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Dynamic modelling of nonlinearities in the behaviour of
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Abstract. The paper studies asymmetries in cyclical behaviour of the Ukrainian and Polish labour markets, accompanied by
significant nonlinear fluctuations in economic activity and the unemployment rate due to economic instability, dramatic internal
disturbances of social environment and strong external shocks. We investigate the labour market in Ukraine in comparison with
the labour market in Poland, the country closest to Ukraine. The conducted econometric analysis shows that after a significant
economic downturn, the recovery of the labour market recovers at a slower pace than the overall economic activity. The developed
Markov switching autoregressive model implies distinctive regimes of the behaviour of the unemployment rate over time, which
is associated with declining and rising modes. The changes in jobless recovery depend on the current and previous changes in
real gross domestic product, which has a significant impact on the unemployment rate in both regimes. The estimated transition
probabilities related to being in either of the regimes implies that the Ukrainian labour market exhibits the greatest probability of
remaining in the increasing unemployment regime, as well as a relatively high probability of transition from low to high unemployment.
On the contrary, the Polish unemployment rate is characterised by a high probability of being in a regime with low and declining
unemployment, as well as a low probability of moving into an unfavourable situation, which reflects stability of its labour market.
The opposite features attributed to the Ukrainian labour market, on the one hand, and the Polish labour market, on the other hand,
cause significant labour migration from Ukraine to Poland. The high uncertainty in Ukraine is a motive to seek jobs overseas,
especially for the young generation. The results of the investigation confirm the urgency and importance of immediate positive
shifts and development of the Ukrainian labour market in order to preserve human capital and, taking into account the negative
demographic trends, ageing of the population and significant labour migration, to prevent potential depletion of the labour force.
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OnickeBu4y M.

JOKTOP eKOHOMIYHMX HayK, AOLIEHT, npodecop kadenpy MateMaTUYHOI EKOHOMIKM Ta eKOHOMETPI,

JbBiBCbKUIA HaLiOHaNbHWI yHIBEPCUTET iMeHi IBaHa ®PpaHka, J1bBiB, YkpaiHa

Tokapuyk B.

KaHamnaaT isrKo-MaTeMaTUYHNX HayK, AOLUEHT Kadenpu diHaHCIB,

HaujoHanbHuii yHiBepcuTeT «Kneso-MorunsHebka Akagemis», Kuis, YkpaiHa

AvHamiyHe mopentoBaHHS HeniHIMHOCTeN y NoBeAiHLi iHauKaTopiB pMHKY npadi B YKpaiHi Ta MonbLui

AHoTaujs. CTaTTio NPUCBAYEHO JOCNIAXKEHHIO aCUMETPUYHOCTEN | HEMIHIMHOCTEN Y LIMKIIYHIN NoBediHLi MakpOnOKasHNKIB PUHKY
npavi YkpaiHn Ta MNonbLi. Po3pobneHo MapkiBCbKy aBTOpPerpeciiHy MoAenb NEPEKSItoHEHHT PEXUMIB, Ha NiJCTaBi AKOI BUSIBNEHO
[Ba pi3Hi peXXyMun MoBefiHKLN YacoBOro psiAy PiBHA 6e3pobiTTs, MOB’si3aHi 3 MOro 3pocTaHHsAM i cnagoM. O6rpyHTOBaHO, LLUO
BiJHOBNEHHS1 3aHATOCTI 3a/1€XKNTb Bif, MOTOYHIX | NonepeaHix 3MiH peaibHOro BasloBOro BHYTPILLUHBOMO NMPOAYKTY, LLIO Ma€e 3HaYyLLWA
BMAVB Ha piBeHb 6e3p0BiTTa B 060X pexxumMax. Pe3ynsrat eKOHOMETPUYHOIO OLHIOBaHHS NepexigHnX iMOBIPHOCTEN 3acBigyunnu,
WO YKPaIHCbKWIA PUHOK MpaLi 3 HanbiNbLLIOK OYiKyBaHOK NMOBIPHICTIO NepebyBaEe B PEXMMi 3pOCTaHHSA 6€3pobiTTs; BiHOCHO
BMCOKOIO TaKOXX € MMOBIPHICTb Nepexoay Bif, HN3bKOMO [0 BUCOKOMO piBHA 6e3pobiTTs. MNpoBeaeHo MopiBHAHHSA BNacTUBOCTEN
npoLeciB Ha PUHKY NpaLi YkpaiHu Ta il Hanbnuk4yoro cyciga — MonbLyi. BussneHo Ta npoaHanizoBaHo BigMiHHOCTI MiXK HUMM.
Knro4voBi cnoBa: puHok npawyj; 6e3pobiTTs; HeniHiliHa eKOHOMETPUYHA MoAeSb; NepeKtoYaHHA pexxumis; MNonbLua; YkpaiHa.

Onuckesuy M.

OOKTOP 3KOHOMUYECKNX HayK, AOLEHT,npodeccop kadenpbl MareMaTniecKon 3KOHOMUKM U SKOHOMETPUKN,

JI6BOBCKMWI HaUMOHaNbHbIN YHUBEPCUTET MMeHU ViBaHa dpaHko, JIbBoB, YkpanHa

Tokapuyk B.

KaHangaT GU3nKo-maremaTnyecKux Hayk, AOUeHT Kadenpbl (hHaHCOB,

HauwvoHanbHbI yHBepcuTeT «Kueso-MorunsHckas Akagemusi», Kues, YkpavnHa

AvHaMmn4yeckoe mopenvpoBaHMe HeJIMHEMHOCTEN B NOBeAEeHUN NMHAMKATOPOB pPbiHKA TpyAa B YKpauHe u Monblue
AHHOoTaums. CraTbs MOCBSILLEHA WCCNENOBaHWIO aCMMMETPUYHOCTM W HEIMHEAHOCTU B  UMKIIMYECKOM MOBEOEeHUN
Makpornokasaresnen pbiHka Tpyaa YKkpauHbl. PazpabotaHo MapKOBCKyH0 aBTOPEerpecCUoHHY0 Mogesb NePEKIIIOHEHNS PEXXMOB,
Ha OCHOBaHVM KOTOPOWA BbISBMEHO ABa Pa3HbIX pexkrMa NoBedeHnsi BDEMEHHOIO psfa YPoBHsS 6e3paboTuLbl, CBA3aHHbIE C ero
pocTtoM U nageHnem. O60CHOBaHO, YTO BOCCTaHOBNEHME 3aHSATOCTU 3aBUCUT OT TEKYLLMX U NPEAbIAYLLMX UBMEHEHNI peasibHOro
BaNOBOro BHYTPEHHErO MPOAYKTa, UMEIOLLErO 3HAYMMOE BNMSIHME Ha YpoBeHb 6e3paboTuubl B 060MX pexumax. Pesynsrathbl
9KOHOMETPUYECKOrO OLEHUBAHUS MEePEeXOodHbIX BEPOSITHOCTEW MoKal3anu, Y4TO YKPavHCKWA PbIHOK Tpyda € Haubonbluei
OXKNOAEMOIN BEPOATHOCTBIO HAXOAMTCS B peXXume pocTta 6e3paboTuLbl; OTHOCUTENBHO BbICOKOW TaKXe SIBISIETCS BEPOSATHOCTb
nepexopa OT HU3KOro K BbICOKOMY YPOBHIO 6e3paboTuLbl. [poBegeHo cpaBHeHNe CBOVCTB NMPOLIECCOB Ha PbIHKe TPyAa YKpauHbl
n ee 6nuxariero cocefa — MonbLin. BbisiBNeHb! 1 NpoaHann3npoBaHbl pasnuyms Mexany HUMN.

KnioueBble cnoBa: pbiHOK Tpyaa; 6e3paboTnua; HeIMHeHasi 9KOHOMETPMYECKas MOLENb; NepeKtoHeHne pexxnumos; MNonbLua;
YKpauHa.
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1. Introduction

The instability of modern economic structures and the
unevenness of external and internal economic shocks are ac-
companied by significant asymmetric cyclical fluctuations in
the economic activity and employment in Ukraine, which has
led lead to significant disturbances in the economic and so-
cial environment of the country [1-2]. In this regard, the im-
plementing effectiveness of the market transformation regu-
latory measures in the Ukrainian economy, aimed at ensuring
its socio-economic development, competitiveness and im-
provement of human capital [3] requires an in-depth theoreti-
cal and empirical investigation of the functioning peculiarities
of the labour market, as well as modelling the dynamics of its
main indicators [4].

The analysis and forecasting of changes in unemploy-
ment, employment and income trends at different phases
of the economic cycle, as well as the evaluation of the main
factors of unemployment in the long run is an important di-
rection of modern macroeconomic studies. One of the is-
sues, which is being actively studied by scientists, is the
questions about how unemployment reflects the imper-
fection of the market and what are the causes and conse-
quences of this.

An important trend in modern research also concerns
the cyclicality of short-term behaviour of the main labour
market indicators [5]. In particular, theoretical and empiri-
cal scientific results have revealed that the unemployment
rate show asymmetric lags in their cyclical behaviour during
business cycles, and after a significant economic downturn,
the recovery of the labour market recovers at a slower pace
than the overall economic activity [6-7]. However, these
studies have not been sufficiently reflected in the works
by Ukrainian scholars yet. At the same time, the results of
scientific research have indicated that the statistical obser-
vations on labour market indicators for different countries
reveal various properties, which necessitates the search for
non-traditional approaches to their empirical analysis and
modelling.

2. Brief Literature Review

To model nonlinear economic processes, scientists use
econometric time series models, in particular nonlinear
smooth transition models, threshold autoregressive mo-
dels and, in the cases where the dynamics of the econo-
mic variable demonstrates different behaviour modes which
change each other, regime switching models. A model with
Markov switching was first developed by J. Hamilton (1989)
who conducted the modelling of asymmetry in the dyna-
mics of economic activity during contractionary and expan-
sionary states of the economy and estimated the probabili-
ties of being in each of these states [8].

Now the Markov switching model is widely used to
model various economic processes. P. Deschamps (2008)
estimated both the logistic smooth transition model and
the Markov switching autoregressive model. He applied
them to study the behaviour of unemployment in the Uni-
ted States and justified the adequacy of switching model-
ling with constraining the first autoregressive coefficient to
differ across regimes [9].

T. Bayat, S. Kayhan and A. Kocyigit (2013) applied a
linear unit root test and found that the unemployment rate
in Turkey was not stationary in the time series, while the ini-
tial differences in the data relating to the time series were
stationary[10]. They developed the Markov switching mo-
del and showed that the unemployment rate in Turkey be-
haved asymmetrically and the structure of unemployment
was nonlinear.

N. Gaston and G. Rajaguru (2015) investigated the un-
employment rate, the labour force participation rate (LFPR)
and the employment rate in Australia during the period from
1978 to 2012. They estimated the Markov-switching struc-
tural vector autoregression (SVAR) in order to examine the
relationship between unemployment, labour force partici-
pation and productivity in the Australian labour market [11].
The research revealed the existence of different regimes in
the functioning of the labour market, including the regime
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with low unemployment and the low Labour Force Partici-
pation Rate (LFPR), the long period of relative stability and
the short period of high unemployment and a low coefficient
of labour force participation.

O. Shalari, E. Laho and A. Gumeni (2015) identified the
asymmetry and the long-run memory of the unemployment
rate in Albania and confirmed the unemployment nonlinea-
rity that caused the low explanatory and poor quality pre-
dictions of linear economic models. They developed a re-
gime-switching model which was expanded by including a
variable which characterised the current depth of the re-
cession and allowed to describe asymmetry and nonlinea-
rity. They showed that shocks had a greater impact on the
unemployment in Albania than positive disturbances [12].

Unemployment rates in different countries show nonli-
near and asymmetric behaviour because of unemployment
hysteresis, lag recovery and regimes that do not coincide
with the official ups and downs of a business cycle. Scien-
tists have discovered various reasons for jobless recove-
ries. K. Koenders and R. Rogerson (2005) accentuate the
importance of the correction of inefficient allocation of la-
bour that emerges during long expansions [13]. S. Schreft
and A. Singh (2003) emphasise that we needed more fle-
xibility in using the existing labour force [14]. D. Andolfatto
and D. MacDonald (2004) investigated the effect of techno-
logy diffusion that created more incentives to invest in job
search or human capital development [15]. S. Klinger and
E. Weber (2016) developed a new approach that took in-
to account the Markov-switching unobserved components
to study the hysteresis of unemployment and showed the
asymmetry of unemployment in Germany in relation to the
business cycle [16].

3. The purpose of the article is to investigate the Ukrai-
nian unemployment rate nonlinear dynamics by using a fle-
xible econometric Markov switching approach and compare it
with the unemployment rate in Poland, as well as to research
different behaviour regimes and evaluation their transition
probabilities.

Figure 1(a) presents plots of a seasonally adjusted un-
employment rate series for Ukraine and other East European
countries for comparison. The dynamics of the Ukrainian
unemployment rate shows a distinctive behaviour pattern
comparing with European countries. Particularly, it deve-
loped in opposite direction, if compared to that of Poland,
Ukraine’s closest neighbour. The correlation between the
seasonal adjusted series of Ukrainian and Polish unemploy-
ment rates is estimated at 0.6 and is significantly negative at
the 0.99 level. In the period between 2000 and 2008, when
the Polish labour market showed a high level of jobless,
Ukraine demonstrated moderate unemployment. However,
over the last four years, we have observed the recovery of
the Polish employment rate and a substantive increase in
the Ukrainian unemployment rate.

Figure 1(b) displays the distribution density of the
Ukrainian unemployment rate (in bold) together with a nor-
mal distribution having the same mean and variance. The
distribution of the unemployment rate (UR) series is not nor-
mal. The shape of distribution plot (Figure 1(b)) suggests
two separate modes: one for the upper part of the distri-
bution, encompassing most of the observations, and the
second for the lower part covering high values of the UR.
Such an observation implies that a switching approach is
an appropriate model for unemployment rate, which al-
lows us to use a mixture of normal distributions (Brooks,
2008), where the weights attached to each distribution sum
and where movements between modes are governed by a
Markov process [17].

4. Methodology

Since the Ukrainian labour market indicators revealed
the asymmetries in their dynamics [18], we investigate the
unemployment rate series as the random variable y, which
is described by the process depending on the values of the
unobserved discrete variable s,. Suppose that M different
regimes exist. The economy is in a state or regime r in the
period ¢, when s, = rfor r =1, ..., M. The switching model



Fig. 1(a): Dynamics of unemployment rate in Ukraine
and East European countries during 2000-2016
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Fig. 1(b): Plot of the Ukrainian unemployment probability

density in comparison with normal distribution

Source: Compiled and calculated by the authors based on data from Eurostat and the State Statistics Service of Ukraine

applies a combining of different regression models, which
are related to each regime, respectively. Taking into account
the explanatory regressors, the conditional mean y, in the
regime ris described by the linear specification [17] which
takes the form of:

1)

where g and y are the vectors of unknown parameters.
The parameters g are the coefficients for the regressors
X,and depend on the regime, y are the coefficients for the re-
gressors Z,, which are the regime invariant. The errors have
normal distribution with the variance that may depend on the
regime. We consider the model as follows:

@)

where the error u, is a standard normally distributed for
each state s, = rand the standard deviation o may depend on
the regime o(r) = o .

The switching model can also contain lag values of the
endogenous variable and exogenous variables of different
types. The general form of the model with p lags of endoge-
nous variable and the random state variable s,, which takes
the value r, is [19]:

©)

The coefficients for lags of the endogenous variable can
be regime varying or regime invariant. Therefore, they may de-
pend on the mode or be invariant with respect to changes in
the regime behaviour of the variable.

Under the Markov switching approach, the set of possible
occurrences is split into M states, denoted s,(r =1,..., M),cor-
responding to the r regime. Therefore, it is assumed that the
unemployment rate UR, switches the regime according to
some unobserved variable s, which takes integer values. We
assume that » =1 or 2 if 5, = 1 the process is in the regime
1 at time ¢; and if s, = 2, the process is in the regime 2 at
time ¢. Movements of the state variable between the regimes
are governed by a Markov process. This Markov property can
be expressed as follows [17]:

)

The equation (4) states that the probability distribution
of the state at the current time ¢ depends only on the state
at the previous time ¢-1 and does not depend on the states

that were passed through at the times ¢-2, ¢-3, . . . Hence,
Markov processes are not path-dependent. The model is
flexible and can capture the changes in the variance bet-
ween state processes as well as changes in the mean.

The unobserved state variable s, is described according to
a first order Markov process:

where p11 denotes the probability of being in the regime
one, given that the system was in the regime one during the
previous period; and p22 is the probability of being in the re-
gime two, given that the system was in the regime two during
the previous period, respectively. Thus, p12 =1 - p11 defines
the probability that y, changes from state 1 in the period ¢-1 to
state 2 in the period ¢, and p21 = 1 - » 22 defines the probabi-
lity of a shift from state 2 to state 1 between the times ¢-1 and ¢.

In case of Markov’s switching, the model (2)-(3) is a
Markov switching dynamic regression (MSDR) model. When
the coefficients for lags are regime invariant, the model can
be considered as a variant of the Markov switching intercept
(MS]I) specification.

5. Econometric results

We have developed a Markov switching autoregressive
model of unemployment rate with an exogenous variable of
real gross domestic product:

@

®)

where UR, is the seasonally adjusted unemployment rate
in Ukraine, AUR, is its first differences, RGDP, is real GDP in
Ukraine, AlogRGDP, is the first differences of its natural loga-
rithms that defines the growth rate of RGDP. To estimate the
probabilities, we applied the following logistic model:

©)

(10)

where are unknown parameters of transi-
tion probabilities specification.

The nonlinear switching model (7)-(10) was estimated
by the method of maximum likelihood estimation. We used,
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which were published in statistical reports by the State
Statistics Service of data relating to the 2002-2017 period
Ukraine and EUROSTAT for model construction and esti-
mation. The results are presented in Table 1 which con-
tains the parameter estimates along with their
standard errors, z-statistics and corresponding
p-values for testing statistical significance of
each factor.

We obtained distinct estimates of the inter-
cept, two autoregressive coefficients for lags of
UR and coefficients for AlogRGDP in each regime.
In the bottom section of Table 1, we gave the re-
sults for the regime invariant coefficients by the
third and fourth lag of UR and the lag from 1 to 4
for RGDP. The evaluation revealed significant dif-
ferences between the regimes. Actually, the first
regime was associated with a decline in the un-
employment rate, while the second one explained
its increase. The values of z-statistics imply that
the current value of real GDP has a significant im-
pact on unemployment behaviour as well as its
previous values.

To diagnose the adequacy of the evaluated
model, we applied an autocorrelation test for dif-
ferent lags orders, a heteroscedasticity test of
ARCH effects and a test of normal distribution by
means of Jarque-Bera statistics. We used Akaike
information criteria to compare diffe-
rent model specifications. The results
of the tests, given in Table 2, demon-
strated the normal distribution of re-
siduals, the absence of conditional
heteroscedasticity and no autocorre-
lation of the residuals. Thus, the re-
sults of the statistical tests show the
correctness of the conducted model-
ling and the adequacy of the Markov
switching nonlinear logistic model in
describing dynamic changes in the
behaviour of the labour market indi-
cators in Ukraine.

Table 3 represents the estimation
settings of the logistic coefficients for
the regime probabilities. Since the
model allows for the Markov swit-
ching, the probabilities of being in re-
gime 1 and regime 2 depend on the
origin state. We used the lag of un-
employment level as an indicator
variable in our probability equation
(9)-(10) so that the previous values of
unemployment corresponded to the
values influencing the transitions for
t -1 to ¢. The signs of the estimated
coefficient (612 and 022) show that
a higher level of past unemployment
causes a decrease in the probability
of remaining in the declining regime;
if otherwise, it leads an increase in
probability of being in rising regime.

The estimated transition probabilities for Ukraine imply a
higher probability of remaining in the origin regime, in com-
parison with transition from one state to another. Simulta-
neously, we observe a greater probability (0.81) of being in
regime 2, which is associated with the growth of unemploy-
ment, and only 0.57 for the declining regime. Therefore, the
average expected probability of transition from the low un-
employment regime to the high regime (0.43) is relatively
high. The corresponding expected durations in the regime
are roughly 2.3 and 5.3 quarters, respectively.

For Poland, we have received distinctive results
(Table 3). The probability of being in the regime with in-
creasing unemployment and the probability of transi-
tion from a high level to the declining regime are similar. It
means that Polish unemployment does not tend to a high
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value of the unemployment rate. Also, we observe a greater
probability of remaining in the decreasing unemployment
regime (0.82) and a longer duration of the favourable mode
for labour market in Poland.

Tab. 1: Estimation results of the Markov switching autoregressive
model for the Ukrainian unemployment rate data relating

to the 2002-2017 period

Source: Compiled and calculated by the authors

Tab. 2: Model Diagnostic Statistics

Source: Compiled and calculated by the authors

Tab. 3: Estimated transition probabilities and expected durations

Note: Standard deviations are given in parentheses ().

Source: Compiled and calculated by the authors

6. Conclusions

The instability, dramatic internal disturbances of economic
and social environment, and strong external shocks cause the
negative processes in the Ukrainian labour market, which are
accompanied by significant nonlinear cyclical fluctuations in
both the economic activity and the unemployment rate. On
the contrary, the Polish labour market demonstrates positive
tendencies and recovery.

The conducted econometric analysis reveals that the un-
employment rate dynamics is characterised by asymmetric
lags in its cyclical behaviour during the periods of economic
growth and recession. After a significant economic down-
turn, the recovery of the Ukrainian labour market occurs at a
slower pace than the recovery of the overall economic and
business activity and much slower than in Poland, Ukraine’s
neighbour.



The developed Markov switching autoregressive model
implies different regimes of the unemployment rate beha-
viour over time, which have been associated with the decli-
ning and rising modes. Changes in jobless recovery depend
on the current and previous changes in real gross domestic
product, which have a significant impact on the unemploy-
ment rate in both regimes. The estimated regime transition
probabilities in terms of being in either of the regimes im-
plies that the Ukrainian labour market shows a greater pro-
bability of remaining in the increasing unemployment regime
as well as a relatively high probability of transition from low
to high unemployment.

On the contrary, the Polish unemployment rate is cha-
racterised by a high probability of being in a regime with low

WORLD ECONOMY AND INTERNATIONAL ECONOMIC RELATIONS

and declining unemployment, as well as a low probability of
moving into an unfavourable situation, which reflects stabi-
lity of its labour market. The opposite features attributed to
the Ukrainian labour market, on the one hand, and the Po-
lish labour market, on the other hand, cause significant la-
bour migration from Ukraine to Poland. The high uncertainty
in Ukraine is a motive to seek jobs overseas, especially for
the young generation.

The results of the investigation confirm the urgency and
importance of immediate positive shifts and development
of the Ukrainian labour market in order to preserve human
capital and, taking into account the negative demographic
trends, ageing of the population and significant labour migra-
tion, to prevent potential depletion of the labour force.
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