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Determinants of commuting flows in Germany

The paper studies commuting flows between German regions. Using panel data of 400 Ger‑
man regions from 2013 to 2019 we evaluate the effect of the wide range of indicators deter‑
mining the magnitude of the commuting flows: demographic factors, indicators of the labour 
and real estate markets, welfare variables, social and educational system characteristics, etc. 
We employ the gravity model analysis with Poisson Pseudo Maximum Likelihood, allowing 
us to consider even the absence of commuters between regions. The novelty of the research 
is that the full structure of commuting flows, including the direction, is analyzed at the aggre‑
gated district level. In addition to other papers devoted to the economics of the labor market 
and focused mostly on individual data and selected determinants, we investigate a wide range 
of possible factors and conclude that the main macroeconomic factors determining both the 
intensity and direction of commuting flows: population, unemployment rate, cost of leasing 
housing and the number of companies per 10000 people. We also find that commuting flows 
between regions in the same land are 202% higher than between regions from different lands, 
and commuting flows between neighbouring regions are 414.5% higher than between regions 
without a common border.
Keywords: commuting; gravity models; Germany; panel data; PPML.

JEL classification: J61; R23.

1. Introduction

N owadays stable economic growth is inextricably linked with the dynamic labour market. 
One of the key characteristics of efficient labour resources and high economic activity 
in a market economy is the mobility of the labour force (Goetz et al., 2010). Free labour 

mobility across the country can only be realised with a developed road and transport infrastruc‑
ture that provides communication between regions. Germany occupies one of the first places in 
the world in terms of transport network density — ​this applies to both road and rail connections 
between regions. High road density contributes to increased labour market mobility (Sun et al., 
2017), the emergence of frequent territorial movements along the home-to-work route and a socio-
economic phenomenon named commuting. The conducted studies demonstrate that the lack of al‑
ternatives for work in rural areas, combined with the desire to live outside a large city, is a funda‑
mental push and pull factor for the development of commuting (Partridge et al., 2010). The analy
sis of the factors affecting the direction and intensity of commuting flows can be useful for both 
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the regulation of the socioeconomic and regional policy of the country and an overview of local 
labour markets’ trends for companies, hiring employees. The effect of commuting on fertility 
(Huinink, Feldhaus, 2012), life satisfaction (Stutzer, Frey, 2007), health (Hansson et al., 2011; 
Künn-Nelen, 2016), and regional disparity (Niebuhr et al. 2012) has been investigated in sim‑
ilar research. It was shown that commuting has no significant impact on the wage gap reduc‑
tion between East and West Germany, but it has a relationship with the unemployment dispar‑
ity reduction, which corresponds with the neoclassical approach in economics (Niebuhr et al., 
2012). Thus, the main labour market factor which produces such dynamics is not the regional 
wage level, but employment opportunities. In our study, we justify this conclusion. Some other 
determinants of commuting were also taken into account. In particular, Skora et al. (2020) es‑
tablished a relationship between the first child born and women’s commuting distance reduc‑
tion by 33%. Such a reduction results in a corresponding wage drop for those women with chil‑
dren, who have reduced their commuting distance, causing a so-called “motherhood wage gap”. 
The commuting distance can also be influenced by housing density or vacancy ratio (Zhao, 
2013). The data for Beijing 2001 has shown that high-density housing corresponds with a lower 
commuting distance.

The main research question of this work is about which factors affect the magnitude and in‑
tensity of commuting flows between German regions. Instead of specializing in a particular area, 
we investigate a wide range of possible determinants to find out the determinants of commuting 
in Germany. It allows us to choose the most relative variables among different economic indicators 
with no limits imposed by a specific domain, which was not the case before. While most research‑
ers are focused on individual-level data, originating from surveys and census, we use more homo‑
geneous district-level panel data to ensure sufficient and robust data for further analysis. To con‑
duct a comprehensive analysis, it is necessary to consider simultaneously the origin and destination 
regions of migrants along with the dynamic structure of the migration network. Finally, the inclu‑
sion in the analysis not only existing but also zero flows between regions allows us to conclude 
what is the reason for the absence of commuting between them.

The purpose of this study is to identify the determinants of the intensity of commuting flows 
in Germany and determine the direction of their influence. To the best of our knowledge, this 
is the first attempt to conduct such a study for Germany. For the analysis, we employ data on 
German interregional commuting networks and regional socio-economic characteristics as de‑
terminants of the flows’ magnitude from 2013 to 2019. The study period ends before the start 
of the COVID‑19 pandemic. The main scientific novelty is in modelling the full structure of com‑
muting flows, which consists of all 400 regions of Germany. The peculiarity of the model is also 
taking into account the indicator of belonging to the same land, which serves as a proxy for vari‑
ous cultural, economic, ethnic and other characteristics.

The article is structured as follows. The first section presents a literature overview on com‑
muting and gravity models as a method for studying various economic aspects, the second 
discusses the main hypotheses put forward in this study. The third section explains the data, 
the fourth describes the econometric model. The fifth and sixth sections present the results 
of the study. The conclusions follow at the end of the paper. Additional reference materials are 
issued in the form of Appendixes to work.
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2. Literature overview

In the literature, “commuting” may stand for various types of migration flows with no residence 
change. Namely, research on student flows (Bringolf-Isler et al., 2008; Whalen et al., 2013; Kobus 
et al., 2015), and urban flows (Kim et al., 2012) are all treated as “commuting”. In particular, much 
research is focused on specific vehicle use for commuting e.g., bicycle-commuting or commuting 
by personal cars (Handy, Xing, 2011; Santos et al., 2013). To be precise, in our research “commut‑
ing” stands for such flows only, that are committed between residence and workplaces by work‑
ers, whose residence and working address are in different territorial units. Therefore, the literature 
review encompasses similar research only.

A significant part of the research on commuting is based on survey data of individuals and 
households, where their characteristics act as independent variables (Tkocz, Kristensen, 1994; 
Artis et al., 2000; Shen, 2000; Lee, McDonald, 2003). The authors note that there are significant 
differences in male and female commuting — ​men more often work in the suburbs, while women 
prefer to work in the centre (Tkocz, Kristensen, 1994). Moreover, research results show a tendency 
for decreasing time to work as the residential place gets closer to the city centre, the exception 
to this pattern are representatives of low-income groups, who, despite living in the centre, spend 
significantly more time commuting to work than representatives of more affluent groups (Shen, 
2000). Östh and Lindgren (2012) conducted a study on nearly 12 million commutes over 16 years 
in Sweden. They studied how changes in GDP affect the distance between home and work. First, 
the results of the model suggest that changes in GDP have a much greater effect on commuting be‑
tween large centres and their densely populated suburbs than on longer trips. Having also studied 
the relationship of commuting and changes in GDP with demographic characteristics, the authors 
came to the conclusion that changes in business activity (GDP) affect young people under the age 
of 24 more, but gender or ethnicity do not show clear differences in the response of commuters to 
changes in GDP. Concerning Germany, Viry et al. (2014) studied the relationship between com‑
muting and the workers’ career development in Germany. Cluster and regression analysis showed 
that labour mobility is quite high in the first career years and, conversely, decreases significantly 
after respondents reach the age of 35. The most interesting result was the absence of clear fluctu‑
ations in mobility at the age of greatest fertility (from 25 to 35 years), suggesting that even mar‑
riage and childbirth do not become a barrier to commuting movements.

Another area of research on commuting concerns the study of the commuting geography de‑
pending on the agglomeration structure where it occurs (Baum-Snow, 2010; Burger et al., 2011; 
Dauth, Haller, 2018). The authors conclude that employment decentralisation and commuting net‑
work dispersion are related to transport accessibility and road network expansion (Baum-Snow, 
2010). Regarding Germany, Dauth and Haller (2018) note differences in the structure of commut‑
ing flows in single metropolitan areas, such as Berlin and Munich, and in regions with several large 
cities, such as the Ruhr region. The distance covered by migrants working in megapolises usually 
exceeds 20 km, suggesting that more than half of Berlin and Munich workers live outside of them 
and make daily trips from nearby areas. The situation is different in the Ruhr and the Rhein re‑
gions of several major cities (e. g. Düsseldorf, Essen, Dortmund), where long-distance commut‑
ing is rare and most people in this region commute within 5–10 kilometers.

Commuting flows in Germany have mostly been studied using network analysis or spatial 
models (Patuelli et al., 2007, 2010; Reggiani et al., 2011). Patuelli et al. (2010) analysed commut‑
ing networks in 1995 and 2005 based on data from 439 districts. The authors used two network 
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analysis models (a scale-free network and a random graph model) and estimated the areas’ ten‑
dency for mobility, and also calculated such characteristics of the commuting network as centrali‑
sation, the level of clustering, and the level of entropy. There were derived the concepts of exter‑
nal mobility of the region, which means the number of workers from the region who go to work 
to another area, and internal mobility of the region, which means the number of workers that this 
region attracts as a place of work. The study showed that over 10 years both indices have grown 
in all 9 types of regions (the authors divided all German regions into types, depending on their 
level of urbanisation and the tendency to create an agglomeration, where the most urbanised are 
“central cities in regions with urban agglomerations”, and the least urbanised are “rural districts 
in regions with rural features”). The highest level of external mobility was observed in “central 
cities in regions with urban agglomerations” in both 1995 and 2005 (37 and 53 % respectively), 
while the main sources of external mobility were “highly urbanized districts in regions with ur‑
ban agglomerations” (39 and 45 % respectively). Important is the fact that the network centrali‑
sation index has decreased over 10 years, while the network dispersion (entropy) has increased, 
which indicates that the commuting flows have become more distributed throughout the country, 
and the process of commuting is now more difficult to predict.

A spatial interaction model (SIM) was applied for migration modeling in (Patuelli et al., 2007) 
and (Reggiani et al., 2011). This framework takes into account a distance between them for the flow 
intensity estimation, which makes it very similar to the gravity model. The main focus of this 
research was on the network structure and the links establishment for new nodes. The results 
of the SIM model were compared with network analysis outcome with respect to the hypothe‑
sis that new nodes mainly establish their connection via main hubs. It is emphasised that since 
1995 new hubs have been formed due to an increase in an average number of links per node. 
However, no other than spatial drivers were considered when estimating the commuting flows, 
what was considered as possible extensions by the authors. Therefore, defining drivers for com‑
muting in Germany may contribute to the current state of research.

Another line of research for Germany is the comparison of commuting flows in the western 
and eastern parts of the country against the background of the 20th century (Haas, Hamann, 2008). 
Authors note that in addition to the commuting flows from the east to the west of the country that 
have increased for objective reasons, the areas located at the border between the Federal Republic 
of Germany and the German Democratic Republic are particularly strongly distinguished. 16 years 
after the German reunification, the fact of the location of these areas still greatly influenced the in‑
tensity of migration — ​the West German regions had a significant positive balance of commut‑
ing migrants, who in large numbers went to work from the East German territory. The process 
of east-west migration has stopped in the meantime and has been replaced by migration move‑
ments from north to south.

In addition, we should refer to the literature, where the gravity model is applied as mathemat‑
ical methods in spatial analysis of various economic topics (export-import trade relations (Bun, 
Klaassen, 2002; Kimura, Lee, 2006; Baltagi et al., 2014), tourist flows (Khadaroo, Seetanah, 2008; 
Keum, 2010) or migration (Sawyer, 1967; Bergstrand, 1989; Kim, Cohen, 2010; Ramos, Surinach, 
2017; Ahrens, Lyons, 2021)). However, we will focus on papers where authors use the method 
of gravity models specifically for the commuting and other types of migration.

As for the commuting, the gravity model is rarely used to analyse the behavior of commut‑
ers. However, Stefanouli and Polyzos (2017) investigate commuting between Greek regions us‑
ing three traffic flow estimation models: a standard and extended gravity model, and a radiation 
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model. The analysis showed that the extended model turned out to be better. In addition to the pop‑
ulation it includes the GDP indicators of various sectors of the economy. The authors explain 
this by the fact that economic indicators (such as GDP, especially the GDP of the tertiary sec‑
tor of the economy) reveal the development of the region and allow potential employees to con‑
clude about the number of jobs in the region. The higher the GDP per capita, the more vacancies 
there are in that region. The radiation model also shows good results and is quite representative. 
In addition to the Euclidean distance between regions, it includes the travel time between regions 
along the main roads of Greece. Ahrens and Lyons (2021), using a gravity model for commuting 
in Ireland, note that there is a relationship between rental prices in major centres and commuting 
time. Besides, research results show that with an increase in rental prices by 10 % in the largest 
cities, the travel time to work for commuters increases to 0.3 minutes throughout Ireland or to 1.2 
minutes in the Dublin agglomeration.

Another modern method for studying commuting flows is the radiation model (Simini et al., 
2012), based on the assumption that people, who are looking for a job, maximise their future in‑
come and choose the vacancy where they are offered a salary higher than in their residential place. 
The authors modify this model in different ways, adding the distance between home and work, 
as well as the transport costs of commuters (Simini et al., 2013; Varga et al., 2016). One variation 
of this model is the flow and jump model (FJM) proposed by Varga et al. (2018). Studying commut‑
ing travel in the USA, Hungary, and Italy, in the model indirectly was taken into account the fact 
that long-distance travel is less likely due to its higher cost. The authors found that commuting be‑
tween home and work is more common in the United States than in Europe. Comparing the models, 
it turned out that the gravity model gave the same good results as the FJM model, while the stan‑
dard radiation models showed a poor quality of regression fitting. This conclusion once more indi‑
cates to the advantages of gravity model in evaluation migration flows, in particular, commuting.

It is also worth noting some features of the gravity models’ evaluation. Like other regression 
models, the gravity equation can include lagged variables to account for dynamic process. Bun 
and Klaassen (2002) proposed to consider the effect of trade and income lags on the dependent 
variable of trade flow. As a result, the authors showed the advantage of dynamic gravity models 
over static ones. The most important achievement of this article was the conclusion that the LSDV 
method is relevant for both dynamic and static gravity models, which may be important in com‑
paring the estimates. Dynamic gravity models are more common for assessing export-import trade 
relations (Tham et al., 2018; Bekele, Mersha, 2019), but are also used in the analysis of migra‑
tion (Bunea, 2012; Davidescu et al., 2017). Davidescu et al. (2017) found a relationship between 
the magnitude of migration flows from Romania to other EU countries in the current year with 
the migration flows of the past period. The authors explain this phenomenon by the fact that a po‑
tential immigrant has more relatives in a new country, which favors his relocation, since it simpli‑
fies the process of adaptation in a new country.

Another important issue is the estimation approach of the gravity models. Along with the stan‑
dard logarithmic transformation of the gravity equation, and hence using the estimation methods 
traditional for panel data (pool regression, a Fixed effects model and a Random effects model), 
alternative estimation methods such as the Pseudo Poisson maximum likelihood method are used 
(Wajdi et al., 2017; Gupta et al., 2019; Vieira, Reis, 2019). Pseudo Poisson maximum likelihood 
estimation accounts for zero flows between regions, and secondly, unlike the FE model, it allows 
to estimate time-invariant variables. Hence, on the current study we rely on the PPML estimation 
approach.
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Even though the volume of literature is considerable (Table 1 provides summary details 
of the studies reported in this section), there is a lack of papers in which the method of grav‑
ity model is used for investigation commuting in Germany. Among the works where a gravity 
model is still used to describe commuting (Stefanouli, Polyzos, 2017; Wajdi et al., 2017; Varga 
et al., 2018; Gupta et al., 2019; Vieira, Reis, 2019), the authors of recent studies most often use 
the PPML method. When working with migration data, it allows to take into account a complete 
sample of all possible flows between regions, and not only those that are positive, which is a sig‑
nificant advantage, since the accuracy of our estimates will be higher on a more complete sample. 
The choice of the method of estimating the gravity model will be in detail described in section 5. 
Finally, the application of the method to this analysis may deepen the knowledge about commut‑
ing, its causes and consequences.

Table 1. Studies analysing the commuting flows or PPML estimation of gravity models

Study Data Methods of analysis
Tkocz, Kristensen (1994) 1991 Statistical Yearbook of Denmark; 

Telephone interviews
Logit regression 
Linear (OLS) regression

Artis et al. (2000) Sample of the 1991 Catalonia’s Census 
(individual data) 

Multinomial logit regression

Shen (2000) 1990 U.S. Census; Census 
Transportation Planning Package 
(CTPP) 

Linear (OLS) regression

Lee, McDonald (2003) Korean Population Census of 1995 Linear (OLS) regression
Stutzer, Frey (2007) German Socio-Economic Panel  

1985–1998
Pooled least squares regression

Patuelli et al. (2007) 
Reggiani et al. (2011) 

Federal Employment Agency, Federal 
Office for Building and Regional 
Planning 1995 and 2004

Network analysis 
Spatial interaction model (SIM) 

Haas, Hamann (2008) Federal Statistical Office of Germany; 
Federal Agency for Labour 1995–2005

Quantitative analysis

Baum-Snow (2010) USA Census 1960–2000 Linear (OLS) regression
Patuelli et al. (2010) Federal Employment Agency, Federal 

Office for Building and Regional 
Planning 1995 and 2005

Network analysis 
Scale-free network 
Random graph model

Hansson et al. (2011) Cross-sectional public health surveys 
of Scania, Sweden (2004, 2008) 

Binary logistic regression

Burger et al. (2011) Journey-to-work data between local 
authority districts from 1981 and 2001 
in England and Wales. Originated from 
the Special Workplace Statistics (Set C) 
in the British Census.

A set of indices is calculated for each 
district to estimate its functional and 
morphological primacy, network 
density, and outward openness.

Niebuhr et al. (2012) Employment history statistics from 
Institute for Employment Research, 
German Federal Employment Agency, 
BBSR, Federal Institute for Research 
on Building, Urban Affairs and Spatial 
Development 1995–2005

GMM Arellano–Bond dynamic panel 
models

Östh, Lindgren (2012) The PLACE database and Statistics 
Sweden’s (SCB) data 1990–2006

Random-effects GLS models
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Study Data Methods of analysis
Huinink, Feldhaus (2012) Panel Analysis of Intimate 

Relationships and Family Dynamics 
2008–2009

Multivariate probit regression 
Longitudinal difference model 
Heckman-selection probit regression

Zhao (2013) Household interview survey conducted 
by a foreign housing research team 
in Beijing in 2001, Beijing Statistical 
Yearbook 2002, Beijing Transport 
Committee 2005

Multinomial logit regression 
Binary logistic regression

Viry et al. (2014) “Job Mobilities and Family Lives 
in Europe” survey 2010

Cluster analysis 
Linear (OLS) regression 
Logistic regression

Künn-Nelen (2016) British Household Panel Survey Fixed-effects (FE) linear regression
Stefanouli, Polyzos (2017) Census conducted by the National 

Statistical Service 2011
Gravity model 
Extended gravity model 
Radiation model

Wajdi et al. (2017) 2000 and 2010 Population Censuses 
and the 2005 Intercensal Population 
Survey

Gravity model, PPML

Varga et al. (2018) CTPP 2006–2010 Census Tract Flows, 
2018 USA job openings accessed, 
American Community Survey, 
Population distribution of Hungary and 
Italy 2011

Gravity model 
Radiation model 
Flow and jump model (FJM) 

Dauth, Haller (2018) 30 percent sample of IAB Beschaftigten 
Historik (BeH) 2000–2014

Descriptive analytics

Gupta et al. (2019) Trade flows of 164 developing and 
developed countries, 1985–2013

Gravity model FE, RE, PPML

Vieira, Reis (2019) World Bank Indicators on Brazilian 
exports, 2000–2015

Gravity model, PPML

Skora et al. (2020) German Socio-Economic Panel (SOEP) 
2001–2017

Fixed-effects (FE) linear regression

Ahrens, Lyons (2021) The Place of Work, School or College 
(POWSCAR) 2011–2016

Linear first-difference gravity model

3. Description of the variables

The purpose of this work is to determine the factors influencing the magnitude of the commut‑
ing flows, therefore, after reading the literature and analysing the factors that the authors usually 
use to study migration processes, 16 variables that reflect the characteristics of the regions were 
selected. They can be divided into the following groups (Karemera et al., 2000; Lauridsen, 2006; 
Vakulenko et al., 2011; Bunea, 2012; Zhao, 2015; Ramos, Surinach, 2017; Wajdi et al., 2017).

1)	 Demographic indicators (population, population density, birth rate, death rate and share 
of foreign population).

2)	 Labour market indicators (unemployment rate, average salary, number of companies in the re‑
gion per 10000 people).

End of Table 1
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3)	 Real estate market indicators (the price of 1 m2 of apartment housing when buying or rent‑
ing it).

4)	 Economic development and welfare indicators (GDP per capita and the number of personal 
vehicles per 1000 people).

5)	 Other indicators of the regions’ attractiveness (tourism intensity in the region, the share 
of people, who depends on minimum social benefits, the share of school graduates without 
a diploma and the price of 1 m3 of drinking water).

6)	 A range of dummy variables to account for spatial and time effects.
7)	 Distance between regions.
Since the flow from region i (residential place) to region j (workplace) is considered as one ob‑

servation, we simultaneously use these characteristics for both the residential place (in the model, 
such variables are denoted as “home”) and for the workplace (they are counted as “work”).

For each factor we expect a certain direction of influence, which is indicated in Table 2 — ​
a positive or negative influence on the intensity of commuting flows. For most variables, such 
as population density, GDP per capita, average wages, number of companies per 10000 popula‑
tion, home purchase and rental prices, and tourism intensity, there is a negative impact in the resi‑
dential region and a positive impact on intensity flows in the region of work, because all of them 
reflect the level of economic activity and development of the region. This means that the higher 
these indicators in the region where workers live, the higher the living standard and employment 
conditions are there, and therefore the motivation for long-distance movements of workers de‑
creases. The opposite situation is observed with the region of work — ​high regional welfare indi‑
cators attract more commuting migrants.

There are several variables for which the direction of influence is not determined — ​this means 
that there are two points of view, and it is not certain which one prevails as a result.

For example, on the one hand, we assume that with a growth in the birth rate, female commut‑
ing decreases. On the other hand, based on the study by Viry et al. (2014), we know that commut‑
ing is a fairly common alternative for internal or international migration for young families. In case 
when wages are higher in neighbouring regions, both women and men prefer to work outside their 
region, while maintaining their residential place, and thus the social networks there.

Similarly, the share of school graduates who did not receive a high school diploma are those 
who either finished school prematurely and did not receive a diploma, which allows them to 
enter higher education institutions, or who were able to complete their studies, but did not 
pass the curriculum and are not eligible to receive a diploma. Thus, the share of school gradu‑
ates who did not receive a high school diploma serves not only as the indicator of the educa‑
tion system, but is also as proxy for the regional crime level. It is difficult to predict what im‑
pact this indicator has in region i, since, on the one hand, a less favourable region pushes away 
the employees willing to find a job in another region. On the other hand, the growth of the share 
of school graduates without diploma indicates an increase in the number of young people who 
do not have the right to receive higher education, and, consequently, to have a prestigious well-
paid job. Unskilled specialists will be less valuable in the labour market, and it will be more 
difficult for them to find a job and attract the attention of an employer from another region. 
At the same time, it is assumed that the growth of this indicator in region j will reduce migra‑
tion flows.

A description of all paired variables and their descriptive statistics can be found in Appendix 1.
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Table 2. Assumed influences of factors on commuting flows

Variable Effect on the dependent 
variable flow

Variable Effect on the dependent 
variable flow

distance negative common_border_flg positive
same_land_flg positive
population_home positive population_work positive
gdp_ppc_home negative gdp_ppc_work positive
density_pop_home negative density_pop_work positive
foreign_share_home positive foreign_share_work not defined
livebirth_home not defined livebirth_work not defined
death_home positive death_work negative
earnings_home negative earnings_work positive
unemployment_home positive unemployment_work negative
apart_prices_home negative apart_prices_work positive
lease_prices_home negative lease_prices_work positive
auto_home not defined auto_work negative
not_uni_graduate_home not defined not_uni_graduate_work negative
water_price_home negative water_price_work not defined
benefit_share_home positive benefit_share_work negative
company_home negative company_work positive
tourism_intensity_home negative tourism_intensity_work positive

Along with the justification of the effects of the other determinants, we test the following hy‑
potheses.

Hypothesis 1. The higher the level of income in the residential region, the lower the level 
of commuting, while the high level of income in the region of work contributes to more intensive 
movements of commuters.

Hypothesis 2. Regions that belong to the same land have more active commuting connection 
than regions located in different lands.

Hypothesis 3. Regions bordering each other have more intensive commuting than regions that 
do not have a common border.

Hypothesis 4. The cost of renting housing in outflow region has a negative effect on the com‑
muting, whereas cost of housing in the inflow region has a positive effect.

Hypothesis 5. The number of companies per 1000 people in origin region weakens the commut‑
ing, while the growth of this indicator in the destination region enhances the magnitude of flow.

4. Data

The dependent variable in the regression models is the absolute value of commuting flows 
from one region to another. The main source of these data is the German Federal Labour Agency2.

2	 https://statistik.arbeitsagentur.de/SiteGlobals/Forms/Suche/Einzelheftsuche_Formular.html; jsessionid=BD5BBE
5E967E18AC7975F792510AB357?nn=24390&topic_f=beschaeftigung-sozbe-krpend.
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We use commuting flow data from 2013 to 2019. The flow is the number of migrants moving 
from the residential place (point i) to the workplace (point j) and crossing the border of the residen‑
tial place (point i). The important fact is that moving from i to j and from j to i are different flows, 
and therefore different observations.

According to the Nomenclature of Territorial Units for Statistics3 used in the European Union, 
we use 3 level divisions of Germany, which corresponds to 400 administrative-territorial units, 
which include cities (or urban areas) and districts. In total, the data panel for 7 years consists 
of 1117200 flows (159600 flows for each year).

Table 3 presents the general characteristics of the migration network based on the data about 
the dependent variable.

Table 3. Сommuting network descriptive statistics in 2013–2019

Year/
Characteristic

Number 
of flows 

greater than 0

Migration 
network 
density

Number 
of employees

Number 
of commuters

Share 
of commuters 

from 
the number 
of workers

Average flow 
(including 
zero flows) 

Average flow 
(excluding 
zero flows) 

2013 38303 0.24 29757461 10471415 0.352 66 273
2014 38870 0.244 30269569 10714446 0.354 67 276
2015 39794 0.249 31020998 11029108 0.356 69 277
2016 41690 0.261 31815414 11385711 0.358 71 273
2017 42641 0.267 32576261 11701601 0.359 73 274
2018 43542 0.273 33251893 12003712 0.361 75 276
2019 43704 0.274 33705175 12193622 0.362 76 279

During the period, we can observe an increase in the number of commuters, as well as an in‑
crease in network density. From 2013 to 2019 commuting flows in Germany represented approx‑
imately 25 % of the maximum possible number of connections.

In 2013–2015 there was an increase in the average flow (excluding zero flows), while in 2016 
it is back to the 2013 value of 273 people. The reason is a sharp increase in the number of flows 
in 2016, with a slight increase in the number of commuters — ​it means that the network has ex‑
panded significantly, and many new routes have appeared, with a small number of people mov‑
ing through them so far.

We see that, on average, about 11–12 million people per year work outside their residential 
region. The total number of employees in 2013–2019 fluctuated from 29.7 to 33.7 million peo‑
ple, therefore, commuting migrants make up a third of all workers. Moreover, there is a small but 
steady increase in this indicator, which once again proves the fact that the phenomenon of com‑
muting in Germany is becoming more common.

The main source of data for the independent variables is the Federal and State Statistical Office4 
STATISTIKPORTAL, which holds most of the statistical tables on commuting factors. An additional 

3	 https://ec.europa.eu/eurostat/web/nuts/background.
4	 https://www.regionalstatistik.de/genesis/online?operation=previous&levelindex=0&step=0&titel=&levelid=169

2881920372&acceptscookies=false.
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source of information is the database of the German Federal Statistical Office DESTATIS5. To fill 
in the data gaps we used the German lands online databases, such as the Thuringian State Office 
for Statistics6, and the portal Statista7 was also used.

In the previous section we talked about paired quantitative variables, now it is worth mention‑
ing the distance variable between regions (distance), as well as the dummy variables included 
in the model.

The distance variable is one of the key variables used in the gravity model. The calculation 
of it is based on the geographical coordinates of the regions’ centres, such as the Euclidean dis‑
tance between them. It is expected that as the distance increases, the flow between regions will 
decrease. On average, migrants cover 206 km, but in Fig. 1 we also see that mostly the length 
of routes is from 40 to 80 km. The farthest flow recorded in 2013–2019 was from Vorpommern-
Rügen in the northeast of the country towards Lörrach in southwest Germany and was over 817 km. 
However, it should be kept in mind that it is impossible to cover such a distance every day, so this 
is either an example of shift or seasonal work, or an error in recording data on residential places 
or workplaces.

Our model also includes the following dummy variables.
•	 A dummy variable for whether both regions (both residential and workplace) belong to 
the same German land (Bundesland) — ​there are 16 states in total in Germany. The variable 
takes a value of 1 if both regions belong to the same land, and 0 otherwise. It is expected 
that the sign of the coefficient of this variable will be positive since the distances between 
regions within the same land are less than between regions from different lands, therefore 
commuting migrants spend less time travelling.

•	 Dummy variables on whether the land in which the residential region or region of work 
is located belongs to West or East Germany — ​the variable takes the value 1 if the region 
is in the western part of the country and 0 if in the eastern part. West Germany includes 

5	 Statistisches Bundesamt (2013–2019), https://www.destatis.de/DE/Home/_inhalt.html.
6	 Thüringer Landesamt für Statistik (2013–2019), https://www.statistik.thueringen.de.
7	 Statista (2013–2019), https://www.statista.com/.
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10 of the 16 states (Schleswig-Holstein, Hamburg, Niedersachsen, Bremen, Nordrhein-
Westfalen, Hessen, Rheinland-Pfalz, Baden-Württemberg, Bayern und das Saarland), in East 
Germany there are 6 remaining states (Berlin, Brandenburg, Mecklenburg-Vorpommern, 
Sachsen, Sachsen-Anhalt und Thüringen).

•	 A dummy variable for the existence of a common border between the regions of residence 
and workplace, which takes the value 1 if the regions border each other, and 0 otherwise. 
It is assumed that the presence of a common border between regions will have a strong pos‑
itive effect on the intensity of flows, similarly to the dummy variable on whether a region 
belongs to the same land.

Moreover, when evaluating the model, we control it for possible individual land effects, so we 
consider the fact to which land the region belongs. Similarly, accounting for time dummy variables 
allows us to consider possible shocks that could be observed in the economy in each of the 7 years.

5. Econometric model

The so-called gravity model used in economic and social research is an analogue of Newton’s 
gravity law. The main idea of this model is that the intensity of the connection between two objects 
is directly proportional to the “importance” of these objects and inversely proportional to the dis‑
tance between them. The equation of such a gravity model is as follows (1):

	  ij i j ijF G X X Da b = ,	 (1)

where Fij — ​the linkage intensity between objects i and j; G — ​constant; Xi and Xj  — ​the mag‑
nitude or importance of the objects i and j; Dij — ​distance between objects i and j; a, b, and  — ​
parameters. Traditionally, in Newton’s model 1α β= = , and 2χ = . In the context of the study 
of migration in the basic gravity model Xi and Xj denoted the population of objects i and j — ​over 
time, instead of a single factor, a set of objects’ characteristics began to be used as the numerator.

In our case, we use panel data working with a gravity model. Most authors use the following 
types of regressions to estimate such models: Pool Regression, Fixed effects model and the Random 
effects model. For all three types of regressions, it is required to use a logarithmic transformation 
for both parts of the original gravity equation (Karemera et al., 2000; Bunea, 2012). However, 
this type of transformation has several disadvantages. Firstly, there is no way to consider potential 
zero flows between regions, because it is impossible to take the logarithm of the dependent vari‑
able equal to zero, due to which a large amount of information is lost (sometimes it is more than 
half of the sample). Secondly, each of the three types of regressions has several drawbacks. Pool 
regression does not take into account data heterogeneity, which is often inherent in migration data, 
leading to heteroscedasticity and bias in the estimates. The FE model does not provide estimates 
for time-invariant variables. For our data, this is a significant disadvantage, since one of the main 
assumptions of the gravity model is the inverse dependence of the flow intensity on the distance be‑
tween regions, and the distance variable is constant in time. Moreover, our model assumes the use 
of additional dummy variables, which also do not change over time. The RE model may produce 
inconsistent regression estimates if the basic assumption, that unobserved factors are uncorrelated 
with random error, does not hold.
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To solve all these problems and find model estimates, we will apply the multiplicative trans‑
formation of the original equation and the Poisson Pseudo maximum likelihood method, which 
is often used for count data. The method requires the assumption that the conditional mean is pro‑
portional to the conditional variance. However, the data do not have to have a Poisson distribu‑
tion for the estimator to be consistent. Silva and Tenreyro (2006) proved that the PPML method 
gives robust estimates under heteroscedasticity of observations, and it is a reliable method for es‑
timating gravity models. Later, Yotov et al. (2016) showed that the fixed effects of such a gravity 
equation (2) are identical in interpretation to other estimation methods:

 )
2

( ( )  exp ln ln ln ( ,( ) ),ijt i t s j t s ij i j t t tij ijflow x x distanc Ne  = ab g d m  e mt  e s  ,	 (2)

where ijtflow  — ​the flow of commuting migrants from region i to region j in the period t; ( )i t sx   — ​
vector of characteristics of region i at the time period t s  ( 0,1,2;s=  for each s separate model 
is estimated); ( )j t sx   — ​vector of characteristics of region j at the time period t s  ( 0,1,2;s=  
for each s separate model is estimated); distanceij — ​Euclidean distance between regions i and j; 
mi  — ​vector of dummy variables for region i; tj — ​vector of dummy variables for region j; t — ​
vector of time dummy variables; eijt — ​random term. The parameters a, b, g, d show the effect 
of the factors on the dependent variable.

The interpretation of the coefficients’ estimates of quantitative variables in the PPML method 
represents elasticity, as in other models. In order to interpret the value of dummy variables, we will 
use the recommendation of Yotov et al. (2016) and calculate the marginal effect as follows (3):

	  ˆexp 1 100dummy
 b    ,	 (3)

where ˆ
dummyb  — ​the estimation of coefficient for the dummy variable.

It is also worth noting that earlier, in our literature overview, we have repeatedly empha‑
sized that any type of migration needs to consider the dynamic structure. Many authors inves‑
tigate the dependence of commuting not only on socio-economic factors, but also on their lags 
of the past period. Östh and Lindgren (2012) showed that the GDP of the previous period does 
not affect the commuting distance, while GDP with a lag of 2 years significantly reduces it. Due 
to the large number of factors selected for our model and the complexity of their interpretation, 
we will not take into account the current and lagged variables simultaneously — ​we will control 
the dependence of the flow on the variables of the past period by building three different mod‑
els, in which the determinants without a lag, with a lag of 1 year, and with a lag of 2 years will 
be taken into account. In this case, we are guided by the remark: “In part, because the informa‑
tion is costly to acquire and requires time to decipher, migration is likely to respond with a lag to 
changed circumstances” (Greenwood, 1985). Thus, we believe that the factors affecting the in‑
tensity of commuting flows will show a stronger influence in subsequent periods, rather than im‑
mediately.

6. Estimation results

The results of the estimating model using the PPML method are presented in Table 4, where 
all 1117200 observations were included in the model:
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Table 4. Parameter estimate and significance (dependent variable — ​flow)

Variables PPML 
(Model 1) 

PPML 
(Model 2) 

PPML 
(Model 3) 

PPML 
(Model 4) 

population_home 0.861*** 0.830*** 0.826*** 0.830***
(0.0509) (0.0584) (0.0536) (0.0565) 

population_work 0.778*** 0.830*** 0.816*** 0.816***
(0.0484) (0.0490) (0.0449) (0.0410) 

gdp_ppc_home –0.130 –0.0497 –0.0506
(0.109) (0.132) (0.122) 

gdp_ppc_work 0.928*** 0.886*** 0.959***
(0.0725) (0.0774) (0.0782) 

density_pop_home –0.156*** –0.180***
(0.0450) (0.0595) 

density_pop_work 0.0263 0.000269
(0.0400) (0.0444) 

earnings_home –0.0123 0.0796 0.0713
(0.143) (0.144) (0.159) 

earnings_work –0.447 –0.449 –0.446
(0.300) (0.309) (0.303) 

unemployment_home –0.262*** –0.152* 0.198** –0.0340
(0.0964) (0.0779) (0.0792) (0.212) 

unemployment_work 0.477*** 0.243*** 0.145* 0.273
(0.0806) (0.0867) (0.0854) (0.242) 

apart_prices_home 0.000331
(0.0988) 

apart_prices_work –0.226**
(0.105) 

lease_prices_home –0.712*** –0.469*** –0.140 –0.221
(0.154) (0.138) (0.152) (0.187) 

lease_prices_work 1.876*** 0.610*** 0.314 0.626***
(0.130) (0.157) (0.200) (0.238) 

auto_home –0.953***
(0.270) 

auto_work –0.519**
(0.253) 

not_uni_graduate_home 0.109**
(0.0535) 

not_uni_graduate_work 0.112**
(0.0473) 

company_home –0.339** –0.252** –0.240* –0.135
(0.137) (0.120) (0.130) (0.125) 

company_work –0.306** –0.166 –0.246** –0.225**
(0.129) (0.105) (0.109) (0.109) 

tourism_intensity_home 0.0514*
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Variables PPML 
(Model 1) 

PPML 
(Model 2) 

PPML 
(Model 3) 

PPML 
(Model 4) 
(0.0271) 

tourism_intensity_work 0.0119
(0.0299) 

distance –1.296*** –1.258*** –1.269*** –1.282***
(0.0832) (0.0808) (0.0812) (0.0749) 

common_border_flg 1.592*** 1.639*** 1.635*** 1.638***
(0.109) (0.112) (0.111) (0.102) 

same_land_flg 1.106*** 1.129*** 1.118*** 1.106***
(0.0762) (0.0739) (0.0743) (0.0688) 

home_land –0.481*** –0.462*** –0.195* –0.103
(0.109) (0.112) (0.118) (0.133) 

work_land 0.178 0.198 0.103 0.164
(0.127) (0.167) (0.156) (0.166) 

Constant –9.451*** –12.25*** –11.31*** –2.309
(1.093) (3.374) (2.984) (4.014) 

Observations 1117200
R-squared 0.564 0.575 0.565 0.577
Year FE Yes Yes Yes Yes
Home-land FE Yes Yes Yes Yes
Work-land FE Yes Yes Yes Yes
Control variables8 No No No Yes

Note. The table represents the results of the estimation for 4 different sets of determinants. Parameter estimates ob‑
tained using PPML method (Silva, Tenreyro, 2006). Robust standard errors are presented in parentheses; *** — ​p < 0.01,  
** — ​p < 0.05, * — ​p < 0.1.

Firstly, it should be noted that if we applied standard panel data estimation methods, we would 
use White’s standard errors to deal with heteroscedasticity, but in the PPML method they are al‑
ready robust, according to Silva and Tenreyro (2006). Since we are working with a data panel 
in which there are many observations and a small number of time steps, the autocorrelation prob‑
lem is also solved by using robust standard errors.8

As for multicollinearity, firstly, it is inevitable with such many factors, and secondly, we use 
the same characteristics of both regions at the same time, which are highly correlated with each 
other. In addition, having conducted the correlation analysis, we can conclude that there is a high 
negative relationship between the density of personal vehicles and the unemployment rate, the share 
of people receiving minimal social benefits and population density. Also, the mortality rate per 
10000 people and the indicators of the real estate market are correlated with many factors.

Furthermore, we proceed directly to the interpretation of the obtained estimates of the coef‑
ficients in the PPML model. We see that not for all variables the effect on the intensity of flows 
is significant. Regarding the factors that are most used by the authors, we have obtained results 
about their significance similar to the literature (Bunea, 2012; Wajdi et al., 2017). The direction 

8	 Full list of estimates is presented in Appendix 2.

End of Table 4
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of the influence of population size, GDP per capita, and distance between regions on the flow also 
corresponds to the results obtained in similar papers (Morgenroth, 2002; Wajdi et al., 2017). We 
confirm our assumption that population size in both regions has a positive effect on commuting 
flows. Among others demographic characteristics population density in the residential region neg‑
atively affects commuting, which is explained by the tighter labour force distribution and therefore 
less necessity of commuting. The negative (significant at 10 % level) effect of the share of the for‑
eign population is explained by the lower intension of mobility among foreigners since they usu‑
ally arrive to the region where the employer is located. The positive effect of the birth rate serves 
as an alternative proxy for population size.

Among the labour market indicators only the factor that reflects entrepreneurial activity 
in the workplace is significant: the intensity of commuting flows decreases by 2.25 % with an in‑
crease in the number of companies by 10 %. The factor such as wages and unemployment rates 
appear to be insignificant. Appendix 2 contains various specifications of the model, due to which 
the earnings variable is indifferent to commuting flows, regardless of the combination of factors 
in the model. The opposite situation can be observed for the unemployment variable. We see that 
in general, with almost any modification of the model and the inclusion of the most significant 
factors from the full model, the unemployment rate in the residential region is significant at 5 and 
10 % significance levels, depending on the model. In our case, we have a negative dependence — ​
with an increase in the unemployment rate in the region of residence, commuting flows are re‑
duced. A similar result was obtained by Morgenroth (2002) in his study of commuting patterns 
in Ireland. The author explains the negative effect of the unemployment rate in region i  by the rela‑
tive immobility of the unemployed — ​an increase in their number reduces the overall worker flow. 
Moreover, an important reason may be the lack of convenient and inexpensive public transport 
to commute to another region. Unemployment in the region of work is quite strongly correlated 
with the density of personal vehicles, therefore, when this variable is added to the model, the sig‑
nificance of unemployment_work is lost, although in specifications (1) – (3) the variable is signifi‑
cant at 1 and 5 % levels of significance. The effect of the unemployment rate in the region of work 
is opposite to the region of residence — ​this effect can be explained by the fact that the increas‑
ing outflow of commuting migrants from the regions of work will exceed the decreasing inflow 
of migrants to these regions, especially if we talk about large metropolitan areas.

The real estate market is another important set of factors. The cost of both buying and rent‑
ing apartment housing in the residential place does not affect the commuting flows. At the same 
time, an increase in the price of real estate when buying it in the region of work reduces the migra‑
tion flows: the price of apartments is related to the overall economic development, so the increase 
in the purchase price of real estate makes the region more attractive to citizens who can afford to 
buy it. Consequently, some migrants buy real estate and move to live in those regions where they 
previously only worked — ​the region of residence and work now coincide, and commuting flows 
are reduced. Regarding the cost of housing rents, the hypothesis is confirmed, which is proved by 
the fact that high prices for rental properties are mostly observed in large cities, which attract in‑
tensive migration flows.

Among indicators of economic well-being, three of the four indicators are significant. The growth 
of economic activity (GDP per capita) in the region of work will attract more migrants. A negative 
impact on the flows can be observed in the number of personal cars in both regions, which confirms 
one of our hypotheses — ​for region j and proves the fact that commuting migrants are more in‑
clined to travel by public transport and prefer to spend less time in traffic jams. It can also be added 
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that the most likely negative effect of this factor in region i includes the impact on those migrants 
who use their cars directly to get to work. With an increase in the number of cars, the demand 
for parking places in the workplace increases, which contributes to an increase in prices for them. 
As a result, the costs of such trips become too high for labour migrants — ​in addition to the time 
spent on the road, they spend time and money on finding a parking space for their car — ​as their 
availability decreases and prices simultaneously increase, commuting to such regions reduces.

Such variables as the price of 1 m3 of drinking water and the share of people receiving mini‑
mal social benefits turned out to be insignificant in our model. Proxy for the education system — ​
the share of graduates without a diploma in both regions has a positive effect on commuting, which 
allows us to accept one of our hypotheses for region i — ​the growth in the number of young people 
without higher education in the region of residence contributes to the desire of qualified special‑
ists for looking for a job in more favourable regions. At the same time, the growing share of such 
graduates in the workplace reduces competition for prestigious and highly paid jobs, which simpli‑
fies the search and employment process for commuter migrants with higher education. The tourist 
attractiveness of the region of residence is significant only at the 10 % significance level and has 
a weak positive impact on commuting.

Our estimations confirm that the intensity of flows decreases with the increasing distance 
of the workplace. The distance has a strong effect on the magnitude of flows — ​with an in‑
crease in distance by 10 %, the number of passengers decreases by 12.8 %. Even higher effect has 
the dummy variable indicating the presence of a common border between regions — ​commuting 
flows between neighbouring regions are 414.5 % higher than between regions without a common 
border; and the dummy variable on whether regions belong to the same land — ​in Germany, com‑
muting flows between regions in the same land are 202 % higher than between regions from dif‑
ferent lands.

We also control for whether regions belong to the western or eastern part of the country. Both 
variables for residential place and workplace turned out to be insignificant, which suggests that 
there is no significant difference between the migration flows in different parts of the country.

In describing the gravity model, it was argued that previously, when applying this type of model 
to the estimation of migration processes, the authors used only the population size as a determinant. 
In our study we try to define what socio-economic characteristics determine the process of com‑
muting in Germany. We tested several model specifications, which included different combinations 
of variables. To specify key socio-economic variables, we were looking at significance of both 
variables (both for the region of residence and work) as a priority. As a result, the final combina‑
tion consisted of distance between regions and the following variables: population, unemployment 
rate, rent price of 1 m2 of real estate, number of companies per 10000 people, and dummy vari‑
ables on the presence of a common border between regions and on the fact of being in the same 
land (see Table 4, Column 1). The distance between regions is also added to it.

7. Analysis of results for models with lagged variables

Along with the analysis described above, we also build an alternative model, which is based 
on the values from the previous periods as independent variables. In this way, we consider the dy‑
namic nature of migration, which we discussed in the studies’ review on different types of com‑
muting migration. Based on these additionally collected data for the previous years 2011 and 2012, 
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we build two new models: the first takes into account all the same factors as in the standard model, 
but with a lag of 1 year, and the second — ​factors with a lag of 2 years. Thus, it is possible to 
track whether among our variables some indicators become significant after one or two years, and 
which, perhaps, lose their significance. Knowledge about the past period can have a rather strong 
impact on today’s movements of commuters. Commuting, for example, is tightly linked to re‑
gional housing markets. In most cases, people thinking about moving to another regions take into 
account their previous experience, consider the changes in the region of residence and make a de‑
cision regarding the future residential and workplace. Hence, studying the dependence of com‑
muting flows on the factors from the previous period can be more important and informative than 
studying it in the current period.

Table 5 compares the estimates of all three PPML models. We can conclude that the importance 
of some demographic factors increases over time in full model. Commuting flows significantly de‑
pend on the birth rate of the past period in the workplace. Birth rates with a lag of 2 years have 
a 52 % stronger effect on commuting flows than birth rates in the current year. High fertility occurs 
in large metropolitan areas with a high population density — ​these are the regions where commut‑
ers from small towns and districts mainly go to work, so increase of the birth rate in region j leads 
to a higher intensity of commuting flows. On the contrary, an increase in mortality in the residential 
place with a lag of 2 years reduces commuting flows, which rejects the hypothesis about the rising 
intensity of flows due to the desire of the population to work in a more prosperous region.

Table 5. Estimates of the gravity model without a lag, with lags of 1 and 2 years were obtained 
using the PPML method (dependent variable — ​flow)

Variables PPML 
(lag 0) 

PPML 
(lag 1) 

PPML 
(lag 2) 

population_home 0.830*** 0.831*** 0.833***
(0.0565) (0.0564) (0.0559) 

population_work 0.816*** 0.815*** 0.815***
(0.0410) (0.0416) (0.0408) 

livebirth_home –0.0671 –0.129 –0.200
(0.256) (0.262) (0.273) 

livebirth_work 0.376* 0.463* 0.570**
(0.222) (0.245) (0.268) 

death_home –0.345 –0.386 –0.397*
(0.248) (0.245) (0.241) 

death_work –0.152 –0.247 –0.301
(0.229) (0.231) (0.232) 

company_home –0.135 –0.102 –0.0979
(0.125) (0.131) (0.131) 

company_work –0.225** –0.179* –0.125
(0.109) (0.108) (0.110) 

lease_prices_home –0.221 –0.241 –0.223
(0.187) (0.188) (0.193) 

lease_prices_work 0.626*** 0.679*** 0.767***
(0.238) (0.243) (0.236) 
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Variables PPML 
(lag 0) 

PPML 
(lag 1) 

PPML 
(lag 2) 

distance –1.282*** –1.287*** –1.292***
(0.0749) (0.0736) (0.0723) 

common_border_flg 1.638*** 1.633*** 1.625***
(0.102) (0.101) (0.0994) 

same_land_flg 1.106*** 1.104*** 1.100***
(0.0688) (0.0676) (0.0667) 

home_land –0.103 –0.673*** –0.125
(0.133) (0.184) (0.131) 

work_land –0.0223 –0.0279 0.161
(0.159) (0.158) (0.159) 

Constant –2.123 –0.400 –0.0928
(4.019) (4.111) (4.096) 

Observations 1117200
R-squared 0.577 0.579 0.584
Year FE Yes Yes Yes
Home-land FE Yes Yes Yes
Work-land FE Yes Yes Yes
Control variables9 Yes Yes Yes

Note. The table represents the estimates of the models with the determinants in previous periods. Here we present 
the main variables from the Model 1 (Table 4) and those variables, for which the dynamics of significance depending 
on the lag is observed. Robust standard errors in parentheses; *** — ​p<0.01, ** — ​p<0.05, * — ​p<0.1.

Interesting, that entrepreneurial activity effect on the commuting flows remains only in the short-
run. The number of companies in region j  has a negative impact on commuting flows in mod‑
els with current value and models with a lagged value, but the significance disappears already 
in the model with a second lag. We can assume that information relevant for planning the place 
of residence or work is, first of all, based on the current situation about the number of potential em‑
ployment places, the number of actively hiring companies and entrepreneurial activity. The com‑
muters will mostly rely on real-time information about possible employers rather than look at last 
year’s statistics when deciding whether to move or get a job. If the number of companies in a par‑
ticular region is actively growing now and there are reasons to assume an increase in entrepre‑
neurial activity, then a potential employee will rather decide to move to this region, thereby re‑
ducing commuting. Estimates of the coefficients of the remaining variables do not change much 
when considering factors with and without lags.9

Based on the results of the analysis, we can conclude that there are independent variables among 
the factors that can influence the dependent variable, whose significance increases with the addi‑
tion of 1 and 2 years lags, and there are those that lose it. However, we still choose the lag-free 
model presented in the previous chapter as the final model, because we see that the significance 
of one of the factors included in the final model decreases over time (company_work), which in‑
dicates that models with lags will be worse than models without lags of 1 or 2 years.

9	 Full list of estimates is presented in Appendix 3.

End of Table 5
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8. Conclusions

In this paper, we examined the factors of commuting in Germany using gravity models. 
Reviewing the studies on the gravity modelling of trade, tourism and other migration flows we 
identify a range of factors that are often used in this type of models. We additionally identify 
the methods used by the authors, especially when working with a panel data structure, and also 
showed the importance of considering the dynamic structure in migration and trade types of pro‑
cesses. In selecting factors, emphasis was placed on the maximum coverage of various sectors 
of the German economy and social sphere. Therefore, the final list of variables included demo‑
graphic indicators, labour market and real estate market indicators, welfare variables, indicators 
of the social and tourist attractiveness of territories, as well as spatial and temporal effects. One 
of the novel variables of this research is a land indicator (Bundesland). This variable occupies cul‑
tural, ethnic, political characteristics which show the similarity of regions in one land.

Estimation of the gravity model using the PPML method allowed us to confirm the expected 
effect of most determinants. Empirical analysis has shown that such factors as distance, popula‑
tion and the cost of renting housing are significant both for the residential and workplaces, and 
their influence is in line with our expectations. An increase in the population in the regions of res‑
idence and work by 10 % leads to growth in the flow by 8.6 and 7.8 %, respectively. An increase 
in the distance between cities by 10 % leads to a decrease in the intensity of the migration flow by 
13 % (see Table 4, Column 1). It is noteworthy that the result of assessing the influence of popula‑
tion and distance corresponds to the assumptions of the gravity model with parameters very close 
to the original ones: 1α β= = , 2χ = . According to the results of our estimation, 0 .861α = ,  

0 .778β = , 1 .296χ = . At the same time, the hypothesis about the equality of α  and β  is not re‑
jected at a 5 % significance level.

The results regarding GDP per capita, the unemployment rate and the dummy variable for the hav‑
ing a common border consist with the results of Wajdi et al. (2017), who studied internal migration 
in Indonesia. The indicator of GDP per capita turned out to be negatively insignificant for the res‑
idential region but positively significant for the workplace. The Hypothesis 5 regarding the effect 
of the number of companies was partially confirmed: the intensity of commuting flows decreases 
by 2.25 % with an increase in the number of companies by 10 %. The unemployment rate, as well 
as the number of companies, has a significant impact in both regions, but the effect of these fac‑
tors partially or completely does not coincide with our expectations, as well as Morgenroth (2002) 
who investigated commuting in Ireland. Such factor as wages turned out to be insignificant for both 
regions, which correlates with the results of Niebuhr’s et al. (2012) research, that proved that 
the main driver of commuting process is not the difference in the level of wages in the regions 
of Germany, but the difference in the level of unemployment.

The final set of variables that can be used in the gravity model as characteristics of the “im‑
portance” for both regions included the following variables: population, unemployment rate, cost 
of renting housing and the number of companies per 10000 people. We also conclude that the cost 
of renting housing in the destination region has a significant positive effect on the commuting. In ad‑
dition, the results confirm the location effect: the distance between regions, the presence of a com‑
mon border between them, as well as the fact that the regions belong to the same land of Germany, 
have a strong influence on commuting flows. Commuting flows between neighbouring regions are 
414.5 % higher than between regions without a common border. In addition, commuting flows be‑
tween regions in the same land are 202 % higher than between regions from different lands.
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The estimates obtained prove the applicability of gravity models with the population as a stan‑
dard indicator of the regions’ importance for studying such types of migration as commuting. In ad‑
dition, it demonstrated the possibility of using indicators of the labour market, the real estate mar‑
ket or economic activity as alternative indicators of importance.

The limitations of this papers are primarily related to the availability of data for the studied 
period of time and for such a large number of German regions. In this regard, potential further 
research may be papers in which the authors will study the issue of measuring the distance be‑
tween regions with other alternative approaches. It is also possible to use a wider list of indicators 
in each group of factors, which will make it possible to use, for example, the Principal Components 
Analysis to assess the complex impact of a group of factors on flows. In addition to the group 
of demographic characteristics and indicators of the labour and real estate markets, it will be pos‑
sible to create such groups of factors that reflect the education system (primary, secondary and 
higher education indicators), the healthcare system (the number of hospital beds and the number 
of medical staff in the regions), infrastructure development (road density, green areas, transport 
accessibility) and the social sphere (standard of living of the population, the size of the consump‑
tion basket). Additionally, a more detailed study of the differences between commuting in East 
and West Germany might be performed. The analysis of the direction and intensity of commuting 
flows between the two territories and separately in each of them might provide a more clear view 
on the local labour markets. Moreover, it would be useful to analyse how the COVID‑19 pan‑
demic and the associated trend towards home offices influence commuting behaviour in Germany.
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Appendix 1. Variables and their descriptive statistics, 2013–2019

Name Description  
(i — ​residential place,  j — workplace)

Average Stand. 
deviation

Min Max

flow The flow of commuting migrants 275.5 1600.5 1 82206
distance Distance between regions i and  j (km) 206.9 142.9 1.1 817.9
same_land_flg Dummy variable for belonging of regions i and  j 

to the common land of Germany
0 1

common_border_flg Dummy variable for the presence of a common 
border between regions i and  j

0 1

Demographic indicators
population_home Population in region i 204793 238878 34011 3669491
population_work Population in region j
density_pop_home Population density in region i 529 695 36 4 777
density_pop_work Population density in region j
foreign_share_home Share of foreign population in region i 9.22 5.17 1 37
foreign_share_work Share of foreign population in region j
livebirth_home Birthrate per 10000 people in region i 87.94 11.58 58 132
livebirth_work Birthrate per 10000 people in region j
death_home Deaths per 10000 people in region i 116.78 18.38 73 178
death_work Deaths per 10000 people in region j

Labor market indicators
earnings_home Average salary in region i 31683 4962 21920 62360
earnings_work Average salary in region j
unemployment_home Unemployment rate in region i 5.64 2.66 1 15
unemployment_work Unemployment rate in region j
company_home Number of companies per 10000 people in region i 73.73 19.2 33 311
company_work Number of companies per 10000 people in region j

Indicators of the real estate market
apart_prices_home Purchase price of 1 m2 apartment in region i 1780 835 675 7700
apart_prices_work Purchase price of 1 m2 apartment in region j
lease_prices_home Rental price of 1 m2 apartment in region i 6.7 1.72 4 18
lease_prices_work Rental price of 1 m2 apartment in region j

Indicators of economic development and welfare
gdp_ppc_home GDP per capita in region i 35688 15829 14316 188453
gdp_ppc_work GDP per capita in region  j
auto_home Number of private cars per 1000 people in region i 576.22 70.82 204 1154
auto_work Number of private cars per 1000 people in region j

Other indicators of the regions’ attractiveness
not_uni_graduate_
home

Share of school graduates without certificate in 
region i

6.17 2.36 1 17

not_uni_graduate_work Share of school graduates without certificate 
in region j

benefit_share_home Share of people receiving minimum social benefits 
in region i

8.01 3.92 1 24

benefit_share_work Share of people receiving minimum social benefits 
in region j
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Name Description  
(i — ​residential place,  j — workplace)

Average Stand. 
deviation

Min Max

tourism_intensity_home Tourism intensity in region i 5.62 6.58 0 61
tourism_intensity_work Tourism intensity in region j
water_price_home The price of 1 m3 of drinking water in region i 1.69 0.43 0.61 3.31
water_price_work The price of 1 m3 of drinking water in region  j

Appendix 2. Different specifications of PPML model (dependent variable — ​flow)

Variables Specifications
(1) (2) (3) (4) (5) (6) (7)

population_home 0.827*** 0.762*** 0.783*** 0.826*** 0.818*** 0.817*** 0.830***
(0.0407) (0.0524) (0.0593) (0.0548) (0.0534) (0.0535) (0.0565)

population_work 1.080*** 0.876*** 0.899*** 0.828*** 0.819*** 0.821*** 0.816***
(0.0445) (0.0377) (0.0391) (0.0439) (0.0423) (0.0420) (0.0410)

earnings_home 0.0557 0.0201 –0.0180 –0.0175 0.0713
(0.156) (0.160) (0.162) (0.163) (0.159)

earnings_work –0.372 –0.422 –0.423 –0.415 –0.446
(0.341) (0.337) (0.334) (0.324) (0.303)

unemployment_home –0.459*** –0.172* –0.155* –0.142 –0.215* –0.0820 –0.0340
(0.106) (0.0916) (0.0920) (0.0873) (0.116) (0.226) (0.212)

unemployment_work 0.572*** 0.216** 0.193** 0.238*** 0.0533 0.180 0.273
(0.0967) (0.0937) (0.0824) (0.0920) (0.104) (0.259) (0.242)

company_home –0.537*** –0.380*** –0.307** –0.297** –0.302** –0.135
(0.138) (0.113) (0.126) (0.117) (0.118) (0.125)

company_work 0.426*** 0.0130 –0.199* –0.164 –0.171 –0.225**
(0.115) (0.125) (0.116) (0.109) (0.109) (0.109)

apart_prices_home 0.216** 0.177 0.168 0.000331
(0.108) (0.109) (0.107) (0.0988)

apart_prices_work –0.0404 –0.148 –0.152 –0.226**
(0.127) (0.128) (0.130) (0.105)

lease_prices_home –0.727*** –0.708*** –0.694*** –0.221
(0.188) (0.186) (0.183) (0.187)

lease_prices_work 0.712*** 0.681*** 0.684*** 0.626***
(0.237) (0.231) (0.232) (0.238)

gdp_ppc_home –0.281** –0.210* –0.125 –0.121 –0.103 –0.0506
(0.110) (0.111) (0.107) (0.103) (0.109) (0.122)

gdp_ppc_work 1.082*** 1.067*** 0.923*** 0.960*** 0.978*** 0.959***
(0.0571) (0.0606) (0.0712) (0.0716) (0.0714) (0.0782)

auto_home –0.378 –0.462* –0.953***
(0.253) (0.240) (0.270)

auto_work –0.628*** –0.677*** –0.519**
(0.211) (0.224) (0.253)

benefit_share_home –0.155 0.0694

End of Appendix 1



A
. P

ili
u

k,
 E

. S
em

er
ik

o
va

, A
. N

as
ta

n
sk

y 

125

Applied  Econometrics  /  ПРИКЛАДНАЯ  ЭКОНОМЕТРИКА

Labour mobility	 Трудовые ресурсы

2023, 71

Variables Specifications
(1) (2) (3) (4) (5) (6) (7)

(0.182) (0.208)
benefit_share_work –0.136 –0.294

(0.211) (0.225)
density_pop_home –0.180***

(0.0595)
density_pop_work 0.000269

(0.0444)
foreign_share_home –0.165*

(0.0990)
foreign_share_work 0.0940

(0.0846)
livebirth_home –0.0671

(0.256)
livebirth_work 0.376*

(0.222)
death_home –0.345

(0.248)
death_work –0.152

(0.229)
not_uni_graduate_home 0.109**

(0.0535)
not_uni_graduate_work 0.112**

(0.0473)
water_home_year –0.0652

(0.0872)
water_work_year 0.129

(0.123)
distance –1.344*** –1.253*** –1.247*** –1.256*** –1.246*** –1.250*** –1.282***

(0.0777) (0.0785) (0.0919) (0.0788) (0.0786) (0.0743) (0.0749)
common_border_flg 1.491*** 1.619*** 1.638*** 1.645*** 1.664*** 1.659*** 1.638***

(0.103) (0.110) (0.125) (0.109) (0.108) (0.103) (0.102)
same_land_flg 1.094*** 1.134*** 1.146*** 1.129*** 1.138*** 1.133*** 1.106***

(0.0714) (0.0738) (0.0833) (0.0728) (0.0727) (0.0692) (0.0688)
home_land –0.632*** –0.919*** –0.482*** –0.419*** –0.424*** –0.396*** –0.103

(0.115) (0.180) (0.107) (0.120) (0.118) (0.130) (0.133)
work_land 0.225 –0.122 0.0542 0.188 –0.0462 –0.0425 0.164

(0.143) (0.174) (0.132) (0.164) (0.162) (0.163) (0.166)
Constant –12.42*** –14.22*** –17.65*** –13.38*** –5.308 –4.682 –2.309

(1.137) (3.581) (1.668) (4.045) (4.122) (4.468) (4.014)
Observations 1117200
R-squared 0.543 0.573 0.544 0.572 0.571 0.577 0.577

Note. Robust standard errors in parentheses; *** — ​p < 0.01, ** — ​p < 0.05, * — ​p < 0.1.

End of Appendix 2
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Appendix 3. Full table with estimates of the gravity model without a lag,  
with a lag of 1 year, and with a lag of 2 years (dependent variable — ​flow)

Variables PPML PPML (lag 1) PPML (lag 2)
population_home 0.830*** 0.831*** 0.833***

(0.0565) (0.0564) (0.0559)
population_work 0.816*** 0.815*** 0.815***

(0.0410) (0.0416) (0.0408)
density_pop_home –0.180*** –0.179*** –0.177***

(0.0595) (0.0581) (0.0571)
density_pop_work 0.000269 0.00510 0.00809

(0.0444) (0.0435) (0.0432)
foreign_share_home –0.165* –0.143 –0.123

(0.0990) (0.0883) (0.0781)
foreign_share_work 0.0940 0.0904 0.0789

(0.0846) (0.0772) (0.0733)
livebirth_home –0.0671 –0.129 –0.200

(0.256) (0.262) (0.273)
livebirth_work 0.376* 0.463* 0.570**

(0.222) (0.245) (0.268)
death_home –0.345 –0.386 –0.397*

(0.248) (0.245) (0.241)
death_work –0.152 –0.247 –0.301

(0.229) (0.231) (0.232)
earnings_home 0.0713 0.0835 0.102

(0.159) (0.155) (0.152)
earnings_work –0.446 –0.439 –0.432

(0.303) (0.297) (0.288)
unemployment_home –0.0340 –0.0417 –0.0289

(0.212) (0.210) (0.209)
unemployment_work 0.273 0.258 0.227

(0.242) (0.247) (0.235)
company_home –0.135 –0.102 –0.0979

(0.125) (0.131) (0.131)
company_work –0.225** –0.179* –0.125

(0.109) (0.108) (0.110)
apart_prices_home 0.000331 –0.0100 –0.0247

(0.0988) (0.100) (0.107)
apart_prices_work –0.226** –0.334*** –0.484***

(0.105) (0.117) (0.132)
lease_prices_home –0.221 –0.241 –0.223

(0.187) (0.188) (0.193)
lease_prices_work 0.626*** 0.679*** 0.767***

(0.238) (0.243) (0.236)
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Variables PPML PPML (lag 1) PPML (lag 2)
gdp_ppc_home –0.0506 –0.0530 –0.0452

(0.122) (0.122) (0.121)
gdp_ppc_work 0.959*** 0.940*** 0.934***

(0.0782) (0.0792) (0.0788)
auto_home –0.953*** –1.042*** –1.115***

(0.270) (0.284) (0.283)
auto_work –0.519** –0.473* –0.482*

(0.253) (0.263) (0.268)
not_uni_graduate_home 0.109** 0.133** 0.154**

(0.0535) (0.0572) (0.0612)
not_uni_graduate_work 0.112** 0.123*** 0.130***

(0.0473) (0.0464) (0.0457)
benefit_share_home 0.0694 0.0503 0.0145

(0.208) (0.204) (0.203)
benefit_share_work –0.294 –0.279 –0.263

(0.225) (0.232) (0.229)
tourism_intensity_home 0.0514* 0.0515* 0.0508*

(0.0271) (0.0266) (0.0263)
tourism_intensity_work 0.0119 0.0222 0.0319

(0.0299) (0.0291) (0.0283)
water_home –0.0652 –0.0721 –0.0936

(0.0872) (0.0905) (0.0965)
water_work 0.129 0.160 0.191

(0.123) (0.132) (0.145)
distance –1.282*** –1.287*** –1.292***

(0.0749) (0.0736) (0.0723)
common_border_flg 1.638*** 1.633*** 1.625***

(0.102) (0.101) (0.0994)
same_land_flg 1.106*** 1.104*** 1.100***

(0.0688) (0.0676) (0.0667)
home_land –0.103 –0.673*** –0.125

(0.133) (0.184) (0.131)
work_land –0.0223 –0.0279 0.161

(0.159) (0.158) (0.159)
Constant –2.123 –0.400 –0.0928

(4.019) (4.111) (4.096)
Observations 1117200
R-squared 0.577 0.579 0.584
Year FE Yes Yes Yes
Home-land FE Yes Yes Yes
Work-land FE Yes Yes Yes

Note. Robust standard errors in parentheses; *** — ​p < 0.01, ** — ​p < 0.05, * — ​p < 0.1.

End of Appendix 3


