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SPECIFICS OF GAINING ECONOMIC INDEPENDENCE
BY REFUGEES FROM UKRAINE

The article examines the problems of the emergence and development of the flow of refugees from
Ukraine during the first half of 2022 as a complex phenomenon that depends on rational (economic)
and irrational (social-psychological) factors. The phenomenological model, created on the basis of the
Burgers’ equation, which reproduces the process of the involvement of the new refugees to the flow
and the resistance of the environment to the formation of this flow, made it possible to analyze such
subtle effects as the existence of a hub country, where the initial accumulation of refugees takes place,
followed by redistribution, and the influence of infrastructure problems in the exit country. Transitional
regimes from the infrastructural problems prevailing in the country of exit to the predominant influence
of the hub-country effects are also considered. It is concluded that the entry to new levels of the refugee
flow could be achieved due to the effects of emotional and economic (rational) behavior of refugees
replenishing the hub, i.e., a stepwise development of the refugee flow is possible if new hubs would be
created, or the existing hub will be freed up from overloading. On the basis of mathematical modeling,
it is shown that in the case when the refugee flow is restrained by infrastructural problems in the exodus
country, the exit to the stationary regime is delayed. Identification of the proposed model was carried out
based on the empirical data on the refugee flow development using the apparatus of incorrect problems
of the mathematical physics. A comparison of the dynamic effects of the refugee flow development
from Ukraine with similar processes in Syria and Iraq was carried out, which allowed for identification
of the zones of influence of infrastructure problems and the hub effect in the refugee flow development.
The use of the concept of refugees’ economic independence (self-sufficiency), which was developed
in 2018 by the Office of the United Nations High Commissioner for Refugees, was proposed as a basis
for policy formation in the field of refugee assistance. The consequences of the discrete use of this
concept in the case of refugees from Syria are analyzed, and the dynamics of employment opportunities
for these refugees in countries with similar and different socio-cultural conditions were compared. A
conclusion was made about the fundamental difference in the employment trends in those types of
countries. The authors formulated proposals regarding the utilization of the Monte Carlo methods and
the learning model for researching the peculiarities of the process of Ukrainian refugees achieving a
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certain level of economic independence (self-sufficiency), determining the typical time of reaching
such a level, obtaining the distribution of probabilities of getting the first job depending on the initial
competencies and skills of refuges, their education, experience, and foreign languages mastery.

Keywords: refugee flow from Ukraine, refugees’ economic independence (self-sufficiency),
phenomenological modeling, Burger’s equation, optimization, ill-posed (inverse) problems of
mathematical physics, hub effect, infrastructural problems, rational and emotional problems of
refugees

JEL: C31, F51, H29

VY cTarTi AOCHiKYIOTHCS MTPOo0OIeMH BUHUKHEHHS Ta PO3BUTKY MOTOKY ODKEHIIIB 3 YKpaiHH Mpo-
TSrOM Tiepiroi mosoBuHu 2022 p. SK CKIaJHOTO SIBUIIA, IO 3aJICKUTh BiJl pallioHATBHUX (€KOHOMIY-
HUX) Ta ippallioOHaTbHUX (COLIATBHO-TICUXOIOTIYHNX ) YMHHUKIB. DEHOMEHOJIOTIYHA MOJIEINb, CTBOpPE-
Ha Ha OCHOBI piBHsIHHS broprepca, sike BiITBOPIOE MPOIIEC 3aIyUYeHHS 0 TOTOKY HOBHX OIXKEHIIB Ta
omip cepenoBuina 10 GOpMyBaHHS I[LOTO MOTOKY, O3BOJIMIIA TPOAHATI3YBATH TaKi TOHKI e(heKTH, SIK
icCHyBaHHS KpaiHu-xa0y, Jie BiIOyBa€eThCs IEPBUHHE HAKONTMYEHHS O1KEHIIIB 3 HACTYITHHM I1€Pepo3Io-
JIJTOM, Ta BIUIUB iHPPACTPYKTYPHHUX MPOOIIEM y KpaiHi BUXOay. PO3IIISTHYTI TaK0X IEepexiTHi pexXuMu
BiJI MpeBaIFOBaHHS iH(PACTPYKTYPHHUX MPOOIIEM Y KpaiHi BUXOJY /0 MEPEBAKHOTO BILTUBY CPEKTIB
xa0y. 3po0IeHO0 BUCHOBOK PO T€, 1[0 BHUXi/I HA HOBI PiBHI MOTOKY O1KEHIIIB TOCATAETHCS 32 PaXyHOK
e(eKTIB eMOLIHHOT Ta EKOHOMIYHOT (parlioHaILHOT) MOBEIHKH O1KEHIIIB, 110 MIOTIOBHIOIOTH Xa0, TOOTO
MOXIIMBE CTYIIHYACTE MOBO/KEHHSI TOTOKY ODKEHIB, SKIIO OyJ/ie CTBOPIOBATUCS HOBHH Xa0, abo ic-
HyIO4Hi xab OyJie 3BUILHATHCS BiJ| Nepe3aBaHTakeHHs. Ha mincTaBi MareMaTHYHOTO MOZEITIOBAHHS
MOKa3aHo, 110 y pa3i KOJHM MOTIK OKEHIIIB CTPUMY€EThCS IHPPACTPYKTYPHUMHU IpoOIieMaMul B KpaiHi,
BUXIJl HA CTAIliOHAPHUN PEKUM 3aTPUMYEThCA. [neHTrdiKaiis 3ampormoHOBaHOT MOJIEITi TTPOBOIUIIACS
Ha OCHOBI EMITIPHYHIX JaHUX II0JI0 HAPOITYBAaHHS IMOTOKY OKEHIIB 3a JOMOMOTOIO amapaTy HEKO-
PEKTHUX 3a/1a4 MareMaTuyHO1 (i3uku. [IpoBeieHe criiBCTaBlICHHS AMHAMIYHUX eeKTiB (OpMyBaHHs
MOTOKY ODXKEHIIB 3 YKpaiHH 3 aHAIOTIYHUMH npoliecamMu cTtocoBHO Cupii Ta Ipaky, Ha OCHOBI SKOTO
ineHTH(}IKOBaHI 30HN BIUIMBY H(pACTPyKTypHHX MpodieM Ta edexTy xady y (popMyBaHHI IOTOKY
ODKeHIIB. Y SKOCTi OCHOBH JUIs (POPMYBaHHS TOJNITHKH y Tally3i JIOMTOMOTH ODKEHIISIM 3alpONOHOBA-
HO BHUKOPHCTaHHS KOHIICMIII eKOHOMIYHOI CaMOI0CTaTHOCTI Oi’KEHIIIB, 110 Oyma po3pobieHa y 2018
p. YpaBniHHAM BepXOoBHOTO KoMmicapy mo cripaBam OikerniB OOH. IIpoananizoBano HACHiIKA T¥C-
KPETHOTO BHKOPUCTaHHS JaHoi KOHIeNii y BUunajaky ObkeHmiB 3 Cupii, npoBeeHe CIiBCTaBICHHS
JMUHAMIKH MO>KJIMBOCTCH MpaIleBIaIITYBaHHS I[MX ODKCHINB y KpaiHaX 3 OJU3bKUMH Ta BiIJaJICHUMU
COLIANIbHO-KYJIFTYPHUMHU yMOBaMH. 3p00JIeHO BUCHOBOK PO MPHHIUIIOBY BiIMIHHICTb TPEH/IIB 11010
MpaleBIalTyBaHHs Y UX Tpynax kpaiH. CopMyIpoBaHi MPOMO3UILIi 010 BUKOPUCTAHHS METOJIB
Monte-Kapno ta Mozeni HaBYaHHS A7 TOCHIPKEHHSI OCOOJIMBOCTEH MpOIeCy MOCSATHEHHS YKpaiH-
CHKAMH ODKEHIIIMHU TIEBHOTO PiBHS €KOHOMIYHOI CAMOCTIIfHOCTI a00 caM03a0e3MeueHOCTi, BU3HAYCH-
HSl TUTIOBOT'O Yacy JAOCSITHEHHsI TAaKOTO PiBHS, OTPHUMAaHHS PO3IO/LTY HMOBIpHOCTEH BIIAIITYBaHHS Ha
nepiry poOOTy 3aJIeKHO Bijl MOYATKOBHX KOMIICTCHIIINH Ta HAaBUYOK ODKCHINB, iX OCBITH, JOCBIAy i
BOJIOZIHHS IHO3EMHHMHU MOBaMH.

Knrouosi cnosa: nomik oixcenuie 3 YKpainu, ekoHOMIiuHA camooocmamuicms 0ixcenuyie, ge-
HoMeHonoziune mooentosanns, pisnannsa bropzepca, onmumizayis, nekopexmui 3a0aui mamema-
muunoi izuku, epexkm xaoa, inghpacmpyxmypui npodaemu, payionanibHi ma eMoyioHaIbHI HPo-
onemu Oixcenyie

JEL: C31, F51, H29

Intro & Research goals formulation.
Since the beginning of the unprovoked
Russian aggression, more than 13 million
people have left Ukraine, about 7.5 million of
whom are registered as refugees, and another
4.1 million receive temporary protection or
use similar national protection schemes
in Europe. Educated, intelligent, skillful,
and experienced people found themselves
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completely unexpectedly in a situation
where they had to leave their homes in order
not to risk their lives and/or to move their
children to a safe place. Helping these people
overcome the psychological shock, regain
self-confidence and integrate into economic/
labor activities in a new country is currently
a huge challenge. EU countries are making
huge efforts to help these people. Despite
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this, the process of the Ukrainian refugees’
integration in the EU countries is complex
and resource intensive.

The vast majority of Ukrainian refugees
who left the country with the start of
unprovoked Russian aggression, as already
mentioned, are educated, intelligent, skillful,
and experienced people, most of them are
women with children. In the first weeks of
the aggression, the EU countries provided
all kinds of assistance to the Ukrainians
without any economic considerations,
regarding this as a kind of moral duty to the
citizens of a country, which is defending
common values and its own freedom. But
later, when the flow of refugees began to
number millions of people, the EU countries
themselves began to experience certain
problems with reception of refugees and
are currently looking for a balanced policy
in this direction. According to the authors,
such a policy should be implemented based
on the concept of refugees’ economic
independence (self-sufficiency), which was
developed in 2018 by the Office of the High
Commissioner for Refugees (UNHCR)
(United Nations, 2018). Currently, this is the
only systematic document that reflects a great
deal of experience in working with refugees
from different countries, at different times
and under different circumstances (Micinski,
2021). Therefore, it is very relevant to study
the peculiarities of the process of Ukrainian
refugees gaining a certain level of economic
independence or self-sufficiency, to determine
the typical time of reaching such a level,
to obtain the distribution of probabilities
of obtaining a first job depending on the
initial competencies and skills, education,
experience and foreign language skills, and
to create a dynamic model of this process
that would allow for phenomenological
analysis of various scenarios of the formation
and development of the refugees flow under
different circumstances.

Preliminary theoretical analysis.
There are significant differences in the
economic behavior of Ukrainian refugees
due to differences in the social status,
marital status, income (property status),
psychological status, etc. In addition,

the most important problems faced by
Ukrainian refugees differ depending on these
peculiarities. Given this, a flexible approach
should be developed to address possible
unique variations in the economical behavior
of individual refugees with regards to such
features. Undoubtedly, this will facilitate
the process of refugees gaining economic
independence (self-sufficiency). Besides,
such an approach should be based on the
identification of systematic factors that
determine the general behavioral trends that
form certain “patterns of attitude” of refugees
belonging to the same behavioral group.
Given the lack of extensive empirical
data specifically on Ukrainian refugees, it
is only possible to refer to the experience
arising from the dynamics of refugee flows
from other countries. The closest example
in terms its temporal relevance is the flow
of refugees from Syria, which intensified in
2015 and continues up to this day, see for
example (Gritz et al., 2016). Despite the
fact that the migration process from Ukraine
differs from the exodus from the MENA
countries, these countries provide the only
empirical base that can be referred to. For
example, the trend, that the most popular
destination among MENA refugees are the
most developed European economies rather
than the nearest countries which are not
only close geographically but also similar
in language, religion, and national values,
equally applies to the outflow of refugees from
both Syria and Ukraine. In the case of Syrian
refugees, Germany and the Scandinavian
countries, which are characterized by high
levels of social standards, became the most
popular destination for the flow of refugees
— see for example (Bailey et al., 2022). In
the case of Ukrainian refugees, Poland is
beyond the competition because it is both
geographically close and provides attractive
social standards for refugees (Kowalski,
Lytvynenko et al., 2022). Although countries
that not only provide high social standards,
but also have a demand for skilled workers,
as a rule, immigrants from Ukraine are far
behind (nat.kozlova@4service-group.com,
2022). It should be noted that in the case of
Syria, neither Jordan, not Turkey, nor other
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countries of the Middle East close in
terms of religion and culture, have turned
into an attractive place of refuge like it
happened with Poland which has become
an asylum for Ukrainians (UNHCR,
2022) and remains a hub where refugees
stay for a short time, seeking to leave for
countries with higher social standards,
where many compatriots have already
settled — see (UN Refugee Agency, 2022)
for empirical data. Even with relatively
modest support provided to refugees
from Ukraine, countries such as the UK,
Italy, Spain and France are very popular
destinations, unlike the “youngest”
members of the European Union, such
as Romania, Slovakia, etc., even despite
their geographical proximity to Ukraine
(UNHCR, 2022). At the same time, if we
set up for a phenomenological approach
development which includes all the
factors that have a significant impact on
the process, then a certain analogy should
be selected that corresponds to the general
patterns of the process development
being studied. According to the authors,
in accordance with the properties of the

process of forced migration, several
phenomenological approaches to its
modeling can be proposed, which

reproduce its general regularities:

e mathematical model of transport
with dissipation,

* mathematical model of the learning
process,

* a stochastic model based on the
Monte Carlo method.

In general, the problems of Ukrainian
refugees, which need to be formalized by the
mathematical model being developed, can be
divided into rational and emotional. In this
study, we will mainly focus on the rational
problems, in particular:

e problems of leaving country of
exodus;

* the overload of the social services in
recipient hub-country;

e problems with finding the first
job in the recipient country, which would
correspond to the level of education, skills
and experience of a particular refugee;
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* bureaucratic barriers.

There are also emotional (irrational)
problems affecting the behavior of refugees,
which primarily include:

e uncertainty, hopelessness, lack of
plans;

* problems of communication with the
homeland;

e communication problems
hosting community;

» psychological problems, depression,
stress;

* misunderstanding of the social or
cultural features of another country;

e great homesickness.

According to the authors, some of
these problems are very difficult to interpret
mathematically, so they will remain outside
our attention, but most important ones will
be treated below.

The mathematical model based on
transport with dissipation. The model
equation for the analysis of the process of
refugee flow formation includes convective
transport mechanism with dissipation, that is,
the dissipation of transfer energy. It has the
following form (1):

in the

ou ou ] U
U= r@ (1)
R oR 9%R
at U =H o @)

0,x<0
1,x>0 ®)

R(x,0) = F(x) @)

U(x, 0) = Heavysideg(x) = {

where U — specific intensity of the refugee
flow,

R — resistance to refugee flow rising,

7 —pseudo time,

m — intensity of resistance changes to
the refugee flow,

F(x) — a function that specifies the ini-
tial conditions for the resistance,

x — generalized coordinate.

Equations (1) and (2) form a system
of nonlinear one-dimensional convective-
diffusion transport equations for the vector
quantity U with non-constant dissipation
R. Equations (3)-(4) give the initial and
boundary conditions for the system (1)-
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(2). System (1)-(2) is a simplification
(special case) of the system of nonlinear
equations of an incompressible viscous
continuous medium motion to the case of
the one “spatial” variable, known as the
Burgers’ equation, see for example (Kee &
Ong, 2011). This approximation is widely
used as a model equation in the study of
“shock” turbulent flows of an incompressible
continuous medium, when it is necessary
to analyze the propagation of the “wave
front”, that is, the section where an abrupt
transition from one state to another occurs,
considering the dissipation of the energy
of the “shock”, (see Surhone et al., 2010,
for examples). It should be noted that such
a phenomenological approach very reliably
reproduces the situation with refugees —
the number of people leaving the country
changes abruptly from being almost 0 and
stabilizes at a certain constant value over
a very short time, which is determined by
both internal and external conditions. The
phenomenological properties of equation (1)
are widely used not only in hydrodynamics
and related fields, but also apply to the case
of dissimilar phenomena, where the ability
of this model to describe a fast transition
between successive states of the system,
accompanied by the dissipation of “energy”
is in demand. In a similar form, but with
constant dissipation, this equation was used:

* as a phenomenological model of
traffic jams;

» as a model of biological invasion;

* to describe a filtration process etc.

In a certain sense, the phenomenological
properties of the Burgers’ equation led
to the formulation of the Black-Scholes
model (see, for example, Capinski & Kopp,
2013), widespread in the financial activity
simulation, where the effects of “convection”,
“diffusion” and fading (scattering) are also
considered, and in turn to the famous formula
for determining the price of European options
with finite conditions.

The Cole-Hopf transformation, who
proved that this equation cannot exhibit
chaotic (unstable) behavior, allows for
solving the Burgers equations (1) in the
R=const approach with initial conditions

given by (3), see for example (Lundvall
& Weinerfelt, 2004). The exact solution
to the (1) is expressed in terms of the so-
called “error function”, Erf, which is the
antiderivative of the function ¢, that doesn’t
have an analytical expression (Erf values
are calculated either numerically or using
residue theory). As a result, the solution to
the equation (1) with R=const assumption
has the following form:

U(x,7) = !

e (1+Erf(2m) (5)

T—X
1+E
rf(Z\/RT

Model (1)-(2) with initial conditions
(3), which correspond to the piecewise
Heaviside g-function, is a description of
the “smoothing of the gap” in pseudo time ¢
and is indeed a good phenomenological ap-
proximation to the analysis of the process
of the refugee flow increasing in the first
moments after the emergence crisis situa-
tion with a subsequent decrease in the in-
tensity of that flow with the stabilization at
the achieved level. If we proceed from the
fact that all future refugees made the deci-
sion to leave the country immediately after
the outbreak of the battle (this effect is pre-
cisely conveyed by the piecewise Heavy-
side g-function, which instantly changes its
value from 0 to 1 at z>0), all the same they
will not be able to implement this decision
instantly and simultaneously, which in turn
leads to a smoothing of the gap, when the
flow of refugees at the initial period of time
increases very rapidly, but still with the fi-
nite speed, determined by various obstacles
(both rational and emotional) and certain
resistance factors associated with the insuf-
ficient infrastructure capacity.

The change in the dissipation level,
which is described by the equation (2) with
initial and boundary conditions (4) has the
following meaning — at the initial stages of
the exodus, resistance in the recipient coun-
tries is minimal and the refugee flow is deter-
mined by the “indecisiveness” of the refugees
themselves (that is, emotional problems) and
infrastructural obstacles within the country
of origin, while refugees are still leaving the
country in increasing numbers.
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Approaching the maximal, terminal val-
ue, resistance increases due to the saturation
effect in the countries which are hosting ref-
ugees. In this case, those potential refugees
who, for various reasons, did not have time
to leave the country at the initial stage of the
exodus, may reconsider their decision, being
afraid of the problems in the host countries.
This effect can be especially powerful in cas-
es when there is a certain hub country, where
the broad mass of the refugees initially come
to moving afterwards to other destinations. In
such a country problem with a social and in-
frastructure services overload will arise rap-
idly. As a result, instead of being a hub, such
a country can constitute an additional barrier
on the refugees’ passage. Until the moment
when the process of exodus has begun, these
peculiarities will not appear, therefore, as an
initial condition for resistance to the refugee
flow, the hypothesis of R=const has been in-
troduced. The level of R=const corresponds
to a certain natural level of decision-making
inertia and a reluctance in this decision im-
plementing. That makes it possible to use the
exact solution of equation (1) in the form (5).

The dimensionless intensity of the refu-
gee flow is defined as the ratio of the current
number of refugees to some stabilized value,
which the flow reached after certain period
T, corresponding to the characteristic time of
the exodus. The time of exodus is determined
on the basis of empirical observations over
the process of the refugee flow increasing
and will be used in the future for the phenom-
enological model (1)-(4) fine-tuning.

The “convective” term in the equation
(1) is responsible for the mutual “carrying
along” of refugees — the more people have
already decided for leaving the country, the
sooner other people attached to them by so-
cial or family ties will follow their example.
The convective term, given its mathemati-
cal nature (the transfer of a vector quantity),
should not be interpreted as a kind of “word
of mouth” effect, where only the information
is distributed in the direction to the potential-
ly loyal or prepared people. On the contrary,
it corresponds to the direct, “compulsory” in-
volvement of new “particles” in the refugee
flow, when people unambiguously follow the
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example of their relatives or friends/acquain-
tances. The “dissipative” term of equation
(1) is responsible for the “dispersion” of the
refugee flow, when people measure all the
consequences of such a step (both economic
and psychological) and refuse it, assessing
such consequences as being unacceptable.
The reason for such a decision can be both
infrastructural problems in the country of
origin, and problems with a refugees’ satura-
tion in the recipient countries. Dissipation in
our case corresponds to the decision not to
follow the example of the nearest or far envi-
ronment — that is why the dissipative term is
present on the right side of the model equa-
tion.

Given the absence of resistance, de-
termined by both economic and infrastruc-
tural, and psychological factors, the exodus
from the country of origin would occur
instantly, that is, the flow of refugees im-
mediately reached the maximum possible
value, as specified by the initial conditions
in the form (3). The pseudo-time 7 required
to form a smooth upraising to the maximum
levels of the refugee flow U in the system
(1)-(2) with initial conditions (3)-(4) is
precisely determined by the cumulative
(aggregated) influence of all the listed fac-
tors. Therefore, as already been mentioned
above, to “fine-tune” the phenomenological
model (1)-(4) describing a specific case of
the refugee flow from a certain country, it
is necessary to have statistical data on the
characteristic period 7, during which the
flow of refugees “reached the saturation”
and ceased to increase significantly over a
long period of time. Defining the constant
T based on the empirical data will allow to
determine the initial conditions (3)-(4). To
put the statistical data to a form convenient
for integration over the generalized coordi-
nate x, the magnitude of the registered refu-
gees current value was normalized by some
specific value of the stabilized flow which
corresponds to the end of the period 7, i.e. x
varied from O to 1.

Considering the abovementioned, to
fine-tune the phenomenological model (1)-
(4), it is necessary to solve the optimization
problem in the following form:
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lim[F(U,R) = 1] - 0 ©)

Problem (6) — minimization of a
functional equation, where the function
is the solution of a system of nonlinear
partial differential equations, is a classic
formulation of an ill-posed (inverse) problem
of mathematical physics (see (Samarskij &
Vabiscevi¢, 2007) for details), when it is
required to find a solution corresponding
to its predetermined (known) aggregated
characteristics. Such problems are quite
widespread in the phenomenological
modeling, as well as in the interpretation of
observations and empirical data from various
fields of science and technology — geophysics,
thermal physics, electrochemistry, plasticity

and elasticity, 1image identification,
behavioral sciences, psychology, efc.
The  minimization problem (5)

formulation means that such an initial value
of the resistance to the refugee flow R=const
should be found, which in a result will give
the upper limit value of the stabilized number
of refugees U, for a period T corresponding
to the empirical observations. That is,
according to the observational data, the
period during which the flow of refugees has
reached the saturation level is estimated, that
is, the total number of refugees registered
in various countries practically ceased to
change, and using this value for 7, in the
coordinates normalized by U, magnitude,
the optimization problem (6) is solved.

The solution to the problem (6) was
carried out using the Wolfram Mathematica
cloud service (free basic subscription), which
contains powerful tools for optimization,
differential equations numerical solution and
spatial visualization.

To tune and demonstrate the usability
of the model, data on the refugee flow from
Ukraine in 2022 (UN Refugee Agency,
2022a), from Syria (2016) (UN Refugee
Agency, 2022b), the former Yugoslavia
(1999) and Iraq (2003) (UN Refugee Agency,
2022c) were analyzed. As already mentioned,
there are no direct analogies between these
three scenarios. In addition, unlike Ukraine,
Syria and the former Yugoslavia, the number

of refugees from Iraq was extremely small
compared to the country’s population and
even the rate of natural emigration. That is,
the identification of the phenomenological
model was carried out under conditions that
differ significantly both qualitatively and
quantitatively.

Modeling the hub effect and the
infrastructure resistance prevailing. By
appropriate setting the initial conditions for
R(x,0)=F(x) in (4) it is possible to simulate
situations where either the hub effect or the
infrastructural resistance to the refugee flow
of are prevailing.

If the hub effect prevails, it is assumed
that there is a country (region) where
refugees are accumulated immediately after
crossing the border of the country of origin,
and then procced to the other countries
(regions). Obviously, Poland serves as a
hub for Ukraine, while, for example, in case
of Syria, the hub is not just the country of
Jordan, but two separate regions of this
country, where special refugee camps have
been created — Azraq and Zaatari where an
adaptation, training, and primary economic
independence providing for the refugees
is organized. In the case of the former
Yugoslavia, the Benelux countries can be
considered as a hub. At the same time, it is
difficult to point out any hub for Iraq.

Effect of the “infrastructural resistance”
prevailing corresponds to a situation when
the very process of the exodus of from
a particular country is hindered, -either
due to transportation problems or due to
large-scale hostilities. For example, due
to significant damage to the transportation
infrastructure and large-scale hostilities,
the former Yugoslavia (Serbia most of
all) was characterized by the significant
infrastructural resistance in 1999, which led
to a very limited refugee flow of from this
country at the initial stage of hostilities.

It is logical to assume that usually at the
early stages of the refugee flow formation
the infrastructural resistance will prevail.
Afterwards the hub effect will increase due
to the refugees’ accumulation as already was
indicated above during the phenomenological
features of the model (1)-(4) outlining.
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However, to identify differences in the
dynamics of the refugee flow, both the model
with the infrastructural resistance prevailing
and the hub effect model are of separate
theoretical interest. Let us formulate the
conditions for F(x) in all these three cases —
hub (7), infrastructure (8) and “transitional
model” (9):

Rec0) = e, = (0250 0)
0,x<0 (8)

R(x,0) = 1 — Heavysideg(x) = {1 x>0

R(x,0) = Rpyin + (x — 0.5)? )

Once more to describe the initial distri-
bution of resistance to the refugee flow in-
crease the Heaviside piecewise g-function
is used, which instantly changes its value
from 0 to 1 at >0 — conditions take the form
(7) and (8). To formulate condition (9), cor-
responding to the transition from of the in-
frastructure resistance prevailing to the hub
effect, we used the hypothesis that a resis-
tance profile has an augmented minimum
R, when the infrastructural problems were
dissolved, and hub resistance did not come
into reign.

Let us adjust the models for all three cas-
es of the initial conditions for R (7)-(9). Data
for analysis and tuning of models for various
countries was obtained from the official web-
site of the UN Refugee Agency. Simulation
data (see Fig. 1-3) are presented as surfaces
of the “blurring” the jump in the total refugee
flow from 0 to the maximum stabilized value
over the pseudo-time. Isolines are displayed
on the surface, that is, lines of equal values
of the vector quantity corresponding to the
current value of the refugee flow. The mo-
ment when the blurred shock profile ceases
to deform in pseudo time 7 corresponds to the
stationary regime reaching. It is this profile
that is compared with empirical observations
characterizing the dynamics of the refugee
flow from a particular country, and as a result
of solving the optimization problem (5), the
specifics of the distribution of the resistance
to the refugee flow under different regimes
are assessed. The features of the theoretical
curve and their correspondence to the empir-
ical observations make it possible to identify
the mechanism of exodus from a particular
country and, accordingly, to understand what
the policy towards refugees in each individu-
al case should be utilized.

Fig. 1. Surfaces of the jump “blurring” for the infrastructure problems prevailing
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Fig. 2 Surfaces of the jump “blurring” for the hub effect prevailing

Fig. 3. Surfaces of the jump “blurring” for the transition from the infrastructure
problems to hub effect

As already mentioned, the selected
countries are characterized by different
mechanisms of outcome, while Ukraine
takes, in a certain sense, an intermediate
position among these mechanisms.

The study of the hub effect allows us to
draw the following conclusions:

* reaching the stationary level of
refugee flow is exceptionally fast, after which
all the flow dynamics could be provided only
via changing the external hub “throughput”;

* accessing the new levels of the
refugee flow could be achieved due to the
effects of the emotional and economic
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(rational) behavior of refugees replenishing
the hub;

e the model makes it possible to
determine the moments when changes occur
in the nature of the flow of refugees — the
transition from the initial stage, when the
flow was formed just by the most active
citizens to a rapid increase in the flow and
reaching the hub “saturation”.

In the case when the refugee flow
is constrained just by the infrastructural
problems in the country of origin, the
transition to a stationary regime is delayed.
At the same time, the hub ceases to play the
role of'a balancing element, and the emotional
and economic (rational) elements of
behavior play a much smaller role compared
with regime with the hub effect prevailing.
On the contrary, the specific features of
the flow are formed under the reigning
influence of the problems in the country
of origin, and the section of the saturation
reaching is “destroyed”, that is, further
growth is still possible, however, almost all
the citizens who, in principle, made such a
decision have either left the country or faced
insurmountable difficulties in that decision
implementing. Processes in the countries
hosting the refugees have a considerably
smaller impact. The model allows to estimate
the strength of the influence of infrastructure
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problems on the “fullness” of the flow
and, accordingly, the delay in reaching the
terminating parameters.

The situation of transitional influence,
when infrastructural problems play a decisive
role at the initial stages of the refugee flow
formation, and then the hub effect begins
to appear, is closer in nature to the model
with the dominance of the hub effect — the
flow increases quite quickly and soon the
resistance of the hub begins to arise (such
a conclusion follows from the shape of the
surface which corresponds to the flow profile
over the pseudo-time). Thus, in the case of
a change in the mechanism of resistance to
the refugee flow formation, as in the scenario
with the hub effect prevailing, elements
of economic (rational) and emotional
behavior could play a decisive role. And it
is this scenario that is of particular interest
to Ukraine, since the refugee flow obeys just
this pattern.

The final profile of a “blurred” jump
reached by the solution of optimization
task (6) for the flow of Ukrainian refugees
compared with empirical data is shown on
the Fig. 4. Good qualitive correspondence
between the theoretical and empirical data is
obvious. Although infrastructural problems
of the first weeks of exodus are reflected by
empirical data.

60 70 80 90 100

Simulation

Fig. 4. Nondimensional refugee flow from Ukraine in March-June 2022 (first 100 day of exodus)
compared with simulation results
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Ensuring the economic self-sufficiency
of refugees, as already indicated, has been the
basis of the policy of the UN Refugee Agency
since 2018 (United Nations, 2018). At the
initial stages of this document development,
attempts were made to practically apply
its foundations in a “discrete version”,
when separate centers of retraining and
reaccommodating were created at refugee
camps, as was done, for example, in Jordan,
mainly for Syrian refugees. However, in this
case the refugees remained approximately
in the same cultural environment as in the
country of origin. When leaving the camps
using clan ties, which are very significant
for people from this country, the refugees
usually found themselves in a completely
different cultural environment.

In such a case, the main factors
influencing the economic independence
gaining by refugees are labor legislation and
the taxation system of the host country, which
may have certain differences, even in the
EU countries, where legislative systems are
extremely unified. For example, for Syrian
refugees, the most popular “final destinations”
are the Scandinavian countries, for the former
Yugoslavia it was Benelux, for Ukraine it is
Germany, Spain, Italy, the United Kingdom,
while Poland maintaining a dual role — the
role of the hub and a popular final destination
at the same time (UNHCR, 2022).

In addition, the distribution of
employment between the public and private
sectors is also quite interesting. A data
analysis for Syrian refugees suggests that if
only the official employment is considered,
then none of the sectors has an advantage.
(47% of employment are in the public
sector, 53% — in the private). Of course,
this proportion does not regard the informal
employment volume, considering which
the private sector would undoubtedly win.
However, it is possible to assess the level of
informal employment, especially for people
originating from the Middle East, only based
on expert judgments which constitutes a topic
for the separate study, which is not directly
related to our goals and objectives.

The UN Refugee Agency also presents
extremely interesting data regarding the

probability of employment of refugees
from the Middle East (mainly from Syria)
in the EU during the first six months of
their stay in the destination country in the
context of age groups by year. These data
provide conclusive evidence of a steady
decline in this probability as the economic
crisis continues, both in the private and
public sectors, although the probability of
employment in the private sector remains
significantly higher than in the public sector.
Again, it should be noted that there is no
reliable data on “informal” employment.

At the same time, the probability of
the Syrian refugees’ employment who have
received at least a secondary education is
noticeably higher in the countries of the
Middle East and North Africa both in the
public and private sectors, and since 2016
has shown a remarkable upward trend. It can
be assumed that this effect is directly related
to the cultural and linguistic proximity of
refugees to the recipient country, as well
as to the fact that the absolute number of
refugees in these countries is much lower,
so the labor market “absorbs” new workers
more rapidly.

Indirectly, the data referred indicate
that the discrete policy of ensuring the
refugees’ economic independence, which
was carried out at the level of international
organizations even before 2018, when it was
just announced as the dominant one, does not
lead to unambiguous results unfortunately.

According to the authors, this may
be due to the emotional factors’ influence,
which, as already mentioned, include cultural
closeness, the language knowledge, unity of
religion, national customs, efc. Modeling
the emotional factors’ influence on this
process is a very exciting task, which also
can be solved based on phenomenological
modeling, for example, using models of
learning with motivation, which convey the
nature of the individual’s assimilation of the
new knowledge, customs, skills, considering
motivation, resistance to the “acculturation”
process and “scattering”/forgetting. In the
most general case, a non-stationary learning
model that considers all the above effects has
the following form:
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e €70 - Heav(a — 2(8)) - e~ (Pt (U-2@)-2¢ vz, (10)

where: Z(f) — acculturation’s current
level, b — the transition speed from the i-th
level to the (i+1)-th acculturation level, i —
difficulty category of an acculturation; c,
d — threshold levels of acculturation, when
the motivation moves to a new level, Heav
— piecewise Heaviside g-function, a — the ac-
culturation threshold level, where motivation
completely disappears (a # ¢, d but ¢ could
be equal to d), U — the maximum for the ac-
culturation level, that is, in the ideal case U
= 1, p — the probability that an individual
will reach a certain acculturation level, 4 —
perception coefficient (usually the value u is
supposed being in the range ¢>0.7, which is
a fact of recognition of satisfactory accultur-
ation results); g(¢) — the scattering/forgetting
law (model).

The contribution of forced migrants to
the economic growth of recipient countries
is also an important task that must be
addressed along with the determination of
the characteristic temporal characteristics of
refugees’ economic independence gaining.
For example, there are already expert
assessments that indicate that taxes paid by
employed refugees from Ukraine in Poland
have practically equalized the costs this
state invested for the support of Ukraine in
the war (Antezza et al., 2022). However, to
verify such a judgment, we run again into
the problem of informal employment. In
addition, according to the authors, this expert
opinion can be based on the total taxes paid
by citizens of Ukraine in Poland, which
includes those who were officially employed
before the start of the Russian invasion
(Ratajczak, 2022).

Unfortunately, given the fact that
intensive involuntary migration processes
from the former Yugoslavia took place
in 1997-1999, access to information on
the employment dynamics of immigrants
from this country is extremely difficult. We
can only refer to fragmentary information
that in the Benelux countries, individual
representatives of Bosnia still enjoy the
status of refugees and, accordingly, are
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subsidized by the state. Accordingly, it can
be assumed that the assimilation of this
wave of refugees and correspondingly the
economic independence gaining turned out
to be very difficult for them. However, due to
the limited objective information, it is almost
impossible to conduct neither a statistical nor
phenomenological analysis of this process.

Of course, Ukrainian refugees are
culturally much closer to the EU countries,
the language barrier for example in Poland
is not a serious obstacle. However, both
economic (rational) and emotional and
psychological factors also influence the
processes of their economic independence
gaining. Unfortunately, systematic studies
of the employment dynamics of Ukrainians
in European countries are still at the very
early stages of implementation, so there
is no reliable statistical information.
However, to assess the dynamics of this
process and, accordingly, to assess the
social services” workload, we can propose
to build a model based on the Monte Carlo
method. Such a model will allow to directly
simulate random (stochastic) contacts between
individual refugees, which are accompanied
by the information exchange on potential
employment, advice and guidance on finding
a job, adjusting to local conditions, efc. As a
result, a peculiar trajectory of an adaptation
and the economic independence gaining of a
refugee can be built and, accordingly, the “time
consumption’ of this process can be assessed.

Conclusions. Summing up the analysis
of the dynamic processes of the refugee flow
formation from the country where hostilities
take place, we can draw the following
conclusions:

1) a phenomenological model which
describes the process of a new participants
involvement to the refugee flow, as well as
the resistance to that flow formation, was
developed based on the system of non-
stationary nonlinear equations in partial
derivatives, consisting of a one-dimensional
equation of convective transport with
dissipation (the Burgers equation) and an
equation for the resistance distribution,

2) the phenomenological model fine-
tuning based on the empirical data utilizing
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the solution of an ill-posed problem of
mathematical physics made it possible to
reproduce all the main theoretical effects of
the refugee flow formation and demonstrates
good agreement with statistical data relating
to different countries, different time periods
and different exodus scenarios,

3) three main scenarios for the refugee
flow formation were identified and analyzed
— the infrastructure problems prevailing,
the hub effect and a transitional regime,
when infrastructure problems prevail at
the initial stages, then the hub effect comes
into its reign. The simulated results were
compared with the empirical data, based on
such a comparison, it was concluded that
the phenomenological model developed is
suitable in a wide range of the parameters of
the refugee flow formation,

4) the analysis of up-to-date statistical
information describing various exodus
scenarios, carried out for Ukraine, Syria, Iraq
and (partially) for the former Yugoslavia,
leads to the following conclusions:

a. astepwisedevelopmentoftherefugee
flow is possible in the hub-dominated regime
if new hubs would be created, or the existing
hub will be freed up from overloading,

b. emotional problems start to play
decisive role after hub stop to play a damping
role in balancing the refugee flow,

c. hub effect plays decisive role even if
infrastructural problems were prevailing at
the initial stage of the refugee flow formation.

Unsolved problems & further
research  directions. As important
problems related to the peculiarities of
the policy formation regarding the refugee
flows management, which remained outside
the scope of this study and, accordingly,
were not resolved, we mention the
following:

1) thetheoretical approach development
to describe the refugees’ behavior in the
recipient country at the initial stages of the
economic independence gaining. It was
preliminary concluded that such an approach
could be developed based on the Monte
Carlo method application to simulate random
behaviors caused by mutual contacts of
refugees in the recipient country,

2) development of the refugee’s
acculturation model (initiation to the
language, customs, norms and legislation
of the recipient country), as the basis for
the simulation of the process of gaining
economic independence by refugees. It
was preliminary concluded that such a
model could be developed based on an
equation of a non-stationary learning
model with motivation, trust, resistance
and “scattering”/forgetting, which would
allow to describe the influence of emotional
factors on the refugees’ behavior and
to estimate the period needed for the
economic independence gaining after full
adaptation to the recipient country norms
and requirements.
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Burgers’ equation, which reproduces the process of the involvement of the new refugees to the flow
and the resistance of the environment to the formation of this flow, made it possible to analyze such
subtle effects as the existence of a hub country, where the initial accumulation of refugees takes place,
followed by redistribution, and the influence of infrastructure problems in the exit country. Transitional
regimes from the infrastructural problems prevailing in the country of exit to the predominant influence
of the hub-country effects are also considered. It is concluded that the entry to new levels of the refugee
flow could be achieved due to the effects of emotional and economic (rational) behavior of refugees
replenishing the hub, i.e., a stepwise development of the refugee flow is possible if new hubs would be
created, or the existing hub will be freed up from overloading. On the basis of mathematical modeling,
it is shown that in the case when the refugee flow is restrained by infrastructural problems in the exodus
country, the exit to the stationary regime is delayed. Identification of the proposed model was carried out
based on the empirical data on the refugee flow development using the apparatus of incorrect problems
of the mathematical physics. A comparison of the dynamic effects of the refugee flow development
from Ukraine with similar processes in Syria and Iraq was carried out, which allowed for identification
of the zones of influence of infrastructure problems and the hub effect in the refugee flow development.
The use of the concept of refugees’ economic independence (self-sufficiency), which was developed
in 2018 by the Office of the United Nations High Commissioner for Refugees, was proposed as a basis
for policy formation in the field of refugee assistance. The consequences of the discrete use of this
concept in the case of refugees from Syria are analyzed, and the dynamics of employment opportunities
for these refugees in countries with similar and different socio-cultural conditions were compared. A
conclusion was made about the fundamental difference in the employment trends in those types of
countries. The authors formulated proposals regarding the utilization of the Monte Carlo methods and
the learning model for researching the peculiarities of the process of Ukrainian refugees achieving a
certain level of economic independence (self-sufficiency), determining the typical time of reaching
such a level, obtaining the distribution of probabilities of getting the first job depending on the initial
competencies and skills of refuges, their education, experience, and foreign languages mastery.
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