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ABSTRACT  8 
 9 
This article presents the econometric analysis of labor force participation rate in Ukraine 
based on macroeconomic data for 2002—2014 years. In the article was reviewed a 
nonlinear logistic smooth transition autoregressive model which makes it possible to model 
the asymmetry in behavior of economic activity of population in the labor market and allows 
to describe various dynamic properties of the process during periods of expansion and 
recession. The results of modeling quantitatively characterize smooth changes in the 
behavior of the time series from periods of low growth rates to periods of high values. The 
estimated slope parameter which determines the transition smoothness shows that the 
economic activity of population quickly reacts to changes taking place in the labor market. 
 10 
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1. INTRODUCTION  14 
 15 
During the transformation period of Ukrainian economy a labor market is in a difficult 16 
situation, when a considerable part of working population is in search of jobs, which is more 17 
often a condition for survival and provision the basis of human existence. In the present 18 
conditions of macroeconomic instability of the economy and strengthening of social tension 19 
various forms of unemployment exist as well as its overall level increases. Support for 20 
employment is an important condition for the functioning and development of society, the 21 
preservation and enhancement of its human capital. Overcoming the crisis on the labor 22 
market will contribute to social security of an individual and society from various dangers and 23 
will have an influence on social security of the state. Elaboration of strategy of labor market 24 
development in Ukraine and creation of effective system of its regulation that are designed 25 
for the long term, require investigation of an internal contradictions in the labor sphere, 26 
determination of basic quantitative and qualitative parameters of the future labor force. 27 
 28 
A number of modern Ukrainian scientists devoted their works to study of problems of 29 
employment and its structure. Scientists detect presence of demographic, informational, 30 
structural and market imbalances in social and labor relations. These factors lead to 31 
establishment of the uneven distribution of human resources in the territory of Ukraine [1], 32 
disparity between education system or professional training of specialists and needs of 33 
modern production, besides that an uneven demand for age criterion [19], the outflow of 34 
highly skilled personnel abroad and illegal emigration. V. Kokhan (2013) draws attention to 35 
the problems of observance and protection of labor rights of employees involved in non-36 
standard employment [9], I. Khlevnaya (2013) shows existing problems of employment in 37 
rural areas [8]. A. Yanishevska (2014) investigates problems of the youth labor market, 38 
studies level of economic activity, employment and unemployment rates of young people in 39 
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different regions of Ukraine [23]. Y. Yuryk and I Zhuk (2013) point to the negative effects of 40 
the financial crisis on the labor demand, real wages and the number of redundant workers as 41 
a result of recession, increase of global competition [24].  42 
 43 
2. METHODOLOGY  44 
 45 
2.1 Data and Literature Review.   46 
 47 
Scholars give a considerable attention to research an existing systematic demographic crisis 48 
and narrowing the demographic basis for the recreation of human resources. Among others, 49 
Y. Tsizhma (2013) put a special focus on the decline in population, reduced life expectancy, 50 
fertility decline and negative migration balance, which are the main indicators of the 51 
demographic situation in Ukraine and represent a real threat to the national economy and 52 
creation of employment potential of society [22]. Statistical analysis shows that the quarterly 53 
rate of change of the population aged 15 to 70 years during 2002—2008 was -0.096%, 54 
moreover in the period from 2009 to 2013 this indicator fell by half and is -0.20% per quarter 55 
(Fig. 1a). 56 
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                                   а)                                                                      b) 59 

Fig. 1. Dynamics in the number of working age population and labor force during 60 
2002—2014 61 

Source: data of the State Statistics Service of Ukraine [20], elaborations of the author. 62 
 63 
However, at the present stage Ukrainian labor market shows a rapid increase in 64 
unemployment, which is characterized by gender and age unevenness, and we can 65 
observed difficulty or impossibility of employment for low-skilled workers (youth, women, the 66 
disabled) and immigrants from the eastern regions of Ukraine. Analysis of statistical data 67 
shows that the unemployment rate (UR), which is defined by the International Labor 68 
Organization, after a significant shift due to the crisis in the end of 2008 (average from 6 to 9 69 
percent) during 2009—2013 slightly decreased, but in 2014 it again shows a growing trend. 70 
 71 
Nevertheless, despite the negative effects which are connected with a reduction in the 72 
number of working-age population and rising of unemployment rate, in the same period in 73 
Ukraine can be observed increase in economic activity of population and increase of the 74 
labor force participate rate (LFPR), as a result the labor force does not show such significant 75 
shifts (Fig.1b) which are inherent in the general population aged 15 to 70 years. The main 76 
driver of economic development is social groups that have qualifications and employment 77 
opportunities, social activity and mobility, ability to adapt to existing conditions and effectively 78 

UNDER PEER REVIEW



implement their abilities [8], and another driver is an increasing of economic activity of «third 79 
age» people [17].  80 
 81 
The behavior of a UR series, which according to the ILO defines unemployment rate in 82 
Ukraine and a LFPR series, which determines the percentage of the working age population, 83 
which is a part of the labor force and dynamics of seasonally adjusted (using multiplicative 84 
moving average method) values are depicted in Fig. 2a and 3a respectively. Fig. 2b and 3b 85 
depicts their quarterly growth rates. 86 
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                                  а)                                                                     b) 88 
Fig. 2. Dynamics of a) unemployment rate (ILO) (series UR) and b) its growth rate over 89 

the 2002—2014 90 
Source: data of the State Statistics Service of Ukraine [20], elaborations of the author 91 
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Fig. 3. Dynamics of a) percent of economic activity of population (series LFPR) and b) 94 

its growth rate over the 2002—2014 95 
Source: data of the State Statistics Service of Ukraine [20], elaborations of the author. 96 

 97 
J. Emerson (2011), M. Kakinaka and H. Miyamoto (2012), D. Liu (2014) as well as many 98 
other scientists conducted an analysis of the relationship between economic activity of 99 
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population and unemployment rate over different periods of the business cycle in different 100 
countries [4, 7, 11]. Their results show that the relationship between unemployment rate and 101 
LFPR is caused by influence of factors that often have opposite characters of the impact, 102 
and depends on a number of different circumstances and state of the labor market and 103 
therefore scientists received controversial conclusions. In the results of researches in [5, 18, 104 
14] shown that during recession an unemployment rate only partially presents real situation 105 
on the labor market and therefore during periods of recession an attention to the analysis 106 
and modeling of LFPR should be paid. One of the reasons is connected with effect of 107 
discouragement of workers in crisis periods because they are not even included in the labor 108 
force and do not affect the unemployment rate [2, 6]. As a consequence during periods when 109 
economic activity decreases and the economy is in recession, emerge the number of 110 
workers that are leaving the labor force and a dynamic asymmetry in the levels of 111 
employment and unemployment can be observed [10]. Nevertheless at the same time along 112 
with the outflow of discouraged workers in order to prevent a reduction of their income 113 
households can increase their labor supply. In the result there could be an influx of new 114 
workers, particularly young people and elderly people, consequently the labor market 115 
equilibrium can be maintained. The coefficient of participation in the labor force does not 116 
undergo significant changes or even increases. 117 
 118 
Therefore the researchers emphasize that due to two effects such as outflow of discouraged 119 
workers and an inflow of additional employees during periods when economic activity 120 
declines LFPR can be more effective indicator of the labor market compared with the levels 121 
of employment and unemployment. In this regard, in order to deepen the analysis of the 122 
current state of the labor market in Ukraine, considering the complicated demographic and 123 
economic situation in the country a study of dynamics of population economic activity is 124 
relevant and necessary. 125 
 126 
The purpose of this article is the empirical analysis and econometric modeling of nonlinear 127 
and asymmetric dynamic behavior of the labor force participation rate that will enable to 128 
evaluate the tension and tightness of the domestic labor market, and identify the necessary 129 
policy measures in social and labor sphere. 130 
 131 
2.2 Empirical Analysis  132 
 133 
Reasonable application of econometric techniques in order to build an adequate model to 134 
describe the behavior of percent of economic activity in Ukraine requires a preliminary 135 
statistical analysis of time series LFPR properties, in particular, this includes research of 136 
stationary. It should be noted that in different countries series that determines the 137 
percentage of working age population participating in the labor force is characterized by 138 
different statistical properties. In particular in [5] Gustavsson (2012) shows that the LFPR in 139 
Australia, Canada and the United States are not stationary. In [16] the authors after 140 
conducting the analysis of general LFPR, and LFPR for men and women separately 141 
received confirmation that structural changes in the economy may interfere stationarity. 142 
Scientists claim that if LFPR is stationary, the unemployment rate in the long run is 143 
transformed into employment. If the LFPR shows nonstationarity property the unemployment 144 
rate is not a good indicator of joblessness on the labor market [14]. 145 
 146 
Results of the study of LFPR series stationarity in Ukraine on the basis of augmented 147 
Dickey-Fuller unit root test are presented in Table 1. The test shows that the series is 148 
nonstationary, and therefore labor supply response to macroeconomic shocks may vary 149 
depending on job prospects. 150 
 151 

Table 1.Testing of nonstationarity character of the labor force participant rate 152 
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 153 
Exogenous 

variable 
ADF-statistics Significant level Critical values p-value 

The null hypothesis: log LFPR contains unit root 

Intercept, 
linear trend 

-3,277571 0,01 -4,180911 0,0834 
 0,05 -3,515523  
 0,10 -3,188259  

The null hypothesis: ∆ log LFPR contains unit root 

intercept 
-14,89231 0,01 -3,588509  0,0000 

 0,05 -2,929734  
 0,10 -2,603064  

Source: evaluations of the author. 154 
 155 
Whereas according to a research LFPRt series is integrated of first order, and a series of first 156 
differences of his natural logarithms, which determine the growth rate of the economic active 157 
population share is stationary (Table 1), the modeling has to be performed for a ∆ log LFPR 158 
series. 159 
 160 
Behavior and previously conducted econometric analysis of domestic LFPR show its 161 
asymmetry. In particular, it was found that the rate of growth percent of economically active 162 
population responds differently to positive and negative shocks. Negative disturbances have 163 
a larger and longer impact on the change in percent of economic activity than positive [15]. 164 
Detected asymmetry in the responses requires a nonlinear econometric analysis and 165 
application of modern models of time series in modeling the economic activity in the labor 166 
market. Should be noted that the need for nonlinear models often occurs in the 167 
macroeconomic and financial modeling [12]. Although for modeling of macroeconomic 168 
processes to describe nonlinear economic phenomena researchers often use a linear 169 
approximation, but in many cases series characteristics require the use of nonlinear 170 
specifications. Nonlinear econometric models can be divided into two broad categories. The 171 
first category includes model that does not contain a linear model as a special case, and the 172 
second category includes a number of popular models, which generalize linear models and 173 
under certain restrictions are converted into linear. Switching regression models, various 174 
Markov switching models and smooth transition regression models are examples of models 175 
belonging to this class [13, 21]. 176 
 177 
2.3 Method  178 
 179 
In the result of conducted econometric analysis and taking into account the experience of 180 
foreign studies [3, 18] for modeling an economic activity in Ukraine was selected a smooth 181 
transition regression model (STR model). The STR model is a nonlinear regression model, 182 
which can be regarded as an extension of switching regression model. In addition, Smooth 183 
transition autoregressive regression (STAR) has the advantage in usage compared to the 184 
threshold autoregressive model by giving a possibility to take into consideration smooth 185 
transition between different modes. 186 
 187 
A smooth transition regression model (STR model) has the following general form [13]:  188 
 189 
                  yt = φ′ zt + θ′ zt G(st; γ, α) + ut  = (φ + θ G(st; γ, α))′ zt + ut ,     t=1,…,T,              (1) 190 

 191 
where zt = (wt′, xt′)′– vector of explanatory variables, wt′ = ( 1, yt-1, … , yt-p )′ , xt′ = ( x1t, … , xkt 192 
)′  –vectors of exogenous variables, φ = (φ0, φ1,…, φm)′ і θ = (θ0, θ1,..., θm)′  –  (m+1)-193 
dimensional vectors of unknown parameters (m = p + k),  u t  ~ iid (0, σ

2
) sequence of random 194 
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disturbances. Transition function G(st; γ, α) is defined as a continuous restricted function of 195 
continuous transition variable st, slope parameter γ and vector of location parameters α = 196 
(α1,..., αK)′, α1 < ... < αK. Representation (1) shows that the model can be interpreted as a 197 
linear model with stochastic and time changing coefficients whose values are set by function 198 
φ + θ G(st; γ, α). Should be noted that values of location parameters increases with k growth, 199 
and slope parameter is assumed to be positive. 200 
 201 
The first part of the model (1) characterizes the linear component of the system with 202 
parameters φj (j=1,…,m),  while the second part θ′ zt G(st; γ, α) describes non-linear 203 
component with parameters θj. If the model (1) does not contain exogenous variables vector 204 
zt = (1, yt-1, …, yt-p) consists only of constant and lags of endogenous variable, the transition 205 
variable is defined as st = yt-d or st = ∆yt-d , d > 0, and vectors of parameters φ and θ contains 206 
p+1 coefficients, including intercept and p slope coefficients at lagged values, then the 207 
model (1) is one-dimensional smooth transition autoregressive model. 208 
 209 
If the transition function that determines the behavior of non-linear part in (1), is given by the 210 
logistic function 211 
 212 

   G(st; γ, α) = 1 / (1 – exp ( – γ ∏
=

K

k 1

(st – αk) ) ) ,         γ > 0,                  (2) 213 

 214 
then we receive a logistic smooth transition regression model. In practical modeling are 215 
usually used values K = 1 and К = 2, and the appropriate models are indicated LSTR1 і 216 
LSTR2 [19]. For К = 1 model parameters φ + θ G(st; γ, α) monotonously change with change 217 
of st from φ to φ + θ. For K = 2 parameters are symmetric functions around the midpoint (α1 218 
+ α2)/2, in which the logistic function reaches its minimum value, which is contained between 219 
zero and 1/2. In this case, the transition function goes to zero when γ→∞ and is equal to 1/2, 220 
if α1 = α2 and γ < ∞. Parameter γ defines the slope and α1, α2 – allocation of transition 221 
function values. 222 
 223 
An alternative to LSTR2 model is an exponential STR (ESTR) model where the transition 224 
function has the form 225 
 226 
                                               GE (st; γ, α) = 1 – exp ( –γ (st  – α*)

2
 ) ,          γ > 0.                           227 

 228 
This function is symmetric around st = α* and has at low and moderate values of the slope 229 
parameter γ about the same shape but different minimum value (zero) comparing with the 230 
logistic function (2). 231 
 232 
In practice the transition variable st is usually stochastic and often is a part of vector zt. It can 233 
be a linear combination of several variables and can measure the differences of some 234 
element zt. If st = t then we obtain a linear model with deterministically changing parameters. 235 
 236 
The next step is conduction of one-dimensional econometric studies of series labor force 237 
participant rate LFPR, using method of LSTAR modeling. The order of the lags length 238 
included into the model are chosen on the basis of comparison of Akaike, Schwarz and 239 
Hannan-Quinn statistical criteria for the corresponding linear models. In order to account the 240 
seasonality in the series behavior in the model are included constant and seasonal variables 241 
S1, S2, S3 which are taking the value 1 respectively in the first, second and third quarters 242 
and zero for all other quarters. Evaluation results of autoregressive models with different 243 
lags length show that the best choice is a model which includes three previous delay (p=3). 244 
 245 
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To justify the correctness of using a nonlinear smooth transition model (1) - (2) can be used 246 
a common methodology for testing the null hypothesis of linearity for the alternative of LSTR-247 
nonlinearity. In case of STR model should be used an approximation of function transition (2) 248 
by its third-order Taylor expansion around the null hypothesis γ = 0. As a result for testing 249 
the following auxiliary regression is estimated [21]  250 
 251 

                          yt  =  β0' zt  + ∑
=

3

1j

 βj' zt* st
j
 +  u t  ,        t=1,…,T ,                 (3)       252 

 253 
where  zt = (1, zt*)', zt*– m-dimensional vector, u t*= u t  + R3(s t ,γ,α)  θ 'zt , R 3(s t ,γ,α)  – 254 
remainder of approximation, and parameters βj (j=1, 2, 3) can be represented as γ bj, where  255 
bj  are functions from θ and α, bj ≠ 0.  The null hypothesis of linearity is formulated as follows 256 
H0: β1 = β2 = β3 = 0, and is the usual linear hypothesis in the linear model. For the correct 257 
null hypothesis a test statistic has an asymptotic χ2 - distribution with three degrees of 258 
freedom. However, for small and medium-sized samples χ2- distribution statistics can be 259 
seriously distorted that is why in these cases it is recommended to use the appropriate F - 260 
statistic [13]. For the null hypothesis its distribution is approximated with F[3, T–4m–1]  261 
Fisher distribution. 262 
 263 
3. RESULTS AND DISCUSSION 264 
 265 
To determine the appropriate LSTR specifications for labor force participant rate will be 266 
chosen the set of potential transition variables S={Trend,  ∆log LFPRt-1, ∆log LFPRt-2,  ∆log 267 
LFPRt-3 } and conduct testing of nonlinearity in turn using each element of S as a transition 268 
variable. If the null hypothesis rejected for several transition variables then should be 269 
choosen one variable for which p - value of a test is the least. However, if several small p - 270 
values are close to each other it is necessary to extend the modeling and estimate more 271 
appropriate STR models and on the evaluation stage make a choice between them. 272 
 273 
For selecting type of appropriate LSTR models the following sequence of tests is used: 1) 274 
testing the null hypothesis H04 : β3 = 0 (statistics F4);  2) testing the null hypothesis H03 : β2 = 275 
0 on condition that β3 = 0 (statistics F3)  and 3) testing the null hypothesis H02 : β1 = 0 on 276 
condition that β3 = β2 = 0 (statistics F2). Should be noted that in particular case α = 0 for 277 
model LSTR1 β2 = 0, while for the models LSTR2 і ESTR β1 = β3 = 0 [13]. If α ≠ 0, still the β2 278 
is closer to the zero vector than β1 or β3 for model LSTR1, and vice versa for the model 279 
LSTR2. Therefore, if p-value of the test rejects the hypothesis H03 one should choose a 280 
model LSTR2 or ESTR. Otherwise, a model LSTR1 should be chosen. 281 
 282 
The results of conducted consecutive tests for different transition variables are shown in 283 
Table 2. 284 

Table 2. Test results of autoregressive linearity 285 
 286 

Transition 
variable 

p-value  
F  (H0) 

p-value F4   
(H04) 

p-value F3  
(H03) 

p-value F2  
(H02) 

Adequate 
model 

Trend 0,0356** 0,0945 0,0312** 0,5276 LSTR2 
∆ log LFPR(-1) 0,0482** 0,9923 0,0427** 0,0212** LSTR1 
∆ log LFPR(-2) 0,0136** 0,0708 0,9221 0,0030*** LSTR1 
∆ log LFPR(-3) 0,7895 0,5624 0,5951 0,6839 Linear 

Note: ** denotes statistical significance at 5%, ***  –at 1%.  287 
Source: evaluations of the author 288 

 289 
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Tests show that adequate may be considered the LSTR1 model with transition variable ∆ log 290 
LFPRt-1 or ∆ log LFPRt-2 and LSRT2 model with transition variable Trend. LSTR1 model 291 
allows to model the behavior of asymmetric economic activity in the labor market and allows 292 
to describe dependence of the process properties on the phase of the business cycle in 293 
which the economy is, taking into account that the transition from one regime to another is 294 
smooth. Model LSTR2 is given a preference in case of usage trend variable as a transition 295 
variable, indicating that the dynamic nature of the process is similar for large and small 296 
values, but different in the middle. In particular by using LSTR2 nonlinear model it is possible 297 
to describe nonlinear short-term adjustments to equilibrium when the force of gravity to 298 
equilibrium trajectories is a non-linear function that depends on the deviation from 299 
equilibrium relationship. 300 
 301 
However, estimation of the initial values of the parameters α i γ, and further evaluation and 302 
diagnosis of different smooth transition models discover that LSTR1 model with transition 303 
variable ∆ log LFPRt-1 is the best to describe the rate of growth of the economically active 304 
population share. Fig. 4 shows the residual sum of squares (SSR) as functions of the two 305 
parameters α and γ for this model. In particular, Fig. 4a shows a surface-SSR and therefore 306 
determines its maximum, and Fig. 4b – level lines of SSR function, which make it possible to 307 
determine the minimum of residual squares sum. 308 
 309 

 310 
                                        а)                                                                 b) 311 

Fig. 4. Graphic representation of residual sum of squares as a function of the slope 312 
and allocation parameters 313 

Source: evaluations of the author. 314 
 315 
Therefore, the final LSTAR model for the labor force participant rate in Ukraine is the 316 
following: 317 
 318 
 ∆ log LFPRt = φ0 + β1 S1t + β2 S2t + β3 S3t +                                          (4) 319 
                        + φ1 ∆ log LFPRt-1 + φ2 ∆ log LFPRt-2 + φ3 ∆ log LFPRt-3 + 320 

                 + G (st; γ, α) (θ1 ∆ log LFPRt-1 + θ2 ∆ log LFPRt-2 + θ3 ∆ log LFPRt-3 ) + ut ,        321 
 322 

G (∆ log LFPRt-1; γ, α) =1/ (1 + exp (–γ  (∆ log LFPRt-1 – α) ) ,                          (5) 323 
 324 

where ut ~ iid (0, σ
2
),  st = ∆ log LFPRt-1, G – limited to zero and one transition function. 325 

Should be noted that linear autoregressive model is obtained when γ = 0. If γ→∞ we get   326 
G(zt; γ, α) = 0 for ∆log LFPRt-1 < α and G(zt; γ, α) = 1 for ∆ log LFPRt-1 > α. Transition 327 
function (5) is monotonically increasing with st. Slope parameter γ describes how quickly the 328 
transition of function values goes from 0 to 1 and the parameter of distribution α determines 329 
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where the transition occurs. The model describes a situation in which the phase of 330 
expansions and recession in the business cycle have different dynamics, with smooth 331 
transition between them. Slope parameter γ characterizes the rate of transition from one 332 
regime to another. 333 
 334 
The results of parameter estimation of LSTR1 model with variable transition ∆ log LFPRt-1 335 
and taking into account seasonal variables shown in Table 3 Estimation of nonlinear model 336 
is based on the maximization of conditional likelihood using an algorithm of Newton-337 
Raphson. Convergence is achieved after 17 iterations. 338 
 339 

Table 3. Estimation results of LSTR1 model for labor force participation rate 340 
 341 

Variable Linear part of LSTAR model Non-linear part of LSTAR model 
Coefficient t-statistics 

(p-value) 
Coefficient t-statistics 

(p-value) 
Const -0.0022 -0.1012     

 (0.9200) 
0.01354 -0.5666     

 (0.5749) 
S1 0.0056 0.8753 

(0.3880)       
— — 

S2 0.0280 4.1089     
(0.0003) 

— — 

S3 0.0194 3.3998    
 (0.0018) 

— — 

∆ log LFPR(-1) -0.2232 -0.3525  
 (0.7268) 

0.19116 -0.3179  
(0.7526) 

∆ log LFPR(-2) 0.2282 2.0112  
  (0.0451)       

-0.54341 -2.2655 
(0.0304) 

∆ log LFPR(-3) -0.8898 -1.6784  
  (0.1030)       

0.44527 0.7986 
(0.4304) 

Parameters of transition function 
γ 

— — 
3.49793 2.2352 

(0.0257) 
α 

— — 
-0.01938 -2.9427 

(0.0060) 
Source: estimations of the author. 342 
 343 
Estimated value of the distribution parameter α = -0.01938 determines the value at which 344 
may occur smooth changes in the dynamic behavior of economic activity of population from 345 
the periods of low growth rates to periods of high values. Modeling shows that the current 346 
rate of these changes responds differently to changes in the previous characteristics. The 347 
amplitude of previous fluctuations of rate of the labor force participation coefficient 348 
determines its smooth transition from low to high values. The estimated slope parameter γ = 349 
3.21 characterizes the smoothness of this transition. Its rather high value shows that the 350 
economic activity of population quickly reacts to changes taking place in the labor market. 351 
 352 
Comparison of modeling results based on linear AR(3) model and developed nonlinear 353 
model (4)–(5) shows a significant reduction of information criteria and standard error of the 354 
model, as well as increasing coefficient of determination, confirming the need for application 355 
of nonlinear modeling approaches.  356 
 357 
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There is a need to verify the adequacy modeling of nonlinearity originally found in the data 358 
and to test the presence of an additional nonlinearity, which could still remain. To carry out 359 
such checks should be considered the following additive STR model [13]:  360 
 361 
                                   yt = φ′ zt + θ′ zt G(s1t; γ1, α1) + ψ′zt H(s2t ; γ2, α2) + ut ,                         (6) 362 

 363 
where H (s2t; γ2, α2) is another transition function which has the following form (2), а ut ~ iid 364 
N[0,σ²]. The null hypothesis of no additional nonlinearity is formulated as H0: γ2 = 0 for (6).  365 
 366 
Application of LM-type test to check this hypothesis is similar to the testing of initial 367 
nonlinearity. The difference that arises here in comparison with the case of testing the 368 
linearity in the initial model is that in this case the vector zt in (3) is replaced by a gradient 369 
vector vt = (zt′, zt′ G(s1t; γ1^, α1^), gt(γ^), gt(α1^)′)′ , where gt(γ) = ∂G(s1t; γ1, α1)/∂γ1|(γ1, α1)=(γ1^, 370 
α1^)  and gt(α1) = ∂G(s1t; γ1, α1)/∂α1|(γ1, α1)=(γ1^, α1^) . 371 
 372 
Besides testing the residual nonlinearity to justify the adequacy of the constructed model the 373 
parameters stability of evaluated model (4)–(5) also should be checked. For testing the 374 
regression (1) is rewritten as [13, 21]  375 
 376 

  yt = φ(t)′ zt + θ(t)′ zt G(st; γ, α) + ut ,         γ > 0,                                 (7) 377 
 378 

where 379 
 380 

φ(t) = φ + λφ Hφ (t*; γφ, αφ)   і   θ(t) = θ + λθ  Hθ  (t*; γθ, αθ),                         (8) 381 
 382 

where t* = t/T and ut ~ iid N[0,σ²]. Functions Hφ (t*; γφ, αφ,) and Hθ (t*; γθ, αθ) are determined 383 
in (8) for st = t*. They characterize two different time varying vectors of parameters whose 384 
values vary smoothly between φ and φ + λφ and θ and θ + λθ respectively. Equations (7)–(8) 385 
define a time-varying smooth transition regression model. The null hypothesis of parameter 386 
constancy is formulated as H0: γφ = γθ = 0, while the alternative hypothesis defines a smooth 387 
change of parameters in time and has the form or H1: γφ > 0, or H1: γθ > 0, or combines these 388 
alternatives.  389 
 390 
For testing the null hypothesis we use the LM-type test. In this case should be constructed 391 
an auxiliary regression of residual ut concerning 392 

 393 
vt = [z′t, z′t t*, z′t(t*)

2
, z′t(t*)

3
, z′t t* G(st; γ, α), z′t(t*)

2
 G(st; γ, α), z′t (t*)

3 
G(st; γ, α)]′. 394 

 395 
Since vt is a (7(m+1)×1)-dimensional vector and the χ²-statistics degree of freedom is equal 396 
to 6(m + 1), it is recommended to use F-version of the test. The results of testing the residual 397 
non-linearity and stability of the model parameters are shown in Table 4. 398 
 399 

Table 4. The results of testing the adequacy of model specification 400 
 401 

Test of no 
additive 

nonlinearity 

p-value  
F 

p- value  
F4 

p- value  
F3 

p- value  
F2 

0,63649 0,39900 0,95342 0,27155 
Test of 

parameter 
constancy 

Transition function Test statistic Distribution   p- value 
H1 1,1917 F[11,19] 0,3549 
H2 1,2048 F[22,8] 0,4142 

Source: evaluations of the author. 402 
 403 
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Conducted testing indicates the stability of the model parameters and absence of additional 404 
nonlinearity and therefore confirms the adequacy of choosing LSTAR1 model to describe the 405 
dynamics of a percent of the economically active population in Ukraine. 406 
 407 
Also it is necessary to conduct the diagnostics of the constructed model (4)–(5) based on the 408 
study of the properties of its residuals, graphic images of which are shown in Fig. 5. 409 
 410 

     411 
                                  а)                                                                     b) 412 

Fig. 5. Plot of standardized residuals and residuals squares of LSTR1 model 413 
Source: evaluations of the author. 414 

 415 
Testing the presence of some autocorrelation in residuals of STR models is a particular case 416 
of general test. In particular, testing the null hypothesis of no autocorrelation of model 417 
residuals (4)–(5) against the alternative of autocorrelation of order not greater than q based 418 
on the regression of LSTAR evaluated model residuals (u^)t of regarding its lagged values 419 
(u^)t-1, … , (u^)t-q and partial derivatives of logarithmic likelihood function for the model 420 
parameters which are calculated at the point ψ = ψ*, which maximizes log L. The test 421 
statistic has the following form [13]  422 
 423 

FLM  = { (SSR0 – SSR1)/q } / { SSR1/(T–n–q) }, 424 
 425 

where n –number of model parameters,  SSR0 –  sum of LSTAR model residuals squares 426 
and SSR1 –sum of corresponding auxiliary regression residuals squares. For the null 427 
hypothesis the distribution of test statistic is approximated by Fisher distribution with N1 = q і 428 
N2 = Т–n–q degrees of freedom. 429 
 430 
 Test results of residuals autocorrelation for model (4)–(5) for different lags orders that are 431 
shown in Table 5, confirm their non-autocorellation.  432 

 433 
Table 5. Test results of autocorrelation of LSTAR model residuals 434 

 435 
 

LM-test of 
autocorrelation  

 Lags order  Test statistic Distribution p-value 
1 0.7353 F[1,30] 0.3980 
2 0.3680 F[1,28] 0.6954 
3 0.5199 F[1,26] 0.6723 
4 0.7041 F[1,24] 0.5969 
5 0.5264 F[1,22] 0.7538 
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6 0.4824 F[1,20] 0.8136 
7 0.6239 F[1,18] 0.7299 
8 0.5728 F[1,16] 0.7854 

Source: evaluations of the author. 436 
 437 
To diagnose the adequacy of evaluated model also the null hypothesis of absence of ARCH 438 
effects in the residuals should be checked and the normality of their distribution should be 439 
tested on the basis of Jarque–Bera test. 440 
 441 

Table 6. The results of testing the normality residuals and ARCH-effects in LSTAR 442 
model 443 

 444 
ARCH-LM test 

(8 lags) 
χ

2 - statistics p - value F - statistics p – value 
3.4271 0.9048 0.4721 0.8653 

Normality test 
Skewness Kurtosis Jarque–Bera 

statistics 
p – value 

-0.4604 3.1742 1.6468 0.4389 
Source: evaluations of the author. 445 
 446 
The results of the tests that are given in Table 6 indicate the normal distribution of residuals 447 
and absence of conditional heteroskedasticity. 448 
 449 
Thus, the results of statistical tests show the correctness of conducted modeling and 450 
adequacy of smooth transition nonlinear logistic model for description of dynamic changes in 451 
the population economic activity in the labor market of Ukraine. 452 
 453 
4. CONCLUSION 454 
 455 
Timely and reasonable measures designed to further improve productivity and percent of 456 
population economic activity can partly prevent threats to domestic labor market in the long 457 
term that are associated with the influence of negative demographic tendencies. The 458 
effectiveness of implementation of these measures requires the development of qualitative 459 
models that allow explaining and predicting trends in unemployment and active of the 460 
population participation in the labor force. Developed nonlinear logistic model enables to 461 
model an asymmetry in the behavior of economic activity of population in the labor market 462 
and allows describing various dynamic properties of the process during periods of expansion 463 
and recession. The results of modeling quantitatively characterize smooth changes in the 464 
behavior of the time series from periods of low growth rates to periods of high values. The 465 
estimated slope parameter γ which determines the transition smoothness shows that the 466 
economic activity of population quickly reacts to changes taking place in the labor market. In 467 
times of crisis Ukrainian households in order to prevent the decline of their revenues 468 
increase labor supply and at the same time youth and elderly people show increased activity 469 
in job search. Increase of labor force participation rate in the labor market will allow to 470 
promote production of domestic goods when properly stimulate job creation in line with 471 
forecasted market demands, ensuring efficient employment, assistance in employment, 472 
retraining and professional development of persons who are released as a result of changes 473 
in market conditions. 474 
  475 
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