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ABSTRACT
As in many other countries, the population of Sweden is get-
ting older. This means that the number of older people in
society will increase in absolute numbers and relative terms.
Consequently, the need for elderly housing will increase, and
the cost of these investments will be high. The following
study aims to perform a quantitative analysis of the spatial
distribution of the number and size of housing units for the
elderly in Sweden in 2013–2018. The number of elderly hous-
ing units per capita is not evenly distributed, and a large part
of the explanation is, of course, that the number of older peo-
ple is not evenly distributed between municipalities.
Nevertheless, we can also state that the municipality’s income
level and tax base, as well as the geographical size and
degree of urbanization, play a role. If the municipality has a
surplus or deficit in the supply of special housing for the eld-
erly, it does not correlate with the distribution of COVID-
19 cases.
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Introduction

For several decades, the trend has been that the population is getting older
in many countries, especially in Sweden. The proportion over the age of 80
will be higher. The number of people over 80 will double within the next
30 years, according to data from Statistic Sweden. Although the elderly are
healthier and more alert than before, greater efforts will have to be made
to care for the elderly in the future. Like the World Health Organization
(WHO) goal, the goal in Sweden is also an age-friendly society1. More
knowledge about the demand and dimensioning of elderly housing2 in the
broadest sense is important, but perhaps above all for the demand for spe-
cial housing for the elderly in need of long-term care (LTC) where deci-
sions about housing involve a so-called aid decision (biståndsbeslut)3.
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At the same time, as the proportion of older people in society is increas-
ing, the costs of elderly care have also increased, which have forced many
countries to analyze the fiscal burden and what this will entail in the
future, see, e.g. Coleman (1995). Different models have been tested, and the
balance between care in special housing for the elderly and at home has
also been analyzed. Sweden is no exception, and as early as the early 1990s,
the system of who is responsible for elderly care was reformed. To increase
efficiency and quality, responsibility was shifted to local actors, fewer insti-
tutions were built, and care was individually adapted to a greater extent. In
the so-called “€Adelreform,” the municipalities were responsible for the care
while the responsibility for the care was retained at a regional level
(Karlsson et al., 2010). The shift in responsibility took effect in January of
1992 when SEK 20.3 million was transferred to the different counties
through the €Adelreformen4 to cover the cost for special housing for the
elderly and the LTC of the elderly (Suzuki, 2001). Currently, the municipal-
ities’ average costs for elderly care are just under 20% of the total munici-
pality budget. The Swedish Association of Local Authorities and Regions
(SKL), among others, believes this number should increase to just under
30% to meet the current need.
After the €Adelreform, the legislation takes place at the national level, and

the municipalities are responsible for elderly care (nursing), while the
regions are responsible for elderly health care. As Riedel et al. (2016)
pointed out, leadership has shifted from the central government to local
actors, with the municipality plays an important role in the planning and
structure of elderly care. The uneven distribution of special housing for the
elderly between municipalities can, to a certain point, be explained by the
age distribution in that municipality, but this is not the only reason. Thus,
it is interesting to see what other factors can explain these differences occur
spatially. Moreover, this shift in responsibility has led to differences in the
supply of special housing for the elderly between Sweden’s municipalities.
According to Houben (2001), a shift in responsibility combined with a
shortage of special housing for the elderly leads to problems. For one thing,
underinvestment in elderly care has become evident with the spread of
COVID-19, which has been significantly greater among those living in
special housing for the elderly than for others, as many elderly people are
vulnerable due to the need for LTC.
Planning special housing for elderly capacity and developing indicators

for the planning process is an important feature of elderly care research.
Planning based solely on the proportion of the population over a certain
age is insufficient (Gibson, 2020). Therefore, our objective is to analyze the
spatial distribution of special housing for the elderly in Sweden over
2013–2018. Thus, the purpose is to analyze regional differences and analyze
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whether municipalities that have made relatively large historical invest-
ments in special housing for the elderly also had a larger proportion of eld-
erly residents infected with COVID-19.
We aim to add new knowledge that will improve the ability to structure

and plan for LTC and providing a practical understanding of previously
neglected topics. Surprisingly, there is relatively little research on the supply
of special housing for the elderly. An exception is Riedel et al. (2016),
which discusses differences in LTC systems in 21 EU countries, focusing
on the basic structure, service access, and supply characteristics. As they
conclude, additional research is necessary for several areas. Our main con-
tribution is an analysis of the spatial distribution of the supply of special
housing for the elderly. Unlike studies on the ordinary housing market, we
explain regional differences in special housing for the elderly per capita.
Our database is a panel of all municipalities in Sweden over six years, ena-
bling us to identify causal links between the housing stock and explanatory
factors. The analysis has also made it possible for us to apply the results to
examine the distribution of COVID-19 infections.
The outline of the article is as follows: in the next section, the theoretical

framework of LTC section, the theoretical framework is briefly presented;
in the Methodology section, the choice of method is presented; The empir-
ical analysis section presents the empirical analysis with a focus on data
and econometric analyses and an analysis of the results concerning the dis-
tribution of COVID-19 cases across municipalities; lastly, we offer a con-
clusion and discussion of policy implications.

The theoretical framework of LTC

The supply of special housing for the elderly in a municipality is partly
dependent on market forces and, to an even greater extent, local and
regional planning (Riedel et al., 2016). That is, the conventional starting
point is to analyze the extent of available housing from a supply and
demand perspective. However, since care for the elderly and the supply of
special housing for the elderly are heavily regulated, national, regional, and
local authorities also play an essential role. Hence, to see the problem as a
simple estimation of the equilibrium quantity based on the demand func-
tion and the supply function is not enough. Thus, the amount of available
housing is determined not only by preferences, relative prices, income, and
costs for land, and construction. Since pricing in many cases is not set on
the market, other underlying factors must be considered when estimating
the relationship between available housing and the determining factors.
In Sweden, elderly care is divided between authorities at the central level

and their counterparts at the regional and local levels. Elderly LTC can be
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divided into institutional care and home-based care, as well as public care
providers and private care providers. Our analysis will focus on institu-
tional care, but we make no distinction between private or public care.
Much like the Netherlands, legal and regulatory decisions relating to insti-
tutional care in Sweden are generally made at the central level. Home-based
care is also centrally controlled.
On the other hand, the planning of capacity is decentralized and is carried

out in conjunction with institutional care and home care decisions (see Riedel
et al., 2016). Access to LTC is not based on income, i.e. LTC in Sweden is
not only available to the poorer segment of the population, as is the case in
England, Italy, and Spain. The same applies to the right to care, whether it
concerns institutional care, home-based care, or home nursing care.
The stock of housing is a function of supply and demand, and the theor-

etical basis applied in this article is a simplified DiPasquale-Wheaton
model. Here, we concentrate on the desired level of housing stock, similar
to Steiner (2010) in the Swiss market and Leung and Wang (2007) in the
Chinese market, using a stock-flow-model, by looking at the impact of
housing stock levels on prices and/or macroeconomic fundamentals while
allowing for disequilibrium be adjusted in several periods. According to
Steiner (2010), the housing stock level depends on the stock during the
previous time-period (t� 1), “time to build,” and depreciation rate. The
reactions of the stock level to shocks are slow (4–5 years), but prices and
investments react faster. Long-run equilibrium exists if the stock in period
t equates to the long-run demand, where population, income, or wealth
affects the demand. With lower case letters expressing logarithms, this
could be expressed as the model used in Steiner (2010):

sti ¼ a1 þ a2pti þ ά3Uti þ esti (1)

where Ut is the welfare variable mentioned above, p is house prices, and the
last term is the adjustment term, with an expected sign according to whether
there is excess demand or excess supply in the market. What might be
included in Ut that would affect the supply of special housing for the elderly?
As previously discussed, the supply of special housing for the elderly in a
municipality results from both the municipality’s planning and thus various
key figures that measure current and future needs and variables affected by
market factors. We start by looking at Ut in the following way:

Uti ¼ f size, urbanisation, financial strength, political factor, housing marketð Þ
(2)

Size refers to the municipality’s geographical size as well as the number
of inhabitants in the municipality. This also includes one of the key varia-
bles, namely the number of older people in the municipality. The expected
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sign of size is positive. Urbanization refers to how many of the inhabitants
live in urban areas. More urbanization means that there are economies of
scale in, for example, the home care service, which enables the elderly to
remain in the home to a greater extent. The expected sign of urbanization
is, therefore, negative. The municipality’s financial strength is measured by
the inhabitants’ average income (i.e. its tax base), the municipality’s income
tax, and the tax equalization system in Sweden. Financial strength has an
expected positive effect on the supply of special housing for the elderly.
The political variable is intended to measure political power on a right-left
scale. Here, we have included the proportion who voted for the Social
Democrats in the local elections. The expected sign is unclear, but one
could interpret that parties on the left side have a more significant attrac-
tion toward collective solutions, and thus the expected sign would be posi-
tive. The term housing market here refers to variables that measure how
the housing market functions in the municipality. Housing prices are
included partly as a measure of housing supply and partly as the alternative
use of land. Higher prices are expected to dampen the supply of special
housing for the elderly in the municipality. We have also included variables
that measure what proportion of the elderly population live-in owner-
occupied dwellings. A higher proportion of owner-occupied housing is
expected to have a negative effect.

Methodology

The theoretical model discussed in the previous section has been estimated
using a standard ordinary least square. Here, we have related four different
dependent variables to several independent variables. The dependent varia-
bles have been the number of elderly housing units in the municipality
over time, the number per capita, the average size of elderly housing units,
and the equivalent per capita.
The independent variables can be classified into three groups: the munic-

ipality’s size, finances, and housing market. Variables that measure the
municipality’s size are its population size, the number of elderly people in
the municipality, its geographical size, and its degree of urbanization. Here,
we can also include the variable of whether the municipality has positive
net migration. The economic variables that have been included are the
municipality’s average income, the municipality’s tax base, and its result
from the equalization system. These three variables are intended to capture
the housing market condition in the municipality. Average housing prices
are intended to measure the alternative cost of land, and the proportion of
rental housing versus owner-occupied dwellings is intended to measure the
supply of substitutes for special housing for elderly.
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Although we create a panel containing many municipalities over multiple
years, we have not used a fixed-effect model or similar models. The main
reason for this is that (1) we have a relatively small panel over time, (2) the
variation in the dependent variable is limited, and (3) we have a relatively
large number of independent variables that are, if not constant over time,
then at least have a minimal variation. Hill et al. (2020) discuss various
shortcomings with fixed-effect models for panel data, where all the limita-
tions relevant to our study are discussed in detail. Earlier literature dis-
cusses issues, such as time-invariant data, restricted sample, and low
statistical power (Treiman, 2009; Nickell, 1981; Angrist & Pischke, 2009).
We have also estimated the model with the so-called between effects model
and a random effect model, as simulation results by Clark and Linzer
(2015) suggest that support for a random effect specification is larger in
smaller panels than the fixed-effects model.
When estimating the model, it is essential to test whether the variables

are stationary or not. If the variables are not stationary, there is a risk that
the relationships we estimate are only spurious. We have done this with a
so-called Levin-Lin-Chu test (Levin et al., 2002) and an Im-Pesaran-Shin
test (Im et al., 2003). The Levin-Lin-Chu test assumes a common autore-
gressive term for all panels, and the Im-Pesaran-Shin test relaxes this
assumption. In general, all stationary tests work best when there is a large
number of period. This also applies to the test above. However, we have a
relatively limited number of periods available (six or seven years depending
on the series), making it difficult to draw any reliable conclusions based on
the tests.

The empirical analysis

The data and descriptive statistics

The database contains data for 290 municipalities in Sweden over the
period 2013–2019. All data comes from Statistics Sweden and the National
Board of Health and Welfare. There is no consensus for defining the hous-
ing situation for the elderly (see Tinker et al., 2007). The housing supply
for special housing for the elderly and disabled residents refers to an apart-
ment that is wholly or almost wholly used for the purpose. Apartment
refers to housing in single-family houses and multi-family houses. Senior
housing is not included in the data. The special housing for the elderly is
intended for the elderly or people with disabilities where accommodation is
always combined with service, support, and personal care. Common areas
often consist of a kitchen, dining room and living room. The statistics con-
sist of the number of dwellings and the size of the dwellings.
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Map 1 below illustrates the number of apartments per capita (blue map)
and per number of older people (green map) in the municipality. The bluer
or greener the municipality is the more housing units per population in
the municipality.
In the northern parts of Sweden, we can see that many municipalities

have more apartments per capita and per elderly resident than in the more
populous municipalities in Sweden’s southern parts. To find the imbalances
in different parts of Sweden, the term est is further analyzed in Equation
(1), as this term is an expression of whether there is excess demand or

Map 1. Number of Special housing units per capita and per elderly resident in 2018.
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excess supply in the specific area; the vector Ut in Equation (2) helps deter-
mine changes in the stock. The term est–1 determines how the prices
change according to this excess demand or excess supply.
The increase in the amount of special housing for the elderly and dis-

abled residents corresponds to 11% from 2013 to 2019. In relation to the
population increase of 7% during the same period, there is an increase in
special housing. However, the population has grown older, and in relation
to people over the age of 75, the increase in special housing is relatively
moderate. For example, the number of people aged 75 and over has
increased by 18% during the same period. The proportion of the popula-
tion over the age of 95 has increased by as much as 29%. The conclusion is
that even though the number of special dwellings has grown over the
period, it has not increased in step with the population increase in the
older age ranges.
We have also analyzed the size of special housing units. The information

we have about the size is in size classes of 10 square meters: 0–10 square
meters, 10–20 square meters up to larger than 60 square meters. We have
used the class middle of the interval to estimate the size of the special
housing stock available in the municipality. Map 2 illustrates the distribu-
tion between the municipalities regarding the size (square meters per cap-
ita) of special housing units per number of older adults in the municipality.
There is a relatively large spread between the municipalities, and many of
the municipalities in the northern parts have a lower number of older resi-
dents as a proportion of the population and larger dwellings per older adult
(darker red) compared with the southern parts of Sweden (pink). In the
populous metropolitan regions, housing size is generally smaller than in
other parts of Sweden.
It is no surprise that the population size can largely explain the number

of special housing units in a municipality. The number of special housing
units is, in many ways, a planning issue. Nevertheless, as we have seen, the
number of special houses has changed over time, and there are regional
differences in the number of special houses per capita.
In Figure 1(a) below, we have related the number of special housing

units for elderly and disabled residents to the municipality’s size. The
population is represented in the natural logarithm. It is clear that the con-
nection is strong, but we can observe a variation, i.e. the connection does
not form a straight line; there is instead variation between municipalities
with the same relative population size. It becomes even more evident in
Figure 1(b), where we illustrate the proportion of special housing units per
elderly resident. The distribution of special houses for the elderly per older
resident is almost a normal distribution where some municipalities have
significantly fewer special housing units than others.
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Map 2. Available housing area per elderly resident in square meters, the year 2018.
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Figure 1. Number of special housing units and population, 2018.
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Table 1 below presents descriptive statistics regarding the number of
units and size of special housing for elderly and disabled residents, as well
as the population size and the number of elderly residents as a proportion
of the total population of the municipality. In addition to these variables,
we intend to analyze whether other independent variables can explain the
observed variation between municipalities over time. This variation consists
of, for example, the average income in the municipality, the amount of the
municipal tax, and whether moving in or out to the municipality. The data
source for all variables is Statistics Sweden.
The size of a municipality, measured as population and/or employment,

naturally has a significant impact on the level of investment. Also, smaller
municipalities may find it more challenging to maintain and make larger
investments year after year; instead, investments may be more sporadic in
specific years. On average, the municipalities are relatively small, but the
variation is considerable. There are three major metropolitan areas with
more than 250,000 inhabitants, some medium-sized cities with 100,000
inhabitants and many small towns. On average, the population per munici-
pality is only around 35,000 inhabitants, but the standard deviation is dou-
ble. Whether elderly individuals historically reside in the municipality or
relocate to special houses for elderly in the municipality from elsewhere
also has a major impact on both the possibility of financing investments in
special houses for elderly and the need for special houses for the elderly.
The proportion of employed residents in the municipality is a consequence
of the population size, whether the elderly population resides in residence
or moves from another municipality, and the proportion of older residents
in the municipality.

Table 1. Descriptive statistics.
Variable Period Mean Std. Dev.

Housing units (no.) 2013–2019 451.25 844.69
Housing units per capita (no.) 2013–2019 0.0154 0.0063
Size of housing (sq. meter) 2013–2019 17,256.54 32,690.06
Size of housing per capita (sq. meter) 2013–2019 0.5928 0.2722
Population (no.) 2013–2019 34,441.58 71,174.99
Net migration (%) 2013–2018 �0.1917 0.7914
Elderly (%) 2013–2019 0.2330 0.0409
Employment (no.) 2013–2018 79.3328 4.0895
Income (SEK thousand) 2013–2018 186.3648 26.4176
Tax (%) 2013–2019 32.79 1.16
Equalization (SEK) 2013–2019 10,289.24 5853.272
Voting (%) 2013–2019 33.51 8.97
Ratio-rental (%) 2013–2019 22.2512 6.4340
Ratio-owning (%) 2013–2019 61.4874 13.3287
Urbanization (%) 2013–2019 75.9054 14.0798
Municipal geographical size (sq. kilometer) 2013–2019 1404.534 2433.525
House prices (SEK thousand) 2013–2019 1956.438 1562.527

Note. Ratio-rental and ratio-owning relate to older adults.
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If a municipality has a large positive or negative net migration, it also has a
large impact on both the possibility of financing investments in special houses
for the elderly and the need for special houses for the elderly. Many municipal-
ities have net migration where the younger population moves to the metropol-
itan regions. This, of course, creates challenges if the municipalities are to
invest in special houses. The average net immigration in the municipalities
studied is negative when measured as a percentage of the total population.
However, the variation around the average net occupancy is relatively large.
If the population size is an important variable to explain the number of

elderly people living in the municipality, then the number of older people
in the municipality is essential. The number of residents aged 65 and over
is, on average, around 23% of the population. The variation measured as a
standard deviation around the mean value is relatively modest, but the
spread in the range is from 12% to 35%.
In addition to the municipality’s size, its finances are essential for under-

standing the municipality’s historical investments in elderly housing. We
will measure the municipality’s financial strength with three variables: the
municipal citizens’ average income, the size of the municipal income tax,
and the outcome of the municipal equalization mechanism. The average
spread in income is relatively large. The spread, measured as a standard
deviation, constitutes approximately 13% of the mean. The average income
is SEK 186,000, with a minimum of SEK 134,000 and a maximum of SEK
381,000. The municipal tax rate varies from just under 29% to just over
35%. This represents a significantly lower variation than for income, but
with the average income level, taxes significantly impact the municipalities’
finances and ability to invest in elderly housing.
In Sweden, a system of Equalization between regions has been imple-

mented. The equalization system aims to compensate for the structural dif-
ferences that affect the municipalities and regions’ economic conditions.
We have included information on whether the municipality is a net donor
or a net recipient in the equalization system measured per inhabitant in the
municipality. The average net grant that a municipality receives is approxi-
mately SEK 10,000 with a variation from minus SEK 17,000 to SEK 29,000.
We hypothesize that the redistribution system’s effect can positively and
negatively impact the amount of special houses in the municipality. An
overcompensation for structural differences could lead to excessive invest-
ment in special houses, while less compensation can lead to a shortage of
special houses units.
We also have a variable that measures how the population has voted in

the local elections. The figure that we have included in the model is the
proportion of the municipal population who voted for the Social
Democrats in the local elections. On average, the proportion amounts to
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just over 30%, with a standard deviation of 8%. The reason for including a
variable that captures party preferences is that parties on the left are gener-
ally perceived as more focused on welfare issues, and the number of special
houses could be perceived as a welfare issue.
The geographical size of the municipality (variable name areal) can

impact the supply of elderly housing. Lower population density can lead to
poorer economies of scale, leading to fewer special homes for the elderly.
The same also applies to the degree of urbanization in the municipality.
The more urbanized the municipality is, the higher the degree of scale
economies and the more special housing. The degree of urbanization is
measured as the proportion of the population living in urban areas com-
pared with those living in rural areas. The municipality’s average size
amounts to approximately 1,404 square kilometers, and the degree of
urbanization amounts to approximately 76%. The variation around the
average is substantial.
Finally, several variables are also included that measure housing types

and housing costs in the municipality. The study includes two variables
that measure the proportion of residents in the rental market and single-
family homes. The proportion is calculated for people over 65 years of age
(variable name ratiorental65 and ratioown65). More housing in the rental
sector is expected to lead to lower pressure on elderly housing. On average,
22% of people over 65 live in a rental apartment and 61% in single-family
houses. The remaining portion lives in condominiums in apartment build-
ings. The variation between the municipalities is great. The standard devi-
ation is equal to 6 and 13%, respectively.
In addition to these variables, we have also measured the value of alter-

native land use, namely housing with ownership for all citizens in the
municipality (variable name House prices). Higher house prices in a muni-
cipality mean that the alternative value is higher, which is expected to
reduce the supply of special housing, all other things being equal. The vari-
ation in housing prices is substantial. On average, housing prices are equal
to SEK 1,956,000 with a standard deviation of SEK 1,562,000. We hypothe-
size that municipalities with higher housing prices will have a lower pro-
portion of homes for the elderly and smaller special housing units for the
elderly than municipalities with lower housing prices.

Pretest of the data

As mentioned earlier, we analyze a panel of 290 municipalities over
seven years. Both the number of special housing units and the size of
special housing units has increased over time, while the number of spe-
cial housing units per older resident has decreased. We can also observe
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that some of the independent variables have also increased over time.
Table 2 shows whether the series is stationary, trend stationary, or
non-stationary.
As mentioned, we have a relatively short panel at only 6–7 years.

Therefore, one should be careful not to draw far-reaching conclusions from
the tests. The results indicate that data regarding the number of special
houses and the size of these are all stationary, which means that we can
estimate our models’ levels. The Levin-Lin-Chu test shows that all panel
data series are stationary (with the variable share in the rental sector as an
exception), that is, integrated of order zero. This suggests that all models
can be estimated with level data. On the other hand, the Im-Pesaran-Shin
test shows that most variables are trend stationary, suggesting that esti-
mated models should contain fixed time effects. However, some exceptions
can be noted. Population, income, and the equalization system are neither
stationary nor trend stationary. Hence, considering that the Levin-Lin-Chu
test still shows that the variables are stationary and that the strength of the
tests is limited given the short period we study, we have concluded that the
model can be estimated in level, but fixed time effects will be included.

Basic econometric models

Table 3 shows four different Models 1–4. The first two refer to models that
explain the number of special houses and the number of special houses per
capita. The next two models model the size of the elderly housing in the
municipality and the size per capita. Fixed annual effects are included in
the specification, but the results are not shown in the table.

Table 2. Stationarity test of the panel data.
Variable Levin-Lin-Chu test Im-Pesaran-Shin test

No. of housing units Stationary Trend stationary
No. of housing units per capita Stationary Trend stationary
Size of housing Trend stationary Trend stationary
Size of housing per capita Stationary Trend stationary
Population Stationary Non-stationary
Elderly Stationary Trend stationary
Income Stationary Non-stationary
Tax Stationary Stationary
Equalization Stationary Non-stationary
Net migration Stationary Stationary
Voting Stationary Stationary
Ratio-rental a a

Ratio-owning Stationary a

Urbanization Stationary Trend stationary
Municipal geographical size Stationary Non-stationary
House prices Stationary Trend stationary

Note. atoo few periods. Stationary means that the variable is integrated of order zero and non-stationary means
that the variable is integrated of order 1. Trend stationary variables are a non-stationary variable that becomes
stationary if a trend is included in the specification.
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The degree of explanation (R2 and adjusted R2) is very high in the two
models that measure the number of special houses for the elderly and the
size of the special houses (Models 1 and 3). On the other hand, the unre-
lated variables can only explain a small part of the variation across munici-
palities regarding number per capita and size per capita, respectively
(Models 2 and 4). Table 3 also presents the Breusch–Pagen test results for
heteroscedasticity, with a test statistic from 170.96 to 2246.55. Compared to
a Chi-squared distribution with one degree of freedom, the resulting p
value falls well below the standard .05 level. Thus, we have clear evidence
to reject the null hypothesis of homoscedasticity and accept the alternative
hypothesis that we do have heteroscedasticity in this regression
model’s residual. All models have been estimated with White
heteroscedasticity-consistent standard errors. The average VIF value (3.68)
is low, which indicates that we have a low risk of multicollinearity. There

Table 3. Results (OLS-models).
(1) (2) (3) (4)

No House No HouseCapita Size House Size HouseCapita

Population 0.0121��� 4.59e–09� 0.464��� 0.000000203�
(209.39) (2.47) (153.28) (2.33)

Net migration �2.814 �0.00131��� �148.5 �0.0552���
(�0.52) (�7.57) (�0.53) (�6.79)

Elderly 901.2��� 0.0575��� 38,843.4��� 2.305���
(7.28) (14.40) (5.97) (12.32)

Employment �1.430 0.0000139 �20.26 0.00158
(�1.06) (0.32) (�0.29) (0.77)

Income 2.523��� 0.000184��� 137.3��� 0.00788���
(5.24) (11.88) (5.43) (10.84)

Equalization �0.00600��� 0.000000740��� �0.261��� 0.0000282���
(�4.38) (16.77) (�3.63) (13.63)

Tax �3.306 0.000711��� �753.9��� 0.0223���
(�0.80) (5.31) (�3.45) (3.55)

Voting �0.577 �0.000114��� �14.26 �0.00508���
(�1.12) (�6.85) (�0.52) (�6.50)

Ratio rental 0.146 �0.0000279 �22.01 �0.00142
(0.20) (�1.19) (�0.58) (�1.29)

Ratio owning �2.568��� �0.000164��� �122.7��� �0.00694���
(�4.69) (�9.26) (�4.26) (�8.38)

Municipal geographical size 0.00580��� �0.000000143�� 0.184� �0.00000504�
(3.45) (�2.64) (2.07) (�1.98)

Urbanization �1.434��� �0.0000576��� �61.91�� �0.000760
(�3.57) (�4.45) (�2.93) (�1.25)

House prices �0.0768��� �0.00000181��� �4.198��� �0.0000994���
(�11.71) (�8.55) (�12.17) (�10.02)

Constant 50.52 �0.0394��� 16,049.7 �1.588���
(0.28) (�6.86) (1.71) (�5.90)

Observations 1,740 1,740 1,740 1,740
R2 0.974 0.518 0.952 0.426
Adjusted R2 0.974 0.513 0.951 0.420
AIC 22,075.3 �13,914.5 35,866.2 �523.6
VIF (mean) 3.68 3.68 3.68 3.68
Breusch–Pagen test 2246.55 170.96 7911.87 215.75
Moran’s I (p value) .8181

t statistics in parentheses.�p< .05, ��p< .01, and ���p< .001.
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are mainly two variables with a higher VIF value (around 10): income and
house prices. However, caution should be exercised when interpreting the
effect of these variables.
Statistically, only the variables Employment and the proportion of hous-

ing in rental housing (Rental Owning) can explain either the amount of
special housing, its size, or its equivalents per capita. In Model 1, where
the number of special housing is the dependent variable, we can note that
the population and the proportion of older people in the municipality have
a high statistical significance. The same applies to the income variables
Income and Equalization. However, the tax level in the municipality does
not have an effect. The total population, the proportion of elderly residents
in the municipality and the average income in the municipality all have
the expected signs, i.e. if the variable in question increases, the number of
special housing units increases, everything else being equal. The parameter
estimate regarding Equalization has a negative sign, which could be consid-
ered unexpected. Our interpretation is that if the municipality is a net
recipient of municipal support, it has less special housing. If the proportion
of residents who voted for the Social Democrats increases, it does not
affect the number of special housing. In terms of the housing variables, it
can be stated that if the proportion of residents in single-family homes
decreases, the number of elderly housing units decreases. As mentioned
earlier, the proportion of residents in rental housing does not have an
effect. The level of housing prices has a statistically significant impact on
the number of special houses for the elderly. An increase in the price level
reduces the number of special housing units for the elderly.
Geographically, larger municipalities have slightly more units, while munic-
ipalities with a higher degree of urbanization have fewer units than rural
municipalities.
In Model 2, where we use the number of special housing units per

capita as a dependent variable, it can be noted that, as in Model 1, the
number of special housing units per capita increases if the proportion of
the elderly population increases in the municipality. Unlike Model 1, the
estimates show that per capita, the number of units for the elderly
decreases if the municipality is a positive net migration municipality and
a geographically larger municipality. If income increases, a municipality
is a net beneficiary of Equalization or if taxes increase, municipalities
have more special housing per capita. As in Model 1, if a municipality
has a higher proportion of the population in single-family homes, more
residents in urban areas or higher housing prices, the number of units
for the elderly decreases.
The difference in parameter estimates in Model 3 compared to Model 1

is relatively small. In Model 3, the estimated amount of living area in the
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special housing stock in the municipality is used as a dependent variable.
The difference relates mainly to the fact that the municipality’s income tax
level has a statistically significant effect on size. An increase in the tax level
does not necessarily lead to an increase in the number of units for the eld-
erly, but the size of the individual housing units for the elderly increases.
The differences between Models 4 and 2 are also small, but the results indi-
cate that the degree of urbanization does not play a role in the size of spe-
cial housing. Otherwise, all other parameter estimates have the same sign
and order of magnitude in Model 4 as in Model 2.

Between and random effect models

We have also estimated between effect and random effect models to reduce
the risk of omitted variable bias and heterogeneity. The results from these
models are presented in the table below. Only the models that explain the
number and size of special housing per capita have been estimated. The
results are presented in Tables 4 and 5.
Table 4 shows parameter estimates for all models where the effect has

been estimated using the so-called between-effect model. The difference
between these results and the OLS estimates in Table 3 is not dramatic. In
principle, all variables have the same sign as in the OLS model, but some
of the estimates are not significantly different from zero. We can observe
the most significant difference: neither geographical size nor the degree of
urbanization influences the number or size of special housing for the eld-
erly. Concerning the variable net migration, we can note that the effect
appears to be of greater importance in the between-effect model than for
the OLS model. Other estimates are within the margin of error. This sug-
gests that the OLS estimates are relatively robust.
The random effect model presented in Table 5 has remarkable similar-

ities with the OLS result, although several estimates are not significantly
different from zero. The population size does not have the same consistent
positive effect, net migration has no significant effect at all, the income
level has only one effect in the model parts that do not meet the per capita
effect, and the equalization system does not have an effect. The same
applies to the proportion of residents in rental housing, which only par-
tially affects the various model specifications. On the other hand, the pro-
portion of older people in the population has a positive impact, as do the
municipality’s geographical size and degree of urbanization.

Cohort effect

Having a high proportion of residents over the age of 65 does not necessar-
ily mean that a municipality’s demand for special housing for the elderly
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will be noticeable. Age is of great importance, and municipalities with a
high proportion of the population over the age of 85 see a more significant
impact on demand than municipalities with a lower proportion. Therefore,
we have divided the variable older than 65 into 10-year cohorts and ana-
lyzed the effect within each group. The table below illustrates the effect of
the different age groups (Table 6).
We can note that the older age groups have a more significant impact

on the number of special housing units per capita and size per capita. The
result itself is not surprising. Even if the demand for special housing does
not exist in the younger age groups, it is, of course, a good predictor of
future needs. The expectation was that the proportion of the population
older than 95 years would have the most significant impact, but this is not
the case. This may be partly because, in many municipalities, this group is
relatively small and partly because planning to meet demands for special
housing often occurs based on age groups younger than 95 years.

Table 4. Results (between-effect, regression on group means).
(1) (2) (3) (4)

No House No HouseCapita Size House Size HouseCapita

Population 0.0121��� 4.07e–09 0.465��� 0.000000183
(86.22) (0.92) (62.19) (0.87)

Net migration �5.233 �0.00236��� �213.1 �0.0987���
(�0.29) (�4.06) (�0.22) (�3.59)

Elderly 879.1�� 0.0553��� 37,731.9� 2.217���
(2.89) (5.72) (2.32) (4.83)

Employment �1.807 0.0000877 �41.00 0.00463
(�0.51) (0.78) (�0.22) (0.87)

Income 2.969� 0.000197��� 161.9� 0.00846���
(2.39) (4.98) (2.44) (4.51)

Equalization �0.00573 0.000000762��� �0.239 0.0000291���
(�1.63) (6.81) (�1.27) (5.48)

Tax �3.268 0.000706� �805.6 0.0219
(�0.31) (2.11) (�1.43) (1.38)

Voting �1.099 �0.000160��� �35.15 �0.00705���
(�0.79) (�3.63) (�0.48) (�3.38)

Ratio rental 0.0922 �0.0000368 �25.48 �0.00181
(0.05) (�0.65) (�0.27) (�0.68)

Ratio owning �2.896� �0.000195��� �139.0 �0.00828���
(�2.13) (�4.51) (�1.92) (�4.04)

Municipal geographical size 0.00529 �0.000000235 0.159 �0.00000890
(1.27) (�1.78) (0.71) (�1.42)

Urbanization �1.485 �0.0000570 �64.80 �0.000707
(�1.49) (�1.80) (�1.22) (�0.47)

House Price �0.0864��� �0.00000214��� �4.707��� �0.000115���
(�5.02) (�3.91) (�5.12) (�4.42)

Constant 66.49 �0.0455�� 18,207.7 �1.829��
(0.15) (�3.18) (0.76) (�2.69)

Observations 1740 1740 1740 1740
R2 0.975 0.553 0.953 0.457
AIC 3682.9 �2324.2 5990.1 �85.69

t Statistics in parentheses.�p< .05, ��p< .01, and ���p< .001.
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Analysis of the residuals

We are left with the question: how do we interpret the residuals/error? By
definition, this figure shows the difference between the actual number of
special housing units and average size in a municipality and the estimated
number/size. In municipalities with a positive error term, this means that
the observed housing stock is larger than the estimated housing stock,
which can be interpreted as an oversupply of elderly housing. On the other

Table 5. Results (random effect, maximum-likelihood estimates).
(1) (2) (3) (4)

No House No HouseCapita Size House Size HouseCapita

Population 0.0112��� �2.31e�09 0.405��� 3.25e�08
(73.83) (�0.51) (49.46) (0.15)

Net migration 1.576 �0.0000805 45.74 �0.00418
(0.86) (�1.62) (0.74) (�1.23)

Elderly 411.3� 0.0450��� 4,814.6 2.070���
(2.24) (8.39) (0.66) (6.75)

Employment 0.451 0.00000217 56.45 �0.000101
(0.44) (0.08) (1.51) (�0.06)

Income 0.668�� 0.00000968 22.55�� 0.000619
(3.14) (1.66) (3.03) (1.62)

Equalization 0.000416 4.60e�08 0.0262 0.00000382�
(0.49) (1.88) (0.83) (2.52)

Tax �0.282 0.000237��� 24.02 0.00761
(�0.11) (3.32) (0.26) (1.68)

Voting 0.105 0.00000383 0.638 0.000138
(0.39) (0.52) (0.07) (0.28)

Ratio rental �0.283 0.0000398 �32.43 0.000679
(�0.26) (1.24) (�0.76) (0.36)

Ratio owning �1.948� �0.0000238 �93.04�� �0.00204
(�2.28) (�0.94) (�2.62) (�1.44)

Areal 0.00937� 0.000000435��� 0.393 0.0000151��
(2.52) (3.50) (1.92) (2.70)

Urbanization �0.875� �0.0000722��� �19.67 �0.00244��
(�2.03) (�5.89) (�1.23) (�3.25)

House Price �0.00664 5.71e–08 �0.133 �0.00000994
(�1.47) (0.47) (�0.85) (�1.23)

Observations 1740 1740 1740 1740
AIC 18,460.6 �18,017.4 30,989.9 �4538.2

t Statistics in parentheses.�p< .05, ��p< .01, and ���p< .001.

Table 6. Results (cohort effects).
(1) (2)

No HouseCapita Size HouseCapita

Age 65–74 0.0202�� 0.902��
(2.66) (3.04)

Age 75–84 0.0599��� 1.988���
(6.13) (5.21)

Age 85–94 0.0991��� 2.862���
(5.28) (3.93)

Age >95 0.131 5.519�
(1.88) (2.07)

AIC �18,039.5 –5259.0

t Statistics in parentheses.�p< .05, ��p< .01, and ���p< .001.
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hand, municipalities with a negative error term have an undersupply of eld-
erly housing. We have previously tested for the presence of hot spoon sta-
bility and spatial dependence in the residual. The residuals are plotted in
Figure 2.
The accumulated oversupply and undersupply of special housing for the

years 2013–2018 are illustrated in Map 3. What we can observe is that
there is a relatively large spread within the country. The variation is signifi-
cant, especially if you relate it to the average number of special housing
units per capita. However, the pattern is not clear; for example, there are
no spatial clusters with excess or deficit. A concentration can be discerned
with an excess of special housing in the metropolitan regions.

Relation to COVID-19 distribution

Data for 2020 is marked by the COVID-19 pandemic. The number of peo-
ple infected and deceased has been extensive, and the elderly population
has been disproportionately affected (Burton et al., 2020). Of those affected
by COVID-19 in Sweden, the median age is 61, and approximately 78%
have some type of risk factor, such as cardiovascular disease, high blood
pressure, or diabetes. It is mainly men who have been affected, and in the
upper age ranges, about twice as many men have been affected than
women. For the population over 70 years, 570 men have been infected by
COVID-19 compared to 250 women. However, the survival rate of those
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Figure 2. Histogram residual, accumulated over the years 2013–2018.
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who have been affected is approximately equal between men and women
(source: Swedish Intensive Care Register, 24/11/2020).
Many of the elderly residents included in this survey have been living in

special housing. Statistics on deaths per municipality are difficult to ana-
lyze, as some municipalities have very few residents who have become ill
or died. However, one figure that has been possible to produce at the
regional level is the number of infected people over 70. The data comes
from the National Board of Health and Welfare and refers to what the situ-
ation looked like as of October 2020.

Map 3. Residuals (over/undersupply), the years 2013–2018.
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Map 4 illustrates the distribution of those infected with COVID-19 per
number of special housing units in the municipality (Blue map); that is, we
analyze whether there is a relationship between the number of infected and
special housing. Moreover, we investigate whether there is a connection
between over-/undersupply of special housing in the municipality and
COVID-19 infection (Red map) and whether there is a spatial variation
between the distribution of the expected number of special dwellings and
COVID-19.
There is a concentration of COVID-19 cases in the metropolitan regions,

where the Stockholm region has been particularly hard hit. It is also

Map 4. COVID-19 per capita and by over/undersupply of special housing.
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noteworthy that the number of cases per capita has also been considerable
in central Sweden. However, the correlation between the number of cases
per capita and the number of special housing units per capita or the aver-
age size of the elderly housing units is almost zero. Furthermore, the cor-
relation with an oversupply or undersupply of elderly housing is also close
to zero. Hence, the result is clear concerning COVID-19 cases and the
accumulated over and undersupplies of special housing. The spatial vari-
ation in the number of COVID-19 cases is not correlated with the distribu-
tion of accumulated over and under-supply of special housing for
2013–2018. The conclusion is that municipal decisions to build more spe-
cial housing units for the elderly have not impacted COVID-19 cases
among the population over 70.

Conclusion

Significant demographic changes are taking place in Sweden as well as in
many other countries. The proportion of older people will almost double,
and people older than 80 will triple. This will place significant demands on
health care, both in residents’ own homes and elderly care facilities. The sup-
ply of special housing for elderly will be decisive for how well a society can
handle this demographic change. Today, we can see that the distribution of
special housing per capita varies considerably between municipalities.
Of course, the supply of special housing depends on the municipality’s

planning activities and private actors in elderly care, who tend to make mar-
ket-based decisions. We have set out to investigate what can explain the
spread in distribution that we can observe. The explanatory factors included
in our explanatory model are partly the municipality’s size, finances, political
governance, and how well the housing market functions in general.
What we find in general is, not surprisingly, that the proportion of older

people in the municipality, together with the size of the municipality, is the
variable that best explains the amount of elderly housing in the municipal-
ity. Geographically large municipalities have more homes for the elderly,
while more urbanized municipalities have fewer. We can also note that the
municipality’s tax revenue positively impacts the housing stock for the eld-
erly. Other factors do not have an equally robust effect, depending on the
model specification and model estimation.
Planning for the future demand for elderly housing is a task that cannot

be ignored. The population is getting older, which means that the costs
borne by future generations will be high. Some municipalities are further
ahead when it comes to investments in elderly housing, while others are
lagging. In many cases, these municipalities trust the other parts of the
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housing market to function well enough to accommodate any needs that
might arise.

Acknowledgments

We would like to thank the research project Housing 2.0 (Bostad 2.0) for financial support.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data availability

This is a project at Royal Institute of Technology (KTH) where Mats Wilhelmsson is work-
ing: (https://www.kth.se/bostad2noll/kthbostad-2-0-en-bostadsmarknad-for-alla-1.749663).

Notes

1. https://www.who.int/ageing/10-priorities/en/
2. The housing supply for special housing for the elderly residents refers to an apartment

in a single-family houses or a multi-family houses. The special housing is intended for
the elderly or people with disabilities where accommodation is always combined with
service, support, and personal care. Common areas often consist of a kitchen, dining
room and living room.

3. Means-tested access and entitlement to long-term care services.
4. Motion till riksdagen 1998/99:So 436 av Margareta Viklund (kd):

https://www.riksdagen.se/sv/webb-tv/video/motion/adelreformen_GM02So436
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