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Abstract

The purpose of this paper is to present a simulation model of labor market
which focuses on stochastic modeling of the employment and migration processes
on the level of a small country with economical situation characteristic for East-
ern Europe. The actual data used for modeling were taken from labor market
of Belarus. An emphasis was given to the problems of hidden unemployment
and closely related manpower drain problem. The migration was split down to
the job-related migration to CIS (former Soviet Union) states and to the devel-
oped Western countries. It was argued that both problems may be generally
resolved by way of increasing the salary level in the country. The simulation
model was implemented using NetLogo language and free software tools. Ex-
perimentation with the model allowed drawing specific conclusions regarding the
domestic salary levels which may help to overcome negative manpower drain
processes and reduce the hidden unemployment down to an acceptable level.

1 Introduction

According to the classical definition given by Samuelson, the economic model is a
formal framework for representing the basic features of a complex system by a few
central relationships. Development of a model naturally starts from the decision of
what kind of economic model is the most suitable for the problem in hands. The main
types of economic models which are most frequently come out in the literature include
visual, mathematical, empirical, and simulation ones.

Simulation models are well suited for representing economic systems and processes
which are dynamic (their behavior varies over time), interactive (consist of a number
of components which interact with each other), and complicated (the systems consist
of many interacting dynamic objects). Being capable of modeling such complicated
economic phenomena, the simulation models hold the following major advantages [1]:
high flexibility, capability of modeling complex systems, correspondence of modeled
objects to real economical agents, and chance for describing systems in great details.
In addition, simulation approach works where Math and Statistics does not. The
main goal of model development was to answer quantitatively to the following research
questions.

1. How the hidden unemployment in Belarus depends on the major parameters of
job market such as the salary level, qualification requirements and monetary charac-
teristics of job-motivated migration?

2. What should be the level of salaries in Belarus which generally prevents the
manpower drain problem?
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2 The model: principles, structure and components

At every stage of model development some basic constructing principles have been
followed which helped to keep the model relevant to the problem, be reasonably efficient
and yet manageable in complexity. These principles are briefly summarized below.

(a) Capitalizing on stochastic relationships what particularly means that the model
considered here is non-deterministic in each of its principal component. Agents make
their decisions under condition of uncertainty, their interactions are stochastic, and the
consequences and outcomes are probabilistic by nature.

(b) Reaching an equilibrium (i.e. convergence of the model) through a competitive
dynamics of supply and demand on labor market.

(c) Simplification by abstracting from the secondary details.
(d) Utilizing an agent-based parallel computational mechanism.
(e) Modeling complex behavior through relatively simple local interactions.
(f) Downscaling the real number of subjects to a manageable amount.
The general structure of the model together with a brief description of each compo-

nent is presented in Fig. 1. It consists of three main functional modules which model
processes of employing, discharging, and training plus two auxiliary blocks implement-
ing model initialization and control functions. As it can be inferred from Fig. 1, the
only monetary factors are considered in the model. It is clear that the labor market
phenomena and manpower drain problems are very general and involve a number of
non-monetary factors. However, consideration of the whole bunch of such factors is out
of the scope of this particular study. The level of hidden unemployment is considered to
be consisting of two main components. These are the number of people whose income
are below the official poverty line plus the number of workers who is employed in CIS
countries of former Soviet Union and who is typically out of the official statistics.

3 Modeling results and conclusions

The primary parameters of this study include wage values in home country as well
as characteristics of salary in CIS and Western countries, the additional qualification
requirements applied there, and relocation/living overheads. According to the statis-
tical data for the year 2012 provided by the Ministry of Labor and Social Protection
of Belarus and the National Statistical Committee, the average salary value was set
to 420 USD with the minimal value of suggested salary of 100 USD. The mean and
standard deviation (STD) values of asked salary were estimated by 500 and 130 USD
respectively whereas the minimum living expenses were set to 125 USD. As it was
suggested by literature sources, the particular salaries were modeled using exponential
distribution with the probability density function f(x) = λe−λx. The λ parameter was
set to 1, the output values were scaled to desirable STD σd by multiplication to (σd−1)
and shifted from 0 to the minimal value accordingly.

Salaries abroad were represented in the model by corresponding correction coeffi-
cients Kk which could be both greater and less than 1. These coefficients were cal-
culated using the mean values of salaries given at the official sites of CIS and West-
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Figure 1: Structure of the simulation model of unemployment and migration

ern countries. Thus, the mean values of the coefficients were set to Kk = 2.50 and
Kk = 11.92 for CIS and Western countries respectively. Corresponding coefficients
for increased qualification requirements were set to 1.2 and 2.5 with mean relocation
overheads of 380 and 1200 USD respectively. Other key parameters were taken from
suitable sources and specified as follows: the initial unemployment level UB = 2%; in-
tegral probability of discharge PD = 0.321 including PM = 0.176 by mutual agreement,
PW = 0.114 by worker’s own wishes, and PE = 0.07 due to hard economical state of
the employer; mean number of workers per factory NF = 114 with gamma distribution
directly generated by the random-gamma function of NetLogo; the rate of qualification
increase RQ = 10 units per year with the saturable maximum of 100 units.

The main experimentation loop included setting up certain salary increase for Be-
larusian factories and looking how such increase influences the target output figures
of emigration. The sensitivity study was accomplished by way of gradual increase of
mean value of domestic salary by 100 USD in the range from 100 to 900 USD. For each
salary step the model executed 20 times and significance of the differences of output
values for every pair of neighboring salary levels assessed using t-test. As a result it
was found that emigration reduction was significant for every salary increase step with
t-values ranged from 2.5 to 7.7. The next practical issue of simulation model usage is
the convergence, i.e., achieving the condition of dynamic equilibrium. Fig. 2 illustrates
evolution of the output model values during the first 170 days of model time. As it
is becoming immediately apparent from the first plot, the emigration to CIS is not
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converged at all while the other two are already approaching their final state. Further
experiments revealed that modeling time of 5 model years (1825 days) is sufficient.

Figure 2: Convergence of modeled values during the first 170 days of modeling time

Figure 3: Modeling results: emigration reduction with domestic salary growth

Finally, a set of computational experiments was performed for 5 different levels of
salary increase steps, starting from 0 (no increase of current salaries) and going up
to 4000 USD with the step of 1000 USD. Results are summarized in two statistical
plots presented in Fig. 3. They allow to draw the following major conclusions: (1)
Emigration to former CIS countries is going down steadily and significantly as soon as
domestic salaries are growing up. The salary increase up to 3000 USD would mostly
resolve the problem. Given that the only monetary factors are considered in the model,
these values should be treated as upper bounds of the CIS migration. (2) Emigration
to Western countries does not depend on the salary increase and tends to fluctuate
around 4.5 %. Most likely this is because of very high salary differences when the
migration is limited by non-monetary factors only (law, language, culture, etc).
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