MaTtemaTtunyHi MeToau Ta Moaeni B eKOHOMiL [ ]

UDC 330.43/519.862/331.5

THE MODELLING OF REGISTERED UNEMPLOYMENT RATE NONLINEAR DYNAMICS
IN UKRAINE BY MEANS OF THRESHOLD AUTOREGRESSION

©2015 LUKIANENKO I. H., OLISKEVYCH M. 0.
UDC 330.43/519.862/331.5
Lukianenko I. H., Oliskevych M. O.

The Modelling of Registered Unemployment Rate Nonlinear Dynamics in Ukraine by Means of Threshold Autoregression

In conditions of unstable economic development of the national economy the analysis of labour market and forecast of employment and unemployment rate dynam-
ics is of primary importance for social responsibility provision and social risks reduction in society. The purpose of the research is the empirical analysis of nonlinear
dynamics of registered unemployment rate in Ukraine in conditions of increased risks and asymmetry of information and the development of corresponding complex
of nonlinear threshold autoregressive models. Methodology approach is based on methods of economic theory and economic and mathematical tools. Econometric
methods of analysis of nonlinear time series with non-traditional functions of distribution have been used. In the result of the empirical investigation the application
of threshold autoregressive models has been justified and the row of nonlinear econometric specifications that help to explain asymmetric dynamics of unemploy-
ment has been evaluated. The resulting threshold function and value of threshold parameter, estimated on the basis of real information, determine the branching of
TAR model into two different modes of behaviour that in different ways characterise dynamics of unemployment growth and fall and allow forecasting the phases
of employment fall and growth in the short term. Application of the developed nonlinear econometric models of registered unemployment rate dynamics adds to
characteristics of labour sector in Ukraine and allows forecasting more precisely the effects of government measures in the sphere. The defined nonlinear character

of dynamics of unemployment rate certifies non-Walrasian features of labour market in Ukraine and reveals its uneven and asymmetric cyclic behaviour.
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JlykosaHeHKo W. T., Onuckesuy M. A. ModenuposaHue

HenuHeliHoli OUHAMUKU 3ape2ucmpupo8aHHO20 ypoesHA bespabomuybl
8 YKpauHe ¢ nomouyblo nopo208bix asmopezpeccuii

B ycnosusx HecmabuabHOCMU SKOHOMUYECKO20 Pa3BUMUSA HAYUOHA/bHO
IKOHOMUKU GHAAU3 PbIHKA MPYOa U MPO2HO3UPOBAHUA OUHAMUKU ypOBHA
3aHAmocmu u be3pabomuuybl Aea5emca eaxcHoli cocmaenatoweli 049 obe-
CreveHus COYUanbHOl 0mMeemcmeeHHOCMU U yMeHbWEHUA COYUAnbHBIX
puckos 8 obuiecmee. OcHoBHoU UYesbro UCCed08aHuUA A8AAeMCA IMIUpuYe-
cKull aHanu3 HenuHeliHOU OUHAMUKU 3ape2ucmpupos8aHHo20 yposHs be3pa-
bomuuybl 8 YKpauHe 8 yci08usX MosbIWEHHbIX PUCKOS U acumMmempuyHocmu
UHGhopMayuu, a makxe pa3pabomka cOOMeemcmeyou4e20 KOMMeKCa He-
/UHeliHbIX M0P0208bIX aBMOpe2peccuoHHsIX Modesnell. Memodonoaus uccae-
dosaHus basupyemca Ha Memodax IKOHOMUYECKOU meopuu U SKOHOMUKO-
MamemMamu4ecKom UHCMpPyMeHMapuu, 8 YaCMHOCMU, UCM0/b308AHbI KO-
HomempuyecKkue MemoOdbl aHANU3A HenuHelHbIX 8pemeHHbIX pAdos ¢ He-
munuyHLIMU GYHKYUAMU pacripedeneHus. B pesyasmame smMnupuyeckozo
uccnedosaHus 0BOCHOBAHO MPUMEHEHUE MOPO20BbIX ABMOPE2PECCUOHbIX
modeneli u oueHeH pAd HenuHeliHbIX IKOHOMEMpUYecKux creyugukayud,
Komopbie 10380440mM 0BbACHUMb ACUMMEMPUYHYI0 OUHaMUKY 6e3pabo-
muypl. lony4eHHas 8 pesyabmame IKOHOMeMPUYECKO20 AHAU3A MOPo-
20801 (DyHKYUA U OUeHeHHOe Ha 0CHoBe peasbHol UHGOPMayuU 3HaYeHue
nopo208o20 napamempa onpedenstom pazgemesneHus TAR-modenu Ha dea
DA3HbIX PeXuUMa nogedeHus, Komopble Mo-pasHoMy Xapakmepusytom Ou-
HamMuYHbll X00 pocma u cHuxeHus 6eapabomuysl U N0380a81M 8 Kpam-
KOCpo4HoM nepuode npedycmampueame (hasel cnada u nogbILeHUs 3aHs-
mocmu. Mcnonb3o08aHue paspabomarHbix HeuHeliHbIX SKOHOMemMpPUYeCcKux
modeneli OUHAMUKU 3ape2ucmpuposaHHo20 yposHs bespabomuys donos-
HAiem uccnedoB8aHUA XapaKkmepHbIX cgolicms, mpucywjux cekmopy mpyda
8 YKkpauHe, u nossonsem 6osee MOYHO MPO2HO3UPOBAMb MOCAEICMBUs
20cydapcmeaeHHbix mep 8 amoll cgepe. YemaHosneHHoll HeauHelHbIl xa-
pakmep OUHAMUKU yposHs be3pabomuysl caudemenscmeayem o He8anbPa-
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Jlyk’anenKo I. I, Onickesuy M. 0. ModentosaHHs HeniHiliHoi
OuHamiKu 3apeecmposaHo20 pieHA 6e3pobimmsa e YkpaiHi
30 donomo20t0 Nopo2osux asmopezpecili

B ymosax HecmabineHOCMi eKOHOMIYHO020 PO3BUMKY HAUIOHAbHOI EKOHO-
MIKU GHAAI3 PUHKY NPpayi ma npo2Ho3y8aHHA OUHAMIKU pieHsa 3aliHAmocmi
ma 6e3pobimms € 8aX1UB0K CKAAO0B0K 0414 300e3MeyeHHs CoYianbHoi
8i0n08i0anbHOCMI Ma 3MeHWEHHSA COUianbHUX PU3UKIB Y Cycrinbcmei.
OcHo8HOW Memoto 00CNIOHEeHHS € eMnipuyvHUl aHANI3 HeiHiliHoi duHaMmi-
KU 3apeecmposaHozo pieHs be3pobimms e YkpaiHi 8 ymosax midsuuwjeHux
pU3uKie ma acumempu4Hocmi iHGopmayii, a makox« po3pobka 8idnosio-
HO20 KOMMAeKCy HeniHiliHux nopozosux aemopeapecitiHux modenel. Me-
modonoeais 0ocnioxeHHs basyemoca Ha Memoodax ekoHoMIYHoi meopii ma
EKOHOMIKO-MamemMamu4yHoMy IHCmpymeHmapii, 30Kpema BUKOPUCMAHO
€KOHOMEeMPUYHi MemoOu aHAnI3y HeniHiliHux 4yacosux padie 3 Hemuno-
8UMU hyHKuigmuU po3nodiny. B pesynemami emnipuyHo20 00CAiOHEHHS
06rpyHMOBAHO 3ACMOCY8AHHA MOP0208UX aemopezpeciliHux modesneli
i OYiHeHO HU3Ky HeniHiliHux ekoHoMempuyYHUX cneyudikayil, Aki daome
3MO2y MOACHUMU acumempu4Hy OuHamiky be3pobimms. O0epxaHa 8Ha-
C/1i0OK eKOHOMemPUYHO20 AHANI3Y MOP0208a (PYHKUiA Ui OUiHeHe Ha OCHOBI
peanbHoi iHghopmayii 3Ha4eHHA Nopo208020 NApamempa 8U3HA4AOMb PO3-
2anyyeHHa TAR-modeni Ha 08a pi3Hi pexcumu noeediHKu, AKi no-pisHomy
Xapakmepusylome OUHAaMiYHUU nepebiz 3pOCMAHHA MA 3HUMEHHA be3-
pobimms i datome 3mMo2y 8 KOPOMKOCMPOKoBoMy nepiodi nepedbayamu
thasu cnady ma nidsuweHHsA 3aliHAMocmi. BukopucmaHHa po3pobneHux
HeniHiliHuX ekoHomempuyHux modeneli OUHAMIKU 30peeCMPOBAHO20 PiBHA
6e3pobimmsa 0onosHIE 00CAiOHEHHS XapakmepHux eaacmusocmel, AKi
npUMAmaHHi cekmopy npayi 8 Ykpaiki, ma 00380715€ 6inbw Mo4HO npo-
2H03y8amu Hacnioku depxasHux 3axo0is y yili cipepi. Bcmaroeneruli Heni-
HiliHuli Xapakmep OuHamiKu pieHs 6e3pobimms 3aceidyye He8aNbPACIBCHKI
8710CcmueocMi pUHKy npaui 8 Ykpaiki ma susense liozo HepieHomipHy U acu-
MempUYHY UUKAIYHY N08E0iHKY.
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coscKux ceolicmeax polHka mpyda 8 YKkpauHe u caudemesnscmeyem o e2o
HepasHOMEPHOM U aCUMMEMPUYHOM YUK/IUYECKOM M08edeHuU.

Kntovesbie cnosa: bespabomuya, 3aHAMOCMb, 8MOPE2PECCUOHHAS MO-
Oenb, TAR-M00denb, nopoz0seili napamemp, poiHOK mpyda
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The processes of market transformation of the Ukrainian
economy aimed at its socio-economic development, competi-
tiveness and improvement of human capital level need deep
theoretical and empiric research of labour market character-
istics, as well as modelling and forecasting of its basic indica-
tors tendencies, in particular unemployment and employment
rate. The analysis and forecast of its tendencies change acquire
special topicality in the modern conditions of economic de-
velopment instability of the national economy, as it allows to
forecast in advance the phases of employment and unemploy-
ment growth and fall and develop the corresponding measures
of socio-economic policy aimed at social responsibility provi-
sion and social risks reduction in society. Nowadays the search
of new approaches is very active, in particular those that are
based on modern economic and mathematical tools that would
give an opportunity to represent adequately difficult nonlinear
processes and asymmetry of information that characterize la-
bour market condition not only in Ukraine but also in other
countries of the world. One of the perspective approaches in
this direction is the approach that is based on application of
econometric methods and models of analysis of nonlinear time
series with the non-traditional functions of distribution, in par-
ticular models of threshold autoregressions. Consequently, the
development and implementation of these models nowadays
are of primary topicality for the research of labour market in
Ukraine, since it will allow not only to forecast adequately non-
linear processes and change of their dynamics on the labour
market but also to evaluate the values of threshold parameters,
that determine different modes of their behaviour, in particular
dynamics of unemployment and employment growth and fall
that gives an opportunity in a short-term period to forecast the
phases of their growth and fall and to react to them in time.

Fundamental principles of labour-market functioning
and econometric modelling of its basic indicators both for
the countries with market and transformation economy are
highlighted in the works of the prominent western scientists
G. Bardsen, O. Blanchard, C. Bean, J. Gali, B. Hansen, D. Peel,
M. Peeters, A. Speight, etc. [1—5]. The results of their research-
es state that statistical data of labour-market indexes for differ-
ent countries of the world have different properties that prede-
termine the necessity of search of non-traditional approaches
to their empiric analysis and modelling. On the whole, nowa-

days the analysis and forecast of tendencies change of indica-
tors of unemployment and employment on the different phases
of economic cycle and evaluation of basic factors of unemploy-
ment in a long-term period remain one of the important direc-
tions of macroeconomic researches of western scientists. Thus,
one of the actively investigated problems is a problem to what
extent unemployment represents imperfection of market and
what are the causes and effects of it [1; 2; 4].

Numerous works of domestic scientists are devoted to
theoretical and empiric labour market research, in particular
S. Babych, D. Bohynja, V. Fedorenko, O. Grishnova, L. Gury-
anova, T. Kiryan, T. Klebanova, O. Kolot, E. Libanova, I. Lukya-
nenko, L. Lysohor, K. Petrenko, T. Umanez, O. Yermolenko,
etc [6—12]. Considerable contribution to the research of this
range of problems is made by the scientists of Research Insti-
tute of Labour and Employment of Population of Ministry of
Labour and Social Policy of Ukraine and The National Academy
of Sciences of Ukraine [12]. Important direction of modern re-
searches deals with the recurrence of short-term behaviour of
labour-market. Some scientific theoretical and empiric results
certify that a real salary is not cyclical as a result of non-Walra-
sian character of labour-market that determines its short-term
behaviour [8, 11]. However, these researches haven’t found
a sufficient reflection in the works of the Ukrainian scientists.
In addition, the problem of development and application of
modern econometric methods and models for the analysis and
forecast of nonlinear and asymmetric dynamics of employment
and unemployment, in particular threshold autoregressions,
inherent to the labour market of Ukraine are insufficiently
investigated in the works of Ukrainian scientists [9]. Deepen-
ing of scientific researches in this direction will complement
the analysis of characteristics, inherent to the labour market
in Ukraine on the current stage of economic development and
will allow more exactly and immediately to form government
measures to reduce social tension in society.

In spite of sufficient number of researches of both west-
ern and Ukrainian scientists dedicated to the labour market and
its basic indicators dynamics modelling, topical is the problem
of improvement and development of different approaches to
the construction of nonlinear econometric models of unem-
ployment, the analysis of which would give an opportunity to
control and forecast the possible tendencies changes on do-
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mestic labour market and form the corresponding measures of
socio-economic policy.

The aim of the research is an empiric analysis of non-
linear dynamics of unemployment and employment rate in
Ukraine in the conditions of increased risks and asymmetry of
information, and also the development of corresponding com-
plex of nonlinear threshold autoregressive models, justification
of choosing threshold function-indicator, that will determine
the change of the cyclic behaviour mode of the investigated
indicator, quantitative evaluation of threshold parameter and
forecast of tendencies changes of basic labour market indica-
tors for forming appropriate socio-economic policy and pro-
gram of social responsibility provision in Ukrainian society.

Theoretical dynamic models that determine common
behaviour of employment of economic agent are based on
maximization of the expected present value of his income

E [ 2 Bty t } '
t=0
where y, —anincome of economic agent (person) in a period ¢,
B - adiscount factor (0<B<1).
In case a person is unemployed and receives unemploy-

ment benefit ¢, his income is y; =c; in case a person has ac-

cepted a job offer with wage w, , that is a random variable with

some distribution F(w)=P{W <w}, then y,=w;.

Theoretical models of unemployment, in particular, the
models of search and matching are based on the assumption,
that an important characteristics of labour market is inconsis-
tency between unemployed persons and vacancies, that they
may apply for, and that is why the process of employment pro-
vision doesn't take place due to the market mechanisms, but
is a result of difficult and lengthy process of matching search
[13]. In such models a random parameter © is introduced.
It characterizes the level of consistency of parties and corre-
sponds to marginal labour product. The process of matching
search is divided into a few stages. During the first stage, when
an unemployed person decides whether to accept a job offer,
the value of 6 is not observational, and a firm and a person
are oriented only on value y =6 +u, where u - a random
noise that does not correlate with 6 . It is assumed that 6 ~
N[u,(s%], u -~ N[O,csg] . If a person has accepted a job offer
and begins to work, then during the next stage in the process of
collaboration a firm and worker gradually examine each other,
set a corresponding wage level that is determined by the for-
mula my =E[0 /(0 +u)l=pn+03 /(62 +62)-(y — ).

During the third stage parties decide whether to contract
and work further on these terms or an employee resigns from
the job and looks for a new one responding or not to other job
offers. Generally the implementation of such model is conduct-
ed by Bellman principle and results in the following equation
during the second stage

V(mg)=max{mq + [ J©")dF©'| mo,57),8Q},

where J(O) - a solution of Bellman equation J(©)=
=max{0 +BJ©®),pQ}, obtained during the third stage
012:0%/(0(2)+05)~<55,

Q - expected present value of wage of a person, who is
unemployed and behaves optimally.

Theoretical conclusions of research of search and match-
ing models while studying unemployment confirm statistical
observations that characterize labour market and show that
the wage grows with the increase of duration of worker and
firm collaboration, quits usually happens at the initial stages of
such collaboration, and also, that the sequence of quits nega-
tively correlates with the current growth rate of wage. Thus, the
theoretical models of unemployment certify non-linearity and
asymmetry of fluctuations on the labour market that causes
different character of dynamics of unemployment rate in peri-
ods of its increase and gradual decline.

On the basis of theoretical implications of non-linearity
of labour market indexes behaviour, we will model the dynam-
ics of unemployment rate for the Ukrainian economy by means
of analysis of nonlinear time series. We will consider a time
series that describes a registered unemployment rate among
working population in Ukraine. Dynamics of its monthly val-
ues during January 2000 — June 2015 is presented on Fig.la.
The data have been obtained on the basis of the statistical re-
ports on the web-site of State Statistics Service of Ukraine and
periodicals of State Employment Centre of Ukraine [14]. Visual
analysis of the graph of this time series allows making a prelimi-
nary conclusion about its non-stationarity. Statistical testing of
this time series for a unit root on the basis of the augmented
Dickey—Fuller test (ADF = —0.8649) confirms, that the time se-
ries u,, that we are analysing, is integrated of first order, and that
is why we will conduct modelling for the row of the first differ-
ences, that correspondingly is stationary. The graph of values of
the first-order differences of the row is presented on Fig. 1b.

Investigating statistical properties and graphic presenta-
tion of values of unemployment rate in Ukraine, it is possible
to assume that its behaviour is modelled by different processes
during different time intervals. To model such type of non-lin-
earity threshold autoregressive models are applied [5; 15; 16].
They give an opportunity to represent the change of behaviour
of time series depending on the value of some function that is
determined by the economic structure. One of the most wide-
spread types of this class of models is a two-regime threshold
autoregressive model (TAR) of unemployment of a standard
form:

Aup =(01g +0qAU_ +0AU_ +...+0pAU_p)-1(gr SY)+
+(Bo + B1AU;_1 + BrAUs_5 +...+ BpAut_p)J(qt_1 >Y)+€;,

1)

wherel(-) denotesafunction —indicator, g;_y = q(u¢_y,..., Ut_p)

is a known data function. The value of parameter p>1 deter-

mines the order of autoregression. A parameter y is called a

threshold parameter. Parameters o; are the autoregressive

slope coefficients for g;_y<vy , and parameters j3; are autore-

gressive coefficients for lagged variables for g;_,>v . It is as-
sumed that error €, are equally distributed independent ran-
dom values (&, isidd [0,6°]).

Having defined y, =(1 Au;_4 Au_p)" and

Ye)=(y'se- 11 <v) ¥+ 1(Ge—1>7))"
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Auy=y't(y)-8 +g, (2)
where d =(a.' B)'.

The unknown parameters of model (2) that need to be
estimated, are & and 7y, and since it is nonlinear in relation to
parameters, one of adequate methods of evaluation is a maxi-
mum likelihood method (ML). By assumption that ¢, is idd
N[0,6°1, ML is equivalent to the least square method (LS).
Taking into account that regression equation (2) is discontinu-
ous, it is appropriate to use sequential conditional LS values for
the evaluation of model parameters.

For a given value of y we obtain LS estimate of & as
[16]:

i T T
S(Y)Z[ZYt(Y)y‘r('Y)j (Zyt('Y)AUrJ'
t=1 t=1

On the basis of residuals of estimated model
&:(y)=Aug—y' ()3 (y)

we calculate the estimate of the variation of the unexplained
part of the regression

é%(y)=?2(ét(“{))2. 3)
t=1

Then LS estimate of threshold parameter vy is a value
that minimizes variance (3)

Y= argminyel'd%(y)

where g;_1e'=[y;,7,].

It should be noted that variance of residuals G#(y) can
acquire maximum T of different values that depend on val-
ues that a parameter y is varied. These values correspond to
62(g,_), t=1,...,T . Therefore, we will apply OLS to regres-
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Fig. 1: a) Dynamics of unemployment rate in Ukraine during 2000-2015;
b) Dynamics of changes in unemployment rate in Ukraine during 2000-2015
Source: data of the State Statistics Service of Ukraine, elaborations of authors
The model (1) can be written in an alternative form [14]: sions of type (2), accepting that y =q,_; for each g;,_;eT to
AU =y'e- 0 1(Ge_y <Y)+Y'e B -Gy > V) + 8¢ estimate model parameters. For every regression we calculate
or residual variance and choose a value y that corresponds to the

lowest value of variance, i.e.

§ =argming.r 67(g,_y).

Then we find estimate & as &=5(f). Corresponding
residuals we calculate as &, = Au, —(y,(7))'S with sampling
variance 62 =62(y).

For application of threshold model in the research of
the behaviour of unemployment rate as a function - indica-
tor we will consider different lags of changes of unemployment
Au;_g4 for some d<12,and also different lags of unemploy-
ment rates. Tables 1 and 2 present results of models estima-
tion that take into account 24 different variants of threshold
functions. Numeral calculations have been conducted on the
basis of the program created by us in the software environment
of GAUSS by means of matrix programming language, that is
widely used by scientists, statisticians, econometrists and by
financial analysts and is universal enough for various numeral
tasks. The first column of tables presents the type of threshold
function. The second — a minimum sum of squares of residuals
for a corresponding threshold function. The best result in case
of the use of delays of unemployment change (see Table 1) we
have obtained for g;_;=Au;_g , and in case of the use of un-
employment lags (see Table 2) — for g;_1=u;_5 .

It is important to check whether the developed nonlin-
ear TAR models statistically significantly differ from the linear
autoregressive models of certain order that is determined in
the process of analysis of graphs of autocorrelation and partly
autocorrelation function, and also more difficult procedures. A
corresponding null hypothesis is H: o= . If errors are in-
dependent and equally distributed, then on condition of the
known value of threshold, testing of null hypothesis with a test
power that is close to optimal, is possible to carry out, using
F-statistics [16]
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Table

1

Search and testing results of overall significance of TAR models of unemployment for a threshold function that characterizes lags
of changes in an unemployment rate

Type of threshold The lowest value of Estimation of threshold Testing of significance Probability of inadequacy of
function variance é% *¥1000 parameter of TAR model Fr(Y) TAR model Prob
4., =0u,, 3.8187 0.065 80.24 0.000
q.,=4u,, 3.8493 0.005 78.36 0.000
q.,=0u,, 3.9610 -0.035 71.75 0.001
4 =4u,, 3.8030 0.005 81.22 0.000
g, =0u, ¢ 4.2664 -0.073 55.44 0.001
G, =0u, 3.2135 -0.105 12473 0.000
q.,=4u,, 3.6485 -0.125 91.26 0.000
G, =0u,4 3.7097 -0.085 87.18 0.000
4, =AU, 4 3.8647 -0.098 77.42 0.000
q.q=4u, 4, 3.6432 0.006 91.27 0.000
G =0u,_, 3.6134 0.045 93.62 0.000
G, =0u,,, 3.3641 0.105 11215 0.000

Source: estimations of authors

Table 2

Search and testing results of overall significance of TAR models of unemployment for a threshold function that characterizes lags
of unemployment rate

Type of threshold The lowest value of Estimation of threshold | Testing of significance Probability of inadequacy
function variance G2 *1000 parameter y of TAR model Fr(Y) of TAR model Prob
q,.,=Au, 33183 2.296 115.86 0.000
q.,=0u,, 3.2383 2.050 131.82 0.000
G =4u, 4 3.5030 1.835 101.52 0.000
q.,=0u,, 41370 2175 62.06 0.000
q.,=Au, 43347 2.390 52.11 0.006
q.,=0u, 44971 2493 44.60 0.019
q,.,=4u,, 4.5074 2.645 4413 0.029
G, =0u, 4 45414 3.150 42.64 0.040
Gy =Au, 4.6584 3.154 37.65 0.099
a4 =0u, 4.2658 2427 39.01 0.081
q,,=4u, ,, 4.0201 2.370 68.40 0.000
4, =4u,_;, 3.9001 2335 75.31 0.000
Source: estimations of authors
T T
Fry)=T(04)7 ~SF(¥)/(SF(Y)), 4 and a=(2yty'r] (ZytAut]
t=1 t=1

where

.
()7 =1/TY (Aup—y'ra)?,

t=1

is OLS evaluation o by assumption that o = . Since F-(y) is

monotonous of 62 function, then
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Fr =supycrFr(y)
is point F - statistics against the alternative H, : o0 if y is
known.
However, for TAR model such testing is not correct, since
athreshold y is not defined for H,and asymptotic distribution
Fr in this case is not chi-square distribution. Methodology of

testing of hypothesis H,, for TAR models has been proposed by
Hansen [16]. He showed that asymptotic distribution can be
approximated by means of such bootstrap procedure.

Let e isidd N[O,1 (t=1,...,T) random draws. We
will estimate regression e, on y, to obtain residual vari-
ance (G;)%, and on y,(y) to obtain residual variance
(67)7(). Then A" ()=T(0 o) ~(F(¥)/G )7 (y) and
Fr =SUPyr Fr (y). Distribution F; converges weakly in
probability to distribution Fr, thus the repetition of bootstrap
procedure for £~ can be used for approximation of asymptot-
ic distribution Fr. Bootstrap approximation of test p-value is
formed on the basis of calculation of sample percent, for which
F" exceeds Fr .

We will conduct the procedure of adequacy testing of
TAR model (2) for different variants of threshold functions for
which the point estimations of parameters and corresponding

residual variances have already been calculated. We will also
calculate p - values, that determine probability that AR model

has advantage over the corresponding TAR model. Values of F-
statistics and corresponding probabilities (Prob) for 24 thresh-
old functions are presented in the last two columns of Tables 1
and 2. Testing results certify that in most cases we haven’t ob-
tained statistically meaningful residuals that would show that
unemployment rate modelling by means of linear AR-model is
more adequate, than nonlinear TAR modelling.

The results of calculations show that unemployment has
a nonlinear structure and while modelling its behaviour it is
necessary to apply threshold models that give an opportunity
to represent its different dynamics depending on the previous
state of economic environment. In particular, it has been re-
vealed that the behaviour change of unemployment takes place
when its value two periods ago exceeded 2.05, or when unem-
ployment change half a year ago was more than -0.105. In this
respect the influence on the mode of behaviour of past values of
unemployment changes is more significant than the influence
of past values of unemployment rate.

The general specification of the evaluated nonlinear

threshold autoregressive model of unemployment is:

AU[ = (0(0 + 0L1Aur_1 + azAut_z +...+ apAUt_] 2 )I(AU{_6 < —0,] 05) +
+(B0 + |31AU[_] + BZAUI—Z +...+ BpAU[_] 2)[(AU[_6 > _0,1 05) + €ty

©)

The values of evaluations of parameters of model (5) and

their corresponding ¢-statistics are presented in Table 3. The

values of Student’s statistics state that most parameters are sta-
tistically significant.

Table 3

Parameter estimations and significance testing results of nonlinear threshold autoregressive model of unemployment
Lag order Estimates of parameters Student’s statistics Estimates of parameters Student’s statistics

j o; t(o;) B; t(B))

1 0.1304 2.5146* -0.0138 -2.2971*%

2 1.4076 9.3539** 0.3652 5.1405%*

3 -1.2280 -5.0466** -1.0824 -4.0247%*

4 1.4460 5.2121** -0.0312 -0.4108

5 0.2589 0.7058 -0.1720 -2.3482%

6 -0.8418 -2.1706* 0.0087 0.1172

7 1.1212 2.7584** -0.1055 -1.3039

8 -0.2693 -1.0601 -0.0554 -0.7043

9 -0.5451 -2.1977% -0.0134 -0.1633

10 0.9135 4.5120%* -0.1956 -2.1120%

1 -0.2866 -1.8516 0.1088 0.9256

12 0.2769 2.2000* 0.0715 0.6464

Source: estimations of authors

Threshold function defined on the basis of modelling
and estimation of threshold parameter show that a model will
change its regime when the unemployment rate change, that
happened half a year ago, will exceed a value of - 0,105. Using
point estimates of slope parameters and threshold parameter,
we will find estimated values of unemployment rate in Ukraine.
Fig. 2 presents the estimated values of unemployment rate in

Ukraine by means of constructed TAR model. The observations
that are described by the different branches of threshold au-
toregression are presented by different symbols.

Modelling results state that during the investigated pe-
riod 49 observations in the different months of different years
are governed by the first regime and characterize the periods of
unemployment growth, while 142 observations belong to the
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Fig. 2. Branching unemployment rates into two different regimes of behaviour depending on the change of past values

Source: evaluations of authors

second regime of behaviour that describes the dynamics of em-
ployment growth respectively.

Conclusions. As a result of empiric research the row of
nonlinear econometric specifications has been estimated and
application of threshold autoregressive model for description
of nonlinear and asymmetric behaviour of unemployment rate
in Ukraine has been justified. Modelling states that the dynam-
ics of unemployment rate in the national economy is character-
ized by different regimes of behaviour that change depending
on the value acquired by the threshold function that is defined
by econometric analysis. The estimated value of threshold pa-
rameter reveals branching of TAR model behaviour of unem-
ployment rate in two directions, and transition between them
is determined by the fact whether unemployment rate change,
that was observed 6 months ago was higher than —0,105, or
not. The first branch of developed nonlinear autoregression
describes and gives an opportunity in a short-term period to
forecast the dynamics of unemployment rate growth, and con-
sequently and employment reduction, while the second set of
estimations allows to characterise dynamics of unemployment
fall and to forecast employment growth phases. The revealed
nonlinear character of unemployment rate dynamics confirms
non-Walrasian properties of labour market in Ukraine and
states its uneven and asymmetric cyclic behaviour.

The research showed that development and application
of threshold autoregressive models is a perspective direction
of nonlinear character and tendencies changes of basic labour
market indicators forecast, since it allows to obtain not only
qualitative forecasts, but also to evaluate quantitatively the
values of threshold parameters, that determine the different
modes of their behaviour that gives an opportunity in advance
to forecast the phases of their fall and growth and to react to
them in time. Further directions of researches are develop-
ment and estimation of the real information of more difficult
modifications of threshold autoregressions with more than one
threshold parameter.

JUTEPATYPA

1. Bean C.R. European Unemployment: A Survey / C.R. Bean
// Journal of Economic Literature. - 1994. - No. 32.- P.573 - 619.

2, Peeters M. Modelling Unemployment in the Presence
of Excess Labor Supply: An Application to Egypt / M. Peeters //
Journal of Economics and Econometrics. - 2011. - Vol. 54, No. 2. -
P.58-92.

3. Stankeviciene J. Building Lithuanian Macro-econometric
Model: Forecast of Average Wages and Unemployment Rate /
J.Stankeviciene, A. Gruodis, A. Lokutijevskij, U. Urbaite // Intelektine
ekonomika intellectual economics. - 2012. - Vol. 6, No. 1 (13). -
P.754-775.

4.Bardsen G. Asymmetric Unemployment Rate Dynamics in
Australia / G. Bardsen, S. Hurn, Z. McHugh // Studies in Nonlinear
Dynamics and Econometrics. - 2012.-Vol. 16 (1). - P. 1 - 22.

5. Peel D. A. Threshold Nonlinearities in Unemployment
Rates: Further Evidence for the UK and G3 Economies / D. A. Peel,
A. E. H. Speight // Applied Economics. Taylor & Francis Journals. -
2000. - Vol. 32 (6). - P. 705 - 715.

6. CynTaH K. MeTopionoriuHi acnekTi po3po6Ki Ta NpaKTuny-
HOTO 3aCTOCYBaHHA MaKPOEKOHOMETPUYHUX MOAENEN (Ha MpuKna-
Ai Ykpaitn) / K. CynraH, |. Jlyk'aHeHKo, 10. TopopHiueHko. - K. : KM
Academia, 2000. - 204 c.

7. Mogenu OLEeHKM M aHanu3a CIOXHbIX COLManbHO-3Ko-
HOMWUYeCKKX cctem : MoHorpadusa / Mog pea. B. C. oHomapeH-Ko,
T.C. KnebaHosoii, H. A. Knsuma. - X. : U «MHM3K», 2013. - 664 c.

8. €EpmoneHko O. A. MpoTtypiyua Ta iX HaCNiAKN Ha PUHKY
npadi B YkpaiHi / O. A. €pmoneHko // bisHec IHopm. - 2014, -
Ne 3.-C.231-236.

9. lypbaHoBa J1. C. Mogenb aHanu3a acMMeTpUN permo-
HanbHoro pa3ssutua / J1. C. TypbsaHoBa, T. C. KnebaHoBa, E. A. Cep-
rneHko, . C. ToHuapeHko // Tpobnembl 3KOHOMMKK. — 2012. -
Ne2.-C.27-33.

10. Babuy C. M. CyyacHwii PUHOK MpaLji B EKOHOMIYHilA cuc-
Temi / C. M. babuu // bisnec IHpopm. — 2012. - N2 10. - C. 160 - 164.

11. MetpeHko K. B. PuHok npaui: npobnemu Ta nepcnektu-
B PO3BUTKY fienpecuHoi TepuTopii / K. B. MeTperko // bizHec IH-
dopm. -2013.-N25.-C. 211 -216.

Mpo6bnemn ekoHomikm Ne 3, 2015

315



MaTtemaTtunuHi meToam Ta Mogeni B eKOHOMiLi

12. Kip'aH T. M. MoTrBaLjifa NtoACbKOro Kanitany A0 NPOAyK-
TmBHoi Npayi / T. M. Kip'aH. - K. : HIl npaui i 3aiHATOCTi HaceneHHs,
2008.-416 c.

13. Ljungquist L. Recursive Macroeconomic Theory /
L. Ljungqvist, T. J. Sargent. - The MIT Press Cambridge, 2004. -
1082 p.

14. PvHok npaui / [lep>kaBHWi1 KOMITET CTaTUCTUKK YKpaiHu
[EnektpoHHUin pecypc]. — Pexum goctyny : http://www. ukrstat.
gov.ua

15. Chan K. On Estimating Thresholds in Autoregressive
Models / K. S. Chan, H. Tong // Journal of Time Series Analysis. -
1996.-Vol.7.-P. 179 - 194.

16. Hansen B. E. Inference in TAR Models / B. E. Hansen
// Studies in Nonlinear Dynamics and Econometrics. - 1997. -
Vol.2(1).-P.1-14.

REFERENCES

Bean, C. R.“European Unemployment: A Survey“<i>Journal
of Economic Literature</i>, no. 32 (1994): 573-619.

Peeters, M. “Modelling Unemployment in the Presence of
Excess Labor Supply: An Application to Egypt“<i>Journal of Eco-
nomics and Econometrics</i> vol. 54, no. 2 (2011): 58-92.

Stankeviciene, J. et al. “Building Lithuanian Macro-econo-
metric Model: Forecast of Average Wages and Unemployment
Rate”<i>Intelektine ekonomika intellectual economics</i> vol. 6,
no. 1(13) (2012): 754-775.

Bardsen, G., Hurn, S., and McHugh, Z. “Asymmetric Unem-
ployment Rate Dynamics in Australia“<i>Studies in Nonlinear Dy-
namics and Econometrics</i> vol. 16 (1) (2012): 1-22.

Peel, D. A, and H. Speight, A. E. “Threshold Nonlineari-
ties in Unemployment Rates: Further Evidence for the UK and G3
Economies”<i>Applied Economics. Taylor & Francis Journals</i>
vol. 32 (6) (2000): 705-715.

Sultan, K. Lukianenko, I, and Horodnichenko, Yu.
<i>Metodolohichni aspekty rozrobky ta praktychnoho zastosuvan-
nia makroekonometrychnykh modelei (na prykladi Ukrainy)</i>
[Methodological aspects of the development and practical appli-
cation of macroeconometric models (for example, Ukraine)]. Kyiv:
KM Academia, 2000.

<i>Modeli otsenki i analiza slozhnykh sotsialno-ekonomi-
cheskikh sistem</i> [Models of evaluation and analysis of complex
social and economic systems]. Kharkiv: INZhEK, 2013.

Yermolenko, O. A. “Protyrichchia ta ikh naslidky na rynku
pratsi v Ukraini” [Contradictions and their effects on the labor mar-
ket in Ukraine]. <i>Biznes Inform</i>, no. 3 (2014): 231-236.

Gurianova, L. S. et al. “Model analiza asimmetrii regional-
nogo razvitiia“ [Model analysis of asymmetry of regional develop-
ment]. <i>Problemy ekonomiki</i>, no. 2 (2012): 27-33.

Babych, S. M. “Suchasnyi rynok pratsi v ekonomichnii sys-
temi” [The current labor market economic system]. <i>Biznes In-
form</i>, no. 10 (2012): 160-164.

Petrenko, K. V. “Rynok pratsi: problemy ta perspektyvy roz-
vytku depresyvnoi terytorii” [The labor market: problems and
prospects of development of underdeveloped regions]. <i>Biznes
Inform</i>, no.5 (2013): 211-216.

Kir'ian, T. M. <i>Motyvatsiia liudskoho kapitalu do produk-
tyvnoi pratsi</i> [The motivation of human capital for productive
work]. Kyiv: NDI pratsi i zainiatosti naselennia, 2008.

Ljungqvist, L., and Sargent, T. J. <i>Recursive Macroeconom-
ic Theory</i>: The MIT Press Cambridge, 2004.

“Rynok pratsi” [Labor market]. http://www.ukrstat.gov.ua

Chan, K. S., and Tong, H. “On Estimating Thresholds in Au-
toregressive Models”<i>Journal of Time Series Analysis</i> vol. 7
(1996): 179-194.

Hansen, B. E."Inference in TAR Models“<i>Studies in Nonlin-
ear Dynamics and Econometrics</i> vol. 2 (1) (1997): 1-14.

316

Mpo6rnemn ekoHomikm Ne 3, 2015



