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Abstract: The globalization process and the war in Ukraine show us that migration is one of the
strongest global trends in the modern economy. For this paper, we determined three types of
migration, depending on the intention of the people involved, these being labor, educational, and
refugee migration. Each type has a different influence on the macroeconomic process. However,
in this paper, we investigate the influence of general migration on GDP. We analyze five factors
that have major influences on GDP, namely, migration (I), interest rate (IR), active population (AP),
export (E), and the consumer price index (CPI). For the purposes of this paper, vector autoregressive
models (VAR models) were chosen to perform the analysis. We used the Granger causality test to
investigate the lag structure and identified the exogenous variables in the VAR model, such as GDP,
migration, and the active population. We investigated the cross-influence between these factors and
found that migration has a negative effect on the active population and a positive effect on GDP,
while GDP growth leads to a decrease in migration. The Akaike and Schwartz criteria showed the
high quality of the VAR models. The impulse analysis of shock influences identifies the structure
of the reaction seen in GDP and migration, depending on their shock factors. Using decomposition
analysis, we found that migration and GDP influence each other by 10–14%, which can improve the
forecasting of these factors and the study of structural migration by the use of these three types.

Keywords: migration; GDP; VAR-model; impact

1. Introduction to the Migration Process
1.1. Analysis of References to the Current Migration Processes in Europe and the Impact of
Migration on GDP

The end of the 20th and the beginning of the 21st century are characterized by the
significant transformation of the international market space, which can be recognized by
its effects of globalization and integration. The world market has a key influence on the
processes that take place in national markets. It defines the competitive space factors
within which national enterprises operate. The openness of national markets, in turn,
significantly changes the quality of migration processes. Under these open conditions,
workers looking for better employment conditions outside national enterprises can move
with few or no problems, in search of better countries in which to work. The quality of
educational migration also changes significantly when students endeavor to find the best
combination of cost and standard of education for their needs. These processes were quite
transparent in the European countries, where the creation of the European Union resulted
in new conditions for the various types of migration, in order to benefit both the population
and the EU member states. However, the military conflict between Russia and Ukraine in
2022 brought a new round of forced migration to pass, which has made its own adjustments
to all types of migration.
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Millions of Ukrainians, mostly women, were forced to leave their country and migrate
to EU countries with their families, bringing with them children who study not only
in primary and elementary schools but also in universities. This assumes an a priori
increase in labor migration by the educated population and educational migration. In
addition, according to the estimates made by the Ptoukha Institute for Demography and
Social Studies of the National Academy of Sciences of Ukraine [1], from the two largest
educational centers of Ukraine alone, Kyiv and Kharkiv, 70% of women with higher
education qualifications left Ukraine for the European Union.

According to Josep Borrell, the High Representative of the European Union for Foreign
Affairs and Security Policy, and Vice-President of the European Commission, migration is
currently being discussed in Europe, primarily as a challenge. At the end of 2022, according
to Frontex, the number of migrants arriving in Europe via the Central Mediterranean or
Western Balkan routes had increased again in 2022 by 51% and 136%, respectively [2].

In particular, Russia’s war against Ukraine, which began in February 2022, triggered
the largest displacement of people seen in Europe since World War II, while only 4 million
Ukrainians received temporary protection [3]. According to the Frontex-European Border
and Coast Guard Agency, in 2022, about 15 million Ukrainians came to Europe, of whom
4 million Ukrainians received temporary protection and approximately 3 million wished
to remain in the European Union [3]. That is, one-fifth of the people who have completed
higher education, as well as those receiving higher education in the future, will contribute
to an increase in the GDP of the host country. In this regard, the task of determining the
impact on the GDP of individual factors, including the migration component, is of interest.

This research is aimed at developing tools for assessing and modeling the impact of
socioeconomic factors on the country’s GDP.

A study assessing and identifying the impact made on the volume of GDP by various
socio-economic factors showed that modern authors distinguish the following as the
dominant factors [4–9]: migration (I), interest rate (IR), active population (AP), export (E),
and the consumer price index (CPI). Based on the hypothesis that these factors have
both a direct and a lag effect on the volume of GDP, this paper proposes to use vector
autoregressive models to assess the various impacts.

1.2. Literature Review

Gross domestic product (GDP) is one of the determinants of a country’s economic
growth. This is why the task of studying the factors that have a diverse influence on its
change is always relevant. The need for constant study of such factors is also explained by
the fact that this task is permanent. This means that any change of situation in both the
world and the national markets, which are associated with the evolution of the development
of the economy and society, changes the degree of influence of these socioeconomic factors
on the country’s GDP.

One of the factors that is gaining more and more influence on each country’s GDP is
migration. The impact of the migration process on a country’s GDP has long been the focus
of international research. Thus, a report by the United Nations Development Program
(UNDP), published on 21 October 2020 and named “Refugees and Migrants”, analyzed the
main trends in the field of migration [10]. The UNDP chief, Achim Steiner, emphasized
the fact that migrants play an important role in economic recovery, especially after a crisis:
although constituting only 3.5 percent of the world’s population, according to data from
2015, migrants produce 9 percent of global GDP. According to studies by the International
Monetary Fund and the World Bank, an increase of 3 percent of immigrants in developed
countries would increase their global GDP by USD 356 billion by 2025.

The influence of migration on the main macroeconomic indicators of the develop-
ment of countries has been studied by many authors. For example, Heinisch, K., and
Wohlrabe, K., (2016) emphasize the power of migration’s impact on macroeconomic in-
dicators, showing that it is necessary to analyze the structure of the economically active
population in terms of particular refugees with different levels of education [11].
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Kudaeva, M., and Redozubov, I. (2021) prove that there is a strong relationship between
GDP and migration. Thus, based on an analysis of the impulse responses of the SVAR
model, it was determined that a 1% shock to the migration process increases the real GDP
by 0.1% [12].

The works of many authors are devoted to the analysis and assessment of the influence
of various socio-economic factors on changes in GDP.

For example, Zhuravskaya, K.G. (2016) analyzes the impact of the M2 monetary
aggregate, international reserves, consumer price inflation, domestic lending to the private
sector by banks, the general tax rate, the discount rate, the population, the dollar exchange
rate in the national currency, and the market capitalization of companies where their shares
are listed on the stock exchange on the GDP of countries with varying levels of economic
development [13]. On the basis of the author’s studies, the factors and the strength of their
influence on the level of GDP were analyzed, and cross-country differences in the process
of GDP formation were identified.

Alex Reuben Kira (2013), working against the background of a study of the dynamics of
change in Tanzania’s GDP and by using a Keynesian model, shows a significant impact on
this macroeconomic indicator of consumption, namely, the government’s final expenditure
and household final expenditure, along with exports [14].

Hongbo Guo and Zewei Zhang (2022) identify the main factors influencing GDP,
comprising: gross saving; the consumer price index; unemployment; population and the
real interest rate [15]. Based on the results of their regression analysis, the authors prove the
existence of a significant influence of exogenous factors on GDP and emphasize the need to
develop an appropriate state policy that will maintain the stability of the development of
these factors.

Artur Ribaj and Fitim Mexhuani (2021) also prove the existence of a strong corre-
lation between GDP and the gross saving factor. Based on augmented Dickey–Fuller
tests, Johansen cointegration tests, and the Granger causality test, the authors determined
that saving stimulates investment, production, and employment, which leads to overall
economic growth [16].

Based on a study of a period of economic liberalization in Ghana, Emmanuel Nketiah,
Xiang Cai, Mavis Adjei, and Bekoe Bernard Boamah (2020) proved the existence of a close
relationship between foreign direct investment, trade openness, and GDP [17].

1.3. Three Types of Migration

Analysis of the migration process and of the literary sources [18–20] can help us to
identify three types of migration, depending on their impact on the national economy:

(i) Labor migration;
(ii) Educational migration;
(iii) Refugee migration.

Each type of migration has its own impact on GDP. The first type receives GDP in
the machine-building branches of the economy, while the second type affects scientific
and technological areas of the economy; the third type results in pressure on the economy
regarding social support for refugees.

2. Mathematical Tools for Studying the Impact of Migration on GDP
2.1. Methodological Aspects of Model-Building

For this paper, we studied the process of the impact of migration on GDP from the
point of view of system analysis. In this regard, we propose the following algorithm for
studying the impact of the migration process on GDP (see Figure 1).
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Figure 1. Algorithm for studying the impact of migration on GDP.

2.2. Mathematical Models of Migration’s Influence on GDP

Migration has a lag influence on numerous economic processes that is based on the
nature of migration. In this case, we used vector auto-regression models (VAR models) to
perform the analysis, as follows:

(i) General VAR model and determination of the migration impact lag structure.

The general VAR (p) model, with n variables, is represented by:

X1,t = a10 + a11X1,t−1 + ... + a1pX1,t−p + ... + b1pXn,t−p

X2,t = a20 + a21X1,t−1 + ... + a2pX1,t−p + ... + b2pXn,t−p

. . .

Xn,t = an0 + an1X1,t−1 + ... + anpX1,t−p + ... + bnpXn,t−p

where n is the number of variables; p is the optimal lag of the VAR model.

(ii) Estimation of the lag’s influence in the VAR model. Generally, two main criteria
exist for the determination of the lag’s influence; these are the Akaike criteria and
the Schwarz criteria. We also used a Granger causality test for determining the lag
structure.

(iii) Impact impulse analysis. We used momentum analysis to determine the percentage
impact of each factor on GDP. Decomposition analysis will help us to determine the
part of the variance that depends on the changing pattern of the exogenous factors.
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3. Model Design and Impact
3.1. Estimation of the Model’s Parameters

The model was calculated on data from the Polish economy. This choice is due to the
fact that Poland is considered the most attractive country for relocation in the European
Union by Ukrainian migrants, which finding is based on a retrospective analysis of the
data for 1990–2021 [21–24]. In addition, during the recent period of Russian aggression in
Ukraine, Poland received about 6 million Ukrainian refugees. In our study, we assessed the
following factors:

GDP per capita (current rate in USD) is the gross domestic product, divided by the
midyear population—variable “GDP”;

Exports as the capacity to import (constant LCU) equals the current price value of the
export of goods and services deflated by the import price index – variable “E”;

Net migration (quantity of persons) represents the net total of migrants during a
particular period, calculated as the number of immigrants minus the number of emigrants,
including both citizens and noncitizens—variable “I”;

Interest rate (%)—variable “IR”;
Population aged 15–64 (total)—variable “AP”;
Consumer price index (%)—variable “CPI”.
To conduct the analysis, we first investigated the stationary value of the time series

using the ADF test. The results are shown in Table 1.

Table 1. ADF test of the time series.

Series t-Stat Prob.

DLOG_AP −9.5662 0.0000
DLOG_CPI −9.1768 0.0000

DLOG_E −6.1593 0.0000
DLOG_GDP −4.9360 0.0004

DLOG_I −6.8486 0.0000
DLOG_IR −3.6155 0.0532
LOG_AP −1.9639 0.3001
LOG_CPI −2.2329 0.1995

LOG_E −1.0199 0.7307
LOG_GDP −2.1610 0.2237

LOG_I −1.7057 0.4186
LOG_IR 0.7998 0.9920

We used the first differences to calculate the ADF test. The test showed us that the
first time series differences are stationary; thus, we could use this characteristic in the
construction of the VAR models.

In our study, we adopted the hypothesis that five factors influence GDP. To explore
this hypothesis regarding exogenous and endogenous factors, the Granger causality test is
used in the model. The results are presented in Table 2.

Table 2. Exogenous and endogenous factors in the model.

DLOG_AP-Chi-sq 24.274920 0.0009
DLOG_CPI-Chi-sq 11.16410 0.3449

DLOG_E-Chi-sq 14.51292 0.1509
DLOG_GDP-Chi-sq 24.51292 0.0015

DLOG_I-Chi-sq 26.725775 0.0007
DLOG_IR-Chi-sq 5.386847 0.8639

The data in Table 2 show that three variables are likely to be exogenous in the model.
These are GDP, migration, and the active population. Hence, we recalculated the VAR
models. The resulting parameters of the VAR model are presented in Table 3.
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Table 3. The parameters of the VAR model.

DLOG_AP DLOG_GDP DLOG_I

DLOG_AP(−1) 0.454114 3.512704 −8.771671
DLOG_AP(−2) 0.537753 6.638702 27.09934

DLOG_GDP(−1) 0.008067 0.290427 −3.008223
DLOG_GDP(−2) −0.004253 −0.233841 0.799000

DLOG_I(−1) −0.000387 0.012125 −0.301089
DLOG_I(−2) −0.000335 0.001815 −0.497146

C −0.000643 −0.022083 −0.689128
DLOG_CPI 0.004353 −0.209005 1.500807

DLOG_E −0.011102 1.080142 −4.583303
DLOG_IR −0.000654 −0.018509 0.271095

R-squared 0.891028 0.737911 0.891095
AkaikeAIC −8.616383 −7.571587 8.443811
SchwarzSC −8.132499 −7.087704 8.927694

Akaike information criterion −7.859639
Schwarz criterion −6.407989

The model’s parameters were calculated using the Eviews program.
Measuring the quality of the model shows us that the VAR(2) model is of high quality.

These models show the cross-influences between GDP, migration, and the active population.
The influence graph is shown in Figure 2.
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Figure 2 demonstrates that migration negatively affects the active population and
positively affects GDP, while GDP growth leads to a decrease in migration.

3.2. Impact of the Models

For our analysis of the impact of the models, we used impulse and decomposition
analysis techniques. The impulse response function is an important tool for conducting
sensitivity analysis of the VAR indicators model regarding the action of external shocks.
Figure 3 shows an impulse analysis of the model indicators on GDP and migration.
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Figure 3 shows that after four years, migration shocks will trigger a change in GDP
to the same extent as GDP shocks. Conversely, a GDP shock has a direct impact on the
migration process. That is, if daily life in a particular country worsens, then migration
will increase.
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The second analysis tool used in this paper is decomposition analysis, as presented in
Table 4.

Table 4. Variance decomposition of migration and GDP.

Variance decomposition of Migration
Period S.E. DLOG_AP DLOG_GDP DLOG_I

1 0.002826 6.569453 0.0000046 93.43054
2 0.003244 6.558724 12.37724 81.06403
3 0.003836 7.065201 11.46494 81.46986
4 0.004250 6.569463 14.29596 79.13457
5 0.004671 6.393239 14.94129 78.66547

Variance decomposition of GDP
Period S.E. DLOG_AP DLOG_GDP DLOG_I

1 0.095695 4.641632 85.35837 10.00000
2 0.099833 4.294604 85.00568 10.69971
3 0.102142 4.686875 84.60249 10.71063
4 0.102684 4.739765 84.15611 11.10412
5 0.103043 5.094311 83.78465 11.12104

An analysis of the results that were obtained allows us to conclude that migration has
a 10% impact on GDP. Thus, migration has a very significant impact. During all economic
periods, this impact is stable. However, GDP only begins to influence migration in the
second year, which indicates that the population does not immediately respond to the
deterioration of the economy in a particular country. This finding is associated with the
process of adaptation by the population in the economic space of Poland and covers all the
above types of migration. In general, the impact of GDP on migration is about 11–14%.

It should also be added that since the influence of migration and GDP are of almost
equal degree to each other, an interesting chain reaction will be observed. Migration into
the country leads to an increase in GDP, while an increase in GDP leads to a decrease in
migration out of the country.

4. Conclusions and Future Prospects

The following results were obtained in the current work:

(i) The migration process is a complex scenario consisting of three components (labor
migration, educational migration, and refugee migration) that have a cumulative
impact on GDP and can change the structure of the country’s economically active
population.

(ii) We have built VAR models that characterize the impact of the following indicators
on GDP: migration (I), interest rate (IR), active population (AP), exports (E), and the
consumer price index (CPI). The Granger causality test made it possible to find such
exogenous factors as GDP, migration, and the active population. This test also shows
us that migration negatively affects the active population and positively affects GDP,
while GDP growth leads to a decrease in migration.

(iii) Impulse and decomposition analyses show that migration and GDP have cross-
influences of about 10% and 14%. Migration has the most significant and stable
impact on GDP. In addition, the population does not immediately respond to the
deterioration of the economy in the country, and migration begins to increase with a
decrease in GDP in the second year. Based on the above decomposition analysis, it is
clear that migration into the country leads to an increase in GDP, and an increase in
GDP leads to a decrease in migration out of the country.

Further research will be related to the allocation of the influence of these three compo-
nents on the country’s GDP, to improve the efficiency of migration process management in
Europe and Ukraine.
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