationarity. ∗ denotes 10%

significance level, ∗∗ 5% significance level and ∗∗∗ denotes 1% significance level. Source:

author’s computations.
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root test with endogenously determined structural break can not reject the

hysteresis in the unemployment data.

Figure 5.1 and Table 5.1 also suggest that the unemployment rate from

the 1991Q1-2015Q3 sample is more persistent than from the 1999Q2-2015Q3

sample, probably due to a low unemployment in the Czech Republic before

the recession in the second half of the 1990s. Due to limited availability of the

inflation expectations data, we use the shorter sample for estimation of our

baseline Model 1 and Model 2. Nevertheless, Section 6.4 presents estimates

of the Model 1 with an alternative measure of the expectations for a longer

1994Q2-2015Q2 sample.

5.2 State Space Models

5.2.1 Impact of Cyclical Unemployment on NAIRU

This section presents estimates of the Model 1, which was introduced in Sec-

tion 4.1. Some supplementary results for this model are also presented in Ap-

pendix B. Estimates of the parameters are presented in Table 5.2 for two

versions of the Model 1, the unrestricted and with the restriction of no hys-

teresis. Plots of prior and posterior distributions of the parameters are shown

in Figure B.1 in the appendix. Estimates for the hysteretic and non-hysteretic

model are almost always practically the same, we will thus in detail discuss

only the hysteretic model.

The first five parameters in Table 5.2 characterize the Phillips curve (4.9).

The parameters γf and γb show that the forward-looking inflation term is more

important than the backward-looking one. The posterior mean of γf is 0.65. In

the literature investigating the Czech data, the survey forecasts proxy has so

far been used only by Milučká (2014). For a model which is the most compa-

rable with our specification of the Phillips curve, Milučká (2014, p. 64) reports

estimate γf = 0.66. We thus confirm her conclusions about a dominant role of

the forward-looking expectations, even with the unemployment gap and not the

output gap as the domestic forcing variable. Quite interesting is comparison

of the γf estimates which were obtained using the survey forecasts proxy, and

of the country-specific meta-regression estimate. Danǐsková & Fidrmuc (2012,

p. 26) estimate this meta-regression parameter as 0.56 for the Czech Repub-
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Table 5.2: Results for Model 1, Czech Republic

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.6475 0.5881 0.7049 0.6609 0.6015 0.7181
γb 0.3053 0.2457 0.3622 0.3025 0.2449 0.3593
λ1 −0.4779 −0.6922 −0.2554 −0.5006 −0.6932 −0.2996
λ2 −0.2077 −0.2751 −0.1408 −0.2216 −0.2891 −0.1567
λ3 0.5624 0.4852 0.6417 0.5663 0.4866 0.6416
α 0.1519 0.0232 0.2656 0 − −
Period 17.7028 12.5977 22.7667 18.6488 13.7439 23.2858
Amplitude 0.7470 0.5780 0.9326 0.7947 0.6503 0.9425
Signal-to-noise 0.0263 0.0039 0.0483 0.0244 0.0047 0.0446
σ2
π 2.4221 1.8806 2.9533 2.2731 1.7832 2.7756
σ2
C 0.6574 0.4929 0.8095 0.6530 0.4971 0.8108

Notes: Markov chain Monte Carlo (MCMC) iterations: 300 000. Burn-in: 150 000. Thinning:

5. Iterations used for posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0144. Hysteresis

is captured by α, measuring effect of the lagged cyclical unemployment on the NAIRU. Mean

represents posterior mean and 90% HPDI represents 90% highest posterior density interval.

Source: author’s computations.

lic.1 The survey forecasts estimates are thus by almost 0.1 units higher than

the meta-regression estimate and the 90% highest posterior density interval for

our estimate of the γf does not include value 0.56.

The parameters λ1, λ2, and λ3 capture impact of the lagged cyclical unem-

ployment, real effective exchange rate, and of the Euro Area inflation gap on

the inflation rate πt. These estimates are consistent with an economic intuition

and are not dramatically different from the priors.

The estimate of the hysteresis effect α implies that increase in the cyclical

unemployment rate of 1 percent leads to a permanent increase in the NAIRU

of 0.15 percent. The Bayes factor2 2 ln(B10) = 2.01 then shows that the data

provide the positive evidence against the restriction of no hysteresis in the

Czech Republic. Jaeger & Parkinson (1994, p. 337) and Logeay & Tober (2006,

p. 416) report estimates of the hysteresis effect which are directly comparable

with our parameter α. These authors estimate models for the Euro Area,

Germany, the United Kingdom, Canada, and for the USA. Their estimates of

1As was discussed in Subsection 4.4.1, the prior for γf is based on this meta-regression
estimate.

2The Bayes factor compares the hysteretic and the non-hysteretic model, for details see
Section 4.4 and especially Table 4.1.
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the hysteresis effect varies between 0.18 and 0.26, with exception of the USA.

In case of the USA, Jaeger & Parkinson (1994) report that the hysteresis effect

is insignificant and equals to 0.02. The effect of the unemployment hysteresis in

the Czech Republic is thus significant, but in comparison with another countries

relatively weak. A visual comparison of the prior and posterior distributions

for the parameter α, which are presented in Figure B.1 in the appendix, then

may suggest that the posterior is largely driven by the prior. Sensitivity of the

hysteresis effect to the prior selection is therefore investigated in Section 6.3.

The Period and Amplitude parameters describe dynamics of the cyclical un-

employment filtered by the Model 1. The estimates imply that the unemploy-

ment exhibits cycles with average periodicity around 18 quarters. The Period

and Amplitude can be interpreted also in terms of the standard parametrization

for AR(2) process in (4.2). Estimates of the Period and Amplitude imply that

φ1 = 1.40 and φ2 = −0.56. The last three parameters in Table 5.2 describe

variances of the Model 1. As is well visible in Figure B.1 in the appendix,

the data are strongly informative especially about the Signal-to-noise ratio and

about σ2
π.

Figure 5.2: NAIRU in the Czech Republic, Model 1

Non−hysteretic model

Time

U
ne

m
pl

oy
m

en
t

2000 2005 2010 2015

4
5

6
7

8
9

Hysteretic model

Time

U
ne

m
pl

oy
m

en
t

2000 2005 2010 2015

5
6

7
8

9

NAIRU
Unemployment
90% confidence band

Source: Eurostat database and author’s computations.

Figure 5.2 shows estimates of the NAIRU from restricted and unrestricted

Model 1.3 The NAIRU estimated by the non-hysteretic model exhibits a mod-

erate decline from the initial estimate 7.2 % in 1999Q2 to 5.4 % in 2015Q3.

The NAIRU estimated by the unrestricted model is more volatile and follows

more closely the actual unemployment rate, due to effect of the hysteresis.

3We follow Berger & Everaert (2008) and report the mean and the 5% and 95% percentiles
of the posterior distribution as estimates of the state variable and its 90% confidence band.
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The initial estimate of the NAIRU from the hysteretic model is 7.5 %. This

estimate is associated with a higher uncertainty in comparison with the non-

hysteretic model. Its 90% confidence band spans almost from 5 % to 10 %.

On the other hand, after several initial quarters the 90% confidence band of

the hysteretic model shrinks and is comparable with the confidence band for

the non-hysteretic NAIRU. This higher uncertainty about the initial estimate

of the NAIRU will be typical for almost all hysteretic models estimated in this

thesis, probably due to more complicated dynamics of the state variables which

is implied by the hysteresis.4

Figure 5.3: Hysteresis Effect, Model 1
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Figure 5.3 visualises the strength of the hysteresis effect as the difference

between the NAIRU estimates from the hysteretic and non-hysteretic Model 1.

The figure suggests that the hysteresis effect in the Czech data historically

induced changes in the NAIRU of at most 1 percentage point.

Figure 5.4 shows the Phillips curve relationship implied by the hysteretic

and non-hysteretic versions of the Model 1. The x-axis depicts the mean of the

posterior distribution of the one quarter lagged cyclical unemployment rate.

The y-axis then depicts the inflation rate. The slope of the Phillips curve is set

as the estimate from Table 5.2. The intercept is 2.138, the mean of the infla-

tion rate. In addition, we also present a local polynomial regression fit. This

Phillips curve relationship reveals several interesting observations. First, the

inflation rate is more negatively correlated with the cyclical unemployment es-

timated by the hysteretic model. In addition, the non-hysteretic model implies

4As a robustness check we also experimented with much more higher amount of the burn-
in draws than 150 000. But the uncertainty associated with the initial estimate of the NAIRU

did not seem to be affected by the longer burn-in period.
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that the cyclical unemployment was negative only in ten quarters, meaning

that the economy has been 85 % of the time above the NAIRU. According

to the hysteretic model, the economy has been above the NAIRU 65 % of the

investigated time period. And finally, the local polynomial regression fit for

the non-hysteretic model suggests that the slope of the Phillips curve may

be strongly positive for positive cyclical unemployment. This counterintuitive

feature is almost not presented in case of the hysteretic Phillips curve.

Figure 5.4: Phillips Curve in the Czech Republic, Model 1
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Another perspective on the unemployment - inflation relationship provide Fig-

ure B.2 and Figure B.3 in the appendix. The figures present time series of the

inflation rate, of the estimated cyclical unemployment rate, and of the real

output gap estimate obtained by the Christiano & Fitzgerald (2003) band-pass

filter. Both figures show that estimate of the cyclical unemployment from the

hysteretic model is more ”cyclical,” meaning that it is more negatively corre-

lated with the inflation and more positively correlated with the output gap.5

The most important results from the Model 1, which specifies hysteresis

as impact of the cyclical unemployment on the NAIRU, can be summarized as

follows. First, the Bayes factor indicates a significant effect of the hysteresis

in the Czech Republic. On the other hand, the hysteresis effect is relatively

weak. The estimate of the parameter α is 0.15, and the hysteresis effect in the

Czech data induced changes in the NAIRU of at most 1 percentage point. The

hysteresis effect causes that the estimated NAIRU is more volatile and follows

more closely the actual unemployment rate. The cyclical unemployment from

5The real GDP data (expenditure approach and chained volume estimates) were down-
loaded from the OECD database.
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the hysteretic model is more negatively correlated with the inflation and more

positively correlated with the output gap.6

5.2.2 Hysteresis and Long-term Unemployment

Table 5.3: Results for Model 2, Czech Republic

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.6587 0.6017 0.7183 0.6609 0.6039 0.7203
γb 0.3008 0.2425 0.3578 0.3027 0.2456 0.3604
λ1 −0.4954 −0.6976 −0.2917 −0.5008 −0.7016 −0.3090
λ2 −0.2134 −0.2794 −0.1475 −0.2225 −0.2882 −0.1574
λ3 0.5641 0.4873 0.6443 0.5660 0.4884 0.6437
αLT 0.7318 0.6189 0.8440 0 − −
Period 18.3005 13.5253 23.3264 18.6225 13.9189 23.4332
Amplitude 0.7719 0.6157 0.9291 0.7954 0.6507 0.9412
Signal-to-noise 0.0256 0.0041 0.0470 0.0245 0.0039 0.0443
σ2
π 2.3213 1.8216 2.8369 2.2752 1.7728 2.7732
σ2
C 0.6620 0.5041 0.8241 0.6541 0.4907 0.8060
ψ0 0.0100 0.0023 0.0174 0.0100 0.0023 0.0172
ψ1 0.5903 0.4292 0.7464 0.5908 0.4338 0.7500
σ2
LT 0.4802 0.3768 0.5821 0.4801 0.3765 0.5814

Notes: MCMC iterations: 650 000. Burn-in: 500 000. Thinning: 5. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.012. Hysteresis is captured by αLT ,

measuring effect of the lagged change in the long-term unemployment on the NAIRU. Mean

represents posterior mean and 90% HPDI represents 90% highest posterior density interval.

Source: author’s computations.

This section presents estimates of the Model 2, which was introduced in Sec-

tion 4.2. Some supplementary results for this model are also presented in Ap-

pendix C. Estimates of the parameters are presented in Table 5.3 for two

versions of the Model 2, the unrestricted and with restriction of no hysteresis.

Plots of prior and posterior distributions of the parameters are shown in Fig-

ure C.1 and Figure C.2 in the appendix. Estimates of the parameters which

describe the Phillips curve, behaviour of the cyclical unemployment, and the

6In order to verify that our methodology provides a reasonable results we also estimated
the Model 1 on the Euro Area data from 1999Q2 to 2015Q3. The estimates are presented
in Appendix D. Quite surprisingly, the hysteresis effect is not significant in the Euro Area
data. This result is in contrast with previous research of Berger & Everaert (2008), and of
Logeay & Tober (2006). Unfortunately, time did not permitted more detailed investigation
of the Euro Area data in this thesis.
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variances of the shocks are very close to the estimates for the Model 1, see

Table 5.2 and the discussion in the previous Subsection 5.2.1. Differences be-

tween the estimates obtained for the hysteretic and non-hysteretic version of

the Model 2 are again very small.

Parameters ψ0, ψ1, and σ2
LT describe AR(1) process for the (observable)

change in the long-term unemployment rate, see Equation 4.8. As can be

seen in Figure C.2 in the appendix, the posterior distribution for the variance

parameter is in comparison with the prior shifted towards lower values. The

posterior distributions for ψ0 and ψ1 are very close to the priors, which were

set based on the OLS estimates of Equation 4.8.

αLT is the most interesting parameter from the Model 2. Its posterior mean

implies that one unit change in the long-term unemployment rate leads to a

permanent increase in the NAIRU of 0.73 %. The Bayes factor 2 lnB10 = 2.012

then shows that the data provide the positive evidence against the restriction

of no hysteresis in the Czech Republic. My estimate of the parameter αLT

is directly comparable with estimates reported by Rusticelli (2014), who uses

exactly the same specification of the hysteresis effect. Rusticelli (2014, p. 119)

estimates models for 11 OECD countries. Her estimates of αLT vary between

0.43 and 0.78 for European countries with significant hysteresis effect.7 A

visual comparison of the prior and posterior distributions for the parameter

αLT , which is presented in Figure C.1 in the appendix, then may suggest that

the posterior is largely driven by the prior. The same drawback is presented

also in case of the Model 1. Sensitivity of the hysteresis effect to the prior

selection is therefore investigated in Section 6.3.

Figure 5.5 shows estimates of the NAIRU from restricted and unrestricted

Model 2. The NAIRU estimate from the non-hysteretic model is exactly the

same as in the case of the non-hysteretic version of the Model 1.8 The NAIRU

estimate from the hysteretic Model 2 is again more volatile and follows more

closely the actual unemployment rate. But in comparison with the unrestricted

version of the Model 1, these two symptoms of the hysteresis are not so strong.

Figure 5.6 visualises the strength of the hysteresis effect as the difference

between the NAIRU estimates from the hysteretic and non-hysteretic Model 2.

7These countries are Greece, Ireland, Italy, Portugal, and Spain. The hysteresis effect is
insignificant for example in the United Kingdom and Germany, with the estimates of αLT

0.58 in case of the UK, and 0.47 in case of Germany.
8This is not surprising, because with the restriction αLT = 0 the Model 2 specifies dynam-

ics of the NAIRU in the same manner as the restricted version of the Model 1, see Section 4.1
and Section 4.2.
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Figure 5.5: NAIRU in the Czech Republic, Model 2
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Figure 5.6: Hysteresis Effect, Model 2
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The figure suggests that the hysteresis effect in the Czech data historically

induced changes in the NAIRU of at most 0.6 percentage point. The hysteresis

effect implied by the Model 2 is thus approximately by 40 % weaker than the

hysteresis effect implied by the Model 1.

Impact of the long-term unemployment rate on the Czech NAIRU was al-

ready investigated by Pošta (2015). There is only one technical difference

between our Model 2 and the models of Pošta (2015, p. 154). We specify the

hysteresis as effect of the change in the long-term unemployment rate on the

NAIRU. But Pošta (2015) estimates effect of the level long-term unemployment

rate on the NAIRU.9 The hysteretic version of the Model 2 provides estimates

of the NAIRU, which are very similar to the estimates of Pošta (2015, p. 158).

The most important difference between these two estimates of the NAIRU is

that our estimates are associated with some uncertainty, depicted by relatively

wide 90% confidence band. In contrast, Pošta (2015) reports that his 90% con-

fidence intervals for the NAIRU collapse with the point estimates of the NAIRU.

Pošta (2015) claims that this is due to high significance of the estimates, but we

think that so extremely narrow confidence bands for some unobservable state

variable are simply unrealistic and counterintuitive.

Figure 5.7 shows the Phillips curve relationship implied by the hysteretic

and non-hysteretic versions of the Model 2. Similarly as in case of the Model 1,

the inflation is more negatively correlated with the cyclical unemployment es-

timated by the hysteretic model. But the local polynomial regression fit now

suggests that the Phillips curve may be increasing for positive cyclical unem-

ployment for both hysteretic and non-hysteretic model.

Figure C.3 in the appendix presents time series of the filtered cyclical unem-

ployment rate from the hysteretic Model 2, and time series of the inflation rate

and of the real output gap estimate. In comparison with the non-hysteretic ver-

sion of the Model 2, which provides exactly the same estimates of the cyclical

unemployment as are shown in Figure B.3, the cyclical unemployment from the

hysteretic Model 2 is again more ”cyclical,” meaning that it is more negatively

correlated with the inflation and more positively correlated with the output

gap.

9We follow Rusticelli (2014) and specify hysteresis as impact of the change in the long-
term unemployment on the NAIRU, because the approach of Pošta (2015) implies that the
NAIRU is the I(2) process, because the long-term unemployment itself is nonstationary. On
the other hand, the approach of Rusticelli (2014) implies that the NAIRU is I(1) process.
According to my opinion this is more accurate specification, because change in the Czech
unemployment rate is stationary process.
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Figure 5.7: Phillips Curve in the Czech Republic, Model 2
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The most important results from the Model 2, which specifies hysteresis as

impact of the long-term unemployment on the NAIRU, can be summarized as

follows. First, the Bayes factor indicates a significant effect of the hysteresis in

the Czech Republic. The estimate of the parameter αLT is 0.73. The hysteresis

effect causes that the estimated NAIRU is more volatile and follows more closely

the actual unemployment rate. But these two symptoms of the hysteresis are

more visible in case of the Model 1. According to the Model 2, the hysteresis

effect in the Czech data induced changes in the NAIRU of at most 0.6 percentage

points. The estimated hysteresis effect is thus approximately by 40 % weaker

in comparison with the Model 1.



Chapter 6

Sensitivity and Robustness

This chapter introduces several extensions of the original Model 1 and Model 2,

whose estimates were presented in Subsection 5.2.1 and Subsection 5.2.2. These

extensions investigate sensitivity and robustness of the main results obtained

from the baseline models. In particular, Section 6.1 investigates alternative

low-pass filter to the first differences which were applied to the price index

data, and deals with the problem of the inflation trend and of the amplified

high frequencies in the original price index data. Section 6.2 then estimates

both models using a backward-looking Phillips curve, instead of the original

hybrid model. Section 6.3 investigates impact of the prior information on the

estimates of the parameters which measure the hysteresis. And Section 6.4

presents estimates of the Model 1 using a longer 1994-2015 sample. Section 6.5

summarizes the main findings of this chapter.

6.1 Alternative to First Differencing

The annualized quarter-on-quarter log difference in the price index is a standard

measure of the inflation used in the empirical literature. In the previous section,

we also used this inflation measure for estimation of the Model 1 and Model 2.

But as we already illustrated in Section 5.1, this measure of the inflation may

have also some drawbacks. The first difference transformation is in fact a high-

pass filter with one particularly undesirable property: it strongly amplifies a

high frequencies in the data and shrinks a low frequency movements (Baxter

& King 1999, p. 585-586). This amplification of the high frequencies might

be problematic particularly in case of the price level data, which itself usually

contains important high frequency components. And as is shown by King &
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Watson (1994, p. 166-170) on the U.S. data, there exists a stable Phillips curve

correlation between inflation and unemployment rates, but only at the business

cycle frequency 6 - 32 quarters. This correlation is almost not visible in the

raw data, due to very volatile high frequency component of the inflation and

unrelated low frequency trends of inflation and unemployment.

When we use the log-difference measure of the inflation rate in the Phillips

curve (4.9), the cyclical unemployment is in fact trying to explain movements

of inflation rate at all frequencies, including the amplified high frequencies.

Therefore, an interesting robustness check may be re-estimation of the models

using the price index data filtered by some alternative high-pass filter, e.g. by

the HP filter.1

Another motivation for the HP filtering of the price index data is the fact

that it will also remove potential inflation trend. Presence of the inflation trend

can be attributed to the changes in the monetary policy (Cogley & Sbordone

2008), or it can be interpreted as the long-term inflation expectations (Stock

& Watson 2010). Cogley & Sbordone (2008) on the US data show that this

trend explains persistence of the inflation rate. When the authors take into

account the inflation trend, a purely forward-looking NKPC fits the data well,

with no need for the lagged inflation in the model. Time period covered by

our datasets, 1999Q2-2015Q3 for the Czech Republic, can be characterized

by a stable monetary policy regime, and by relatively stable low inflation.

Nevertheless, we can not rule out possibility that the inflation rate contains

some important low frequency component which may be interpreted as the

trend. In case of no inflation trend in the data, HP filter will simply remove

the mean inflation rate.2

And finally, there is also a theoretical motivation for filtering of the price

index data data by the HP filter and for application of the inflation gap measure

instead of the log differences. As is shown by Mavroeidis et al. (2014, p. 131),

the NKPC is derived using log-linearised firms’ optimality condition around the

zero inflation steady-state. If there is a nonzero steady-state inflation, which

1Baxter & King (1999, p. 588) shows that the HP filter with the smoothing parameter
λ = 1600 applied to the quarterly data represents a good approximation of the ideal high-pass
filter with the cutoff frequency 32 quarters.

2State of the art method for estimation of the inflation trend is an unobserved component
model with stochastic volatility, proposed by Stock & Watson (2007, p. 16). But because
detailed investigation of the Czech Republic’s inflation trend is not a primary focus of this
thesis, we will for simplicity stay with the HP filter. Similar approach is used for example by
Balakrishnan & Ouliaris (2006, p. 8), who also use a simple filtering and define the inflation
trend as the component with periodicity above 32 quarters.
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Table 6.1: Model 1, Gap Measures

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.5995 0.5320 0.6633 0.5982 0.5349 0.6641
γb 0.3965 0.3334 0.4603 0.3783 0.3145 0.4420
λ1 −0.3049 −0.5031 −0.0981 −0.4067 −0.6090 −0.2095
λ2 −0.0433 −0.0823 0.0000 −0.0544 −0.0982 −0.0014
λ3 0.6017 0.5213 0.6803 0.6001 0.5207 0.6802
α 0.1594 0.0390 0.2715 0 − −
Period 17.5123 12.2403 22.4319 17.7685 12.8575 22.8524
Amplitude 0.7437 0.5729 0.9323 0.7623 0.6044 0.9334
Signal-to-noise 0.0613 0.0102 0.1106 0.0787 0.0232 0.1315
σ2
π 0.7353 0.5674 0.8994 0.7143 0.5487 0.8740
σ2
C 0.6446 0.4894 0.7970 0.6440 0.4903 0.7951

Notes: MCMC iterations: 400 000. Burn-in: 250 000. Thinning: 5. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0148. Hysteresis is captured by

α, measuring effect of the lagged cyclical unemployment on the NAIRU. Mean represents

posterior mean and 90% HPDI represents 90% highest posterior density interval. Source:

author’s computations.

is apparently case of the Czech Republic, the actual inflation, the expected

inflation, and the lagged inflation in the NKPC then should be specified in

terms of the gaps.

The following paragraphs therefore present results of the original Model 1

and Model 2, estimated jointly with the modified Phillips curve equation

π̂t = γfEtπ̂t+1+γbπ̂t−1+(1−γf−γb) ˆimt−1+λ1u
C
t−1+λ2êrt−1+λ3π̂

EA
t−1+επt (6.1)

where π̂t represents the inflation gap, Etπ̂t+1 stands for the inflation expecta-

tions gap, and ˆimt−1 is the lagged import price inflation gap. The remaining

variables are identical with their counterparts used in the original Phillips curve

(4.9). The inflation gap and the import price inflation gap are constructed as

the HP filtered cyclical components of the logarithms of the relevant price in-

dexes introduced in Table 4.4, and multiplied by 100. Similarly, the inflation

expectations gap is constructed as the HP filtered cyclical component of the

original inflation expectations data.3

The results for the Model 1 and Model 2, estimated using the modified

3The HP filtered cyclical components are computed using the smoothing parameter λ =
1600.
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Table 6.2: Model 2, Gap Measures

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.6016 0.5370 0.6683 0.5978 0.5328 0.6626
γb 0.3882 0.3259 0.4525 0.3783 0.3140 0.4422
λ1 −0.3803 −0.5966 −0.1432 −0.4085 −0.6023 −0.2036
λ2 −0.0501 −0.0912 0.0000 −0.0545 −0.0967 −0.0001
λ3 0.5988 0.5203 0.6793 0.6007 0.5189 0.6781
αLT 0.7251 0.6071 0.8351 0 − −
Period 17.5121 12.5004 22.6632 17.7696 12.7924 22.6113
Amplitude 0.7328 0.5584 0.9135 0.7622 0.6074 0.9402
Signal-to-noise 0.0814 0.0197 0.1384 0.0795 0.0246 0.1337
σ2
π 0.7268 0.5578 0.8870 0.7142 0.5463 0.8700
σ2
C 0.6498 0.4941 0.8038 0.6447 0.4895 0.7946
ψ0 0.0100 0.0023 0.0174 0.0100 0.0022 0.0172
ψ1 0.5907 0.4370 0.7556 0.5911 0.4352 0.7544
σ2
LT 0.4805 0.3799 0.5848 0.4802 0.3759 0.5806

Notes: MCMC iterations: 650 000. Burn-in: 500 000. Thinning: 5. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0232. Hysteresis is captured by αLT ,

measuring effect of the lagged change in the long-term unemployment on the NAIRU. Mean

represents posterior mean and 90% HPDI represents 90% highest posterior density interval.

Source: author’s computations.
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Phillips curve (6.1), are presented in Table 6.1 and Table 6.2.4 The first impor-

tant result is that the parameters α and αLT , which measure the strength of the

hysteresis, are in comparison with the estimates for the original Model 1 and

Model 25 practically unchanged. Furthermore, the Bayes factors still show that

the data provide the positive evidence against the restrictions of no hysteresis

in the Czech data. Also the remaining parameters which depict dynamics of

the unemployment6 are not affected by use of the inflation gap measures.

On the other hand, the use of the gap measures of inflation affects param-

eters of the Phillips curve. In comparison with the original estimates for the

log-difference variables, the Phillips curve (6.1) assigns slightly higher role to

the backward-looking inflation term, and slightly lower role to the forward-

looking term. Estimates of the parameter γf are by 0.05 units lower, while

estimates of the γb increase by 0.08 units. Impact of the cyclical unemploy-

ment on the inflation λ1 diminished by 0.1-0.2 units. In comparison with the

original Phillips curve (4.9), the modified Phillips curve (6.1) also assigns much

lower weight to the real effective exchange rate gap.

As was already shown in Section 5.1, the variability of the inflation gap

is by 50 % lower than of the log-difference measure of the inflation. This is

reflected by much lower estimates of the variances of the inflation shock σ2
π, and

by higher estimates of the Signal-to-noise ratio σ2
N/σ

2
π. In comparison with the

original models estimated on the log-difference measures of the inflation, the

Signal-to-noise ratio estimates increase from 0.03 to 0.06, or to 0.08 in case of

the Model 2.

Figure 6.1 and Figure 6.2 show the NAIRU estimates from the Model 1 and

Model 2, which are estimated together with the modified Phillips curve (6.1).

These estimated paths of the NAIRU exhibit slight upward shift, in comparison

with their counterparts from the original models presented in Figure 5.2 and

Figure 5.5. The smallest upward shift exhibits the NAIRU from the hysteretic

Model 1. The upward shift is most visible in case of the non-hysteretic versions

of the models. In fact, the estimates of the NAIRU which use the modified

Phillips curve (6.1) imply much lower differences between the hysteretic and

non-hysteretic models, due to higher volatility of the non-hysteretic NAIRU.

This can be attributed to the lower volatility of the inflation gap and to the

higher Signal-to-noise ratios.

4For estimation of these models, we use exactly the same prior distributions as for esti-
mation of the original models, whose results were presented in Section 5.2.

5Estimates of their parameters are presented in Table 5.2 and Table 5.3.
6The Period, the Amplitude, σ2

C , and in case of the Model 2 also ψ0, ψ1, and σ2
LT .
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Figure 6.1: NAIRU Estimate from Model 1, Gap Measures
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Source: Eurostat database and author’s computations.

Figure 6.2: NAIRU Estimate from Model 2, Gap Measures

Non−hysteretic model

Time

U
ne

m
pl

oy
m

en
t

2000 2005 2010 2015

5
6

7
8

9
10

Hysteretic model

Time

U
ne

m
pl

oy
m

en
t

2000 2005 2010 2015

5
6

7
8

9
10 NAIRU

Unemployment
90% confidence band

Source: Eurostat database and author’s computations.



6. Sensitivity and Robustness 55

Some supplementary materials for the Model 1 and Model 2 estimated with

the modified Phillips curve (6.1) are presented in Appendix E. Figure E.1

visualises the Phillips curve relationship implied by the Model 1. Figure E.2

and Figure E.3 then compare the output gap and the inflation gap with the

cyclical unemployment estimated by the hysteretic and non-hysteretic Model 1.

These figures show that the Phillips curve correlation between the inflation gap

and the cyclical unemployment is much higher than between the log-difference

inflation and the cyclical unemployment from the original Model 1 presented

in Subsection 5.2.1.7

6.2 Backward-looking Phillips Curve

The Phillips curve (4.9) which we use for identification of the unemployment

hysteresis is motivated by the hybrid New Keynesian Phillips curve. NKPC

represents state of the art model for the inflation dynamics. On the other

hand, it is the triangle model of inflation proposed by Gordon (1997) which is

traditionally used in the literature for estimation of the NAIRU. As the second

sensitivity test we will therefore estimate the Model 1 and Model 2 with a

backward-looking Phillips curve, instead of the original hybrid model (4.9). In

particular, we will use the following backward-looking specification

πt = γ0+
4∑
p=1

γpπt−p+

(
1−

4∑
p=1

γp

)
imt−1+λ1u

C
t−1+λ2êrt−1+λ3π̂

EA
t−1+επt (6.2)

where πt represents the inflation rate, πt−p is the p quarters lagged inflation

rate, imt−1 is lag of the import price inflation, and uCt−1 is the lagged cyclical

unemployment rate. The one quarter lagged real effective exchange rate is

represented by êrt−1, π̂EAt−1 stands for the one period lagged Euro Area inflation

gap, and επt represents the shock.

The results for the Model 1 and Model 2 estimated using the backward-

looking Phillips curve (6.2) are presented in Table 6.3 and Table 6.4.8 Almost

7These correlations are -0.17 versus -0.56 for the non-hysteretic Model 1, and -0.22 versus
-0.34 for the hysteretic version.

8It was necessary to record only every 20th draw from the posterior distribution in order to
eliminate the autocorrelation in the MCMC chains for these two models. The convergence of
the MCMC simulation then required very long burn-in period. We use exactly the same prior
distributions as we used for estimation of the original models, whose results were presented
in Section 5.2. The only exception are parameters γ0, γ1, γ2, γ3, and γ4. The prior means for
these parameters were set based on the OLS estimate of the AR(4) model for the inflation
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Table 6.3: Model 1, Backward-looking Phillips curve

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γ0 0.2639 0.0000 0.4961 0.5490 0.0263 0.9901
γ1 0.4242 0.2936 0.5590 0.4306 0.2976 0.5613
γ2 0.3373 0.1964 0.4795 0.3378 0.1987 0.4801
γ3 0.1113 −0.0277 0.2528 0.1110 −0.0271 0.2495
γ4 0.0718 −0.0519 0.2018 0.0653 −0.0603 0.1948
λ1 −0.4132 −0.6451 −0.1870 −0.4342 −0.6549 −0.2211
λ2 −0.2451 −0.3128 −0.1746 −0.2557 −0.3265 −0.1878
λ3 0.5580 0.4795 0.6386 0.5617 0.4825 0.6408
α 0.2006 0.0877 0.3093 0 − −
Period 17.4484 12.0705 22.3993 18.6710 13.5825 23.4584
Amplitude 0.7248 0.5402 0.9153 0.7870 0.6418 0.9472
Signal-to-noise 0.0211 0.0029 0.0391 0.0225 0.0040 0.0405
σ2
π 2.9878 2.3534 3.6760 2.9674 2.3319 3.6345
σ2
C 0.6587 0.4992 0.8180 0.6597 0.4963 0.8177

Notes: MCMC iterations: 1 000 000. Burn-in: 400 000. Thinning: 20. Iterations used

for posterior inference: 30 000. Bayes factor 2 lnB10 = 1.9943. Hysteresis is captured by

α, measuring effect of the lagged cyclical unemployment on the NAIRU. Mean represents

posterior mean and 90% HPDI represents 90% highest posterior density interval. Source:

author’s computations.
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all estimates of the parameters are practically unchanged in comparison with

their counterparts in Table 5.2 and Table 5.3, which were estimated using the

forward-looking Phillips curve. The most important differences between the

estimates obtained using the hybrid and the backward-looking Phillips curve

are as follows.

The impact of the cyclical unemployment on the inflation is in the backward-

looking model weaker by 0.1 units. The parameter of the hysteresis in the

Model 1 α is in the backward-looking model higher by 0.05 units. But the

Bayes factors show that the data do not provide the positive evidence against

the restrictions of no hysteresis in the Czech data in case of the backward-

looking Model 1. The significant hysteresis effect is estimated only in case of

the backward-looking Model 2.

Figure E.4 and Figure E.5 in the appendix show the NAIRU estimates from

the backward-looking models, and Figure E.6 visualises the Phillips curve rela-

tionship implied by the backward-looking Model 1. The point estimates of the

NAIRU are very similar to their forward-looking counterparts presented in Sec-

tion 5.2. The most important difference between the hybrid and the backward-

looking estimates is that the backward-looking estimate of the NAIRU is for

several initial quarters associated with much higher uncertainty.

6.3 Prior Sensitivity of Hysteresis

The results for the original Model 1 and Model 2 presented in Section 5.2 re-

vealed one slightly problematic property of the estimates of the parameters α

and αLT . These parameters are of primary interest, since they measure the

strength of the hysteresis in the data. On the one hand, the Bayes factor in-

dicated that the hysteresis effect measured by these parameters was significant

for both models. On the other hand, the posterior distributions of α and αLT

were largely driven by the priors. This section therefore present estimates of the

Model 1 and Model 2 which are obtained using a flat priors for the parameters

α and αLT .9

rate, and we use relatively large prior standard deviations. The prior distributions for these
parameters are specified as the truncated normal, and the intercept γ0 is restricted to positive
values.

9The prior distributions for α and αLT are thus specified as the uniform distributions
defined over the [0, 1] interval. For the remaining parameters we use the same priors as we
used for estimation of the original Model 1 and Model 2. For the description of these priors
see Table 4.2 and Table 4.3.
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Table 6.4: Model 2, Backward-looking Phillips curve

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γ0 0.5006 0.0217 0.9086 0.5489 0.0209 0.9808
γ1 0.4280 0.2979 0.5607 0.4300 0.2997 0.5641
γ2 0.3329 0.1858 0.4697 0.3386 0.1986 0.4792
γ3 0.1111 −0.0257 0.2516 0.1103 −0.0269 0.2520
γ4 0.0704 −0.0626 0.1933 0.0657 −0.0630 0.1906
λ1 −0.4043 −0.6296 −0.1814 −0.4337 −0.6528 −0.2126
λ2 −0.2485 −0.3175 −0.1789 −0.2561 −0.3247 −0.1859
λ3 0.5602 0.4813 0.6404 0.5614 0.4826 0.6404
αLT 0.7341 0.6207 0.8484 0 − −
Period 18.3635 13.4874 23.5449 18.6658 13.8367 23.6352
Amplitude 0.7643 0.6095 0.9360 0.7881 0.6419 0.9491
Signal-to-noise 0.0221 0.0031 0.0404 0.0225 0.0042 0.0407
σ2
π 3.0166 2.3403 3.6591 2.9657 2.3147 3.6180
σ2
C 0.6643 0.4979 0.8190 0.6601 0.4987 0.8186
ψ0 0.0099 0.0023 0.0173 0.0100 0.0024 0.0176
ψ1 0.5913 0.4284 0.7460 0.5910 0.4345 0.7484
σ2
LT 0.4810 0.3763 0.5811 0.4804 0.3761 0.5792

Notes: MCMC iterations: 1 100 000. Burn-in: 500 000. Thinning: 20. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0096. Hysteresis is captured by αLT ,

measuring effect of the lagged change in the long-term unemployment on the NAIRU. Mean

represents posterior mean and 90% HPDI represents 90% highest posterior density interval.

Source: author’s computations.

Table 6.5: Posterior Distributions for α and αLT

Parameter α (Model 1) αLT (Model 2)
Prior Informative Uniform Informative Uniform

Mean 0.1519 0.2515 0.7318 0.3218
Mode 0.1702 0.0543 0.7285 0.1327
Median 0.1520 0.1505 0.7321 0.2763
90% HPDI [0.0232, 0.2656] [0, 0.6504] [0.6189, 0.8440] [0, 0.6741]
2 lnB10 2.0144 2.0180 2.0120 2.0054

Notes: Table summarizes posterior distributions of the parameters measuring the hysteresis,

estimated using the informative and flat priors. 90% HPDI represents 90% highest posterior

density interval. Mean, mode and median are summary statistics characterizing the posterior

distributions. In addition, we also present the Bayes factor 2 lnB10, which summarizes

evidence provided by the data against the restriction of no hysteresis. Source: author’s

computations.
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Complete results for the Model 1 and Model 2 which are estimated using

the non-informative priors are presented in Table E.1 and Table E.2 in the ap-

pendix. All estimates of the parameters are practically unchanged in compar-

ison with their counterparts in Table 5.2 and Table 5.3, which were estimated

using the informative priors. The only exceptions are, not surprisingly, α and

αLT . The posterior distributions of these two parameters are summarized in

Table 6.5, and visualized in Figure E.7 and Figure E.9 in the appendix.

The first important result is that both Model 1 and Model 2 provide ev-

idence in favour of the hysteresis in the Czech Republic even with the non-

informative priors. See the Bayes factors higher than 2 in Table 6.5. On the

other hand, the size of the hysteresis effect is in absence of the informative prior

information surrounded by much larger uncertainty. The 90% highest posterior

density intervals for the parameters α and αLT estimated using the flat priors

are almost three times wider than the intervals for the parameters estimated

using the informative priors.

The mean, mode, and median of the posterior distributions of α suggest

that the central tendency of the hysteresis effect estimated by the Model 1 is

relatively similar for both informative and non-informative prior. This is also

visible in Figure E.8 in the appendix. The figure shows the NAIRU estimate

which was obtained using the non-informative prior. The path of the mean

estimate of the NAIRU is very similar to the mean NAIRU estimate from the

Model 1 which used the informative prior for α.10 The only difference between

these NAIRU estimates is that the estimate which was obtained using the non-

informative prior is associated with the wider confidence bands.

On the other hand, the mean, mode, and median of the posterior distribu-

tions of αLT suggest that the central tendency of the hysteresis effect estimated

by the Model 2 depends on the informativeness of the prior. The Model 2 es-

timated using the non-informative prior provides much lower estimates of the

effect. This is also visible in Figure E.10 in the appendix, which presents the

NAIRU estimated using the non-informative prior. The path of this NAIRU

estimate very closely follows its non-hysteretic counterpart.

10The NAIRU estimate form the original Model 1 is presented in Figure 5.2.
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6.4 Sample from 1994 to 2015

The baseline models whose results are presented in Section 5.2 are due to

limited availability of the inflation expectations data estimated on the 1999Q2-

2015Q3 sample. But the unit root analysis of the data in Section 5.1 showed

that the Czech unemployment rate from the 1991Q1-2015Q3 sample is more

persistent than the unemployment from the 1999Q2-2015Q3 sample. As Fig-

ure 4.1 suggests, this higher persistence might be attributed to a sharp increase

in the unemployment rate which in the Czech Republic occurred after a reces-

sion in the second half of the 1990s. This section will therefore investigate the

hysteresis effects on a dataset which will cover also this earlier time period. In

particular, we will investigate the sample which spans from 1994Q2 to 2015Q2.

Unfortunately, the analysis of this longer dataset brings several complica-

tions. Firstly, the long-term unemployment data are available only since 1998,

which rules out estimation of the Model 2. The same problem is associated

with the import price indexes. We will therefore follow suggestions of Hurńık &

Navrátil (2005, p. 29) and use the log-difference in the nominal exchange rate,

annualized and multiplied by 100, as proxy for the import price inflation.11

Also the harmonised consumer price indexes from Eurostat are available only

since 1996. The log-difference inflation measure for the Czech Republic and

the Euro Area inflation gap are therefore calculated from the consumer price

indexes provided by the OECD database.

The most serious complication is the fact that the inflation expectations

survey data are available only since 1999. To overcome this problem we fol-

low approach of Baxa et al. (2015), use the assumption of perfect rationality,

and replace the expectations Etπt+1 by its realization πt+1. As is explained by

Baxa et al. (2015, p. 119), this approach leads to the endogenity bias because

the future inflation is then by construction correlated with an error term of a

Phillips curve. Baxa et al. (2015, p. 120) use a two-step procedure to overcome

this endogenity. The first step consists of a simple OLS regression of the en-

dogenous variable πt+1 on a set of instruments. The second step consists of the

standard joint estimation of the Model 1 and of a Phillips curve, which includes

the standardized residuals from the first step OLS regression as the endogenity

correction term.

The Phillips curve used for the 1994Q2-2015Q2 sample will therefore have

11The nominal exchange rate data were downloaded from Eurostat; Code: ert bil eur q.
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the following form

πt = γfπt+1 +γbπt−1 +δv̂t+(1−γf−γb−δ)ernt−1 +λ1u
C
t−1 +λ2êrt−1 +λ3π̂

EA
t−1 +επt

(6.3)

where πt represents the inflation rate, πt+1 stands for the perfect foresight in-

flation expectations, πt−1 is one period lagged inflation rate, and v̂t represents

the endogenity correction term. Lagged import price inflation is proxied by

growth rate of the nominal exchange rate ernt−1, and uCt−1 is the lagged cycli-

cal unemployment rate. The one period lag of real effective exchange rate is

represented by êrt−1. Finally, π̂EAt−1 stands for the one period lagged Euro Area

inflation gap and επt is normally distributed shock.

In the first step OLS regression, we use lags of all remaining variables from

the Phillips curve (6.3) as the exogenous instruments for πt+1.12 In addition,

we utilize results of the Bayesian model averaging performed by Baxa et al.

(2015, p. 124) and include also lags of the three months money market interest

rates as additional instruments.13 The R2 for this first stage regression 0.79

indicates relatively good fit.

Results for the second step which consists of the joint estimation of the

Model 1 and of the Phillips curve (6.3) are summarized in Table 6.6. Prior and

posterior distribution for the parameters are visualised in Figure E.11 in the

appendix.14

The parameter of the primary interest is α. The mean estimate of 0.18 is

very similar to its counterpart 0.15 from Table 5.2, estimated on the 1999Q2-

2015Q3 sample. The Bayes factor 2 ln(B10) then shows that the data provide

the positive evidence against the restriction of no hysteresis also for the model

estimated on the 1999Q2-2015Q3 sample. The estimates of the Period, Ampli-

tude, and of σ2
C , which describe dynamics of the unemployment, are also very

similar for both samples.

The parameter γf of the Phillips curve does not exhibit such stability. Its es-

timate for the 1994Q2-2015Q2 sample is in comparison with the shorter dataset

lower by 0.1 units, while γb and implied impact of the import price inflation15

12The cyclical unemployment is proxied by its HP filter estimate.
13The data were downloaded from Eurostat; Code: irt st q.
14The priors were set in the same manner as for the original Model 1, see Table 4.2. The

prior mean for normal distribution of the bias correction term δ in the Phillips curve was set
to 0, with relatively large prior standard deviation 0.15.

15Impact of the import price inflation is given by (1 − γf − γb) for the 1999Q2-2015Q3
sample, and by (1 − γf − γb − δ) for the 1994Q2-2015Q2 sample. For both samples, this
impact is close to 0.05.
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Table 6.6: Model 1, 1994Q2-2015Q2 sample

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.5548 0.4852 0.6225 0.5126 0.4379 0.5830
γb 0.3021 0.2359 0.3656 0.2626 0.1965 0.3296
λ1 −0.4154 −0.6253 −0.1837 −0.5042 −0.6998 −0.3120
λ2 −0.1818 −0.2539 −0.1108 −0.1973 −0.2661 −0.1242
λ3 0.5955 0.5139 0.6771 0.5990 0.5181 0.6806
δ 0.1010 0.0079 0.1874 0.1858 0.0889 0.2803
α 0.1868 0.0366 0.3098 0 − −
Period 18.4215 13.4488 23.2844 20.8307 16.3136 24.9291
Amplitude 0.7804 0.6241 0.9372 0.8578 0.7609 0.9689
Signal-to-noise 0.0078 0.0012 0.0146 0.0081 0.0012 0.0148
σ2
π 5.4786 4.4601 6.5504 5.1002 4.0824 6.1305
σ2
C 0.5553 0.4328 0.6798 0.5635 0.4356 0.6861

Notes: MCMC iterations: 800 000. Burn-in: 500 000. Thinning: 10. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0098. Hysteresis is captured by

α, measuring effect of the lagged cyclical unemployment on the NAIRU. Mean represents

posterior mean and 90% HPDI represents 90% highest posterior density interval. Source:

author’s computations.

remain relatively stable. Baxa et al. (2015), Fidrmuc & Danǐsková (2011), and

Milučká (2014) report that impact of the forward-looking component has been

increasing in the Czech data, while the impact of the backward-looking com-

ponent has been decreasing. But in case of my estimates, γb is relatively stable

and the difference between γf can be attributed to the size of the bias correc-

tion parameter δ. On the other hand, the estimates of the Phillips curve for

the 1999Q2-2015Q3 sample in Table 5.2 and for the 1994Q2-2015Q2 sample in

Table 6.6 are not exactly comparable, because they are based on slightly differ-

ent measures of the expected inflation and of the import price inflation. More

detailed investigation of the role of the inflation expectations, which is beyond

the scope of this thesis, would therefore require estimation of more comparable

models for each sample.

The estimates of the variance of the inflation shock σ2
π are much higher for

the 1994Q2-2015Q2 sample. This is then reflected by very low Signal-to-noise

ratio estimate. These differences in the estimates of the variances are probably

caused by much higher variability of the Czech inflation during the 1990s, and

by presence of the decreasing trend in the inflation during the same period.

The remaining parameters of the Phillips curve are very close to their coun-
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terparts from the 1999Q2-2015Q3 sample. But the model estimated on the

1994Q2-2015Q2 sample exhibits higher difference between estimates of λ1 ob-

tained for the hysteretic and non-hysteretic model. And secondly, the impact

of the Euro Area inflation λ3 is in case of the 1994Q2-2015Q2 sample driven

purely by prior, as can be seen in Figure E.11 in the appendix.

Figure 6.3: NAIRU 1999Q2-2015Q3, Model 1
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Source: Eurostat database and author’s computations.

Figure 6.3 shows estimates of the NAIRU, the counterpart estimates for

the 1999Q2-2015Q3 sample were presented in Figure 5.2. The estimates for

the non-hysteretic model and the longer sample are on average shifted by 2

percentage points above its 1999Q2-2015Q3 counterpart. The 90% confidence

bands have approximately the same width. The estimates from the hysteretic

model and the 1994Q2-2015Q2 sample are during a several initial quarters

associated with very wide confidence bands. On the other hand, the mean

estimates of the NAIRU are after the year 2000 very close to their counterparts

from the original shorter sample. And the uncertainty associated with these

estimates is even lower than in case of the original 1999Q2-2015Q3 data.

6.5 Summary

This chapter introduced four modifications of the baseline Model 1 and Model 2,

whose results were presented in Section 5.2. The main conclusions of these

sensitivity and robustness checks can be summarized as follows. Firstly, with

exception of the backward-looking version of the Model 1 from Section 6.2, the

Bayes factors for all models indicate a significant effect of the hysteresis in the

Czech data. Secondly, all models show that this hysteresis effect is relatively
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weak. For the Model 1, the posterior means of the parameters α are very close

to the baseline estimate 0.15, even for the non-informative prior and 1994-2015

sample.

This stability does not hold for the parameter αLT , because Section 6.3

revealed that the original estimate of its posterior mean 0.73 is largely affected

by the prior. In absence of the prior information, the Model 2 provides much

lower estimates of the hysteresis effect. Thirdly, Section 6.3 suggests that the

precise size of the hysteresis effect is surrounded by a large uncertainty. Because

in absence of the prior information, the highest posterior density intervals for

α and αLT were almost three times wider than for the baseline estimates which

were obtained using the informative priors.

And finally, estimates in this chapter revealed that the parameters which

describe dynamics of the unemployment are relatively stable across different

specifications of the models. The same stability holds also for estimates of the

NAIRU from the hysteretic versions of the models. But the NAIRU estimates

from the non-hysteretic models and parameters of the Phillips curves are gen-

erally less stable across the modifications of the baseline models introduced in

this chapter.



Chapter 7

Conclusion

This thesis presented the empirical analysis of the unemployment hysteresis in

the Czech Republic, using the quarterly data from 1999 to 2016. The mod-

els estimated in this thesis investigated two alternative specifications of the

hysteresis. The first model specified the hysteresis as impact of the cyclical

unemployment on the NAIRU. The second model then specified the hysteresis

as impact of the long-term unemployment on the NAIRU. Both models were

written in the state space form and estimated jointly with the hybrid Phillips

curve and using the Bayesian approach. The main contributions of this thesis

can be summarized as follows.

Firstly, the hysteresis is in the literature usually tested using the unit root

approach, which has several methodological drawbacks (only limited economic

interpretation, structural breaks in the NAIRU, a low power of tests). More

advanced unobserved components models of hysteresis were used for example

by Jaeger & Parkinson (1994), Alon & Sanzo (2005), Logeay & Tober (2006),

and by Berger & Everaert (2008). These authors used the backward-looking

Phillips curve (or the Okun’s law) for estimation of the NAIRU and of the

hysteresis. We contributed to this literature by using the hybrid Phillips curve

which incorporates also the forward-looking expectations, motivated by the

New Keynesian theory.

Secondly, we are the first authors who on the Czech data investigated the

hysteresis effect specified as impact of the cyclical unemployment on the NAIRU.

Our baseline results implied that the effect is significant and that in response to

1 percentage point increase in the cyclical unemployment, the NAIRU increases

on average by 0.15 percentage points. This implies that the hysteresis in the

Czech data historically induced changes in the NAIRU of at most 1 percentage
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point. The significance of the hysteresis effect was not sensitive to the alter-

native specification of the model, or to the informativeness of the prior. But

the robustness checks revealed that the precise size of the hysteresis effect is

surrounded by relatively large uncertainty and largely affected by the prior.

Thirdly, using the different econometric framework we confirmed a recent

result of Pošta (2015), who showed that hysteresis specified as impact of the

long-term unemployment on the NAIRU is significant in the Czech data. But

in contrast with Pošta (2015) we reported that this effect is surrounded by a

large uncertainty, similarly as in our first specification of the hysteresis. This

second specification implies that the hysteresis has even weaker impact on the

NAIRU, inducing changes in the NAIRU of at most 0.6 percentage points. A

weak impact of the hysteresis on the NAIRU reported also Pošta (2015).

And finally, we used the survey forecasts as a proxy variable for the inflation

expectations in the Phillips curve. Mavroeidis et al. (2014) showed that this

methodology tends to provide the best identification of the forward-looking

component in the Phillips curve. In the literature investigating the Czech

data, this approach was used only by Milučká (2014). Our estimates confirmed

her conclusions about a dominant role of the forward-looking expectations in

the Czech Phillips curve. Even though we used the unemployment gap as

the domestic forcing variable and not the output gap as Milučká (2014). Our

estimate of the inflation expectations’ parameter was 0.65.

The above stated conclusions on the hysteresis in the Czech Republic have

only limited policy implications, because the models estimated in this thesis

do not represent any microfounded structural model of labour market. The

models from this thesis used the economic theory only informally, to motivate

specification of the reduced form equations. On the other hand, our robust

result that the effects of the hysteresis are significant in the Czech data may be

interesting by itself. Because theoretical results of Kapadia (2005) and Kienzler

& Schmid (2014) imply that if the hysteresis is presented in economy, monetary

policy should very actively stabilize real economic activity.

Our results may also serve as motivation for future research, which may

bring very strong policy implications. Gaĺı (2015; 2016) in his recent working

papers as the first author introduced the unemployment hysteresis into the

fully microfounded New Keynesian DSGE model. Gaĺı showed that in contrast

with a standard DSGE model, the hysteretic model can successfully replicate

very high persistence of the Euro Area unemployment rate. More importantly,

the results of Gaĺı imply that if the hysteresis is presented in economy, interest
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rate rule which responses also to unemployment rate represents a very good

approximation of the optimal monetary policy.

The results of Gaĺı (2015; 2016) may be relevant also for the Czech mon-

etary policy. Gaĺı (2015; 2016) introduced the unemployment hysteresis by

using the insider-outsider wage setting within a standard wage markup ap-

proach to unemployment presented in Gaĺı et al. (2011). Tonner et al. (2015)

found that incorporation of this standard wage markup approach to the unem-

ployment into the Czech National Bank’s core DSGE model improved an overall

predictive ability of the core model. An interesting empirical exercise on the

Czech data may therefore be comparison of the Gaĺı’s (2015; 2016) hysteretic

approach with the standard wage markup approach of Tonner et al. (2015).

In comparison with the reduced form approach presented in this thesis, esti-

mation of the parameters describing the hysteresis within DSGE model may

potentially provide more precise estimates, taking advantage of the stronger

structure imposed by the economic theory on all variables in the system.
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Appendix A

Plots of Dataset

This appendix contains time series plots, autocorrelation functions, and kernel

density estimates for the most important variables used in this thesis. These

variables were introduced in Section 4.5.



A. Plots of Dataset II

Figure A.1: Plots of Dataset (1/2)
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Notes: Time series plot, autocorrelation function and kernel density estimate for the dataset

introduced in Section 4.5. Source: Eurostat, Czech National Bank and author’s computa-

tions.



A. Plots of Dataset III

Figure A.2: Plots of Dataset (2/2)
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Notes: Time series plot, autocorrelation function and kernel density estimate for the dataset

introduced in Section 4.5. Source: Eurostat, Czech National Bank and author’s computa-

tions.



Appendix B

Model 1

This appendix contains some supplementary materials and results for the Model

1, which is introduced in Section 4.1 and whose main results are presented

in Subsection 5.2.1.



B. Model 1 V

Figure B.1: Prior and Posterior Distribution
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Notes: Prior and posterior distribution for unrestricted Model 1 Source: author’s compu-

tations.



B. Model 1 VI

Figure B.2: Cyclical Unemployment, Hysteretic Model 1
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Notes: Output gap is estimated by band-pass filter of Christiano & Fitzgerald (2003). Un-

employment gap in estimated by hysteretic version of Model 1. Source: Eurostat database,

OECD database and author’s computations.



B. Model 1 VII

Figure B.3: Cyclical Unemployment, Non-hysteretic Model 1
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Notes: Output gap is estimated by band-pass filter of Christiano & Fitzgerald (2003). Un-

employment gap in estimated by non-hysteretic version of Model 1. Source: Eurostat

database, OECD database and author’s computations.



Appendix C

Model 2

This appendix contains some supplementary materials and results for Model

2, which is introduced in Section 4.2 and whose main results are presented

in Subsection 5.2.2.



C. Model 2 IX

Figure C.1: Prior and Posterior Distribution (1/2)

0.4 0.5 0.6 0.7 0.8

0
2

4
6

8
10

12

Gamma_f

0.10 0.20 0.30 0.40

0
2

4
6

8
10

12

Gamma_b

−1.0 −0.8 −0.6 −0.4 −0.2 0.0

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

Lambda_1

−0.4 −0.3 −0.2 −0.1 0.0

0
2

4
6

8
10

Lambda_2

0.4 0.5 0.6 0.7 0.8

0
2

4
6

8

Lambda_3

0.6 0.7 0.8 0.9

0
1

2
3

4
5

Alpha

10 15 20 25 30

0.
00

0.
04

0.
08

0.
12

Period

0.2 0.4 0.6 0.8 1.0

0
1

2
3

4

Amplitude

0.00 0.05 0.10 0.15 0.20 0.25

0
5

10
15

20
25

30
35

Signal−to−noise

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

Sigma_pi

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0
1

2
3

4
5

Sigma_c

Posterior
Prior

Notes: Prior and posterior distribution for unrestricted Model 2. Source: author’s compu-

tations.



C. Model 2 X

Figure C.2: Prior and Posterior Distribution (2/2)
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Notes: Prior and posterior distribution for unrestricted Model 2. Source: author’s compu-

tations.

Figure C.3: Cyclical Unemployment, Hysteretic Model 2
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Corr(Ugap, Ygap) = −0.617

Notes: Output gap is estimated by band-pass filter of Christiano & Fitzgerald (2003). Un-

employment gap in estimated by hysteretic version of Model 2. Source: Eurostat database,

OECD database and author’s computations.



Appendix D

Results for Euro Area

This appendix present estimates of the Model 1 for the Euro Area data which

runs from 1999Q2 to 2015Q3. For the Euro Area we use slightly modified

version of the Phillips curve (4.9), specified as follows

πt = γfEtπt+1 + (1− γf )πt−1 + λ1u
C
t−1 + λ2êrt−1 + λ3comt−1 + επt (D.1)

where comt−1 represents the one period lagged change in the growth rate of the

commodity prices, and all remaining variables are the same as in case of the

Phillips curve (4.9) for the Czech Republic.

The Euro Area Phillips curve (D.1) is specified very similarly as for the

Czech Republic. The only difference is that the Euro Area Phillips curve does

not allow for direct effect of prices of imported goods on the domestic aggregate

prices.1 Instead of import price inflation variable we follow Logeay & Tober

(2006), and Berger & Everaert (2008) and directly control for potential supply-

side shocks using the commodity price index. Even though the Euro Area is

not so small open economy as the Czech Republic, we still include the real

effective exchange rate gap, mainly for better comparison of estimates for the

Czech Republic and for the Euro Area. But Rumler (2007) reports that the

open economy NKPC provides a better fit for the Euro Area data, in comparison

with its closed economy version. And the only difference between the Phillips

curve estimated by Paloviita (2009) on the Euro Area data and the Phillips

curve (D.1) is that Paloviita (2009) uses the output gap as the domestic forcing

1We also experimented with estimation of the Phillips curve (4.9) on the Euro Area data,
using the restriction that the coefficients for Etπt+1, πt−1, and imt−1 sum to one. But the
estimates of γf and γb were so high that the coefficient of imt−1 implied by the restriction
was even negative.
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variable, and does not include the commodity price index as the explanatory

variable.

Time series data for the Euro Area come from the same sources as the data

used for the Czech Republic, which are described in Table 4.4. The global price

index of all commodities was downloaded from the FRED database.2 And the

Euro Area inflation expectations are proxied by the ECB Survey of Professional

Forecasters data.

Table D.1: Results for Model 1, Euro Area

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.5607 0.4823 0.6361 0.5643 0.4871 0.6431
λ1 −0.2064 −0.3616 −0.0050 −0.1773 −0.3147 −0.0179
λ2 −0.0722 −0.1238 −0.0196 −0.0728 −0.1239 −0.0207
λ3 0.0106 0.0066 0.0143 0.0106 0.0066 0.0142
α 0.2128 0.1008 0.3183 0 − −
Period 21.0441 15.7462 26.3269 21.9203 17.1542 26.8131
Amplitude 0.7336 0.5446 0.9359 0.8089 0.6706 0.9580
Signal-to-noise 0.0249 0.0036 0.0456 0.0249 0.0033 0.0455
σ2
π 1.8472 1.4261 2.2518 1.8348 1.4190 2.2447
σ2
C 0.6246 0.4755 0.7751 0.6266 0.4774 0.7786

Notes: MCMC iterations: 400 000. Burn-in: 250 000. Thinning: 5. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 1.9866. Hysteresis is captured by

α, measuring effect of the lagged cyclical unemployment on the NAIRU. Mean represents

posterior mean and 90% HPDI represents 90% highest posterior density interval. Source:

author’s computations.

The results for the Model 1 estimated for the Euro Area are summarized in

Table D.1. The prior and posterior distributions are visualised in Figure D.2.

Figure D.1 then presents estimates of the NAIRU. Generally, the estimates of

all parameters have an intuitive sign and size. The NAIRU estimate from the

unrestricted model exhibits typical hysteretic symptoms. The estimate is more

volatile and follows more closely the actual unemployment, in comparison with

its non-hysteretic counterpart. The parameter α which measures the hysteresis

is slightly higher, but still quite similar to the estimate 0.15 for the Czech

Republic.

The key result of this appendix is that the Bayes factor 2 lnB10 = 1.9866

shows that the data does not provide evidence against the restriction of no

2Code of the index: PALLFNFINDEXQ.
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hysteresis in the Euro Area. This result of no hysteresis in the Euro Area is in

contrast with the results for the Czech Republic, presented in Section 5.2. More

interestingly, this result is also in contrast with the results of Berger & Everaert

(2008), and of Logeay & Tober (2006), who use a very similar approach to the

Euro Area hysteresis as our Model 1. There are two main differences between

our approach and between approach of Berger & Everaert (2008), and Logeay &

Tober (2006): sample size and specification of a Phillips curve. While we use the

1999Q2-2015Q3 data, Berger & Everaert (2008), and Logeay & Tober (2006)

used the quarterly data since early 1970s. And secondly, we use the forward-

looking specification of the Phillips curve, while Berger & Everaert (2008),

and Logeay & Tober (2006) used a backward-looking specification. It remains

an open question whether the different conclusion about the significance of the

hysteresis effect can be explained by these two differences, or by another factor.

Unfortunately, time did not permitted more detailed investigation of this topic

in this thesis.

Figure D.1: NAIRU in the Euro Area
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Figure D.2: Prior and Posterior Distribution
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Appendix E

Sensitivity and Robustness

This appendix contains some supplementary materials and results for the mod-

els introduced and estimated in Chapter 6.

Figure E.1: Phillips Curves, Model 1, Gap Measures
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Figure E.2: Cyclical Unemployment in the Czech Republic, Hysteretic
Model 1, Gap Measures
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Notes: Output gap is estimated by band-pass filter of Christiano & Fitzgerald (2003). Unem-

ployment gap in estimated by hysteretic version of the Model 1 and with the modified Phillips

curve (6.1). Source: Eurostat database, OECD database and author’s computations.
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Figure E.3: Cyclical Unemployment in the Czech Republic, Non-
hysteretic Model 1, Gap Measures
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Notes: Output gap is estimated by band-pass filter of Christiano & Fitzgerald (2003). Un-

employment gap in estimated by non-hysteretic version of the Model 1 and with the modified

Phillips curve (6.1). Source: Eurostat database, OECD database and author’s computa-

tions.

Figure E.4: NAIRU Estimate from Model 1, Backward-looking PC
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Source: Eurostat database and author’s computations.
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Figure E.5: NAIRU Estimate from Model 2, Backward-looking PC
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Source: Eurostat database and author’s computations.

Figure E.6: Backward-looking Phillips Curves, Model 1

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

−
2

0
2

4
6

8
10

Non−hysteretic model

Cyclical unemployment %

Q
−

o−
Q

 in
fla

tio
n 

%

Correlation = −0.1569825
Kalman filter slope
Local polynomial regression fit

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

−
2

0
2

4
6

8
10

Hysteretic model

Cyclical unemployment %

Q
−

o−
Q

 in
fla

tio
n 

%

Correlation = −0.2548661
Kalman filter slope
Local polynomial regression fit

Source: Eurostat database and author’s computations.

Figure E.7: Prior and Posterior Distributions of α
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Table E.1: Prior Sensitivity of Model 1

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.6492 0.5914 0.7083 0.6609 0.6015 0.7181
γb 0.3065 0.2491 0.3650 0.3025 0.2449 0.3593
λ1 −0.4885 −0.7063 −0.2675 −0.5006 −0.6932 −0.2996
λ2 −0.2074 −0.2743 −0.1380 −0.2216 −0.2891 −0.1567
λ3 0.5628 0.4858 0.6427 0.5663 0.4866 0.6416
α 0.2515 0.0000 0.6504 0 − −
Period 17.6419 12.3337 22.8111 18.6488 13.7439 23.2858
Amplitude 0.7098 0.4864 0.9444 0.7947 0.6503 0.9425
Signal-to-noise 0.0249 0.0043 0.0462 0.0244 0.0047 0.0446
σ2
π 2.4070 1.8634 2.9271 2.2731 1.7832 2.7756
σ2
C 0.6548 0.4944 0.8087 0.6530 0.4971 0.8108

Notes: MCMC iterations: 300 000. Burn-in: 150 000. Thinning: 5. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0180. Hysteresis is captured by

α, measuring effect of the lagged cyclical unemployment on the NAIRU. Mean represents

posterior mean and 90% HPDI represents 90% highest posterior density interval. Source:

author’s computations.

Figure E.8: NAIRU Estimate from Model 1, Flat Prior
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Source: Eurostat database and author’s computations.
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Table E.2: Prior Sensitivity of Model 2

Hysteretic model Non-hysteretic model
Mean 90% HPDI Mean 90% HPDI

γf 0.6601 0.6010 0.7179 0.6609 0.6039 0.7203
γb 0.3018 0.2419 0.3586 0.3027 0.2456 0.3604
λ1 −0.5024 −0.7080 −0.3062 −0.5008 −0.7016 −0.3090
λ2 −0.2179 −0.2837 −0.1514 −0.2225 −0.2882 −0.1574
λ3 0.5653 0.4874 0.6442 0.5660 0.4884 0.6437
αLT 0.3218 0.0000 0.6741 0 − −
Period 18.4756 13.6874 23.3838 18.6225 13.9189 23.4332
Amplitude 0.7838 0.6368 0.9400 0.7954 0.6507 0.9412
Signal-to-noise 0.0246 0.0044 0.0453 0.0245 0.0039 0.0443
σ2
π 2.2918 1.7872 2.7918 2.2752 1.7728 2.7732
σ2
C 0.6550 0.4969 0.8140 0.6541 0.4907 0.8060
ψ0 0.0100 0.0021 0.0171 0.0100 0.0023 0.0172
ψ1 0.5906 0.4371 0.7545 0.5908 0.4338 0.7500
σ2
LT 0.4795 0.3796 0.5822 0.4801 0.3765 0.5814

Notes: MCMC iterations: 650 000. Burn-in: 500 000. Thinning: 5. Iterations used for

posterior inference: 30 000. Bayes factor 2 lnB10 = 2.0054. Hysteresis is captured by αLT ,

measuring effect of the lagged change in the long-term unemployment on the NAIRU. Mean

represents posterior mean and 90% HPDI represents 90% highest posterior density interval.

Source: author’s computations.

Figure E.9: Prior and Posterior Distributions of αLT
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Figure E.10: NAIRU Estimate from Model 2, Flat Prior
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Figure E.11: Prior and Posterior Distribution, 1994Q2-2015Q2
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Notes: Prior and posterior distribution for unrestricted Model 1 estimated on 1994Q2-2015Q2

sample, Czech Republic. Source: author’s computations.
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