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Abstract

As a protective measure during the Covid-19 pandemic, in Spring 2020, a high number of employees began relocating
their workplace to their homes, many for the first time. Recent surveys suggest that the share of those working from
home (WFH) will remain higher than before the pandemic in the long term too—with correspondingly fewer commuting
journeys. Workplaces are still often concentrated in inner cities, into which workers commute from more outlying areas.
However, classical geographical economic theory suggests that a reduced need for commuting might lead to a reorientation
of residential preferences amongst employees towards even fewer urban areas, as households trade off the disamenity
of commuting against lower housing costs and more living space. This article investigates how such consequences could
unfold in space. The Munich Metropolitan Region is characterised by a high share of knowledge-based jobs suitable for
WFH and thus serves as our case study. We collect data at the municipality level for relevant aspects of residential location
choices and develop an index for the potential of additional residential demand through increased WFH for each munici-
pality in the Munich Metropolitan Region. 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 a reduction in commuting days
allows a longer commuting time per trip. We visualise our results and sensitivities with maps. We observe a gradual yet
discontinuous decay of potentials from the region’s core to the fringes with an increase in WFH days.
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1. Introduction particularly in knowledge-intensive sectors of the econ-
omy, whose tasks often only require a computer with
Internet access and a small and exceptional number of
“digital nomads” who enjoy full flexibility in terms of
their work location. However, it was only the significant
external shock of SARS-CoV-2 (Covid-19) and the resul-
tant global pandemic that put WFH on the agenda on
a large scale. Government measures to enforce physical
distancing as a precaution against Covid-19 in many coun-
tries made WFH mandatory for those jobs that could
be performed outside of the office, thus making WFH

In most European cities, suburbanisation has been
the norm over the last century because of improved
transportation technologies and their broader spread
among higher shares of the population (Teaford, 2011).
However, most workers commuted to their workplace
daily and were therefore forced to reside within a rea-
sonable spatial distance from it. The rigidity of this spa-
tial relationship may be in the process of disintegration
with the advent of the phenomenon of working from

home (WFH).
WFH is not new and was already an occasional prac-
tice more than 20 years ago (Felstead & Jewson, 1999),

for many the temporary norm. Scholars discussed the
evidence of increased WFH from the start of the pan-
demic in both the US (Brynjolfsson et al., 2020) and in
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Germany (Mohring et al., 2021). This challenge often
forced employers to implement the required technolog-
ical infrastructure and new flexible work arrangements.
There are already strong signs that a higher share of
WFH will become more firmly established in the future
(Barrero et al., 2021). Because of the decreased impor-
tance of the physical proximity to places of work, indi-
viduals have increased freedom of choice as regards
their place of residence. At the same time, an out-
right abandonment of the classical office is in most
cases unlikely, even in the long term, particularly since
innovation processes in firms continue to require initial
and temporal physical proximity. Rather, such proxim-
ity must be seen as complementary to outward con-
nectivity. Furthermore, the density of physical interac-
tion is not only crucial for creative processes in firms
but is a constituent of the appeal of cities in gen-
eral (Weinig & Thierstein, 2021). Batty (2020), Glaeser
(2022), and Keil (2020) discuss potential scenarios of
post-Covid-19 urban structures. Numerous studies have
analysed WFH in a spatial context: Cho et al. (2021)
look at Covid-19-induced impacts on employment across
metropolitan status and size, De Fraja et al. (2021) exam-
ine consequences of WFH on local labour markets in the
UK, Davis et al. (2021) estimate the elasticity of substi-
tution between WFH and in the office, and Ramani and
Bloom (2021) find an increased demand for lower den-
sity neighbourhoods away from central business districts
(CBDs) in the US and label this the “donut effect.” In a
similar vein, Rosenthal et al. (2021) observe a decreased
commercial rent gradient associated with employment
density, while Althoff et al. (2021) discuss the shift-
ing spatial impacts of urban interdependencies between
business service and local, non-tradable service work-
ers. Nevertheless, residential decisions may be subject
to altered spatial determinants. This article seeks to shed
light on relevant determinants and provides a case study
for the Munich Metropolitan Region (MMR). Since no sta-
tistical data on sustainable, long-term, post-Covid migra-
tion is available at the time of writing, we fall back on
models of economic geography to project possible out-
comes. Examining the literature, we proceed to estimate
which municipalities in the MMR may harbour the poten-
tial for additional residential demand. This article is struc-
tured as follows: Section 2 delves into the literature for
a theoretical background and Section 3 introduces the
case study region MMR. In Section 4, we explain our
approach and the data, while Section 5 discusses the
results and, in Section 6, we verify the robustness of
our results. Section 7 compares the WFH index results
with short-term evidence on housing price data and, in
Section 8, we look at the planning implications before
reaching our conclusions in Section 9.

2. Theoretical Background

WFH had not been a widespread practice before the
outbreak of the Covid-19 pandemic, even though it had

already been technically feasible for quite some time.
For example, around 56% of jobs in Germany were suit-
able for WFH before Covid-19, according to Alipour et al.
(2020). Employers were often reluctant to embrace WFH
due to its assumed disadvantages as regards the speed
and quality of processes, innovative productivity, and
the foundation of trust among the workforce, not forget-
ting the danger of shirking and prohibitively high costs
of providing the technical infrastructure, such as hard-
ware and software, for workers at home (Boland et al.,
2020). On the other hand, there is considerable potential
for cost-cutting since office rents and commuting costs
can be reduced, as Haag (2020) discusses in the case
of New York City. The situation for employees is more
ambivalent, as Lord (2020) describes, because some pre-
fer to separate home and work physically and are keen
to meet colleagues in person, while others value saving
the time and costs incurred by commuting and are there-
fore attracted to WFH (see Barrero et al., 2021; Shearmur
etal,, 2021).

WFH does not affect all areas equally and has
been unevenly distributed among industries and spa-
tially across regions (Bartik et al., 2020; Bick et al., 2020;
Dingel & Neiman, 2020; Mongey & Weinberg, 2020;
Reuschke & Felstead, 2020). The IT, finance, insurance,
business services, entertainment, and education sectors
in particular display an affinity to WFH. Highly qualified,
above-average earners are thus disproportionately likely
to make use of WFH (Schroder et al., 2020).

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 plan-
ning to implement “hybrid” workplace strategies that
continue to require employees to live within commut-
ing 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 are likely to
engage in WFH either fully or partially after the Covid-19
pandemic, 17 percentage points more than before it
(Berg, 2020). Surveys generally find that employees that
are highly satisfied with WFH mention the positive effect
of reduced stress from less daily commuting (Spellerberg
et al., 2021). Consequently, it can be argued that a per-
manently higher share of WFH will be quite likely in
the future (e.g., Rappaport, 2021), even though a cer-
tain degree of in-office presence will still be required.
On average, it seems likely that many employees will
spend two or three days per week WFH. Even though
this shifting paradigm of work-life culture may not signif-
icantly alter the global dominance of metropolitan areas
on a “macrogeographic” level, it nonetheless has spa-
tial “microgeographic” consequences, as, for example,
Florida et al. (2021) argue. First and foremost, there will
be fewer commuter flows, especially to areas with high
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concentrations of offices. Secondly, and the real focus of
our study, are individuals’ residential choices dependent
upon the possibility of WFH. For further theoretical back-
ground on WFH and its relation to housing, see Stanton
and Tiwari (2021).

In this study, we assume that: (a) Individuals prefer
to have more space at home than less, also in order
to be able to create a separate room for WFH; (b) indi-
viduals have only limited pecuniary resources and are
attracted to areas with lower housing costs; (c) indi-
viduals (still) value reasonable accessibility to jobs, and
will not become entirely “footloose,” as they will still
be required to spend part of the working week phys-
ically in the office; and (d) they value the existence
and quality of certain local cultural, natural, and ser-
vice amenities. Curfews and restrictions on the move-
ment radius during the Covid-19 pandemic have fur-
ther bolstered the latter through increased attention to
the quality of dwellings and neighbourhoods (Weinig &
Thierstein, 2021). As a result, households who shift to
more WFH can lower their commuting costs and may
move to potentially less expensive municipalities to have
more space at home. In spatial terms, these relation-
ships can be approximated using the monocentric urban
model by Alonso (1964), Mills (1967), and Muth (1969)
in the case of the MMR. Fewer weekly commuter trips
translate into a lower disamenity of the 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 ultimately the density gradient
within the region become flatter and the functional (com-
muter) city-region expands, assuming a stable popula-
tion and employment within the region. However, the
selection process of a residential location is more com-
plex than the model suggests, depending on further vari-
ables and demand patterns that differ by household
groups (Thierstein et al., 2016), which must be consid-
ered when identifying areas with potential for added resi-
dential demand. For example, 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

The MMR is a functionally defined region in the south-
east of Germany, characterised by relatively homoge-
neous internal commuter relationships, a commonly
used infrastructure (e.g., hub airport MUC) and loosely
woven governance by a registered association, with no
formal administrative structures. The region is economi-
cally vibrant and shaped by industries that employ many
highly qualified knowledge workers in WFH-suited indus-
tries (Alipour et al., 2020, 2021). Following the common
description also employed by Thierstein et al. (2016), the
MMR consists of 748 municipalities that are very differ-
ent as regards various features such as housing prices,
access to public transport and highways, or endow-
ment 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 1, adapted from Thierstein et al. (2016), shows
how the MMR is structured from a spatio-functional
point of view. Morphologically, the region is rather mono-
centric. 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. 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, who face an already strained
supply of housing, resulting in the highest housing price
level in Germany and one of the highest in Europe. For a
case study, therefore, it serves well to investigate which
municipalities within a metropolitan region may benefit
or lose out from a shift to more WFH.

4. Methodology and Data

It is still unclear (a) what shares of the workforce will
engage in WFH in the medium and long term and (b) how
many days a week this share of workers will commute
to offices. For this study, our informed guess is that
an average worker will commute to work 2.5 days per
week, which appears to be a reasonable solution that
reflects the average between the extreme solutions of
“no WFH at all” and “only WFH,” as well as the man-
ifold expressed opinions of “2-3 days” (Barrero et al.,
2021). We are interested in the spatial dimension of
these behavioural shifts, which is why we create a “WFH
index” to assess which regions could be exposed as
places of high potential for additional demand for hous-
ing. We construct a novel data set at the municipality
level in the MMR. The components of the data set, includ-
ing their weights in the WFH index, are described in
Table 1. All of the variables are normalised via division
by the maximum observation.

The WFH index is constructed by summing up the
components’ values multiplied by the respective weights.
Housing costs are subtracted to penalise high values.
Bearing in mind that individual residential preferences
are heterogeneous and idiosyncratic (Hoshino, 2011),
the weighting of the components is oriented on a
large-scale inhabitant survey in the region (Thierstein
etal., 2016).

The main identifying component is “accessibility,”
which records a change from a pre-Covid-19 to a post-
Covid-19 pandemic state for both public and individ-
ual means of transport. 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 indi-
vidual means of transport. Housing costs play a substan-
tial part in choosing the residential location for most
individuals. The relationship between housing costs and
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Figure 1. Types of spaces in the MMR. Source: Authors’ work based on Thierstein et al. (2016).

income, however, varies depending on the income dis-
tribution: Lower-income groups spend more of their
incomes on housing than top earners and this difference
has increased over recent decades (in 2013, the low-
est quintile spent 39% and the top quintile only 14% of
their income on housing, while for the median income-
earner this ratio is roughly 20% according to Dustmann
et al. [2018]). As explained in Section 2, the average
WFH worker tends to belong to higher earning groups.
It was also assumed that WFH workers need on average
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 to an equilibrium for a WFH worker with
steady housing costs, whereby more square meters are
available at home at a lower price. One cannot trans-
late 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 rent-
ing and buying. Broadband access and its speed play
a crucial role for a WFH employee since frequent file-
sharing and videoconferences as standard WFH activi-
ties require a high broadband capacity. If other mem-
bers of the household also use the broadband connec-
tion at the same time, this becomes even more rele-
vant. In rural areas in Germany, one cannot currently be
sure of the existence of a high-speed broadband con-
nection (Glrtzgen et al., 2021). As stated above, we
assume 15% to be an appropriate choice, except for
municipalities that fail to reach the minimum threshold
of a broadband coverage of at least 90% of their house-
holds with at least 50 MBit/s. The remaining 15% of the
WFH index are divided up among “soft” factors in the
municipalities, by which we try to cover lifestyle aspects.
By “amenities,” we mean the existence of a historic core,
hospitals, schools, and gastronomy and entertainment
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Table 1. Description of WFH index.

Indicator Operationalisation Source Weight
Housing costs  Public Jobs: Bundesagentur fir Arbeit
Difference in gravity accessibility of ) g 25%
transport gravity ac y (2020); Statistik Austria (2021)
jobs between 2.5 and five days of )
Individual . Traffic: Deutsche Bahn (2021);
commuting per week ) 25%
transport OpenStreetMap Foundation (2021)
Accessibility Real-estate
prices Average prices per m? and 10%
municipality over 2018-2020 enter Boelmann and Schaffner (2021)
Rgntal the index negatively valued 10%
prices
Internet Percentage of the covered area of atene KOM (2021) 15%
municipality with access to
broadband Internet of at least
50 Mbit/s; zero if less than 90%
Public services, cultural Number of hospitals, secondary Agency for Digitisation, High-Speed 10%
facilities, and locational schools, museums, gastronomy Internet and Surveying (2016);
quality businesses, and arts and Orbis (2021); Statistische Amter
entertainment firms per capita des Bundes und der Lander (2020)
Existence of a historic urban core
and share of vacation homes
(as a proxy for locational appeal)
Demography Share of 18 to 29-year-old people Statistische Amter des Bundes und 2.5%
der Lander (2022)
Local grocery stores Existence of at least one grocery store  Discounto (2021) 2.5%

facilities in the municipality as “nice-to-have” features
with 5%. “Vacation homes” with a weight of 5% func-
tion as a proxy for “natural beauty”: Places where people
spend their vacations tend to be located in landscapes
that encourage sports activities such as hiking and skiing
in the mountains or (sun-)bathing at the seaside or lakes
(Kolko, 2012). Next, in line with Prenzel (2021), we argue
that a high share of young(er) people in a region serves as
a proxy for its appeal. However, we do not want to exag-
gerate the importance of this, thus attributing “young
adults” a weight of 2.5%. Finally, a municipality that has
one or more grocery stores potentially facilitates car-
independent grocery shopping and thereby increases a
family’s flexibility, which increases the location’s appeal.
Kim et al. (2005) show that higher travel costs to a super-
market (among other factors) increase the willingness
to move to a new residence. We therefore assign “gro-
ceries” a weight of 2.5%. Accessibility in municipality i is
computed as follows:

w.
J
A,' - Z eBdi,i’

J

where w; is the number of jobs in municipality j, dl.’j the
travel time distance between j and j, and 8 a measure of
the decay of distance. The difference between accessibil-
ity with five days commuting (8 = 0.035) and accessibility
with 2.5 days commuting (8 = 0.01725) then enters the
WFH index. The distance decay was calibrated using cur-

rent commuting patterns of the MMR and is in line with
previous literature (e.g., Ahlmeyer & Wittowsky, 2018).
We assume stability of the total amount of time an indi-
vidual is willing to commute per week in both pre- and
post-Covid-19 periods. Hence, the parameters translate
into a 50% reduction of the likelihood of commuting from
every 20 minutes before the pandemic, to every 40 min-
utes after the pandemic. The accessibility values were
calculated including a buffer zone of 40 km around the
MMR to avoid a fringe bias.

Heterogeneous lifestyle preferences are likely to
influence residential and mobility choices. Studies that
try to simulate aggregate outcomes through the inter-
play of the sum of individual micro-decisions reflecting
empirical or estimated distributions of socioeconomic
variables (such as lifestyle preferences) could employ
agent-based modelling techniques.

4.1. Correlations Between Indicators

To get a feel for the data in the WFH index, consider the
heat map of correlations between several related vari-
ables inthe MMR in Figure 2. The correlation coefficients
range from -0.393 (“share vacation homes” and “A indi-
vidual accessibility”) to 0.996 (“number of residents” and
“number of jobs”). The majority of the variables are
weakly positively correlated. Both public and individual
initial accessibilities are accessibilities with five days of
commuting per week.
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Figure 2. Correlation heat map between sub-indicators related to the WFH index. Note: Low correlation values are red and

high correlation values are purple.

The changes in both accessibilities stem from the
change from 5 to 2.5 days of commuting per week.
Closeness to the CBD Munich is the inverse distance
from a municipality’s centroid to Munich CBD as the crow
flies in km. A high correlation between initial individual
accessibility and closeness to CBD Munich thus means
that municipalities geographically proximate to Munich
(low closeness values) are endowed with high individual
accessibility values when their residents commute daily
to their jobs. The low correlation between the share of
holiday homes and accessibilities as well as the share of
young adults show that holiday homes do indeed seem
to be located on the periphery and deemed as unattrac-
tive for young adults.

5. Results

In this section, we start by discussing a map with
the results of the WFH index. Subsequently, we put
the results in perspective by presenting the correlation
between the WFH index and its indicators.

5.1. The WFH Index Map

Figure 3 presents the MMR, with the City of Munich
at its topographic centre, surrounded by the cities of
Ulm and Regensburg in Germany and Salzburg, Kufstein,
and Innsbruck in Austria. The green-coloured areas show
municipalities in the MMR that display potential for addi-
tional demand for residential space induced by a general
shift to more WFH. Municipalities with potential for addi-
tional residential demand are labelled as “high” for the

10th decile, “medium” for the ninth decile, and “low”
for the eighth decile of the index respectively. Other
municipalities show no added potential through WFH.
We exclude any micro-spatial optimisation of residential
choices within the City of Munich itself.

The largest concentration of added potential lies
in the neighbouring municipalities to the northwest of
the City of Munich. A corridor-like concentration begins
in Dachau and stretches along the course of the high-
way and main railway line 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 potential can
be found in and around Augsburg, the MMR’s second-
biggest city, which offers a less expensive city experi-
ence 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 potential. This outcome is
partly due to the fact that real estate prices are excep-
tionally high. 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 from Munich’s
southeast to the Austrian border is an exception, which
is also expressed in higher shares of holiday homes.
Despite higher housing costs than in the southwest, this
corridor benefits strongly from higher accessibility and
amenities. To the east of Munich, a vast area encircling
Muhldorf presents barely any potential, mainly due to
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Figure 3. Municipalities with potential additional demand for residential space in the MMR.

limited accessibility, because housing prices are compa-
rably moderate there. The overall pattern is quite het-
erogeneous, with municipalities that exhibit high added
potentials often lying next door to those without, due
to the highly differentiated distribution of certain deci-
sive parameters of the WFH index used, such as the
availability of broadband Internet and basic local facili-
ties (e.g., shops). 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 abso-
lute terms, gains less in appeal as a residential location
than the neighbouring municipalities in the north due to
the high costs of housing. However, it is hard for smaller

municipalities to overcome the appeal of an economi-
cally vibrant metropolis with many entertainment facil-
ities amongst people with certain lifestyles. The City of
Munich will only lose its potential according to the WFH
index if the number of days spent commuting is reduced
even further.

In summary, the following four observations can be
made:

1. Physical proximity to large urban areas and jobs
remains attractive when weekly regular commut-
ing persists.

2. The more densely populated areas and more
accessible northwest of the MMR exhibit more
potential than the southeast.
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3. The “secondary cities” close to a region’s largest
agglomeration show particularly high potential for
an influx of residents. They could act as a sub-
stitute for the City of Munich as they display
urban qualities while being more affordable than
Munich itself.

4. Locations that are accessible by public transport
are especially attractive because accessibility by
car has less regional variation. The corridors along
rail infrastructure are particularly attractive resi-
dential locations.

5.2. Relationships Between WFH Index and
Sub-Indicators

In the previous section, Figure 3 showed how the WFH
index is spatially distributed and Section 4 presented the
weights assigned to the WFH index components. Figure 4
now shows how the components and the final index

are interrelated. Broadband access is strongly positively
correlated with the WFH index. This outcome is in part
explained by the minimum cut-off condition requiring
broadband to reach 50 Mbit/s for at least 90% of a munic-
ipality’s households, otherwise setting its WFH index to
zero. The second-highest correlation—change in public
accessibility—is associated with the stark interregional
differences in public transport accessibility. This means
that while wealthy municipalities benefit disproportion-
ately from higher commuting allowances, less affluent
ones do not have comparable public transport services.
The lack of correlation between the WFH index and num-
bers of residents as well as jobs shows that size per
se does not warrant attractive living conditions. It is
hardly surprising that high house prices put off potential
WFH workers.

To get a further feel for the data, Figure 5 plots the
WFH index values against the distance to CBD Munich.
The observations are coloured according to their

Correlation between WFH index and indicators
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Figure 4. Correlations between WFH index and sub-indicators in the MMR.
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WFH index against distance to CBD Munich
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Figure 5. WFH index against distance to CBD Munich.

respective average house prices per square meter in
2019. It is evident that the best-performing municipal-
ities are close to CBD Munich and are also relatively
expensive. The municipalities that are furthest away
from CBD Munich are also the most affordable ones.
Figure 5 shows that the advantage of living close to
the MMR core is not offset by high housing costs when
commuting to work on average 2.5 days per week.

6. Sensitivity Analyses

In this section, we test the robustness of our results.
We first check for the changes in the outcomes asso-
ciated with differing numbers of commuting days per
week. Second, we test the impacts of choosing varied
weights for the components of the WFH index.

6.1. Number of Commuting Days

Assuming that each individual is willing to spend a con-
stant amount of time commuting per week, the acces-
sibility of the municipalities changes depending on the
number of commuting days per week. In the main sce-

nario in Figure 3, we assumed 2.5 days of commuting per
week. Zero days commuting is excluded from the ana-
lysis because this would allow working from anywhere.
We construct six different scenarios with a gradual reduc-
tion of the average number of commuting days per week
to visualise the gradual outward-spreading alteration of
the distribution of municipalities with potential for addi-
tional residential demand in the MMR.

Figure 6 shows the results geographically. The first
variant “4 days” shows a concentric distribution of poten-
tials clustered around the City of Munich. The outer bor-
der of the MMR is almost bare of any potential. There
are more densely clustered potentials to the north of
the City of Munich than to the south. A corridor-type
spread of potentials only emerges along some of the
more important transport axes, reaching as far as the
larger cities such as Augsburg, Ingolstadt, Donauwoérth,
and Rosenheim. The appearance of “islands,” i.e., iso-
lated and dispersed potentials, is rare. All in all, this
means that a slight reduction of the average office pres-
ence to four days does not have a strong enough impact
as a push-out or centrifugal force to distribute the poten-
tials in a meaningful way. Rather, the highlighted areas in
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Sensitivity analysis: Different number of commuting days
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Figure 6. Sensitivity analysis with different B values that represent the change from five to fewer commuting days.

the map are similar to those that have already been des-
tinations of suburbanisation in the past. Over the course
of gradual reductions in the average number of com-
muting days, we observe (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 aver-
age commuting inspires the thought experiment of an
explosion of a “clump of potential,” by which the dom-
inance of the core is replaced in such a way that the
periphery takes over the core’s initial shares of poten-
tials. 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 will settle further
away from their workplaces, which are spatially clus-
tered in the core. Less office presence enables people to
leave crowded, highly accessible, residential areas that
are characterised by high prices for rent or real estate.
Our premise, which is that people that commute rarely
(such as one or 1.25 days in our example) tend to exhibit
a much greater willingness to spend commuting time, is
in line with the findings of de Vos et al. (2018). According
to these sensitivities, WFH could on the one hand con-
tribute to urban sprawl, but on the other hand to an

easing of housing price differences across the region.
However, for significant sprawl to take place in the MMR,
the average number of commuting days would have to
fall to less than two days a week.

The stability of the ranks in the WFH index between
the different variants does not become clear from the
maps in Figure 6. Consider, therefore, Figure 7, which
compares the ranks of the WFH index variants with one,
two, three, and four days of commuting per week with
the main variant of 2.5 WFH days per week. In the total
of five scenarios, a municipality can feature at most five
times in either one of the three potential categories
“high,” “medium,” or “low.” The colours in the plots rep-
resent the number of occurrences in any of the poten-
tial categories without differentiating between the cat-
egories (i.e., assigning a counter with value “1” in each
case). As discussed in Figure 6, the picture is quite sta-
ble with three almost perfect correlations in the cases
of two, three, and four commuting days. A clear distinc-
tion emerges when commuting is reduced to one day
per week, in which case the potentials are spread more
unevenly across space. Due to the functional form of the
accessibility measure

w.

Ai=zﬁ—df,

j e
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Relation of WFH index ranks between variants
with different numbers of commuting days
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Figure 7. Sensitivity analyses with different 8 values that represent the change from five to fewer commuting days.

a reduction of B by x leads to a disproportionate,
more than x increase in accessibility. Since the mech-
anism of the measured change in accessibility from
five to less-than-five days of commuting per week is
AA = AT —A? days, the smaller B in A™"gets the dis-
proportionately larger AA, becomes. This is the techni-
cal implementation of the underlying logic that low com-
muting frequencies increase the willingness to spend
more commuting time per trip. Finally, this translates
into gradual reductions of the correlation between the
main WFH index variant and those with lesser commut-
ing frequency.

6.2. Weights per Indicator

In this section, we show how the overall index reacts to
changes in its components. To visually assess the robust-
ness of the WFH index when varying the weights, we
present four new variants in Figure 8 and refer to Table 2
for the weighting of the variants.

In Variant 1, the weights of accessibilities are each
reduced to increase the weights for housing costs. This
configuration of 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 outcome does not come as a surprise.
Instead, the areas around Donauwoérth, Landshut, and
Mihldorf gain in potential.

Variant 2 analyses which municipalities would pass
the test of demanding WFH individuals who require a
fast broadband connection (with 90% of households in a
municipality connected to at least 100 Mbit/s instead of
only 50 Mbit/s). Raising the minimum broadband capac-
ity threshold leads to a thinning out of the total num-
ber of municipalities with potential from 168 down to
96. The result is basically a simmed-down version of the
main variant. Many of the “high” potential municipali-
ties in the main version of the WFH index survive this
broadband stress test and are still present in Variant 2.
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Sensitivity analysis: Different weights per indicator with 2.5 commuting days per week
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Figure 8. Sensitivity analyses with different weights of sub-indicators.

While urban agglomerations have introduced high-speed
broadband, many rural areas did not do so at a com-
parable pace. Therefore, Germany is still characterised
by a high regional variation in broadband availability
(Gurtzgen et al., 2021).

Variants 3 and 4 suspend the previous equal weight-
ing of public and individual transport accessibilities to
identify different preferences of households between
the usage rates of public and individual means of trans-
port. Variant 3 weighs “public” more than “individual”
and vice versa in Variant 4. The pictures reveal no sig-
nificant changes apart from the City of Munich show-
ing “high” potential in Variant 3 and “low” potential
in Variant 4, again showing that the regional variation
in public transport accessibility is a lot larger than for
individual transport. Munich is highly accessible with

many and frequently serviced public transport connec-
tions so that it outdoes more car-accessible municipal-
ities. The other slight changes in potentials for smaller
municipalities do not follow a systematic pattern.

In Figure 9, the rank correlation between the main
WFH index variant with 2.5 WFH days per week, as
explained in Section 4, and the four variants introduced
above in this sub-section are shown with different modi-
fications. The variants are plotted in the same order as in
Figure 8. Similar to the map in Figure 8, the rank correla-
tion for Variant 1 with higher housing weights shows the
largest deviation. This proves that there are indeed sig-
nificant regional disparities in housing costs. We decided
against such heavy weights for housing costs because the
decisive motivation for the WFH index is the mechanism
of changing accessibilities through less commuting.
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Table 2. Weights of WFH index variants in Figure 8.

Alternative weights of components in WFH index

Cultural and natural

Accessibility Housing costs Internet amenities Demography Supply
Variant  Public  Individual House Flat Broadband  Amenities Vacation Youngadults Groceries
purchase rentals (min. speed: homes
Mbit/s)
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%
The second variant with a higher broadband mini- aside, the rank correlation is nearly perfect. Finally,
mum threshold visualises the filtering out of all munic- Variants 3 and 4 are almost identical and both nearly per-
ipalities that fail to reach the threshold. Leaving those fectly correlated with the main variant.

Relation of WFH index ranks between variants
with different indicator weigths
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Figure 9. Sensitivity analyses with different weights of sub-indicators.
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6.3. Functional Form

Delventhal and Parkhomenko (2021) argue that the
disutility arising from commuting is only experienced
on the days commuted to the job and therefore use
the functional form Bed’J for the commuting cost. This
form changes the commuting costs proportionately to
changes in the distance decay B. Our employed func-
tional form
w.

Ai = z eﬁdjl_’/_

J

causes disproportionate changes after alterations of .
This means that a doubling of B leads to more than a
doubling of commuting cost. Inversely, as we associate
B =0.035 with five days of commuting, and for instance,
B =0.0175 with 2.5 days of commuting, this reduces com-
muting costs disproportionately with decreasing com-
muting frequency, which we argue for in a similar vein
as de Vos et al. (2018), namely that the willingness
for longer single commute trip durations increases with
decreasing commuting frequencies.

6.4. Total Commuting Budget

An objection could be made against the assumption of
keeping the total weekly commuting time budget con-
stant. Rational agents would want to reduce both com-
muting frequencies and trip durations. To check this,
we adjust the computation of the accessibilities such
that we exclude relations that exceed one-way trip dura-
tion thresholds of 30, 45, 60, and 90 minutes respec-
tively. An exclusion means that such i—j relations equal
zero and thus do not increase municipality i’s accessi-
bility. We plot the ranks of the WFH index without a
maximum commuting budget (which is the main vari-
ant from Section 5) against the ranks of WFH indices
with restrictions on one-way commuting trip durations
as mentioned in Figure 10. It becomes evident that with
decreasing trip duration thresholds, the correlation in
ranks becomes less pronounced.

Overall, our sensitivity analyses allow us to estimate
the robustness of our initial variant. The fundamental
structure of the WFH index prevails, except for extreme
configurations.

7. Comparison With First Evidence

In this section, we check the housing price developments
after the onset of the Covid-19 pandemic. We use a
more recent extension of the data set by the RWI—
Leibniz Institute for Economic Research (Boelmann &
Schaffner, 2021) that covers the period from April 2020
to June 2021. We group the observations by the WFH
index categories “high,” “medium,” “low,” and “no poten-
tial” as before. Observations from April to June 2020
are grouped together into “2. Quarter 2020” (second
quarter of 2020) and observations from April to June

2021 make up “2. Quarter 2021” (second quarter of
2021). Observations are differentiated with respect to
“house purchase prices,” “flat purchase prices,” “house
rent prices,” and “flats rent prices.” We omit all observa-
tions that have non-unique identifiers to reduce the like-
lihood of errors. To establish comparability, we compute
average prices per square meter. Therefore, we also omit
all observations that have missing data on the number of
square meters or price data. The results are presented in
Figure 11.

The pattern is remarkable for house purchases.
While all categories with potentials display positive
slopes, the group without potentials has a negative slope.
The steepest rise in prices occurred for the group with
“high” potentials, overtaking “no potential” as the leader
with the highest prices in 2021.

For flat purchases, the highest levels and the steep-
est rises are again in the group “high.” The “medium”
category displays the second-strongest increase in
prices. “Low” and “no potential” have nearly identical
slopes, but “no potential” is on average considerably
more expensive.

When it comes to renting houses and flats, “high”
is in both cases clearly the most expensive category.
However, the steepest rise for renting houses appeared
in the ranks of “medium.” Again, “no potential” became
cheaper. As for renting flats, “high” became cheaper by
€0.72 per square meter on average. At the same time,
all other three categories saw increasing prices for rent-
ing flats.

Taken together, this glimpse of short-term price
developments after the onset of Covid-19 in Germany
shows that the municipalities associated with favourable
WFH conditions actually exhibited the strongest price
increases, probably induced by higher demands.
Purchase prices, in particular, have risen steeper than
renting prices, which is in accordance with many recent
public statistics and newspaper articles in Germany.

8. Implications for Spatial Planning

This study illustrates tendencies toward more metropoli-
tan decentralisation in the wake of Covid-19, induced by
a general shift to more WFH. We analyse which munic-
ipalities could gain in potential for additional residen-
tial demand. We established that the degree of decen-
tralisation depends on the number of weekly commut-
ing 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 ambigu-
ous. Decentralisation of residential demand within a
metropolitan region could ease urban housing markets
in the core, as Bauer et al. (2021) note, which is partic-
ularly relevant for the area studied. Conversely, stagnat-
ing peripheral municipalities may experience revitalisa-
tion (Horx, 2020), especially in light of the accelerated
structural change in the retail sector (Adam & Klemme,
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Figure 10. Comparison of rank correlations between WFH index variants with different commuting trip thresholds.

2020). Particularly recognisable is the potential in the
“secondary cities” and their surrounding suburbs that
might function as “substitutes” for the City of Munich
by providing urban amenities together with affordable
housing. Unlike more peripheral areas, they also offer
residents favourable access to the City of Munich by
public transport. Metropolitan planners thus have the
opportunity of easing the strain on the core’s density by
strengthening Munich’s urban surrogate cities. However,
decentralisation endangers ecologically valuable green
space through urbanisation. More dispersed settlements
increase the share of cars among transport modes if the
public transport infrastructure is left unchanged. This
leads to higher greenhouse gas emissions and conges-

tion. Furthermore, the inhomogeneous opportunities to
work from home between different jobs threaten to exac-
erbate a socio-spatial divide because not all can reap
the benefits of an extended set of options for residen-
tial choices.

Transit-oriented development offers an obvious
option for a more resource-efficient adaptation to the
new situation, especially where we identify under-
utilised public transport nodes or other local sub-centres
in municipalities with potential in the WFH index.
Where extant, urban brownfields could be reactivated.
Pending a higher acceptance of public transport after the
pandemic, transit-oriented development would ensure
that at least a share of newly created traffic is more
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Comparison of average housing prices between the second quarters of 2020 and 2021 in MMR
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Figure 11. Comparison of average housing price developments from April-June 2020 to April-June 2021, differentiated
according to WFH index categories. Notes: For “house purchases,” there are 5,217 observations in 2020 and 3,566 in 2021;
for “flat purchases” 6,675 observations in 2020 and 5,480 in 2021; for “renting houses” 1,671 in 2020 and 1,281 in 2021;
and for “renting flats” 16,410in 2020 and 18,994 in 2021. The WFH index categories are from the main variant, as explained

in Section 4.

environment-friendly and space-saving than a develop-
ment with a focus on individual transport. Co-working
spaces at sub-centres may constitute a compromise
between short commutes and physical separation of the
places of residence and work. Importantly, digital capac-
ities such as broadband networks must comply with
high standards. Municipalities that face a loss of resi-

dents, in-commuters, and shopping customers could suf-
fer from vacancies and the negligence of buildings’ main-
tenance, thereby lowering residential appeal. This, in
turn, facilitates a greater mix of land uses by attract-
ing cultural, social, or non-profit activities as well as
alternative forms of residential usage (Adam & Klemme,
2020). In line with prognoses from before the pandemic,
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Kunzmann (2020) expects that retail stores will serve as
mere physical displays for firms 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 suc-
cessful adaptation process. Particularly those individu-
als who cannot claim WFH are presented with an oppor-
tunity to render towns more attractive and affordable
(Mallwitz, 2021).

9. Conclusion

This study was undertaken during the Covid-19 pan-
demic. That means that it is an ex-ante simulation with-
out long-run 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 resi-
dential movements in the light of locational factors. Our
main result is that only a drastic reduction of commuting
days per week for large shares of the working population
would significantly alter the spatial distribution of resi-
dential demand. As this study is focused on an isolated,
rather concentric metropolitan region, it ignores impacts
from a wider spatial consideration. The natural conse-
quence would therefore be to extend this examination
to a national context. Fast, long-distance means of trans-
port like high-speed rail facilitate commuting over longer
distances. As there are larger price differences in real
estate and housing rental markets nationally than within
the MMR, WFH could entail a completely new dimen-
sion of the spatial distribution of residential locations.
The residential adjustment process of households could
entail second-round effects with firms adjusting their set-
tlements. This would have far-reaching consequences on
the urban fabric as offices and factories become aban-
doned and available for new usages. Finally, implement-
ing an agent-based modelling approach to account for
different types of persons that exhibit unique qualities
regarding WFH possibilities and locational or lifestyle
preferences could help to gain further insights into future
residential patterns.
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