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Abstract —
As a protective measure against the Covid-19 pandemic, a substantial share of the workforce had to relocate
their workplace to their home, some for the first time. Recent surveys suggest that for many of both employees
and employers, a continued higher share of Working from Home (WFH) than before the pandemic would be
desirable in the longer run as well. However, classical geographical economic theory suggests that a reduced
need for commuting might lead to a reorientation of residential preferences for employees towards less urban
areas, as households trade off the disamenity of commuting against housing costs and living space. This raises
the question how such consequences could unfold in space, particularly on a regional scale. A metropolitan
region with a high share of knowledge-based employment suitable for WFH is the Munich Metropolitan Region
(MMR), which serves as our case study. We collect data on municipality-level for relevant aspects of residential
locational choices and develop an index for the potential of additional residential demand through increasedWFH
for each municipality in the MMR. Crucially, a municipality’s potential depends on the number of commuting
days per week. Keeping the weekly commuting time budget constant, an increase in WFH (or reduction in
commuting days) allows for longer commute duration per trip. We visualise our results and sensitivities on
maps. We observe a gradual yet discontinuous spread of potentials from the region’s core to the fringes with an
increase in WFH days.

1 Introduction

Before digitisation, spatial proximity of residential and workplace locations had been the norm for almost all
professions, limiting the dimensions of city-regions. The rigidity of this spatial relation may be in the process of
disintegration with the advent of the phenomenon of working from home (WFH). Already before the Covid-19
pandemic in 2020, WFH had been an occasional practice particularly in knowledge-intensive sectors of the
economy, whose tasks often only require a computer with internet access, with a small and exceptional share
of ‘digital nomads’ with full flexibility of work location. Government measures to enforce physical distancing
as a precaution against Covid-19 in many countries made WFH mandatory for those jobs that could be fulfilled
outside of the office, and pushed large shares of the population into WFH. This often challenged employers to
implement the required technological infrastructure and new flexible work arrangements. Already now, there
are strong signs that a higher share ofWFHwill becomemore firmly established in the future. As a consequence
of the decreased importance of physical proximity to places of work, individuals have increasing freedoms for
residential choices at their disposal. At the same time, an outright abandonment of the classical office and
any physical interaction is unlikely in the long term. Knowledge creation will require – even more intensely
than before – the complementarity of being (temporally) close yet being outwardly connected. The density of
physical interaction is not only crucial for creative processes in firms, but is a constituent of cities in general
(Weinig and Thierstein (2021)). Nevertheless, the nearer future will require that the frequency and intensity of
individuals’ work-related physical presence be reduced, and it is likely that a lower level of presence at fixed

1

mailto:johannes.moser@tum.de
mailto:f.wenner@tum.de
mailto:thierstein@tum.de
mailto:johannes.moser@tum.de
mailto:f.wenner@tum.de
mailto:thierstein@tum.de


offices will remain in the future. Therefore, residential decisions may be subject to altered spatial determinants.
This article seeks to shed light on relevant determinants and provides a case study of the Munich Metropolitan
Region (MMR). We do not have long-run ex-post data or revealed preferences to answer these questions. So
far, we have to stick to stated preferences by survey respondents and business managers as well as use tools and
knowledge that economic geography offers. Examining the literature, we venture to make informed guesses
about what municipalities in the MMR may bear potentials for additional residential demand. This article is
structured as follows: Section 2 delves into the literature for a theoretical background, Section 3 introduces the
case study region MMR, in Section 4 we explain our approach and the data, Section 5 discusses the results, in
Section 6 we check the robustness of our results, in Section 7 we look at the planning implications and finally
we conclude with Section 8.

2 Theoretical Background

WFH had not been a widespread practice before the outbreak of the Covid-19 pandemic, in spite of it being
technically feasible already for some time. Around 56% of jobs in Germany were suitable for WFH already
before Covid-19 according to Alipour et al. (2020). Employers were often hesitant to accept WFH, due to its
assumed disadvantages regarding speed and quality of processes, innovative productivity, and the foundation of
trust among the workforce, as well as due to the danger of shirking and prohibitively high costs of supplying
the technical infrastructure, such as hardware and software, for workers at home (Boland et al. (2020)). On the
other hand, there is considerable potential for cost-cutting as office rents and commuting costs can be reduced,
as Haag (2020) discusses in the case of Manhattan. The case of employees is more ambivalent, as Lord (2020)
and Coy (2021) show, as some prefer to separate home and work physically and are keen to meet colleagues in
person while others value saving time and monetary costs incurred by commuting and therefore are attracted to
WFH (see Barrero et al. (2021) and Shearmur et al. (2021) for a more detailed evaluation of these arguments).
Crucially, WFH has been unequally distributed among industries (Dingel and Neiman (2020); Mongey and
Weinberg (2020); Bick et al. (2020); Bartik et al. (2020)) and consequently also on a spatial level because
industries are spatially unequally located (Reuschke and Felstead (2020)). Highly qualified above-average
earners are disproportionately likely to engage in WFH (Schröder et al. (2020)). This affects particularly the
information, finance, insurance, business services, and entertainment and education sectors. This bears the risk
of a socially divisive development, as lower-income individuals are at the same time more likely to work in
jobs for which WFH is not possible, therefore precluding potential benefits. Over the course of the pandemic
with lockdowns and quarantine measures, firms and employees alike were by necessity forced to experiment
with WFH. While some firms have already announced far-reaching plans for a continuation of WFH even in
a post-Covid scenario, some large high-tech companies such as Google are planning to implement “hybrid”
workplace strategies that continue to require employees to live within commuting distance to the office in the
future, as they deem a certain share of in-office collaboration necessary for successful team projects (Elias
(2020)). For Germany, a recent study found that 35% of all employees will likely engage in WFH either fully
or partially after the Covid-19 pandemic, up from 18% before (Berg (2020)). Generally, surveys find a high
satisfaction with WFH by employees, while particularly reduced stress from daily commuting is mentioned as
positive factor (Spellerberg et al. (2021)). Subsequently, it can be argued that in the future, a permanent higher
share ofWFH is quite likely (e.g. Rappaport et al. (2021), even though a certain degree of in-office presence will
still be required. While both a return to full-time presence in the office as well as an arrangement with exclusively
WFH are currently imaginable, on the aggregate it seems most likely that the standard will lie in between the
corner solutions. This means that any one out of one to four days will be WFH, like Barrero et al. (2021) argue.
While this shifting paradigm of work-life culture perhaps may not alter the global dominance of metropolitan
areas on a ’macrogeographic’ level significantly, it nonetheless has spatial ’microgeographic’ consequences as
economic geography experts Florida et al. (2021) predict. First and directly, there will be less commuter flows
especially to areas of high office concentration. Second, and the focus of our study, are individuals’ residential
choices dependent upon the possibility to WFH. Another interesting study in this regard with focus on the
greater London area can be found in Gallent and Madeddu (2021). For a theoretical background on WFH and
its relation to housing consider Stanton and Tiwari (2021). Let us first pin down the following assumptions: a)

2



individuals, especially those living together with family, prefer more space at home over less, also in order to
be able to set up a separate workroom for WFH, b) individuals only have limited pecuniary resources and are
attracted to areas with lower housing costs, c) individuals (still) value a reasonable accessibility of jobs, and
will not become entirely ‘footloose’, as they will still be required to spend part of the workweek physically in
the office, and d) they value the existence and quality of certain local cultural, natural, and service amenities. In
addition, the curfews and restraints on the radius of movement as part of the measurements against the spread of
Covid-19 have led to an increased attention towards dwelling and neighbourhood quality (Weinig and Thierstein
(2021)). This has resulted in calls for a greater attention to an adequate provision of open and green spaces in
urban environments in planning (e.g. Havekost et al. (2021)), also for reasons of infection protection. Some
individuals might feel compelled to exchange their urban dwelling for a location in a less dense environment
as a consequence, even though a recent study shows that population density does not seem to be a main factor
determining Covid19-infection rates (Menéndez and Higueras García (2020)); rather, recent developments seem
to indicate that social deprivation might be a stronger indicator. Individuals who shift to more WFH, which
becomes increasingly accepted or even required by employers, are released from the burden of commuting costs
and thus might find it beneficial to move out of municipalities that served the purpose of being close to their
firm offices into potentially less expensive municipalities that serve the purpose of having more space at home.
In spatial terms, and particularly in the case of the MMR, these relationships can be approximated using the
monocentric urban model Alonso (1964), further elaborated by Mills (1967) and Muth (1969). Less necessary
weekly commute trips translate into a lower disamenity of distance to the urban centre, i.e. lower monetary and
non-monetary transport costs. As a result, the land demand curve, the land price gradient, and in the end, the
density gradient within the region become flatter and the functional (commuter) city-region expands, assuming
stable population and employment within the region. However, the selection process of a residential location is
more complex than the model suggests, depending on further variables (such as broadband internet access) and
availability constraints, as well as demand patterns differing by household group (Thierstein et al. (2016)), which
must be taken into account when identifying areas with potential for added residential demand. Particularly
broadband internet access gains in importance as physical meetings are replaced by video-conferences with high
data volumes.

3 Background on the Munich Metropolitan Region

TheMunichMetropolitanRegion (MMR) is a functionally defined regionwith the city ofMunich, Germany, at its
core. It is delimited by relatively homogeneous internal commuter relationships, commonly used infrastructure
(e.g. hub airport MUC), and a loosely woven governance of a registered association, but it is not a formal
administrative public entity. The region is economically vibrant and shaped by industries that employ many
highly qualified knowledge workers in WFH-suited industries (Alipour et al. (2020) and Alipour et al. (2021)).
The MMR contains 748 municipalities that exhibit large differences in diverse qualities regarding housing
prices, access to public transport and highways, or endowment with cultural and natural amenities as well
as services. According to Kinigadner et al. (2016), average daily one-way commuting times in the MMR
are around 50 minutes for tenants, while homeowners commute on average 67 minutes. Figure 2, adjusted
from Thierstein et al. (2016), shows how the MMR is structured from a spatio-functional point of view with
the categories ‘Urban, central, ‘Urban, peripheral’, ‘City catchment area’, ’Residencies in tourist areas’ and
‘Peripheral locations’. Morphologically, the region is rather monocentric. The city of Munich at the region’s
core is the main dominant centre of employment and therefore the most important destination for in-commuters.
The secondary cities of Augsburg, Ingolstadt, Landshut, and Rosenheim are the main regional sub-centres.
The region’s high labour demand and ambient living conditions continue to attract new residents to the region,
meeting an already strained housing supply, resulting in the highest price level for housing in Germany. Growing
opportunities to WFH can potentially induce shifts to the previous equilibrium of residential demand. For a
case study, it therefore serves well to examine what municipalities within a metropolitan region may benefit or
lose out from a shift to more WFH.
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Figure 1 Types of spaces in the MMR. Own visualisation based on (Thierstein et al. 2016).

4 Methodology & Data

Due to the uncertainty as regards the future work culture with respect to mandatory office presences or WFH,
it is guesswork to say a) what shares of the workforce will do WFH in general and b) how many days per week
this share of workers will commute to offices. In Section 2, we elaborated on findings by others on what factors
may drive individuals into WFH. In this study, we neglect a) and focus on b). Our informed guess is that in the
medium-term future an average worker will commute to work 2.5 days per week, which appears as a moderate
solution that captures the average between the extreme solutions of ’no WFH at all’ and ’only WFH’ as well
as the manifold expressed opinions of ’2-3 days’ solutions (either 2 days WFH and 3 days of physical office
presence or vice versa, see Mull (2021) and Bloom (2021)). We test other configurations in Section 6.1. We
are interested in the spatial dimension of these behavioural shifts, thus we build a ’WFH-index’ to assess what
regions could be exposed as places of high potential for additional demand for housing. We construct a novel
and extensive data set that is as disaggregated as on the municipality level in the MMR. It includes data on
accessibility measures derived from travel times using both public and individual transport with the number
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of employees at workplaces as weights, broadband performance, real estate purchase prices, rental apartment
prices, several amenity indicators, share of vacation homes, demographic characteristics and local supply of
grocery stores (other studies with similar determinants influencing residential choices are Hoshino (2011) and
Kim et al. (2005)). All variables are normalised via division by the maximum observation. A more detailed
description of these variables follows in the next subsections. One key assumption is that a WFH individual is
not willing to move to a municipality that falls short of a minimum threshold of broadband supply, that is, if
not at least 90% of the municipality is endowed with a broadband technology with a band width of at least 50
MBit/s, the total index value is set to 0. The measure to derive the potential of a municipality to attract demand
of future residents weights the variables then as in Table 1. Notice that the overall index is computed by adding
the components (shares*values) except for ’Housing costs’, for which the products are subtracted to penalise
high values.

Table 1: Weights of components in WFH-Index

Weights of components in WFH-Index

Accessibility Housing costs Internet Cultural and natural amenities Demography Supply

Public Individual House purchases Flat rentals Broadband Amenities Vacation homes Young adults Groceries

25% 25% 10% 10% 15% 5% 5% 2.5% 2.5%

Before delving into the construction of the indicators, let us discuss the chosen weights of the components
for the WFH-Index. The main identifying component is ’Accessibility’, which captures a change from a pre-
Covid-19 to a post-Covid-19 pandemic state for both public and individual transport means. Since this is the
underlying key assumption of the study, we choose it to occupy one half of the WFH-Index with 25% each for
the partially computed changes in accessibilities of public and individual transport means. Housing costs play
a substantial part in choosing the residential location for most individuals. There is, however, variation in the
ratio of housing expenditures over income contingent on the income distribution: lower income groups spend
higher shares of their incomes on housing than top-earners and this difference has increased over recent decades
(in 2013 the lowest quintile spent 39%, the top quintile expended only 14% of the income on housing, while
for the median income-earner this ratio is roughly at 20% according to Dustmann et al. (2018).) As elaborated
upon in Section 2, the average WFH-worker tends to belong to higher earning groups. It was also assumed
that WFH-workers on average need more space at home to better be able to work, which leads to a trade-off
between more accessible, smaller homes and larger, but less accessible homes. Ultimately, this could lead for
a WFH-worker to an equilibrium with constant housing costs with more square meters at a lower price each at
home. One cannot translate the ratio of housing costs over income directly into a weight in the WFH-Index, but
we believe 20% to be an accurate configuration with 10% each for renting and buying. Broadband access and
its speed play a crucial role for a WFH-individual, for frequent file-sharing and video-conferences as standard
WFH-activities are broadband capacity-demanding. If, in addition to that, other members of the household
use the broadband connection at the same time, this becomes even more relevant. In rural areas in Germany,
as of today, there is no certainty as regards the existence of high-speed broadband development (Gürtzgen
et al. (2021)). As stated above, with the exclusion of municipalities failing to reach the minimum threshold of a
broadband coverage of at least 90% of their households with at least 50MBit/s, we take 15% to be an appropriate
choice. The remaining 15% of the WFH-Index are divided up among ’soft’ factors in the municipalities. By
’Amenities’, we consider the existence of a historic core, hospitals, schools, gastronomy and entertainment
facilities in the municipality as ’nice-to-have’ features with 5%. ’Vacation homes’ with a weight of 5% function
as a proxy for ’natural beauty’: places where people spend their vacations tend to be located in landscapes that
invite for sports activities such as hiking and skiing in the mountains or (sun-)bathing at the seaside or lakes
(Kolko (2012)). Next, we argue that a high share of young(er) persons in a region serves as a proxy for its
attractiveness (for a more thorough discussion of the topic, see Prenzel (2021)). However, we do not want to
exaggerate the importance of this and weight ’Young adults’ with 2.5%. Finally, a municipality endowed with
one or more grocery store(s) potentially facilitates car-independent grocery shopping and thereby increases a
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family’s flexibility, which raises the location’s attractiveness. Kim et al. (2005) show that higher travel costs to a
supermarket (among other factors) increase the willingness to move to a new residence. We assign ’Groceries’
therefore with a weight of 2.5%.

4.1 Accessibility

Accessibility of municipality i Ai is constructed using a standard exponential measure

Ai =
∑
j

Wj

eβdi, j
, (1)

with Wj as the number of employees in municipality j, di, j indicating the travel time between i and j and β

measuring the decay of distance. We compute these distinctly for public transport and car journeys. The decisive
parameter to control for differences between mobility behaviour before and after a preference shift, in our case,
the Covid-19 pandemic is β. Consulting, among others, Wittowsky and Ahlmeyer (2018) on accessibility, we
choose β=0.035 for before the pandemic and β=0.01725 for after the pandemic. The parameters translate into
a reduction of commuting likelihood by 50 percent every 20 minutes before the pandemic, to every 40 minutes
after the pandemic, i.e. a computational reduction in the commuting days per week from 5 to 2.5, assuming
stability of the total amount of time an individual is willing to commute. To account for the change of β, the
finally used variable is A∗

i = A0.01725
i − A0.035

i . Note that according to survey data by Kinigadner et al. (2016),
tenants in the MMR before the Covid-19 pandemic commuted on average 50 minutes and homeowners 67
minutes. There is also a positively correlated relationship between household income and commuting times
with the highest earners exhibiting an average commuting time four times as high as the one of the lowest
income group. These statistics indicate that likely WFH workers with above-average incomes indeed devote
more time to commuting seeking to optimise their housing choices. In order to avoid a bias at the exterior
border, we include a buffer region of 40km around the MMR such that important cities like Ulm, Innsbruck,
Kufstein, Salzburg and Regensburg and other locations with high job concentrations are accounted for. In order
to be able to better assess our modelling choices, we performed sensitivity analyses with different β parameters
and altered weights, which can be found in Section 6.1.
To derive accessibility for public transport, we first obtained station locations in Germany from Deutsche

Bahn Open Data1 and used Open Street Maps2 for stations in Austria. We defined the main station with rail
access per municipality. If a municipality has no rail station, we do not code the proximate station from
another municipality, but instead leave this indicator empty. We scrape information on all potential journeys
from the Deutsche Bahn travel information3 allowing for all modes of public transport (from ICE to local bus).
Connections that are less frequent than at least every two hours on standard workdays are excluded.
To compute accessibility for individual transport, the Open Street Maps roads data was retrieved via the

Python module ‘OSMnx’, which ensures that roads are connected. Speed limits, serving as approximations
for travel speeds, are given for the majority of street segments. In missing cases, the speed limits were
systematically assigned. If not restricted to lower speeds, the highway speed was assumed to be 130 km per
hour. The reference point for each municipality is the centre of its largest settlement, which was determined by
an integrated geocoding function in the OSMnx library.
Data on employees at workplaces in Germany in 2018 (‘Sozialversicherungspflichtig Beschäftigte am Ar-

beitsort‘) stem from Bayerisches Landesamt für Statistik4. As the buffer region around MMR includes parts of
Austria, we took data on ‘Beschäftigte in den Arbeitsstätten 2018’ from Bundesanstalt Statistik Österreich5.

4.2 Housing Costs

The source for housing data is the Research Data Center Ruhr at the RWI, where Boelmann and Schaffner
(2019) processed advertisements on the internet platform ‘ImmobilienScout24’. We split housing costs into two
1 www.data.deutschebahn.com/
2www.openstreetmap.org/
3www.bahn.de
4www.statistik.bayern.de/statistik/gebiet_bevoelkerung/erwerbstaetigkeit/index.html
5www.statistik.at/web_de/statistiken/wirtschaft/unternehmen_arbeitsstaetten/arbeitsstaetten_ab_az_2011/index.html
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categories. The first one contains prices for house purchases, while the second one covers rental flat prices. Each
advertisement contains information on to which municipality it belongs. The unit of measurement is the price
per square metre. All available data for the years 2018, 2019 and (January & February) 2020 were averaged
over in order to enlarge the statistical robustness since for some municipalities the number of observations is
limited. Housing prices could adapt following the Covid-19 pandemic, which we neither capture nor predict in
this context.

4.3 Internet

For many activities such as file-sharing or video conferences, a capable broadband internet infrastructure is
necessary. We took data on broadband development on municipality-level as of late 2020 from the German
Federal Ministry of Transport and Digital Infrastructure (BMVI)6. One indicator measures the percentage of
households in a municipality that have had access to cable-bound broadband speeds with at least 50 Mbit/s in
late 2020. The feasibility of standard WFH activities is warranted by such speed. We use this one and require it
to be greater than 90 %. Municipalities that fail to reach this minimum threshold are considered as inappropriate
locations for WFH and therefore their overall index value is set to zero.

4.4 Amenities

The amenities indicator consists of several parameters. First, a dummy variable is created that assigns munici-
palities that exhibit a historic centre a value of “1” and those that do not have a historic centre a value of “0”,
as a measure of attractiveness in terms of the built environment (Historic). Second, the number of hospitals
per capita is considered (Hospitals). The third parameter is the number of secondary schools (Schools), while
the fourth parameter accounts for museums per capita (Museums). The data for these four parameters was
provided by the Bavarian Agency for Digitisation, High-Speed Internet and Surveying as part of the ATKIS
and TIM datasets. Fifth, the number of firms that work in the creative arts and entertainment activities sector
(Entertainment) and sixth the amount of firms that belong to the restaurants and mobile food activities sector as
well as those in the beverage serving activities sector are incorporated (Gastronomy). Data on ‘Entertainment’
and ‘Gastronomy’ are taken from a commercial firm database provided by the consultancy firmOrbis AG. These
parameters are combined with weights as in the Table 2 below.

Table 2: Weights of components in Amenities-Index

Weights of components in Amenities-Index

Amenities Historic core Hospitals Schools Museums Entertainment Gastronomy

100% = 15% 15% 15% 5% 15% 35%

4.5 Share of vacation homes

The share of vacation homes of the complete housing stock is chosen as an indicator for where people tend to
like to spend their vacations. Higher values point to more attractive municipalities in terms of their endowment
with primarily natural and landscape beauty. The data stem from the Zensus 2011 7.

4.6 Demographic characteristics

We construct shares for distinct age groups that live in a municipality. We take the share of young adults aged
between 18 and 29 years as an indicator for how attractive a region is for a demographic age group that has a high

6BMVI: Bundesministerium für Verkehr und Digitale Infrastruktur
7https://www.zensus2011.de/SharedDocs/Downloads/DE/Pressemitteilung/DemografischeGrunddaten/csv_GebaudeWohnungen.zip?
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affinity for WFH. The Statistische Ämter des Bundes und der Länder Deutschland publish data on demography
on municipality-level, which can be found online8.

4.7 Local grocery stores

We define a simple binary indicator for local grocery stores that takes the value of ’1’ if at least one grocery
store is present in a municipality, otherwise ’0’. To do so, using the Python library ‘Scrapy’, we scraped
an open-source community-driven website9 that posts all supermarkets in Germany with address and brand
names. We georeferenced the supermarkets using the addresses with the Python module ‘Geopy’ as well as the
open-source API ‘Nominatim’, and assigned them to municipalities.

5 Results

Figure 2 presents the MMR, with the city of Munich at its topographic centre, surrounded by the cities Ulm and
Regensburg in Germany and Salzburg, Kufstein and Innsbruck in Austria. The labelled places within the MMR
are the biggest cities. Important transportation infrastructure elements such as highways and rail tracks are
drawn into the map as black and grey lines, respectively. Large water bodies such as ‘Chiemsee’ are included
for further orientation. The green-coloured areas show municipalities in the MMR exhibiting potential for
additional demand for residential space induced by a general shift to more WFH, based on our multi-criterial
index including accessibility, prices, and local attractiveness, i.a., as pointed out in the Section 4. Municipalities
with potential for additional residential demand are labelled as “High” for the top 10 percent (the last decile),
“Medium” for the top 10 to 20 percent and “Low” for the top 20 to 30 percent of the index, respectively.
Other municipalities are regarded as exhibiting no added potential through WFH. Considerations regarding the
micro-spatial optimisation of residential choices within the city of Munich itself are excluded. Note also that
29 areas in the MMR are forests or lakes and administratively no part of municipalities and therefore defined
without the potential for residential settlements.
The map presents a picture of a clustered clump of potential in the MMR’s core, which is most pronounced

toward the Northwest of the city of Munich. Particularly visible are also the corridors along major transportation
infrastructure axes. With the exception of Eichstätt, Mühldorf, Bad Tölz and Garmisch-Partenkirchen, all other
more populous municipalities exhibit potentials, while municipalities touching the MMR’s exterior border only
rarely bear potentials. Another observation is that the barely occurring isolated potential areas (’islands’) expose
only ’low’ or ’medium’ potentials. Finally, the largest potential-free areas are the MMR’s Southwest including
Garmisch-Partenkirchen and the East including Mühldorf.

5.1 Interpretation

The largest concentration of added potential lies in the neighboring municipalities to the Northwest of the city
of Munich. A corridor-like concentration begins in Dachau and stretches along the course of the highway and
railway mainline up to Ingolstadt. These areas are shaped by especially high accessibility values, with the
cities of Munich, Augsburg and Ingolstadt close by, relatively low housing prices and good broadband internet
availability due to the settlement of many high-tech firms. Another large concentration of potentials can be
found in and around Augsburg, the MMR’s second biggest city, which offers a less expensive city experience
with advanced broadband capacities, while the city of Munich is still accessible within less than an hour. The
southern part of the MMR in general does not seem to hold comparable potentials. This surprising outcome is
partly due to the fact that real estate prices are exceptionally high, even in a national comparative perspective.
The Southwest, around Kaufbeuren, offers lower residential costs, but is quite rural with both low accessibility
levels and a lower density of local supplies. However, the discontinuous corridor band fromMunich’s southeast
to the Austrian border is an exception, which is also expressed in higher shares of vacation homes. Despite higher
housing costs than in the Southwest, this corridor benefits strongly from higher accessibility and amenities.

8www.regionalstatistik.de/genesis/online
9www.discounto.de/Suchindex/Filial-Standorte-Postleitzahl
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Figure 2 Municipalities with potential additional demand for residential space in the MMR. Source: own results.

To the east of Munich, a vast area encircling Mühldorf presents barely any potentials mainly due to limited
accessibility, for housing prices are comparably moderate there. The overall pattern is rather heterogeneous,
with municipalities exhibiting high added potentials often neighbouring those without, which is caused by the
highly differentiated distribution of certain decisive parameters of the WFH index used, such as the availability
of broadband internet and basic local facilities (e.g. shopping). There is also a clear gradual reduction of
potential towards the fringes of the MMR, resulting from the indices of accessibility change used. The city
of Munich itself, despite remaining the most accessible municipality with the highest level of amenities in
absolute terms, gains less in attractiveness as residential location than the neighbouring municipalities in the
North due to the high housing cost. However, the attractiveness of an economically vibrant metropolis with
many entertainment facilities is difficult to beat by smaller municipalities for people with certain lifestyles. Only
if the number of days with commuting is even further reduced, the city of Munich will lose potential according
to the WFH-Index.

We observe and interpret the following four patterns:
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1) Most importantly, this exercise emphasises the rigidity and dominance of an urban metropolitan core.
The city of Munich and its surrounding municipalities form a large chunk of clustered potentials that indicate
a high dependence on being proximate to workplaces, amenities and metropolitan life. As long as individuals
continue to be rather regularly physically present in offices, education and entertainment facilities, even if it
is only 50 % of the pre-Covid-19 pandemic frequency, this does not change. However, as the city of Munich
itself is associated only with ’medium’ potential, the Southern surroundings shaped by very expensive housing
markets with either no or ’low’ potentials, while the comparably more affordable Northern surroundings expose
’high’ potentials, it becomes already evident that gradual reductions of the weekly commuting frequency lead to
an incremental increase in the willingness to move away from the city into more inexpensive residential areas.
Consider Section 6.1 for a more elaborate explanation of the role that the number of weekly commuting days
plays. A recent occurrence that is just in its budding might also accelerate its flourishing through Covid-19: co-
working spaces, often called ’third places’, which meditate between residential areas and standard pre-Covid-19
workplaces, will likely gain in importance (Adam and Klemme (2020)). Where third places are likely to pop
up is another research question, yet their emergence at for example more peripheral transport stations could
diminish Munich’s dominance.

2) The Northern part of the MMR quite clearly outperforms the Southern part as well as the Western part
trumps the Eastern part. The dominance in the Northwest results from the existence of several larger and
medium-sized urban areas, with Augsburg, Donauwörth, Eichstätt and Ingolstadt. Gains from both individ-
ual and public transport accessibility are evident. The difference in housing costs is pronounced along the
North-South axis with the North being more affordable. The East-West comparison yields rather similar prices.
Amenities seem to be quite balanced, although by trend the North has more to offer. The high share of vacation
apartments in the South along the border to Austria seems to prove what they suggest: a rather exclusive treat
that is not affordable by everyone.

3) It is also recognisable that especially the ‘secondary cities’ in the region seem to become (even more)
attractive residential places. They and their surrounding municipalities could act as ‘replacements’ for the city
of Munich as they expose many urban amenities while being more affordable than Munich proper. As opposed
to more rural municipalities, the secondary cities also benefit from a favourable public transport access to the
city of Munich. Here, the mechanism at work becomes apparent: commuting from Donauwörth to Munich
daily by rail would be considered too tedious by many, but once or twice a week seems far more likely. An
individual without car access will not commute even once a week to Munich or the secondary cities, if the
starting municipality does not have rail access.

4) The important role of transportation accessibility is expressed in the spatial distribution of municipali-
ties with potentials for additional residential demand along important transportation axes (both highways and
rail lines including stations). This creates ‘corridors’; the most prominent one starts in Dachau and goes along
both the rail tracks and the highway ‘A9’ to Ingolstadt, where almost all municipalities along the way exhibit
high potentials according to our index. Another agglomeration with potentials along rail lines can be found
around Rosenheim. A further such corridor is along the rail lines connecting Augsburg with Ingolstadt without
a highway close by. These examples shed light on the fact that living close to (well-accessible) public transport
stations increases the overall accessibility and the performance in our WFH-Index substantially, because the
individual transport infrastructure has less pronounced regional differences. However, it is important to remem-
ber that the mere existence of a public transport station does not automatically entail a high attractiveness of a
municipality for residential choices. This can also be concluded from the many blank areas along rail tracks
in the Southern part of the MMR. This result points to the danger of increased urban sprawl. However, the
sprawl outwards does not unfold uniformly, but instead depends strongly both on public transport and individual
transport infrastructures. While accessibility by individual transport is rather ubiquitous, the same is not true
for public transport, which is mainly concentrated along the main axes between urban centers.

For an overview of all municipalities that exhibit potential for additional residential demand, consult the
Appendix 9.
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6 Sensitivity analyses

6.1 Number of commuting days

As of September 2021, there exists considerable uncertainty regarding the future work arrangements with
respect to the expected frequency of WFH, expressed in the number of days per week worked from home, which
holds true independent of the country/region considered, the industry/sector looked at as well as the employees’
qualifications and occupations. As explained in Section 4.1, assuming that each individual has a constant
willingness to expend time for commuting per week, the accessibilities of municipalities change in the number
of commuting days per week. In the main scenario in Figure 2, we assumed that 2.5 days of commuting per week
represent a likely average between the extreme cases of five days of commuting (as before the pandemic) and
one day of commuting. Zero days of commuting are excluded from analysis here, because they would nullify the
need to live anywhere proximate to the workplace, which renders the analysis within a limited region obsolete10.
We construct six different scenarios to visualise the gradual outward-spreading alteration of the distribution
of municipalities with potentials for additional residential demand in the MMR, when the average number of
commuting days per week is reduced. Technically, this is done by computing the accessibility component
of the WFH-index A∗

i by subtracting from the respective accessibility values of a post-Covid-19 scenario the
accessibility values of the pre-Covid-19 scenario (with five days of commuting) A∗

i = Apost
i − Apre

i . Consider
Table 3 and equation (1) for the calibration of the model with respect to the number of commuting days. Notice
that the displayed maps result from variant calibrations in the key identifying change parameter, yet the maps
still present the overall WFH-index.

Table 3: Number of commuting days and corresponding β values.

Number of commuting days 5 days 4 days 3 days 2.5 days 2 days 1.25 days 1 day

β 0.035 0.028 0.021 0.01725 0.014 0.008625 0.007

Figure 3 shows the results geographically. The first variant ’4 days’ shows a concentric distribution of
potentials clustered around and including the city of Munich. The exterior border of the MMR is almost bare
of any potentials. There are more densely clustered potentials to the North of the city of Munich than to the
South. Only alongside some of the more important transport axes occur corridor-like spreads of potentials,
which reach into the bigger cities such as Augsburg, Ingolstadt, Donauwörth and Rosenheim. The appearance
of ’islands’, that is isolated and dispersed potentials, is rare. Taken together, this means that a slight reduction
of an average office presence down to 4 days does not act strong enough as a push-out or centrifugal force to
meaningfully disperse the potentials. Rather, the highlighted areas in the map are similar to those that have
been destinations of suburbanisation in the past already. Over the course of gradual reductions of the average
number of commuting days, we observe a) a dissolution of the clustered potentials in the MMR’s core around
the city of Munich, b) the city of Munich loses its potential only after a reduction to 1.25 days, c) a significant
increase in the formation of ’islands’ and d) the municipalities towards the MMR’s exterior border gain in
potentials. Comparing the most extreme scenarios ’4 days’ and ’1 day’ of average commuting inspires the
thought experiment of an explosion of a ’clump of potential’, by which the dominance of the core is replaced
such that the periphery becomes endowed with the core’s initial shares of potentials.
This exercise of sensitivities yields the main insight that the less often an individual commutes to work per

week, the more likely it is that they settle further away from their workplaces, which are spatially clustered. Less
office presence enables persons to leave crowded, highly accessible, residential areas that are shaped by high
prices for rents or real estates. Our premise, which is that persons that commute rarely (like 1 or 1.25 days in our
example) tend to exhibit a much higher willingness to expend commuting time, is in line with findings by de Vos
et al. (2018). This shows that rational individuals, negotiating with their employers for a contractually binding
number of days of physical office presence, indeed also face different choice sets of options for residential

10So-called ’digital nomads’, working completely remotely have already existed before Covid-19. Their number may increase in the
future but we assume it to be negligibly small.
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settlements. According to these sensitivities, WFH could actually contribute to urban/regional sprawl, and in
the long run lead to a stronger equalisation of real estate prices across the region. However, for significant
sprawl to happen in the MMR, the average number of commuting days would have to be cut down to less than
two days per week, which is admittedly a rather extreme alteration of the work life as we knew it before the
Covid-19 pandemic.
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Figure 3 Sensitivity analyses with different β values that represent the change from 5 to less commuting days on average

6.2 Weights per indicator

The different components of the WFH-Index are weighted according to our intuition and best understanding,
and in line with the results of a region-wide survey conducted in 2016 (Thierstein et al. (2016)). Nevertheless,
it is critical to show how the overall index reacts to changes in its components. In Section 4, we explained the
chosen weights. To visually assess the robustness of the WFH-Index when varying the weights, we present four
new variants in Figure 4 and refer to Table 4 for the exact weighting of the variants. Table 4 resembles Table 1,
but was extended by the column ’Minimum coverage’ under the category ’Internet’, which states the required
minimum coverage threshold of households in a municipality with a broadband capacity of at least 50 Mbit/s.
Variant ’Main’ is the WFH-Index configuration as shown in Figure 2 and included here for reference. In

Variant 1, the weights of accessibilities are each reduced to increase the weights for housing costs as some
may argue in favour of a higher importance of the latter for residential choices for the average individual.
This configuration with a heavy shift of weights of 20% in the WFH-Index presents a picture of potentials
more spread out towards the fringes of the MMR. Since housing prices in the MMR’s core in Munich and
neighbouring areas are significantly higher than elsewhere, this picture does not surprise. We observe an almost
complete dissolution of the clump of potentials in the core towards a patchier area northwest of the city of
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Table 4: Variations of WFH-Index with different weights and conditions of sub-indicators.

Alternative weights of components in WFH-Index

Variant
Accessibility Housing costs Internet Cultural and natural amenities Demography Supply

Public Individual House purchases Flat rentals Broadband (min. speed: Mbit/s) Amenities Vacation homes Young adults Groceries

Main 25% 25% 10% 10% 15% (50) 5% 5% 2.5% 2.5%

1 15% 15% 20% 20% 15% (50) 5% 5% 2.5% 2.5%

2 25% 25% 10% 10% 15% (100) 5% 5% 2.5% 2.5%

3 30% 20% 10% 10% 15% (50) 5% 5% 2.5% 2.5%

4 20% 30% 10% 10% 15% (50) 5% 5% 2.5% 2.5%

Munich. Instead, the areas around Donauwörth, Landshut and Mühldorf gain sharply in potentials. In overall,
this shows that there are indeed regional differences in housing costs. However, this does not invalidate the
WFH-Index. Fundamentally, the initial structure prevails because municipalities that have been at the outer
ends of potential corridors (or islands) in the main variant become new cores of smaller agglomerations with
new areas with potentials springing up in their hinterlands. At the same time, the sparsity of potentials in the
South, Southwest and Southeast is left unchanged. Finally, to emphasise the key identifying mechanism in this
study again, the change of accessibility dependent upon the number of days with WFH per week is the driver
to find out about municipalities with new potentials for residential demand and not the simple comparison of
housing costs. In addition to that, moving into less expensive neighbourhoods because of WFH will on average
often entail the occupation of more residential space, which in turn may keep the overall expenses for housing
constant. Therefore, we assume the housing costs component with 20% in total to be accurately represented in
the main variant.

Variant 2 is meant to analyse what municipalities would pass the test of a (group of) very demanding WFH-
individual(s) that deem a reliable and fast broadband connection (with 90% of households in a municipality
connected to at least 100 Mbit/s instead of only 50 Mbit/s) as a necessity. Raising the broadband minimum
capacity threshold leads to a thinning of the total number of municipalities with potential from 168 down to 96,
which is due to the fact that any municipality failing to meet the threshold is excluded from the computation of
the deciles that ultimately yield the three potential categories ’High’, ’Medium’ and ’Low’. Notice, therefore,
that not all municipalities dropping out of the potential categories failed to reach the minimum threshold. The
result is basically a slimmed version of the main variant. Many of the ’High’ potential municipalities in the main
version of the WFH-Index survive this broadband stress test and are still present in Variant 2. The corridors
of potentials and their tails become more discontinuous and smaller than in the main variant. Paradoxical as
it may sound, Variant 2 looks both patchier and more concentrated with some isolated outliers than the main
version. Cable-bound and wireless broadband developments in Germany are often criticised as dissatisfactory
for such an advanced economy. While urban agglomerations introduced high-speed broadband, the rural areas
did not do so with comparable pace. Therefore, Germany is still characterised by a high regional variation in
broadband availability (Gürtzgen et al. (2021)). Due to this background, checking for broadband development
may well be highly relevant for broadband-dependent WFH workers who, unlike large firms, usually are unable
to organise or finance the construction of new broadband cables.
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Figure 4 Sensitivity analyses with different weights of sub-indicators. Variant 1 weights housing costs higher, Variant
2 requires 90% of a municipality’s households to have access to a broadband capacity of at least 50 Mbit/s (instead
of just 50%), Variant 3 weights accessibility of public transport higher than individual transport and Variant 4 weights
accessibility of individual transport higher than public transport. Source: own creation.

Variants 3 and 4 are meant to suspend the previous equal weighting of public and individual transport
accessibilities to capture differential preferences of households between the usage rates of public and individual
transport means. Variant 3 weights ’public’ more than ’individual’ and it is vice versa in Variant 4. The pictures
reveal no significant changes apart from the city of Munich having ’High’ potential in Variant 3 and ’Low’
potential in Variant 4, which is true because the regional variation in public transport accessibility is a lot larger
than for individual transport. Munich is very accessible with many and frequently serviced public transport
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connections such that it trumps out more car-accessible municipalities. The other slight changes in potentials
for smaller municipalities do not follow a systematic pattern.

7 Implications for Spatial Planning

This study shows how long-termmetropolitan decentralisation as a consequence of the Corona pandemic through
a general switch to moreWFH can arise as an emergent pattern and the analysis of what municipalities are likely
to gain in popularity, measured in potential for additional residential demand. We established that the degree of
decentralisation depends on the number of weekly commuting days, which becomes more discernible when this
number decreases, and that significant decentralisation emerges with less than two commuting days on average.

From a planning perspective the result is ambiguous. Decentralisation of residential demand within a
metropolitan region could relax urban housing markets in the core, as Bauer et al. (2021) note, which is in
the exceptionally expensive city of Munich of high relevance. Conversely, stagnating towns and municipalities
peripheral in the metropolitan region may experience revitalisation (Horx (2020)), especially in light of the
already accelerated structural change in the retail sector (Adam and Klemme (2020)). Particularly recognisable
is the potential incorporated in the ’secondary cities’ and their surrounding suburbs that might function as
’replacements’ for the city of Munich by providing urban amenities joint with affordable housing. As opposed
to more peripheral areas, they also supply residents with favourable public transport access to the city ofMunich.
Metropolitan planners thus face the opportunity of relieving the core’s straining density by strengthening urban
surrogate cities for Munich.
However, decentralisation endangers ecologically valuable green space through economic and residential

settlements. More dispersed settlements raise the share of cars among transport modes, if the public transport
infrastructure is left unchanged. This, in turn, augments greenhouse gas emissions and congests inner cities.
Public transport is already heavily strained through the loss of revenues resulting from tumbling ridership rates
during the pandemic (Axhausen (2020)). The inhomogeneous opportunities to work from home among different
jobs threatens to exacerbate a socio-spatial divide because not all can reap the benefits of an extended set of
options for residential choices.
Especially under-utilised public transport nodes or other local sub-centres in municipalities with potentials

in the WFH-Index could bring transit-oriented development (TOD) to the fore as a sustainable adaptation to
the new situation. Where extant, urban brownfields could be reactivated. Pending a higher acceptance of
public transport after the pandemic, TOD would ensure that at least a share of newly created traffic is more
environment-friendly and space-saving than development with a focus on individual transport. Co-working
spaces at sub-centres may form a compromise between short commutes and a physical separation of the places
of residence and work. Importantly, digital capacities such as broadband networks must comply with recent
standards.
Municipalities that tend to lose residents, be it areas with a high density of workplaces or proximate to those,

may experience reduced demand for office and retail space, which could lead to vacancies and the negligence
of buildings’ maintenance, thereby lowering residential attractiveness. This, in turn, facilitates a greater mix of
land uses by attracting cultural, social or non-profit activities as well as alternative forms of residential usages
(Adam and Klemme (2020)). Concerning shopping, Florida et al. (2021) and Kunzmann (2020) expect that
retail stores will serve for firms as physical display windows to entertain and inform customers rather than as
places of selling, the process of which will take place online instead. A flexible and easily adjustable public
space is important for a successful adaptation process. Particularly those individuals who cannot claimWFH are
presented with the opportunity to render towns more attractive and affordable (Mallwitz and Thierstein (2021)).

8 Concluding remarks

This study was undertaken during the Covid-19 pandemic. That means that it is an ex-ante simulation without
ex-post evidence to test or verify the results. After the pandemic is over, in the medium and long run, it will
be an interesting ex-post study to analyse residential movements in the light of locational factors. As this
study is focussed on an isolated, rather concentric metropolitan region, it neglects impacts from a wider spatial
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consideration. It would therefore be the natural consequence to extend this examination to the national context.
In this case, more interwoven aspects and dynamics condition each other into a new perspective, a few of which
shall be mentioned here. So far, it is assumed that individuals keep their jobs and some switch to a more flexible
WFH arrangement that includes occasional office presences, which precludes for most people a move too far
away with respect to commuting time. This calls for the introduction of several different types of agents that
exhibit unique qualities regarding WFH work arrangements and locational (lifestyle) preferences, which could
be implemented with an Agent-Based Modelling approach. Another point excluded from analysis within the
MMR is related to fast, long-distance means of transportation such as plane and high-speed rail, whose existence
facilitates some commuting relations that lead to even more spreads between places of work and residence. As
there are larger price differences in real estate and rents markets nationally than within the MMR, WFH could
entail a completely new dimension of the spatial distribution of residential locations. However, although an
extension of the area coverage renders the study results to become even more interesting, this also carries the
danger of blurring their accuracy.
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Figure 5 Municipalities with potentials for additional residential demand in the MMR. The numbers correspond to the
ranks in the WFH-Index for 168 municipalities that exhibit potential for additional residential demand. For the names of
the municipalities, consult Table 5.
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Table 5: Municipalities with potentials for additional residential demand in theMMR and their ranks in brackets. Consider
Figure 5 for their topology.

Winners: High Winners: Medium Winners: Low
Freising (1) Kaufbeuren (57) Altdorf (Landshut) (113)
Augsburg (2) Jengen (58) Holzkirchen (Miesbach) (114)
Dachau (3) Markt Schwaben (59) Weilheim i. OB (115)
Pfaffenhofen a.d. Ilm (4) Weichs (60) Geisenhausen (116)
Reichertshausen (5) Oberschleißheim (61) Finsing (117)
Moosburg a.d. Isar (6) Ried (62) Bad Aibling (118)
Ingolstadt (7) Aßling (63) Affing (119)
Ilmmünster (8) Planegg (64) Grafrath (120)
Friedberg (9) Langweid a. Lech (65) Erdweg (121)
Donauwörth (10) Erding (66) Merching (122)
Mammendorf (11) Germering (67) Dorfen (123)
Rosenheim (12) Marzling (68) Garching b. München (124)
Petershausen (13) Reichertshofen (69) Brannenburg (125)
Aichach (14) Eichenau (70) Eresing (126)
Röhrmoos (15) Zolling (71) Tutzing (127)
Rohrbach (Pfaffenhofen) (16) Ergoldsbach (72) Obergriesbach (128)
Mering (17) Schwabmünchen (73) Unterhaching (129)
Buchloe (18) Hettenshausen (74) Sauerlach (130)
Meitingen (19) Türkenfeld (75) Ernsgaden (131)
Schrobenhausen (20) Eching (Freising) (76) Dinkelscherben (132)
Kissing (21) Wartenberg (Erding) (77) Schechen (133)
Grafing b. München (22) Kirchheim b. München (78) Bad Endorf (134)
Gersthofen (23) Forstinning (79) Burgheim (135)
Dasing (24) Karlsfeld (80) Flintsbach a. Inn (136)
Kirchdorf a.d. Amper (25) Pliening (81) Gauting (137)
Hebertshausen (26) Feldkirchen (München) (82) Prien a. Chiemsee (138)
Bobingen (27) München (83) Oberaudorf (139)
Langenbach (Freising) (28) Untermeitingen (84) Ergolding (140)
Nordendorf (29) Mertingen (85) Markt Indersdorf (141)
Landshut (30) Poing (86) Unterföhring (142)
Vohburg a.d. Donau (31) Raubling (87) Brunnen (143)
Jetzendorf (32) Graben (88) Forstern (144)
Asbach-Bäumenheim (33) Diedorf (89) Aschheim (145)
Gablingen (34) Großkarolinenfeld (90) Vaterstetten (146)
Ebersberg (35) Gerolsbach (91) Oberhaching (147)
Geltendorf (36) Oberschweinbach (92) Wörth a.d. Isar (148)
Vierkirchen (Dachau) (37) Adelsried (93) Warngau (149)
Maisach (38) Kolbermoor (94) Krailling (150)
Althegnenberg (39) Abensberg (95) Höchstädt a.d. Donau (151)
Kirchseeon (40) Tapfheim (96) Dingolfing (152)
Puchheim (41) Manching (97) Zusmarshausen (153)
Schwabhausen (Dachau) (42) Mauern (98) Bernried (Weilheim-Schongau) (154)
Neusäß (43) Odelzhausen (99) Kühbach (155)
Landsberg am Lech (44) Hilgertshausen-Tandern (100) Neufahrn i. NB (156)
Fürstenfeldbruck (45) Gilching (101) Großmehring (157)
Stadtbergen (46) Taufkirchen (München) (102) Hallbergmoos (158)
Kaufering (47) Emmering (Ffb) (103) Adelshofen (Fürstenfeldbruck) (159)
Bergkirchen (48) Haar (104) Anzing (160)
Hattenhofen (Fürstenfeldbruck) (49) Miesbach (105) Altomünster (161)
Olching (50) Lenting (106) Allershausen (162)
Gröbenzell (51) Münchsmünster (107) Neubeuern (163)
Unterschleißheim (52) Königsbrunn (108) Sulzemoos (164)
Westendorf (Augsburg) (53) Zorneding (109) Neubiberg (165)
Neufahrn b. Freising (54) Moorenweis (110) Wang (166)
Egling a.d. Paar (55) Hohenlinden (111) Putzbrunn (167)
Klosterlechfeld (56) Gräfelfing (112) Vilsbiburg (168)
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Figure 6 Municipalities that do not meet the minimum requirement of a sufficient broadband coverage, which by our
definition requires at least 90% of a municipality’s households to have access to broadband technology with a speed of at
least 50 Mbit/s.
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