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The article studies the role of pensions and income taxes in determining homeownership. We develop a
stochastic, overlapping generations model with tenure choice and heterogenous skill types calibrated to Ger-
many. Then, we simulate alternative income tax and pension policy structures from the United States and
Australia, since these developed nations have similar incomes per capita, but highly different homeownership
rates. Our results highlight that the pension system and its financing have decisive long-term effects on home-
ownership. The latter is even more significant than income tax, where labor and capital income taxation affect
homeownership in opposite directions.

1. introduction

Homeownership carries significant implications for a society’s economic, political, and so-
cial dynamics. It serves as a major source of income security, especially in aging populations
with strained social security systems. However, homeownership rates vary widely among in-
dustrialized nations—ranging from 40% to 50% in Austria, Germany, and Switzerland, to
nearly 70% in Australia, Canada, and the United States, and even surpassing 70% in Eastern
Europe.1

Various factors, including housing tax treatment, transaction costs, national rental and fi-
nancial regulations, and geographical, cultural, and historical contexts, may explain this diver-
gence. Surprisingly, relatively few studies have explored the interplay between housing tenure
choice and public tax–social security systems. On the one hand, a high-income tax burden
and a generous public pension system hinder the savings and wealth accumulation needed for
homeownership. On the other, a high taxation of capital income induces a portfolio shift to-
ward homeownership and ample pension benefits may foster homeownership in old age. Ac-

∗Manuscript received August 2021; revised May 2024.
Earlier versions of this article were presented at the 28th Annual Colloquium of Pensions and Retirement Re-

search 2020, the Public Sector Economics Conference 2020 in Zagreb, and the Netspar International Pension Work-
shop 2022. We would like to thank the participants of those conferences for feedback and, especially, John Piggott,
Alan Woodland, Fabian Kindermann, Krzysztof Makarski, and James Graham for their detailed comments. Special
thanks also to the editor Dirk Krueger and three anonymous referees, whose detailed reports helped to improve
the original submission. The views expressed in this article represent the authors’ personal opinions and do not re-
flect those of the Deutsche Bundesbank or the Eurosystem. No responsibility for the views expressed should be at-
tributed to these institutions. Fehr and Hofmann appreciate financial support from the German Research Founda-
tion (FE 377/8-1), the Fritz Thyssen Stiftung (Az 50.16.0.007WW) and Kudrna acknowledges financial support from
the Australian Research Council through its grant to the ARC Centre of Excellence in Population Ageing Research
(CEPAR).
Hans Fehr: University of Wuerzburg Maurice Hofmann: Deutsche Bundesbank George Kudruna: University of New
South Wales Please address correspondence to: Hans Fehr, University of Wuerzburg, Sanderring 2, 97070 Wuerzburg,
Germany. E-mail: hans.fehr@uni-wuerzburg.de.

1 Detailed cross-country data (for Germany, the United States, and Australia, with data sources) are provided
in Section 2.

1
© 2024 The Author(s). International Economic Review published by Wiley Periodicals LLC on behalf of the Eco-
nomics Department of the University of Pennsylvania and the Osaka University Institute of Social and Economic Re-
search Association.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs Li-
cense, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-
commercial and no modifications or adaptations are made.

mailto:hans.fehr@uni-wuerzburg.de
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 fehr, hofmann, and kudrna

cordingly, several key questions emerge: How important are differences in fiscal policies for
the determination of homeownership? Does the tax system have a stronger impact on home-
ownership rates than the pension system? How does the design of the tax and social secu-
rity systems affect homeownership within specific groups, such as low-income households? Fi-
nally, how important is the fiscal system compared to other factors, such as transaction costs or
housing regulations?

To answer these questions, we develop a stochastic general equilibrium model with overlap-
ping generations (OLG) where households, spanning different skill levels, face uncertain la-
bor incomes and survival rates. Following Chambers et al. (2009a, 2009b), Sommer and Sulli-
van (2018), Kaas et al. (2021), and Rotberg (2022), households have a tenure choice. Impor-
tantly, we extended our model to include pension assets, and thus differentiate housing, liq-
uid financial, and (illiquid) pension assets. We applied our approach to Germany, the United
States, and Australia—economies at comparable stages of economic development with simi-
lar per-capita income and consumption, yet differing significantly in wealth levels and home-
ownership rates. The structure of the U.S. pension system shares similarities with Germany’s,
in terms of benefit calculation and pay-as-you-go (PAYG) financing. However, the Australian
pension system is fundamentally different, featuring means-tested pension benefits financed
from general taxes instead of contributions or payroll taxes, with a mandatory private savings
system supplementing modest government pensions. Presumably, the implications of such a
system for homeownership would be quite different.

The initial equilibrium of our model is calibrated to Germany, incorporating its statutory
public pension and income tax systems. We then introduce alternative tax and pension struc-
tures inspired by the U.S. and Australian contexts to examine their macroeconomic effects
and distributional consequences for different skill groups.

Our simulations demonstrate the importance of fiscal policy design on homeowership rates
across and within countries. The results highlight that the pension system and its financing
have more significant long-term effects on homeownership than income taxation. Whereas
higher pension contributions clearly reduce homeownership, higher taxes on labor and capi-
tal income affect homeownership in opposite directions. Somewhat surprisingly, the progres-
sivity of the pension system amplifies the positive correlation between income and homeown-
ership, since it induces high-skilled households to save more and low-skilled households to
save less. Overall, our model simulations indicate that the U.S. and Australian fiscal policy de-
signs explain over half or two-thirds of the observed differentials with Germany. The remain-
ing differences—and especially the homeownership of low-income households—may be ex-
plained by housing regulations that determine minimum housing expenditure levels.

Our study builds on the recent literature that applies general equilibrium life-cycle models
to study the interaction between tenure choice and public policies. The seminal work of Ger-
vais (2002) presented a deterministic economy featuring OLG and tenure choice, and quanti-
fied the distortion of household savings due to the nontaxation of housing capital returns and
mortgage interest rate deductibility from the income tax base. Besides the detailed tax system,
Gervais (2002) considered rental market frictions such as the minimum house size and down-
payment constraints, as well as the rental agency with an arbitrage condition for the equilib-
rium rental price. He found that eliminating preferential tax treatment for homeownership
yielded substantial long-run welfare gains, whereas its distributional implications were surpris-
ingly modest. Chambers et al. (2009a, 2009b) extended this approach by including uninsur-
able mortality, labor earnings, and house price risk, as well as transaction costs associated with
property purchases. More specifically, Chambers et al. (2009a) introduced a progressive in-
come tax, which amplified the distributional implications of housing’s asymmetric tax treat-
ment, whereas Chambers et al. (2009b) also modeled a financial sector to examine the role of
mortgage innovations. More recently, Ma and Zubairy (2021) highlighted how binding debt-
to-income constraints might explain the observed decline in U.S. homeownership rates be-
tween 2005 and 2015, especially among younger cohorts.
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Floetotto et al. (2016) extended the analysis of U.S. governmental intervention in the hous-
ing market, encompassing the transitional path between steady states. However, their model
only considered the proportional taxation of labor and capital income. Sommer and Sullivan
(2018), using a model that captured the U.S. progressive income tax system in great detail,
provided a similar quantitative analysis, focusing on the implications on house prices, rents,
homeownership, and welfare in the long run and over the transition path. In a recent U.S.-
based study, Karlman et al. (2021) also included a full transition path and combined a pro-
gressive labor income tax with detailed mortgage financing. They found that the long-term
gains obtained from removing the mortgage interest deduction were mostly due to the welfare
losses of transitional cohorts. Naturally, tax distortions between housing and ordinary assets
could also be reduced by lowering taxation of ordinary capital income. In a two-asset model
with tenure choice calibrated to the United States, Nakajima (2020) demonstrated that the
optimal tax on capital income reduced to almost zero, in stark contrast to the model without
housing, where it remained above 30%, consistent with Conesa et al. (2009). Rotberg (2022)
applied a U.S.-calibrated model with housing to analyze the macroeconomic and distribu-
tional consequences of wealth taxation. He showed that progressive wealth taxation (exclud-
ing housing) can lead to large welfare gains. In contrast to the United States, Germany’s hous-
ing market is characterized by high transaction costs, a social housing sector, and no mortgage
interest deductions, which Kaas et al. (2021) cited as responsible for Germany’s low home-
ownership rate. Cho et al. (2024) examined the economy-wide effects of removing tax con-
cessions to landlords (housing investors) in Australia, finding positive (yet modest) impacts
on homeownership.

With the exception of Karlman et al. (2021) and Rotberg (2022), the above-mentioned stud-
ies mentioned above (applied to quantify the implications of the asymmetric tax treatment
of owner-occupied housing) have paid little attention to the effects of housing on household
wealth accumulation, its composition, and distribution. Silos (2007) highlighted that the in-
clusion of tenure choice significantly improves the replication of empirical wealth data. Sim-
ilarly, Cho (2012) attributed a substantial portion of the wealth accumulation and homeown-
ership differentials between Korea and the United States to disparities in mortgage markets
and rental structures. Although our objective aligns with similar cross-country comparisons
(though between different countries), we focus on the differences in income tax and pen-
sion designs.

Chen (2010) established a relationship between the social security system and the hous-
ing market. Indeed, the article eliminated social security in a model with tenure choice and
showed that such a reform has a stronger impact on wealth accumulation in a model with
explicit housing choices than in the standard life-cycle economy. Examining the Australian
means-tested age pension system, Cho and Sane (2013) analyzed the exemption of owner-
occupied housing. They found that including housing in the means test can reduce the housing
capital-to-output ratio, but only marginally lowers the homeownership rate due to offsetting
interest rate effects. In our contribution, we account for the detailed modeling of progressive
income taxation and mandated pensions, encompassing both public and privately funded pen-
sion systems.

Finally, our study connects to an extensive literature employing OLG models with highly
detailed pension systems to analyze social security and pension reforms in developed coun-
tries. Recent examples include Kitao (2014) and Hosseini and Shourideh (2019) for the
United States, Fehr et al. (2013) for Germany, and Kudrna et al. (2019, 2022) for Australia.
Whereas these studies provided transitional and long-term economic implications of diverse
pension reforms, they omitted housing and tenure choice modeling. Our article, on the other
hand, delves into the long-term steady-state implications, capturing crucial interactions be-
tween pension policies and tenure choices.

The remainder of the article is structured as follows: The following section describes
our comparative analysis of key economic indicators across three advanced economies—
Germany, the United States, and Australia—laying the groundwork for our quantitative ex-
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Table 1
key economic indicators for germany, the unitd states, and australia in 2018

Germany United States Australia

GDP per capita (USD)a 54,955 59,801 53,062
Consumption per capita (USD)a 35,794 44,319 35,223
Net saving rate (%)a 13.2 3.8 6.5
Homeownership rate (%)b 44.8 65.3 65.1
- low-skilled 21.4 54.7 58.7
- middle-skilled 48.0 66.9 72.1
- high-skilled 58.0 80.7 81.0
Net wealth (per adult) (USD)c 213,410 420,386 414,730
- financial assets 103,190 355,225 207,369
- nonfinancial assets 140,543 126,048 303,141
- debt 30,323 60,887 95,780
Funded pension assets (% of GDP)d 8.2 169.9 131.7
Dependency ratio (65+/20–64) (%)e 35.8 26.8 26.5
Public pension/GDP (%)f 12.0 7.1 4.0
Income tax revenue (% of GDP)g 12.6 11.0 17.3
Average capital income tax rates (1965–91, %)h 26.8 42.7 40.7

Source: aOECD (2021a);
b OECD (2021b); HFCS (2017); SCF (2019); and HILDA (2018);
c Credit Suisse (2019);
d OECD (2021c, p. 211);
e United Nations (2019);
f OECD (2021c, p. 199);
g OECD (2020);
h Mendoza et al., 1997, table 2, p. 113.

ploration. We discuss variations in their income tax and pension systems. Section 3 introduces
our quantitative model, which captures the interplay between asset accumulation, tenure
choices, and the public sector. Following this, Section 4 explains the calibration of our initial
steady-state economy and compares the benchmark model solution with German data. Sec-
tion 5 provides the quantitative analysis of alternative income tax and pension policy settings.
Section 6 then presents the results from sensitivity analyses. The final section offers conclud-
ing remarks.2

2. cross-country differences in housing, pensions, and income taxes

As indicated above, individual tenure choice is determined by a multitude of economic, his-
torical, cultural, and political factors. Therefore, it is unsurprising that empirical studies in-
volving many different countries have typically failed to identify the systematic link between
homeownership and the public pension system (see, for instance, Causa et al., 2020, p. 21f).

However, this lack of systematic correlation might not hold true for specific countries where
both taxation and pension systems either incentivize or discourage homeownership. In the
subsequent analysis, we concentrate on three advanced economies—Germany, the United
States, and Australia—countries that are similar in terms of central macroeconomic indicators
but substantially differ regarding their taxation and pension policies.

Table 1 highlights the proximity of GDP and consumption per capita between Germany
and Australia, with the United States only marginally surpassing these figures. However, de-
spite Germany’s relatively high (10-year average) saving rate of 13.2%, household net wealth
(reported per adult) and the average homeownership rate fall substantially behind those of

2 For additional insights, the article is accompanied by appendices. Appendix A offers further details on the pro-
gressive income tax schedule and pension parameters in the examined countries. Appendix B details our model’s
household problem. Appendix C focuses on the calibration of our benchmark model to German macroeconomic
data. Appendix D provides additional simulation results.
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Table 2
pensions and capital income taxation in germany, the united states, and australia

Germany United States Australia

Pension system
Generosity high modest low
Progressive/proportional proportional progressive progressive
Funded/unfunded unfunded unfunded unfunded/funded
Means-tested no no yes
Capital income taxation
Progressive/proportional proportional progressive progressive
Mortgage interest rate deductible no yes no
Labor income taxation
Level/progressivity high modest high

the United States and Australia. Moreover, this difference is especially pronounced for low-
skilled households, particularly in the Australian case.3

In the United States, financial wealth dominates nonfinancial wealth, which is, at least
partly, due to the presence of pension wealth in the form of funded private pension assets.
Whereas such assets are highly significant within Australia and the United States, they hardly
exist in Germany. Notably, Germany’s public pension expenditure as a fraction of GDP stands
at 12%—that is, much higher than in the United States and Australia. This partly reflects the
greater generosity of public pensions in Germany, but is also influenced by a comparatively
higher old-age dependency ratio.

Examining historical trends, average tax rates on capital income between 1965 and 1991
were considerably higher in the United States and Australia than in Germany. We present
these past capital income tax rates for two primary reasons. First, they have influenced past
tenure decisions that determine the current homeownership rate. Second, although Germany
introduced a 25% flat-rate income tax on all capital income and capital gains for individual
investors in 2009, historical rates underscore Germany’s long-standing tradition of low capital
income taxation.

To encapsulate these disparities, Table 2 provides an overview of the central distinctions
in public pension and income tax systems across these three countries, which determines the
structure of the pension and income tax systems analyzed by our simulation model, as de-
scribed in the next section.

Germany operates a financed, PAYG public pension system, where pension benefits are
closely linked to previous contributions. With relatively generous replacement rates (particu-
larly when contrasted with the United States and Australia), the payroll tax rate approaches
approximately 19%. In contrast, the United States employs a comparatively less costly and
generous PAYG pension system, yet one which is more redistributive within a given cohort

3 Note that these distributional effects on homeownership rate are based on our empirical analysis, using three
household data surveys—the Household Finance and Consumption Survey (HFCS) (2017 wave with data for Ger-
many) (as documented by European Central Bank (ECB), 2020), the Survey of Consumer Finances (CFS) (2019
wave with data for the United States) (as documented by Bhutta et al., 2020), and the Household, Income and
Labour Dynamics in Australia (HILDA) survey (2018 wave with data for Australia) (as documented by Summer-
field et al., 2019). The skill-specific homeownership rates reported in Table 1 are computed from these three house-
hold surveys for households older than 30 years. The surveys apply a similar skill definition, but they refer to different
years with different age and skill fractions. Therefore, for comparing across countries, we use average homeownership
rates in 2018 from OECD (2021b). This data base includes all adult households and therefore tends to show some-
what lower homeownership than indicated by the reported skill-specific rates. The average homeownership rate in
Australia is even slightly lower than in the United States, although all skill-specific rates are higher, which is probably
due to the steeper age gradient of homeownership in Australia. Nevertheless, the distributional analysis indicates that
although homeownership in the United States and Australia is higher than in Germany across the skill distribution,
the increase in homeownership (The United States/Australia relative to Germany) is shown to be more significant for
low- and middle-skilled households than for the high-skilled.
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Notes: Based on the income tax schedule and income tax base in each country provided in Appendix A.

Figure 1

marginal tax rates in germany, the united states, and australia in 2018

compared to Germany’s. Turning to Australia, its approach combines tax-financed (noncon-
tributory) and means-tested provisions for old-age support, alongside a privately adminis-
tered retirement system financed through mandatory contributions. Notably, means-tested as-
sets, which determine public old-age pension benefits, do not encompass owner-occupied real
estate—a factor that provides a clear incentive for homeownership in old age.

In Germany and the United States, public pension contributions are exempt from progres-
sive income taxation, whereas benefits are taxed in retirement. In Australia, the mandatory
private contributions are taxed at reduced rates, whereas retirement withdrawals are entirely
tax-exempt. As for the taxation of other savings, Germany operates the aforementioned dual
income tax structure, which entails a relatively low, proportional tax on capital income. In
contrast, both the United States and Australia subject capital income to their progressive in-
come tax schedules. In the United States, net mortgage payments by owner-occupiers can be
fully deducted from taxable income, which is prohibited in both Germany and Australia. Fi-
nally, as shown in Figure 1, marginal income tax rates are similar in Germany and Australia,
but much lower in the United States.4

In light of the above, we can deduce that in the United States and Australia, the pension
provision and the taxation of capital income should foster homeownership. The model pre-
sented in the next section is applied to quantitatively examine these hypotheses—of (separat-
ing and combining) income tax and pension alternatives, and capturing/examining both aggre-
gate and distributional observations/effects regarding homeownership.

3. the model

This section describes the development of a general equilibrium OLG model of a closed
economy with tenure choice, where households face labor income and lifespan uncertainty.
The model consists of a household sector, a rental agency, a production sector for ordinary
consumption goods, and a government sector capturing income tax and pension policies. We
begin by describing the demographic structure and the distributional measure of households
on the state space. We then provide an algebraic description of each sector and define the
steady-state equilibrium of the model.

4 The progressive income tax schedules for Germany, the United States, and Australia (both in national currency
and relative to average labor income) are provided in Appendix A.
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3.1. Demographics and Distributional Measure of Households. The model economy is as-
sumed to be populated by J OLG of heterogeneous households. Upon entering the model
economy at age j = 1, each household is assigned a permanent skill level θ ∈ S = {1, . . . ,S}
according to the probability distribution �θ . The model assumes a constant population growth
rate n and incorporates lifespan uncertainty, which is described by age-dependent survival
probabilities ψ j – conditional probabilities of surviving from age j − 1 to age j with ψJ+1 = 0.
In the first period, all households are assumed to be renters, but in the subsequent periods,
they can choose to be homeowners or renters based on their housing tenure choice made in
the previous period. The model assumes inelastic labor supply during working periods and
an exogenous retirement age jR when households stop working and rely on their savings and
pension benefits. In each period, the new cohort entering the economy grows with the growth
rate n, which captures changes in population and productivity.

Since optimal savings depend on the tenure decision, we have to distinguish between two
individual state vectors. Before the tenure decision, the individual state is defined by:

z = ( j, al,h, ar, θ, η) ∈ Z = J × A × H × P × S × E,

where al ∈ A = [−∞,∞], h ∈ H = [0,hmin, ..,∞], and ar ∈ P = [0,∞] denote current finan-
cial, housing, and retirement assets, respectively.5 Whereas financial assets might be negative
due to mortgages, housing and pension assets are initially zero and then restricted to be non-
negative throughout the whole life cycle j ∈ J = {1, . . . , J}. During working periods j < jR,
households receive labor productivity shocks η ∈ E and accumulate retirement assets, which
determine the post-retirement pension benefits. Total savings of the household a+ depend on
the future tenure state defined by o+ ∈ T = [O,R]. We therefore define the individual state
as:

z̃ = ( j, a+,h,o+, ar, θ, η) ∈ Z̃ = Z × T ,

which reflects the situation after the tenure decision.6

Consequently, the initial distributional measure of households at age j = 1 depends on the
initial distribution of skills, as well as on productivity shocks. Let X (z) be the corresponding
cumulative measure to φ(z). Since aggregate variables are normalized per capita of newborns,

∫
S×E

dX (z) = 1 with z = (1, 0, 0, 0, θ, η̄)(1)

must hold, where η̄ denotes the (exogenously specified) initial productivity shock.

3.2. Household Sector. Agents have preferences over streams of nonhousing consumption
c and housing consumption f (h).7 Households maximize the expected discounted lifetime
utility function

max E

⎡
⎣ J∑

j=1

β j−1

⎛
⎝ j∏

i=1

ψi

⎞
⎠ (cνj [ f (hj )]1−ν )1− 1

γ

1 − 1
γ

⎤
⎦ with f (h) =

{
h if h ≥ hmin

ch otherwise,
(2)

where β defines a subjective discount factor, ν is the share parameter for ordinary consump-
tion, and γ is the intertemporal elasticity of substitution. If the household is a homeowner,

5 Note that h = 0 indicates an agent who is currently a renter and hmin defines the minimum house size.
6 In the following, the index “+” always indicates the variable’s value in the next period.
7 In this subsection, we omit the state index z for every variable whenever possible.
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housing consumption is the house’s value. If the household is a renter, housing consumption
ch is bought at the rental market.

Agents start working at age j = 1 and, conditional upon survival, retire at age jR. In each
working period, an agent receives an endowment of productive efficiency units, which are in-
elastically supplied to the labor market at the wage rate w. Efficiency is specific to skills and is
determined by a deterministic age-earnings profile e with a transitory component η. The latter
component stochastically evolves over time and is assumed to have an autoregressive struc-
ture of degree 1, that is,

η+ = ρη + ε with ε ∼ N(0, σ 2
ε ),(3)

where ρ is the persistence parameter and ε is the innovation of the process.8 The household’s
gross labor income y is determined as follows:

y =
{

w · e · exp(θ + η) if j < jR
0 otherwise.

Upon reaching the retirement age jR, labor income ceases and households start receiving
pension benefits pen. Further to their financial assets al , households also receive bequests b
and have real estate. To fund public expenditures, they bear the burden of consumption taxes
(at the rate τ c), payroll taxes (at the rate τ p on gross labor income, capped at x% of average
earnings), and income taxes T (·). Consequently, after deducting consumption expenditures,
the total savings are given by the following per-period household budget constraint:

a+ = (1 + r)al + y + b + (1 − δo)phh + pen − τ p min[y; xȳ] − T (·) − pc − prch,(4)

where r is the interest rate on the capital market, δo is the depreciation rate applicable to
owned properties phh, whereas ph, p = 1 + τ c, and pr define prices for houses (normalized to
1 in the main part), ordinary consumption, and rental housing consumption, respectively.

Households wishing to purchase a house must split up their total assets a+ into the selected
house size phh+, the resulting transaction costs tr(h,h+) of changing the house, and (liquid)
financial assets (if a+

l > 0) or debt (if a+
l < 0), that is,

a+ = a+
l + phh+ + tr(h,h+) with a+

l ≥ −ξ phh+,(5)

where debt is always restricted to the maximum mortgage set by the maximum loan-to-value
ratio ξ . Note that homeowners either hold mortgages or positive financial assets.9 Transaction
costs only apply to homeowners when they either buy or sell their house, that is,

tr(h,h+) =
{
μ1h + μ2h+ if either h = 0 or h+ = 0,
0 otherwise.

To determine a particular house size, households choose a share ω+ of total assets, thus set-
ting phh+ = ω+a+. With the current house size h, one can derive transaction costs and cal-
culate financial assets a+

l by using Equation (5). Thus, in our model, household demand for
homeownership is subject to three housing market frictions: maximum loan-to-value ratio,
transaction costs, and minimum house size. Moreover, it is impacted by government policy
(the modeling for which is provided in Subsection 3.6).

8 Following Fehr et al. (2013), both the autoregressive correlation term ρ as well as the variance of the innovation
term σ 2

ε are assumed to be contingent on skill levels.
9 Consequently, homeowners in our model run down their mortgages faster than in reality, which dampens the im-

pact of the mortgage interest rate deduction applicable in the United States.
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Agents maximize the expected discounted lifetime utility, as defined by Equation (2), in or-
der to decide how much to consume and save, as well as whether to rent or become home-
owners, taking into account the constraints given by (4) and (5), the labor productivity pro-
cess (3), as well as the pension earning point accumulation (14) (elaborated upon below). The
decision-making process is further explained in Appendix B.

3.3. Rental Agency. Following Gervais (2002), the rental housing supply is facilitated by a
two-period-lived rental agency. The agency operates as follows: In the first period, the agency
receives deposits from households, which are used to purchase rental properties phHR. These
are immediately rented out. In the second period, the rental agency receives rent payments
for rental units prHR and sells the undepreciated component of the rental stock, but must pay
deposits, including interest, back to households. The respective optimization problem of the
rental agency can be formulated as follows:

max
HR

prHR + (1 − δr)phHR − (1 + r)phHR.

Under perfect competition, a zero profit condition must hold for the rental agency, meaning
that the price pr of rental properties for households must equal the marginal cost of the rental
agency. The rental price is then determined through the following no-arbitrage condition:

pr = ph(r + δr),(6)

where ph is the house price that in the main analysis section is exogenous and set to 1.10

3.4. Production Sector. The production sector is populated by a large number of per-
fectly competitive, profit-maximizing firms. These demand capital K and effective labor L on
perfectly-competitive factor markets to produce a single output good according to the Cobb–
Douglas production technology:

Y = �KαL1−α,(7)

where α denotes the capital share in production and � is the productivity constant (calibrated
so as to normalize the market wage rate w to one). Capital is rented from households at the
risk-less rate and depreciates at the rate δk. Factor prices are competitively determined by
marginal productivity conditions:

w = �(1 − α)
(K

L

)α
,(8)

r = �α
( L

K

)1−α − δk.(9)

3.5. Government Sector. This section introduces public policies and fiscal constraints that
are relevant for the government, drawing on benchmark equilibrium designs for Germany, as
well as policy alternatives based on the United States and Australia. We begin by outlining the
modeling of income taxation and pension systems. Regarding pensions, we consider different
approaches, including PAYG public pensions based on either German or U.S. policy rules, as
well as noncontributory public pensions, financed through tax revenues and means-tested, and
complemented by mandatory superannuation (i.e., forced saving private pensions), as applica-
ble in Australia. Finally, we present fiscal constraints for government and pension budgets.

10 Note that we deviate from this assumption in one of the sensitivity checks in Section 6 where we allow for en-
dogenous house price, drawing on Sommer and Sullivan (2018) and Rotberg (2022).
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3.5.1. Income taxation. In the initial equilibrium, we assume the German dual income tax
system, with the total income tax T (·) (in the household budget constraint (4)) derived from
a progressive tax on labor and pension income, and a proportional tax on capital income. The
taxable income (or income tax base) ỹ subjected to the progressive tax code is computed from

ỹ = y − τ p min[y; 2ȳ] + pen − all,(10)

so that payroll taxes at the rate τ p (applicable up to a contribution limit set at double the av-
erage income ȳ) are subtracted from the gross labor income y, whereas pension benefits re-
ceived during retirement pen are fully taxed. The allowances all are subtracted to account for
income splitting within households and to calibrate a realistic income tax revenue in the ini-
tial equilibrium.

We apply the 2018 German progressive tax code to the taxable income and add a propor-
tional tax on interest income from (liquid) financial assets al—which might be negative due to
mortgages. The income tax revenue is given by

T (ỹ, al ) = T18GER(ỹ) + τ rr max(al; 0),(11)

where, in the second term, τ r represents the flat tax rate on capital (interest) income and
this second term cannot be negative (since the German income tax system does not allow for
mortgage interest deduction).11

Alternative income tax designs. In line with alternative income tax designs from the United
States and Australia, the respective tax schedule (either T18US(·) or T18AUS(·)) applies to the
total (including capital) taxable income. The total taxable income ỹ can be expressed as

ỹ =
{

y − τ p min[y; 2.47ȳ] + ral + pen if United States,
(1 − τ p)y + r max(al; 0) + pen if Australia,

(12)

with the income tax revenue T given by

T =
{

T18US(ỹ) if United States,
T18AUS(ỹ) + τ saτ py if Australia.

(13)

For modeling U.S. federal income taxes, we followed Chambers et al. (2009a) and Sommer
and Sullivan (2018), and imposed the U.S. progressive income tax schedule on the total tax-
able income. As indicated above, the total taxable income ỹ is now given by the sum of labor
earnings (net of payroll tax on earnings up to 2.47 times the average labor income ȳ), inter-
est income from financial assets, and pension benefits. Further note that, for the United States,
mortgage payments by owner-occupiers (if al < 0) can be fully deducted from the taxable in-
come, which is not allowed in Germany and Australia.

In the context of modeling Australian income tax policy, labor and capital income are also
aggregated and subject to taxation under the progressive personal income tax schedule, which
is notably more progressive compared to that of the United States. Furthermore, within the
pension counterfactual involving mandatory superannuation (based on Australia’s forced sav-
ing private pension pillar), mandatory contributions and earnings of private pension funds
are taxed differently. Consequently, the taxable income ỹ now includes labor earnings, net
of mandatory contributions to private pension funds, returns on positive (nonpension) as-
sets, and the age pension pen. Similar to Germany, mortgage debt (related to owner-occupied
housing) in Australia is not tax-deductible. As indicated above, Australian households also

11 In the initial equilibrium, we calibrate τ r for the model to match German tax revenues from capital income taxes
(to GDP ratio).
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pay reduced taxes τ sa on their contributions τ py to their superannuation funds, but the with-
drawals are completely tax-exempted. Importantly, in the Australian case, there is no payroll
tax financing of public pensions. Instead τ p now represents the mandatory contribution rate
(imposed on gross earnings) paid to illiquid superannuation accounts.

3.5.2. Pensions. In the initial equilibrium, we modeled the statutory pension insurance in
Germany—a system that covers over 90% of the population.12 The German statutory pension
insurance operates on a PAYG financing principle, where contributions (or payroll taxes) are
directly channelled to finance pension benefits for retirees. The payroll tax rate is levied on la-
bor income up to the contribution ceiling (twice the average income 2ȳ). These contributions
are then used to update the retirement assets (or earning points) ar, which reflect the house-
hold’s income level relative to the working population. This is achieved through the following
formula:

a+
r = ar + min

[
y
ȳ
; 2

]
.(14)

Upon reaching the retirement age jR, pension benefits pen are computed as the product of
the accumulated retirement assets ar and the so-called pension value, which gives the benefit
amount for each individual earning point. For simplicity, we define the pension value as a frac-
tion κ of average income ȳ, so that the pension benefits could be expressed as

pen = ar × κ × ȳ ∀ j ≥ jR.(15)

This earnings point system makes the German pension system intra-generationally fair, that is,
there is very little redistribution within the cohort based on public pension income. As men-
tioned earlier, we also consider policy counterfactuals based on the United States and Aus-
tralia’s publicly stipulated pension systems. The modeling details are provided below.

U.S. social security system. The U.S. social security system is similar to that of Germany
in that it is contributory and PAYG financed, with benefits linked to former earnings. How-
ever, it is less generous, with a lower payroll tax rate, and less intra-generationally fair, as it
applies a progressive pension benefit formula. Specifically, the U.S. social security benefit is
determined as a concave piecewise linear function of the average indexed monthly earnings
(AIME). Following Hosseini and Shourideh (2019), we compute the average annual earnings
up to the contribution ceiling over the entire working life as proxies for AIME, which are cap-
tured in the state variable ar:

a+
r = ar + min[y; 2.47ȳ]/( jR − 1).(16)

When households retire at the age jR, we apply the U.S. social security formula with the in-
come thresholds, also known as bend points, to compute the pension benefit:

pen =

⎧⎪⎨
⎪⎩

0.9 × ar if ar ≤ 0.2ȳ

0.18ȳ + 0.33 × (ar − 0.2ȳ) if 0.2ȳ < ar ≤ 1.24ȳ ∀ j ≥ jR.

0.5243ȳ + 0.15 × (ar − 1.24ȳ) if ar > 1.24ȳ

(17)

Note that the marginal replacement rate is 90% for AIME below 20% of average annual in-
come and decreases to 15% for AIME above 124% of average annual income.

Australian age pension. The Australian age pension provides benefits to the elderly popula-
tion, which are financed by general taxes.13 Eligibility is based on age, but not on work history

12 Civil servants who receive tax-financed benefits are included here, whereas only self-employed individuals are
not mandatorily insured and may pay voluntary contributions or build up their own retirement funds.

13 The details and figures for the age pension rules are based on OECD (2021c) and Chomik et al. (2018a).
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or past earnings. Pension benefits are now needs-based and means-tested, with maximum ben-
efit p̄(h) linked to the current average earnings and tenure status. For single homeowners, it
stands at approximately 28% of average earnings. Renters may be eligible for rent assistance,
which is added to the maximum rate of homeowners. The Age Pension benefits are subject to
both income and asset tests, where the highest of the two computed reductions in and as is ap-
plied, that is,14

pen = max [p̄(h) − max (in, as); 0] ∀ j ≥ jR.(18)

The pension financing through general tax revenues (in our case, via consumption tax adjust-
ments) is described below, when discussing the government constraints.

Australian superannuation. In Australia, the means-tested age pension pillar is supple-
mented by a compulsory funded pension pillar based on the Superannuation Guarantee (SG)
legislation, which was introduced over 30 years ago.15 This legislation mandates employers
to make superannuation contributions on behalf of their workers. The SG rate is currently
9.5% of gross wages, legislated to increase to 12% after 2024. Mandatory superannuation is
an employment-related, privately managed scheme that covers almost 95% of employees. Su-
perannuation contributions accumulate in the superannuation accounts owned by members
and managed by private superannuation funds. These individual accounts are preserved in
the funds until age 65 (at and after 65, withdrawals can be made without having to retire
from the workforce). The superannuation benefits can be accessed as both lump sums and in-
come streams.

Superannuation contributions and fund earnings are taxed at concessional flat rates, but
benefits are generally tax-exempt. Consequently, superannuation retirement assets ar (with
the same notation as for the PAYG pension accumulation) accumulate and decumulate as fol-
lows:

a+
r =

{
(1 + r(1 − τ r))ar + (1 − τ sa)τ py, if j < jR,
(1 − ζ )(1 + r)ar, otherwise,

(19)

where ζ denotes the (age-specific) drawdown fraction from the superannuation fund after re-
tirement, and τ r only applies during the employment phase (when ζ is zero). Note that, in
contrast to unfunded pensions, the superannuation wealth of the deceased is part of bequest
redistribution b in the household budget constraint (4).

3.5.3. Fiscal constraints. We distinguish between a tax-financed government budget and
one for PAYG pensions and a superannuation fund constraint (in case of modeling mandatory
private pensions).

Government budget constraint. The revenue side of the government budget aggregates rev-
enues from income taxes Tinc and consumption taxes τ cC. We excluded other corporation
taxes and various housing taxes and subsidies. Public expenditures consist of public goods G
and interest on public debt rBG. In per-capita terms of the youngest cohort, the public budget
is given by:

Tinc + τ cC = G + (r − n)BG,(20)

where income tax revenues are defined as:

Tinc = ∫
Z T (ỹ(z), al (z))dX (z).

We specify the debt-to-output ratio BG/Y and the public consumption-to-output ratio G/Y ,
and use the consumption tax rate τ c to balance the government budget in (20). In the case

14 The exact modeling of each test is explained in Appendix A.
15 The details and figures for the superannuation rules are drawn from Chomik et al. (2018b).
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of Australian policy, the right-hand side of the government budget also includes the Age Pen-
sion expenditure PA and the income tax revenue also includes superannuation taxes Tsa, de-
fined below.

PAYG pension budget constraint. Based on German and U.S. PAYG systems, we modeled a
PAYG pension budget constraint that balances aggregate benefits PA by adjusting the payroll
tax rate τ p levied on the contribution base CB, that is,

PA = τ pCB with CB =
∫
Z

min[y(z); xȳ]dX (z) and PA =
∫
Z

pen(z)dX (z),(21)

where x gives the percentage (of average earnings) capped for annual payroll tax payments—
either 2 in the German benchmark or 2.47 for the United States.

Superannuation fund constraint. In the case of Australia’s mandatory superannuation, we
modeled a budget constraint of the superannuation fund, expressed as:

τ pwL + (r − n)AR = PS + Tsa,(22)

where mandatory contributions τ pwL plus net returns from retirement assets AR have to fi-
nance aggregate payouts PS (after retirement) plus taxes on fund returns (before retirement)
Tsa. Aggregate superannuation payouts, taxes on fund returns, and retirement assets are de-
fined by:

PS = (1 + r)
∫
Z
ζ (z)ar(z)dX (z), Tsa = τ rr

∫
Z

ar(z)dX (z), and AR =
∫
Z

ar(z)dX (z).(23)

3.6. Equilibrium Conditions. Given the fiscal policy {G,BG,T (·), κ, τ c, τ p, τ r, τ sa}, a sta-
tionary recursive equilibrium is a set of value functions V (z), household decision rules
ω+(z̃), c(z), a+(z),o+(z), distribution of unintended bequest b(z), time-invariant measures of
households φ(z), φ̃(z̃), house and rental prices ph, pr, and relative prices of labor and capital
w, r, such that the following conditions are satisfied:

1. Households solve their decision problem (2) subject to constraints (3), (4), (5) and (14);
2. Rental price is derived from (6);16

3. Factor prices are competitive, that is, determined by (8) and (9);
4. The aggregation holds,

L =
∫
J×S×E

e(z) · exp(θ + η)dX (z),

C =
∫
Z

c(z)dX (z),

AL =
∫
Z

al (z)dX (z),

HR =
∫
Z

ch(z)dX (z),

HO =
∫
Z

h(z)dX (z),

TR =
∫
Z

tr(z)dX (z),

and the aggregate capital stock K is derived from the capital market equilibrium17

K + BG + phHR = AL;(24)

16 As indicated, we assume perfectly elastic housing supply with exogenous house price normalized to 1. In Sec-
tion 6, we incorporate housing construction company and endogenize house price.

17 For modeling Australia’s mandatory superannuation, the right-hand side of (24) also includes the private pension
assets AR.
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5. Let 1k=x be an indicator function that returns 1 if k = x and 0 if k 	= x. Then, the law of
motion for the measure of households at age j follows:

φ̃(z̃) =
∫
Z

1a+=a+(z) × 1o+=o+(z)dX (z)

and

φ(z+) = ψ j+1

1 + n

∫
Z̃

1a+
l =(1−ω+(z̃))a+ × 1h+=ω+(z̃)a+ × 1a+

r =a+
r (z̃) × π (η+|η) dX (z̃);

6. Unintended bequests satisfy18

∫
Z\S

b(z+)dX (z+) =
∫
Z\S

(1 − ψ j+1)
[
(1 + r)a+

l (z) + (1 − δo)phh+(z)
]
dX (z),(25)

where Z \ S indicates that bequest are separately distributed within each skill class;
7. The government budget (20) and the PAYG pension budget (21) are balanced;
8. The goods market clears

Y = C + (n + δk)K + (n + δr)HR + (n + δo)HO + G + TR,(26)

with investment in capital stock (n + δk)K, rental housing (n + δr)HR, and owner-
occupied housing (n + δo)HO.19

4. calibration and performance of initial equilibrium

The benchmark economy of our stochastic OLG model is calibrated to Germany, using de-
mographic and macroeconomic data from 2018, as well as household survey data for Ger-
many. This section provides detailed parameterization of the benchmark model and compares
the resulting equilibrium solution with the German targets.20

4.1. Parameterization of Benchmark Model. We now report and discuss the parameters of
the benchmark model, with Table 3 presenting the key model parameters for demograph-
ics, household preferences, labor productivity, production technology, housing market, and fis-
cal policy.

Demographics The model’s time period is 5 years. Agents begin life at age 20 ( j = 1), re-
tire at age 65 ( jR = 10), and can live up to the maximum age of 99 years (J = 16). Hence, the
model is populated with 16 age groups (20–24, 25–29,…., 95–99). We assume a stationary de-
mographic structure with time-invariant survival probabilities ψ j and population growth rate
n that jointly determine the sizes of different age cohorts. The age-specific survival proba-
bilities are taken from the 2016/18 Life Tables for Germany. The resulting average life ex-
pectancy at birth and at age 65 is approximately 80.8 and 19.2 years, respectively, which
closely match the respective life expectancies recorded in Statistisches Bundesamt (StaBu).
Next, we calibrate the population growth rate to approximate the existing old-age dependency
ratio (defined here as ages 65+ to ages 20–64) of 36%. The model distinguishes three skill
levels (i.e., S = 3), based on UNESCO’s International Standard Classification of Education
(ISCED).

18 For modeling Australia’s mandatory superannuation, bequests also include superannuation assets ar of those
who do not survive to age j + 1 (expanding the right-hand side of (25)).

19 In the Section 6, we also assume a small open economy (SOE), with constant factor prices and the capital market
and goods market equilibrium conditions extended to include net foreign assets and net export, respectively.

20 Further details on the calibration of the benchmark model to German macroeconomic data are provided in Ap-
pendix C, which is frequently referred to in this section.
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Table 3
parameter values of the benchmark model

Symbol Definition Value Source

Demographics
ψ j Survival probabilities Statistisches Bundesamt (StaBu)
n Population growth rate (p.a.) 0.00615 Calibrateda

�θ Skill distribution [0.2,0.5,0.3] Fehr et al. (2013)
Household preferences

γ Intertemporal elasticity of substitution 0.5 Kaas et al. (2021)
ν Ordinary consumption share 0.70 Kaas et al. (2021)
β Time discount factor (p.a.) 0.991 Calibratedb

Labor productivity
e j Productivity of agent at age j Fehr et al. (2013)
ρ AR(1) correlation Fehr et al. (2013)
σ 2
ε Transitory variance Fehr et al. (2013)

Production sector
α Capital share 0.35 Appendix C
δk Capital depreciation rate (p.a.) 0.05 Appendix C
� Production constant 1.47 w = 1.0

Housing market
Depreciation rate (p.a.) Chen (2010)

δo … in owner-occupied housing 0.025
δr … in rental housing 0.035
ξ Maximum loan-to-value ratio 0.7 Voigtländer (2016)

Transaction cost Voigtländer (2016)
μ1 … of selling price 0.03 Kaas et al. (2021)
μ2 … of buying price 0.10 Kaas et al. (2021)
hmin Minimum house size 4ȳ Calibratedc

Policy parameters
G/Y Fraction of public consumption 0.23 Appendix C
BG/Y Debt-to-output ratio 0.76 Appendix C
τ r Capital income tax rate 0.135 Appendix C
κ Pension accrual rate (p.a.) 0.012 Appendix C
x Contribution (payroll tax) ceiling 2ȳ Appendix C
all Income tax allowance/exemption 0.17ỹ Calibratedd

aTo target age dependency ratio of 35.8%;
bTo target K/Y ;
cTo target homeownership ratio of 44% (averaged over population aged 30+);
dTo target labor income tax revenue.

Household preferences As per the relevant literature, we assume nonseparable Cobb–
Douglas preferences. The preference parameters are selected to match the homeownership
rates and household asset allocations observed in the data. The intertemporal elasticity of
substitution is set to γ = 0.5, that is, a commonly assumed value in the literature. The non-
housing consumption share is set to ν = 0.7, in line with Kaas et al. (2021). The annual time
discount factor is set to β = 0.991, in order to approximate the capital-output ratio derived
in Appendix C.

Labor productivity The labor productivity of each skill type consists of a deterministic and
age-specific component, and a transitory component following an AR(1) process. The param-
eter values for these components are taken from Fehr et al. (2013).21

21 More specifically, in our model, deterministic labor productivity is almost identical across the skill types for those
aged less than 30, but the gap expands as households age, peaking at age 50, with high-skilled workers’ productivity
at almost two times of that of low-skilled workers. The estimated variance term in the stochastic component is also
higher for the high-skilled, at approximately 1.5 times of that of the low-skilled, implying more earnings uncertainty
faced by high-skilled workers in our model.
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Production technology In the Cobb–Douglas production function, the technology level
(� = 1.65) is set such that in the benchmark model, the wage rate is normalized to unity. To
calculate the business capital share of output in the data, which corresponds to that in the
model, the service flow from housing capital needs to be subtracted from total output. This
results in a value of α = 0.35, as derived in Appendix C. Similarly, the depreciation rate of
the capital stock δk = 0.052 is also derived in Appendix C based on German national ac-
count data.

Housing market Following Chen (2010) and Chambers et al. (2009a), we differentiate be-
tween a higher depreciation rate for rental houses (δr = 0.035 per annum) and a lower depre-
ciation rate for owner-occupied housing (δo = 0.025 per annum). The maximum loan-to-value
ratio is set at 70% throughout the working life (ξ = 0.7). Although previous studies have typ-
ically assumed a downpayment ratio of 20%, financial restrictions in Germany tend to be
tighter Voigtländer (2016). We set the transaction costs for selling and buying a house (μ1, μ2)
at 3% and 10% of the house value, respectively. These values include land transfer tax, notary
fees, and land registry, which are relatively high in Germany (for further details, see Voigtlän-
der, 2016) and may also encompass brokerage fees. Therefore, the assumed costs are higher
than typically used in the literature, but close to Kaas et al. (2021). The minimum house size
(hmin) is calibrated to match the (low) average homeownership rate in Germany. hmin is sig-
nificantly higher than the values commonly used in the literature, reflecting Germany’s tighter
housing regulations.22

Fiscal policy Regarding the German government sector, we exogenously specify the ratios
of public consumption and public debt to output (see Appendix C). The nominal withholding
tax on interest income in Germany is set to 25%, with the statutory corporate tax rate being
15%. However, corporations are also subject to trade taxes and a surcharge, whereas various
allowances for interest and corporate income are abstracted from in the model. The chosen
tax rate of 13.5% replicates the tax revenue from capital income, as derived in Appendix C.
Similarly, the chosen pension accrual rate (κ) implies a realistic replacement rate of 54% for
the standard pensioner, with the model closely matching the payroll tax rate and public pen-
sion expenditure in Germany. Finally, we abstract from any social transfers to households and
to generate a realistic income tax revenue, 17% of taxable income is tax exempt.23

4.2. Benchmark Solution and Data Comparison. For the model’s numerical solution, we
follow the Gauss–Seidel procedure of Auerbach and Kotlikoff (1987) for macro variables, as
described in Fehr and Kindermann (2018, p. 512f). For our initial (or benchmark) steady state
that reflects the current German fiscal system, we begin with guesses for aggregate variables,
bequests distribution, and exogenous policy parameters. Then, we compute the factor prices
and individual decision rules and value functions.24 Next, we obtain the distribution of house-
holds and aggregate assets and consumption, as well as the social security and consumption
tax rates that balance pension and government budgets. This information allows us to update
the guesses, and repeat the procedure until guesses and the resulting values for capital, labor,
bequests, and endogenous tax taxes sufficiently converged.

The benchmark solution and observed German data for (i) the components of aggregate
demand, household wealth, and government tax revenues and pension expenditures are re-
ported in Table 4; and (ii) homeownership and household wealth over the life cycle are de-
picted in Figure 2.

Macroeconomic solutions As shown in Table 4, the model closely replicates the German
national accounts data, which we adjust for our model structure (assuming a closed economy),

22 Given that ȳ in Germany is approximately 40,000 euros, hmin is roughly 160,000 euros.
23 The impact of this tax allowance or exemption is analyzed in detail in Subsections 5.3 and 5.4.
24 Details on the household optimization problem and the numerical implementation are provided in Appendix B.
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Table 4
model solution and targets for germany 2018*

Variable Model Targeta

Expenditures on GDP
Private consumption 51.0 48.4
Government consumption 23.0 24.6
Gross investment

in capital stock 15.2 16.3
in owner-occupied housing 6.5 6.7
in rental housing 3.9 4.0

Housing transactions 0.4 –
Capital and housing markets
Capital stock 286.8 275.0
Net wealth 702.0 660.0
Owner-occupied housing stock 215.1 215.0
Rental housing stock 100.9 99.0
Homeownership rate (%) 44.0 44.0

low-skilled 31.5 21.4b

middle-skilled 40.6 48.0b

high-skilled 58.0 58.0b

House value-to-income ratio 6.2 6.5
Rent-to-income ratio (%) 19.3 20.5
Interest rate p.a. (%) 6.6 –
Government policy
Labor income tax revenue 10.4 10.4
Capital income tax revenue 4.5 4.4
Consumption tax revenue 13.3 12.2
Consumption tax rate (%) 26.2 –
Pension benefits 11.9 11.2
Payroll tax rate (%) 19.8 –

*As a percentage of GDP, if not stated otherwise;
aOwn calculations derived in Appendix C;
bAs reported in Table 1, using HFCS (2017) for Germany’s skill-specific homeownership rates of those aged 30+.

Notes: German life-cycle data derived from HFCS data for 2017 (ECB, 2020).

Figure 2

life-cycle solutions and german data

and measured output at production prices net of the real estate sector (see Appendix C).25

Regarding the housing market, we choose a minimum house size, hmin, to match the

25 Note that in Table 1, GDP was measured per capita whereas net wealth was measured per adult. The absolute
wealth figures in Credit Suisse (2019) (which are not reported) fit reasonably well with the wealth calculations in Ap-
pendix C.
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observed average homeownership ratio of 44% and the relative house values and rent pay-
ments. Compared to the data, more low-skilled households in the model are homeowners and
more middle-skilled types are renters. However, the model effectively captures the general
homeownership pattern across skill classes.26 It should be noted that, despite the transaction
costs, households in our model buy houses for two reasons. First, the markup on the rental
price through higher depreciation incentivizes homeownership, as it reduces the maintenance
cost. Second, since the imputed rent income of homeowners is not taxed, capital income
taxation discriminates against returns from other assets.27

In the government budget constraint, we target progressive labor income and flat-rate cap-
ital income taxation revenues, with the consumption taxation, and in particular the consump-
tion tax rate being derived in order to balance the government budget. The consumption tax
rate of 26.2% includes value-added and excise taxes, and the consumption tax revenues are
highly realistic. Similarly, pension benefits include both benefits of workers in the statutory
pension system and government-financed civil servants. The payroll tax rate of the statutory
pension system in 2018 was 18.6%. The higher number reported in Table 4 is nevertheless jus-
tified, since benefits of civil servants are, on average, higher than those of workers.28

Life-cycle solutions In Figure 2, we plot the model-generated solutions for (a) homeown-
ership and (b) net wealth over the life cycle, and by skill type and provide comparison with
the average homeownership and household net wealth derived from HFCS 2017 for Germany
(ECB, 2020).29

As shown in the left part of Figure 2, the model effectively matches average homeowner-
ship rates over the life cycle. Similar to the data, the average homeownership profile is hump-
shaped, increasing significantly at younger working ages and slowly declining at older ages.
We have also plotted the model-generated profiles for homeownership of low-, middle-, and
high-skilled households. As expected, the high-skilled type are found to have higher home-
ownership rates compared to their low- and middle-skilled counterparts (and the gap between
homeownership rates would likely increase if calculated for different income or asset classes).
Note that in the HFCS data, the gap in homeownership between those in the bottom 20% in-
come distribution and those in the 80–90% income distribution exceeds 40 percentage points.

As for net household wealth, the model approximates a hump-shaped profile over the
life cycle observed from the HFCS data, with the peak at the 60–64 age group. The model-
generated net wealth (expressed as a ratio of economy-wide average earnings) is slightly
above the data points. Importantly, the model closely matches net-wealth differences by
tenure status, which in the data is, on average, roughly four times larger for homeowners com-
pared to renters (see ECB, 2020, table A4). A similar gap between net wealth of homeowners
and renters can be observed in the right part of Figure 2 for households aged 60–64.

In the following section, we apply this benchmark model calibrated to Germany to examine
the economy-wide impacts of replacing either income taxation or pensions or both, drawing
on the United States and Australia as alternative policy designs.

5. quantitative analysis

This section presents a quantitative analysis of the steady-state effects of alternative tax
and pension designs on homeownership, household wealth, and the economy. The model,

26 As indicated in Section 2, we use HFCS wave 2017 data for Germany (ECB, 2020) to calculate skill-specific
homewonership rates.

27 Consequently, with δo = δr and τ r = 0, all households would become renters.
28 German pensions also contain benefits that are not liked to former contributions, such as mothers’ pensions, etc.

These noncontributory benefits, which comprise roughly one-third of the pension budget are financed by general tax
revenues. In our model, we neglect such benefits entirely.

29 Note that the data points from HFCS (2017) are averages for age groups 16–34, 35–44, 45–54, 55–64, 65–74,
and 75+.
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calibrated to Germany, is applied here to quantify the macroeconomic and distributional
effects of replacing the existing German policy—with either 5.1 alternative pension policy or
5.2 alternative income taxes, and—with overall policy designs (that encompass both income
tax and pensions) based on developed country examples for 5.3 the United States or 5.4
Australia.

In the first two subsections, we analyze the effects of changing PAYG pensions and income
taxation individually, with a focus on capturing systems’ level, generosity, and progressivity.
For the pension alternatives, we also examine the steady-state effects of replacing PAYG pen-
sions with noncontributory means-tested age pensions.

The last two subsections assess the interactions between two sets of policies within the over-
all fiscal systems, drawing on examples from the United States and Australia, and to report
on how much of the observed difference in homeownership and household wealth between
the pairs of countries (Germany vs. the United States and Germany vs. Australia) can be ex-
plained by our model.

In all the counterfactual scenarios analyzed in this section, we maintain public consumption
and public debt at their initial levels, and the government budget and the PAYG pension bud-
get are balanced by adjustments in the consumption and payroll tax rates, respectively.

5.1. Pensions and Homeownership: Generosity, Progressivity, and Means Testing. This sec-
tion analyzes the steady-state effects of alternative pension schemes on wealth and homeown-
ership. The first part studies the impact of generosity and progressivity of contribution-related
pension benefits (i.e., that depend on labor earnings) by replacing the benchmark pension sys-
tem in two steps with a less generous and more progressive pension system based on the U.S.
social security. In the first step, the contribution ceiling is increased and the replacement rate
of benefits is reduced until pension expenditure is similar to the United States. In the second
simulation, we keep the payroll tax (and hence the average benefit)the same as under the pre-
vious counterfactual, but introduce the (more progressive) benefit formula of the U.S. social
security design (in the model section, given by Equations (16) and (17), respectively). In the
second part, the benchmark benefit system is replaced by a means-tested benefit, drawing on
the Australian system (i.e., given by Equation (15) determining the age pension) but financed
either by payroll or consumption taxes.

The macroeconomic and distributional effects of the four counterfactual pension scenarios
(relative to the benchmark model) are provided in Table 5. As with the income taxation dis-
cussed above, we first outline the macroeconomic effects, including general equilibrium and
fiscal implications, and then provide the distributional effects, with a focus on household net
wealth and homeownership. We begin by discussing the results for the changes in pension
generosity and progressivity.

Pension generosity and progressivity The first column of Table 5 presents the results for the
effects of increasing the contribution ceiling and reducing the benefit level to match the U.S.
payroll tax rate while keeping the German point system (i.e., actuarial fairness) for calculating
benefits (linked to former earnings). This leads to a 27.9% reduction in pension expenditure, a
payroll tax rate falls of 6.5 percentage points, and a decrease of 18.3 percentage points for the
replacement rate for all household types.30 As households prepare for their future retirement
(with lower public pensions and payroll taxes), they increase their savings, which, in turn,
boosts net wealth and the physical capital stock, thereby inducing higher wages, output, and
consumption. Income tax revenues increase by 4.6% due to the higher tax base (i.e., lower
deductions of pension contributions), so that the consumption tax can be reduced by 3.1
percentage points. Due to the higher contribution ceiling, high-skilled individuals increase net

30 Note that this payroll tax rate is quite realistic for the United States, as Hosseini and Shourideh (2019) also used
a 12.4% rate in their analysis.
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Table 5
macroeconomic and distributional effects of implementing alternative pension policies*

Contribution-Related Benefits Means-Tested Benefits

Reduced + Increased Payroll Consumption
Generosity Pro- Financed Tax

Variable gressivity Financed

Output (GDP) 3.8 3.6 4.2 5.1
Consumption 2.3 2.2 1.3 0.3
Capital stock 11.1 10.8 12.6 15.3
Net wealth 9.0 8.9 13.1 19.3

- low-skilled 9.7 7.4 3.4 8.2
- middle-skilled 9.5 8.7 10.9 16.2
- high-skilled 8.0 10.0 20.9 28.8

Housing stock (Owner) 15.8 15.0 26.2 45.6
Housing stock (Renter) −4.9 −3.5 −3.6 −11.3
Homeownership rate (p.p.)a 7.9 7.4 9.7 16.6

- low-skilled (p.p.) 6.5 5.4 4.6 12.6
- middle-skilled (p.p.) 8.4 7.6 10.0 18.2
- high-skilled (p.p.) 8.0 8.5 12.5 16.6

Interest rate p.a. (p.p.) −0.6 −0.6 −0.7 −0.9
Wage rate 3.8 3.6 4.2 5.1
Income tax revenue 4.6 3.8 6.8 16.7
Pension expenditure −27.9 −28.1 −59.2 −58.4
Replacement rate - low-skilled (p.p.) −18.3 −15.4 −21.9 −21.7
Replacement rate - high-skilled (p.p.) −18.3 −20.7 −40.2 −40.1
Payroll tax rate (p.p.)b −6.5 −6.5 −12.6 −19.8
Consumption tax rate (p.p.)c −3.1 −2.7 −3.6 3.1

*Percentage change relative to benchmark if not stated (p.p.) representing percentage point change;
aShare of homeowners in the population aged 30 years and over;
bAssumed to balance PAYG pension budget;
dAssumed to balance government budget.

wealth relatively less than their middle- and low-skilled counterparts.31 Our model provides
additional insights regarding the reaction of housing assets and homeownership. The (partial)
privatization of pensions significantly increases the homeownership rate by 7.9 percentage
points, whereas the owner-occupied housing stock does so by 15.8%. Since homeowners
invest more into housing, the owner-occupied housing stock increases much more strongly
than net wealth and the physical capital stock. Table 5 also documents that a rise in home-
ownership for middle- and high-skilled individuals in particular, although both types show a
weaker savings reaction than low-skilled types. Moreover, whereas higher bequests increase
the available resources of all younger households, middle- and high-skilled types are found to
be still more able to finance a house compared to the low-skilled.

The second column of Table 5 also applies the previously mentioned progressive pension
formula (17), but keeps the pension expenditure level of the last simulation (and thus the pay-
roll tax rate) constant. The rise in pension progressivity is found to affect the replacement
rates of low- and high-skilled individuals in opposite directions. However, higher pension pro-
gressivity only slightly dampens the macroeconomic effects of reduced generosity observed in
the first column. Disaggregation reveals that low-skilled individuals now accumulate less net
wealth than before (due to having higher pension benefits), whereas high-skill individuals ac-
cumulate more net wealth (due to now lower pension benefits). Consequently, the homeown-
ership rate of high-skilled individuals is found to slightly increase, whereas that of low- and
middle-skilled types reduced compared to the previous simulation.

31 In addition, due to the contribution ceiling, pensions are less important in old age for those households, which
also dampens their savings reaction.
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Means-tested pensions The third column of Table 5 examines the effects of (replacing the
benchmark pension system with) a means-tested pension system, similar to the Australian age
pension described in Equation (18), but financed by payroll taxes.32 Such a system is less gen-
erous and more progressive than the one analyzed above, due to a modest maximum benefit
(set at roughly 30% of average earnings) and a significant fraction of the eligible population
receiving no or reduced pension benefits (due to means testing). As such, the public pension
expenditure and payroll tax rate are more than halved, and the pension replacement rates de-
cline significantly more than before, particularly for high-skilled individuals (only at approxi-
mately 15% under this counterfactual). Lower benefits and more disposable income encour-
age more savings, thereby increasing net wealth, physical capital, and homeownership (the lat-
ter seeing an average increase of 9.7 percentage points). As in the previous simulation, the
owner-occupied housing stock rises more than the physical capital stock. Lower tax deduc-
tions and higher savings increase income tax revenues, so that the budget-balancing consump-
tion tax rate reduces by 3.6 percentage points.

As for the distributional effects, net wealth increases more profoundly with the skill level
than in the previous simulation. This is due to the amplified benefit progressivity (due to
means testing). Low-skilled households who receive means-tested benefits tend to have lower
incentives to increase savings, whereas high-skilled households (many receiving hardly any
pension benefits) increase their savings significantly. The skill-specific savings responses also
explain the changes in homeownership compared to the previous column. Middle- and high-
skilled households further increase their homeownership, whereas low-skilled households fur-
ther reduce homeownership.

In the last simulation, we substitute the payroll tax financing of the age pension by gen-
eral taxes, with age pension expenditures included in the government budget balanced by ad-
justing the consumption tax rate. Income tax revenues are found to increase significantly as
contributions are no longer deducted from the income tax base. However, higher income tax
revenues do not balance higher expenditures that now include age pensions, meaning that
the consumption tax rate is found to increase by 3.1 percentage points relative to the bench-
mark equilibrium. The shift in pension financing from payroll contributions toward consump-
tion taxation increases disposable incomes of younger households and tax burdens of older
cohorts. Consequently, net wealth, capital accumulation, and homeownership saw significant
rises for all skill types. Since the elimination of payroll taxes tends to increase the income tax
burden for high-skilled households in particular, low- and middle-skilled households display
much stronger reactions.33

In sum, we can conclude that a reduced pension generosity increases homeownership sig-
nificantly, especially for high-skilled individuals who would otherwise not be able to afford
it. Quite surprisingly on first sight, pension progressivity increases the positive correlation be-
tween income and homeownership due to the induced asymmetric savings reactions. Finally,
financing pensions through consumption tax also increases homeownership since it shifts the
tax burden from younger cohorts toward the elderly.

5.2. Income Taxation and Homeownership: Tax Base, Level, and Progressivity Effects. We
now present and discuss the macroeconomic and distributional results of alternative tax sys-
tems for capital and labor income. While the main objective is to highlight the difference be-
tween the two tax bases, we also examine the progressivity and level effects of the income tax.

In the first counterfactual scenario presented in this section, we consider capital income tax
changes—eliminating the dual tax system and taxing aggregate income from capital and labor
under the benchmark progressive tax schedule. Consequently, the progressivity of capital in-
come taxation increases considerably. In this scenario, we also scale down the benchmark tax

32 Payroll financing may not be realistic, but allows better comparisons with the previous scenarios, where pension
benefits were tied to previous earnings.

33 In Appendix D.1, we show the effects of several modifications to consumption tax financed noncontributory pen-
sions, including (a) the case with no means testing, and (b) the case with housing fully assessed through means testing.
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Table 6
macroeconomic and distributional effects of implementing alternative taxation policies*

Labor and Capital Income Taxed with

Adjusted German Adjusted U.S. U.S.
Variable Progressive Tax Schedule T18

Output (GDP) −3.1 −4.0 0.2
Consumption −3.5 −4.5 −1.8
Capital stock −8.7 −11.0 0.5
Net wealth −3.3 −4.5 5.1

- low-skilled −2.8 −0.7 5.0
- middle-skilled −3.8 −3.1 4.6
- high-skilled −2.9 −8.2 6.0

Housing stock (Owner) 8.1 7.7 16.9
Housing stock (Renter) −14.8 −15.6 −3.0
Homeownership rate (p.p.)a 5.3 5.1 5.5

- low-skilled (p.p.) 4.8 5.6 4.4
- middle-skilled (p.p.) 6.1 5.8 6.4
- high-skilled (p.p.) 4.3 3.6 4.6

Interest rate p.a. (p.p.) 0.6 0.7 0.0
Wage rate −3.1 −4.0 0.2
Income tax revenue 0.0 0.0 −38.1
Marginal capital tax rate (p.p)b 4.0 9.6 1.5
Consumption tax rate (p.p.)c 2.1 2.8 11.7

*Percentage change relative to benchmark if not stated (p.p.) representing percentage point change;
aShare of homeowners in the population aged 30 years and over;
bCohort-weighted average over the life cycle, with marginal capital income tax rate set to zero for all those with zero
or negative liquid assets;
cAssumed to balance government budget.

schedule to eliminate any income effect from broadening the income tax base—with the aim
to isolate the compensated effects of higher and more progressive capital income taxation.

The second counterfactual scenario highlights the differential effects of higher income tax
progressivity on housing. To isolate the latter, labor and capital income are taxed under the
U.S. tax schedule, but the latter is scaled upward to generate the same tax revenue as in the
benchmark.34 The adjusted U.S. federal income tax schedule still features eight tax brackets,
but a lower initial marginal tax rate and a higher top rate than the adjusted German schedule.

The third counterfactual scenario isolates the impact of the income tax level on homeown-
ership, with labor and capital income taxed under the (existing) U.S. schedule.35 The steady-
state results obtained from the main three counterfactuals are reported in Table 6.

Taxation of capital income In the initial simulation, the income tax base is expanded to
also include capital income, which is taxed progressively under the adjusted benchmark tax
schedule. This involves removing the flat tax rate applied to capital income in the bench-
mark model. In addition, we scale down the benchmark tax schedule by a factor of 0.75,
thus neutralizing the impact of broadening the tax base on household income. Therefore,
as shown in the first column of Table 6, the overall burden of the income tax remains un-
changed. However, the (cohort-weighted average) marginal tax rate on capital income in-
creases significantly—rising by 4 percentage points compared to the benchmark equilibrium.36

34 Note that here we keep the German tax base, that is, we abstract from mortgage payment deductions and keep
the allowance and the contribution ceiling for payroll taxes.

35 With marginal tax rates increasing from 10% to the top rate at 37% (see Appendix A).
36 When calculating (cohort-weighted average) marginal tax rates on capital income, we considered those house-

holds with zero or negative liquid wealth, but facing zero capital income tax rates. If we solely considered those with
positive liquid wealth, the marginal capital tax rate’s increase would be further amplified.
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The increased taxation of capital income reduces savings and future net wealth by 3.3%.
More importantly, it also induces a strong portfolio shift from capital toward owner-occupied
housing stock. Whereas the former decreases by 8.7%, the latter increases by 8.1%. Former
renters become homeowners so that the (average) rate of homeownership increases by 5.3
percentage points, whereas the stock of rental housing diminishes by 14.8%, compared to the
benchmark equilibrium. These changes imply increased demand for housing at both extensive
(homeownership rate) and intensive margins (housing stock for homeowners). At the same
time the lower capital stock in the new long-run equilibrium reduces aggregate output, con-
sumption, and wages. Consequently, the consumption tax rate has to increase by 2.1 percent-
age points to finance government expenditures.

It should be noted that, although we keep the income tax revenue constant, the considered
policy change still redistributes tax burdens across skill types. Consequently, the disaggregated
changes in net wealth and homeownership have to be explained by income and substitution
effects. As shown, the reduction in net wealth and the increase in homeownership is relatively
less pronounced for low- and high-skilled individuals compared to their middle-skilled coun-
terparts. The latter react most strongly due to having lower rates of homeownership (and thus
more financial wealth) in the benchmark compared to high-skilled workers, whereas they are
simultaneously less restricted by the minimum house size compared to the low-skilled.

Income tax progressivity When taxing labor and capital income under the adjusted U.S.
schedule, we scale up the existing schedule by a factor of 1.64 to generate the same tax rev-
enue as in the benchmark. Compared to the first simulation with the adjusted German tax
schedule, the income tax system becomes more progressive with lower marginal tax rates for
lower incomes, but higher top marginal tax rates. The middle column of Table 6 shows that the
redistribution of tax burdens from (mainly) low-skilled toward (mainly) high-skilled house-
holds improves the wealth accumulation of low- and middle skilled households, but reduces
the net wealth of the highly skilled. Consequently, aggregate net wealth, capital stock, out-
put, consumption, and the wage rate further decline (compared to the first column). Despite
the reduction in net wealth, the housing stock and aggregate homeownership rate remained
largely unchanged. This is due to the offsetting reactions of low- and high-skilled households
with respect to tenure choice. Rising tax progressivity increases homeownership of the former,
but reduces it for the latter. However, the impact of tax progressivity on skill-specific home-
ownership is found to be modest, since income and substitution effects move in opposite di-
rections for all households (i.e., generating negative income and positive substitution effects).

Income tax level In the third simulation of Table 6 reported in the right column, labor
and capital income are taxed under the existing U.S. schedule. This considerably reduces in-
come tax revenues by almost 40%, whereas the consumption tax rate increases by almost
12 percentage points. The lower income tax burden increases aggregate net wealth, housing,
and capital stock compared to the previous simulation, inducing higher wages, consumption,
and output. Note that net wealth saw a much higher increase than aggregate homeownership.
Lower capital taxes clearly induce higher savings, but income and substitution effects compen-
sate each other with respect to homeownership.

The last column of Table 6 also reveals that, compared to the second simulation, high-
skilled individuals increase their savings much more than low- and middle-skilled types. Al-
though all households experience lower marginal taxes on capital income (compared to the
previous simulation), high-income households also face a reduction of tax burdens shifted to-
ward low-income households. This can also explain why homeownership decreases for low-
skilled types, but increases for high-skilled types compared to the previous simulation.

In summary, we have shown that the taxation of capital income (in particular) has a signif-
icant effect on homeownership. A higher level of capital income taxation induces a portfolio
shift toward housing to benefit from the (implicit) tax subsidies to owner-occupied housing.
Surprisingly, the level and progressivity of income taxation have only a modest effect on
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Table 7
macroeconomic and distributional effects of implementing u.s. tax and pension policy*

U.S. Taxes and + Removed + Interest + Lower
Pensionsi Tax Exemptionii Deductioniii Minimum

Variable House Size

Output (GDP) 4.2 2.1 2.0 1.9
Consumption 0.4 −0.7 −0.8 −0.6
Capital stock 12.6 6.0 5.7 5.5
Net wealth 15.5 10.0 10.0 10.3

- low-skilled 12.4 8.7 8.9 8.1
- middle-skilled 14.7 9.7 9.5 9.6
- high-skilled 18.0 11.0 11.3 12.4

Housing stock (Owner) 35.5 30.2 31.9 42.0
Housing stock (Renter) −7.2 −14.7 −17.1 −35.8
Homeownership rate (p.p.)a 13.6 13.8 14.7 25.8

- low-skilled (p.p) 12.7 13.0 13.1 27.0
- middle-skilled (p.p.) 14.7 15.3 16.2 28.6
- high-skilled (p.p.) 12.5 11.9 13.2 20.1

Interest rate p.a. (p.p.) −0.7 −0.4 −0.3 −0.3
Wage rate 4.2 2.1 2.0 1.9
Income tax revenue −38.6 −17.2 −17.7 −18.8
Pension expenditure −27.5 −29.2 −29.3 −29.3
Payroll tax rate (p.p.)b −6.5 −6.5 −6.5 −6.5
Consumption tax rate (p.p.)c 9.8 4.6 4.8 5.1

*Percentage change relative to benchmark if not stated otherwise;
iU.S. pensions and income taxation with modified tax base;
iiU.S. pensions and income taxation with increased tax base;
iiiOverall U.S. pension and income taxation;
aShare of homeowners in the population aged 30+ (%);
bAssumed to balance PAYG pension budget;
cAssumed to balance government budget.

aggregate homeownership. This reflects the fact that labor and capital income taxation work
in opposite directions.37

These findings shed light on how tax and pension policies affect wealth accumulation and
homeownership, both at the aggregate level and across different skill types. The subsequent
sections combine these tax and pension alternatives so as to capture the interactions between
income taxation and pensions within overall reform counterfactuals, and examine the extent
to which our model can explain observed cross-country differences in homeownership.

5.3. U.S. Policies and Homeownership. In this section, we implement the U.S. policy in
four steps. First, we combine the two previous simulations from the last column in Table 6 and
the second column of Table 5. Second, we remove the tax exemption (of 17% in the bench-
mark income tax base). Third, we introduce mortgage interest deductions to reach the U.S. in-
come tax base given by (12). Fourth, we reduce the minimum house size by 20% in order to
account for lower housing regulations in the United States. The results for selected macroeco-
nomic and distributional effects of (replacing the benchmark policy with) the overall U.S. pol-
icy are presented in Table 7.

As shown in the first column of Table 7, combining the U.S. tax and pension policies from
the two previous simulations summarizes their macroeconomic effects. Higher savings in-
crease net household wealth by 15.5%, capital stock by 12.6%, and homeownership by 13.6
percentage points. Higher capital stock increases wages and output by 4.2%. Note that in-
come tax revenues now decrease significantly stronger than in the respective simulations of

37 Appendix D.2 provides simulations where labor income taxation is analyzed in isolation. When capital taxes re-
main unchanged, a reduction of labor income taxes significantly increases aggregate homeownership. High-skilled
households react more strongly due to the progressive tax schedule.
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Table 6, thus reflecting the higher contribution ceiling in the United States. While the aggre-
gate effects on net wealth can be explained by the combination of the two previous effects, the
skill-specific reaction is more complicated. Low-skilled households increase net wealth (as to
be expected given the results of Tables 6 and 5), but high-skilled households appear to have
a stronger reaction, which can reflect the interplay between reduced tax and increased pen-
sion progressivity. At the same time, the average homeownership rate is slightly higher (again,
as expected from Tables 6 and 5, which is primarily driven by stronger reactions of low- and
middle-skilled types. The higher contribution ceiling dampens the rise in the capital income
tax only for the high-skilled, which thus dampens their incentive for homeownership.

In the second step, the removal of the tax exemption increases the income tax base and in-
duces a shift from consumption toward (progressive) income taxation. This reduces the accu-
mulation of net wealth and capital stock, so that the increase in wages and output is damp-
ened. However, as shown in the second column, this change in the tax structure has a negli-
gible effect on aggregate homeownership rate, since the effects of higher labor and capital in-
come taxation again (almost) offset each other.

Adding the deduction of mortgage interest slightly shifts tax revenues back from income to-
ward consumption taxes. The aggregate effects are very modest, but there is a significant in-
crease in homeownership, especially for the middle- and high-skilled households who benefit
most from this additional reform. It is worth noting that, in our model, only approximately
20% of homeowners hold a mortgage in the U.S. case, whereas a more realistic share in the
United States would be much higher, as reported by Sommer et al. (2013) and Sommer and
Sullivan (2018).

In our final simulation, we consider the fact that U.S. housing regulations (in terms of the
house size) are far less pronounced than in Germany. To account for this, we simulate the
overall U.S. policy in combination with a 20% reduction of the minimum house size. As the
right column in Table 7 reveals, the minimum house size has very modest effects on aggre-
gate variables—indeed, even net wealth increases only slightly. However, the changes in the
level and structure of homeownership are rather more dramatic. Since many former renters
become homeowners, the homeownership rate increases by over 25 percentage points relative
to the benchmark model (over 10 percentage points higher relative to the overall U.S. policy
in the third column). This change appears mainly driven by low- and middle-skilled house-
holds, who face greater housing regulation restrictions than the high-skilled.38

Overall, it can be concluded that replacing the German fiscal system with the U.S. tax and
public pension policy settings can explain over half of the observed 20 percentage point dif-
ferential in the homeownership rate between the United States (at 64%) and Germany (at
44%). The increase in the homeownership rate is mostly due to the pension system, and far
less so due to the income tax level and progressivity. However, the U.S.’ relatively high home-
ownership of low-skilled households cannot be explained by the fiscal system alone. Indeed,
more lenient housing regulations that allow low-income households (in particular) to become
homeowners could explain this.

5.4. Australian Policies and Homeownership. Similar to the previous subsection, we now
introduce a combination of Australian income tax and pension policies. In the first simulation,
we combine the Australian income tax (keeping the income tax exemption at 17%), with an
age pension financed by general tax revenues. In the second, we eliminate the tax exemption.
Finally, we keep the eliminated tax exemption and introduce mandatory contributions to the
superannuation fund. The results for the macroeconomic and distributional effects are pre-
sented in Table 8.

As discussed in Section 2, the Australian income tax is more progressive than its German
equivalent. In addition, interest income is included in the income tax base. Consequently,

38 In Appendix D.3, we also analyze a reduction in transaction costs. This also increases homeownership rates, but
without significant differences across skill classes.
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Table 8
macroeconomic and distributional effects of implementing australian tax and pension policy*

Australian Taxes Elimination + Mandatory
and Age of Tax Superannuationiii

Variable Pensioni Exemptionii

Output (GDP) 1.1 −3.1 5.7
Consumption −3.3 −5.5 0.5
Capital stock 3.1 −8.7 17.3
Net wealth 13.1 1.9 20.1

- low-skilled 4.2 −4.0 12.9
- middle-skilled 11.1 1.0 19.2
- high-skilled 20.0 5.9 24.6

Housing stock (Owner) 49.8 32.9 38.6
Housing stock (Renter) −27.6 −33.5 2.5
Homeownership rate (p.p.)a 22.3 19.1 19.4

- low-skilled (p.p) 22.1 19.8 22.3
- middle-skilled (p.p.) 24.6 21.2 21.7
- high-skilled (p.p.) 18.5 15.2 13.8

Interest rate p.a. (p.p.) −0.2 0.6 −1.0
Wage rate 1.1 −3.1 5.7
Income tax revenue 20.2 58.7 18.6
Pension expenditure −61.7 −62.4 −64.0
Consumption tax rate (p.p.)b 3.7 −6.2 1.1

*Percentage change relative to benchmark if not stated otherwise; iAustralian income tax schedule and consumption
tax financed age pension; iiAustralian age pension and income taxation without tax exemption; iiiOverall Australian
policy; aShare of homeowners in the population aged 30+ (%); bAssumed to balance government budget.

comparing the first column of Table 8 with the fourth column of Table 5, a clear increase in in-
come tax revenues can be seen, which dampens net wealth and capital accumulation, the wage
rate, output, and consumption. Due to the increase in marginal capital income tax, households
adjust their wealth portfolios toward housing so that the homeownership rate increases sig-
nificantly and the capital stock increases only modestly. As a result, factor prices adjust only
slightly. This may appear surprising at first sight, as the consumption tax is higher than in
respective simulation of Table 5, although income tax revenues increase considerably. How-
ever, the latter effect is overcompensated by the reduction in the consumption tax base, which
raises the tax rate.

As mentioned previously, the Australian age pension mainly induces middle- and low-
skilled households to reallocate their portfolios toward homeownership. However, the differ-
ence in the skill-specific homeownership rates is still fairly small compared to the data re-
ported in Table 1. To further increase the progressivity of the Australian tax system, we next
eliminate the tax exemption. Consequently, a strong shift can be seen from consumption to in-
come taxation, with a near 60% increase to income tax revenues. The progressive income tax
reduces the wealth accumulation of high-skilled households in particular. Homeownership is
also reduced, but much less than the net wealth, since higher capital income taxes induce a
portfolio shift toward homeownership. As such, the spread between the skill-specific home-
ownership rates increases only slightly.

In the final simulation (Table 8), we add the Australian mandatory superannuation policy to
complement the means-tested public pension. Implementing this scenario is more complex as
it requires the introduction of superannuation asset accumulations in Equation (19), the bud-
get constraint of the superannuation fund in Equation (19), and the modification of the capital
market equilibrium condition in Equation (24) and bequests in Equation (25) to include these
private pension assets. The rate of the superannuation contribution mandate is set to 8%,
with superannuation taxation (in Equation (19)) based on the Australian private pension tax
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regime with a 15% contribution tax rate and a 7% fund earnings tax rate. Finally, the payout
fraction ζ increases gradually after the retirement age so that funds are exhausted at age 85.39

Note that the superannuation system interacts with the means-tested age pension, so that
age pension benefits tend to be initially low, but increase during retirement due to drawdowns
of superannuation assets. This effect is partly compensated by the pension benefit increase
due to the higher average income (inducing a reindexing of the maximum pension rate). The
superannuation system also reduces the income tax base since contributions to the private
fund are taxed at a lower rate and interest earned is either taxed at lower rate (during ac-
cumulation) or—as well as drawdowns during retirement—not taxed at all. All these effects
partly compensate the increased income tax base due to the elimination of the exemption.
Overall, income tax revenues are almost the same as in the first simulation, but the consump-
tion tax rate is smaller due to higher consumption and lower age pension expenditure. The
mandatory savings increase net wealth of all household types in a similar magnitude. How-
ever, the latter does not apply to the homeownership rate. Whereas aggregate homeowner-
ship hardly changes due to mandatory savings, the skill-specific ones react rather differently.
Indeed, compared to the previous simulation, low-skilled households increase homeowner-
ship and high-skilled households now reduce it. The low-skilled benefit from higher bequest
at younger ages, whereas high-skilled households liquidate their houses earlier in life in order
to better smooth consumption in old age when they drawdown their superannuation assets.40

Comparing the overall Australian policy with the German benchmark reveals that the av-
erage homeownership rate increases by 19.4 percentage points to 63.4%, explaining almost
the entire difference between average homeownership in Australia (at roughly 65%) and Ger-
many (at 44%) in Table 1.41 For the increased homeownership rate, the result is due pre-
dominately to the age pension that (compared to German public pensions) is less generous,
means-tested, and noncontributory (in our model, consumption tax financed). The progres-
sive taxation of capital income in Australia also increases homeownership, whereas the effect
of mandatory superannuation on homeownership may explain why under the Australian case
many low-income households can afford a house.42

6. sensitivity analysis

This section checks the robustness of our results in an SOE setting and in an economy with
a construction sector where house prices become endogenous, with the sensitivity results for
the overall U.S. and Australian policy reported in Table 9.

SOE setting For simulating the overall U.S. and Australian policies in an SOE, we begin
from the same initial equilibrium as before, but allow capital inflows and outflows to balance
the capital market and to keep the factor prices and output constant. We can directly com-
pare the SOE simulations of Table 9 with the respective closed economy simulations reported
in the third columns of Tables 7 and 8. In the closed economy simulations, the interest rate
declines whereas the wage rate increases. Consequently, the simulation of the same policies
in an SOE induces capital outflows, which further increase the long-run net wealth of the el-
derly. The higher net wealth due to foreign bonds (not due to domestic physical capital) al-
lows the financing of imports of goods and services so that aggregate consumption increases.
It also increases the income tax revenues so that the consumption tax declines relative to the

39 Further details for the parameterization of Australia’s age pension and superannuation policy are provided
in Appendix A.

40 Simulations of the superannuation system with complete flexible payouts and different bequest distributions
show no significant macroeconomic effects.

41 Note that using HILDA 2018, skill and population weights, the observed average homeownership rate was ap-
proximately 72% in Australia, thus the model explaining over two-thirds of this difference compared to Germany.

42 In Appendix D.3, we also show that lower housing regulations (i.e., lower minimum house size) may also explain
why the skill-specific gap is much smaller than in Germany.
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Table 9
sensitivity of macroeconomic effects and homeownership*

U.S. Policy Australian Policy

SOEi Endogene- SOEi Endogene-
ous House ous House

Variable Price Price

Output (GDP) 0.0 2.0 0.0 5.6
Consumption 4.6 0.3 16.8 2.0
Capital stock 0.0 5.9 0.0 16.9
Net wealth 15.8 10.0 40.1 19.7

- low-skilled 15.5 9.1 35.0 12.7
- middle-skilled 15.7 9.4 40.4 18.6
- high-skilled 16.0 11.1 42.1 24.4

Housing stock (Owner) 32.7 23.3 47.1 22.4
Housing stock (Renter) −18.6 −15.9 −2.8 4.3
Homeownership rate (p.p.)a 14.4 11.8 22.6 14.1

- low-skilled (p.p) 13.1 10.1 25.4 15.5
- middle-skilled (p.p.) 15.6 12.9 25.1 16.1
- high-skilled (p.p.) 13.3 10.9 16.5 9.7

House price 0.0 4.7 0.0 8.6
Interest rate p.a. (p.p.) 0.0 −0.4 0.0 −0.9
Wage rate 0.0 2.0 0.0 5.6
Income tax revenue −12.2 −17.3 26.9 19.5
Pension expenditure −30.9 −29.3 −71.1 −63.8
Payroll tax rate (p.p.)b −6.5 −6.5 −19.8 −19.8
Consumption tax rate (p.p.)c 2.3 3.1 −4.7 −1.2

*Percentage change relative to benchmark if not stated otherwise;
iSmall open economy;
aShare of homeowners in the population aged 30+ (%);
bAssumed to balance pension budget;
cAssumed to balance government budget.

respective closed economy simulation. However, the SOE’s impact on homeownership and
the housing market is found to be rather modest in both fiscal systems. For the Australian
policy, the average homeownership rate increases by approximately 3 percentage points when
comparing the SOE and the closed economy, which is mainly due to higher bequests in the
SOE framework.

Endogenous house price Finally, we analyze the impact of the overall U.S. and Australian
policies in a model with the housing construction sector and endogenous housing prices.
Drawing on Rotberg (2022) and Kaas et al. (2021), we integrate a construction sector respon-
sible for supplying housing and featuring convex construction costs. When investment IH is di-
rected to new owned and rented housing stock, the construction company receives payments
amounting to phIH . However, it also incurs the following costs:

CO(IH ) = c0
(IH )1+ 1

ϕ

1 + 1
ϕ

,

where ϕ denotes the elasticity of housing supply and c0 is a cost parameter. Denoting HO and
HR as existing owned and rented housing stocks, the stock-flow relationship in the long-run
equilibrium are defined by:

IH = (n + δr)HR + (n + δo)HO,
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where δr denotes the depreciation rate for rental properties. The construction company must
then face the issue of choosing investment to maximize profits, as in:

�h = max
IH

phIH − CO(IH ) ⇒ ph = c0(IH )
1
ϕ .(27)

Following Rotberg (2022), we set the housing supply elasticity parameter ϕ to 1.75 and cali-
brate the cost parameter c0 in (27), so that we would still reach ph = 1 in the initial German
benchmark equilibrium. Finally, we assume that the profits �h generated by the construction
company are completely taxed away by the government, and thus would need to be added to
the left-hand side of the government budget constraint in (20), and the housing construction
company expenditure CO(IH ) would need to be included in the goods market clearing con-
dition (26). Note that due to the profits of the construction sector assumed to be fully taxed
away by the government, the initial consumption tax rate (in the new, recalibrated benchmark
equilibrium) is now 8.7 percentage points lower than before and overall consumption is 7.4%
higher (not shown). All other variables hardly change compared to those reported in Table 3
for the benchmark model. When simulating the overall policy counterfactuals, c0 remains un-
changed, with the house price endogenously responding to increased demand for housing.

As shown in the second column of Table 9, the house price increases by 4.7% as a result
of the overall U.S. policy. This reduces the average homeownership rate by (14.7 − 11.8 =)
2.9 percentage points and the owner-occupied housing stock declines by 8.6 percentage points
(compared to the results in Table 7). Higher house prices shift resources from younger ages
(when people tend to purchase properties) to the elderly (who tend to sell them). Higher con-
sumption and profits of the construction sector then induce a significant decline in the con-
sumption tax rate. However, the macroeconomic effects on GDP, capital stock, and household
net wealth are found to be highly similar to those from the previous section, where we used
the model with an exogenous house price.

In the Australian overall policy counterfactual, the house price even increases by 8.6%, in-
ducing a much stronger reduction in homeownership rate by 5.3 percentage points and a de-
cline in the owner-occupied housing stock by 16.2 percentage points (compared to the results
in Table 8). Again, the consequences for the macroeconomy appear rather modest.

We can thus conclude that endogenous house prices may dampen the effects of the ana-
lyzed policy scenarios, but the significant impact of pension and tax policies on homeowner-
ship still remains.

7. conclusion

This article has examined the impacts of alternative pension and income tax policies on
homeownership, household wealth, and the broader economy. Our model simulations isolate
the importance of social security arrangements for the level and distribution of homeowner-
ship. A wealth of literature demonstrated how generous PAYG financed pension system can
curtail net wealth accumulation, which in turn may also diminish homeownership. Our sim-
ulations reveal that the pension level has a stronger impact on homeownership than the in-
come tax system. In addition, a more progressive pension system further increases the un-
even distribution of homeownership within cohorts. Interestingly, since households liquidate
homeownership in old age so as to smooth consumption, a natural limit exists in homeown-
ership. Accordingly, policy interventions—for example, mandatory funded pension systems—
that increase private savings may even reduce homeownership, if this natural limit has already
been reached.

Furthermore, we highlight the different impacts of capital and labor income taxation. While
both dampen the accumulation of net wealth and the capital stock, capital income taxation
induces a shift toward homeownership (where returns remain tax-exempt), whereas labor in-
come taxation reduces homeownership. Consequently, higher and more progressive income
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taxation has only a modest effect on homeownership since labor and capital income taxes
change homeownership in opposite directions. Applying our model to a cross-country analy-
sis of policy designs in Germany, the United States, and Australia, our approach isolates the
main forces, which drive the gaps in homeownership and wealth between Germany and the
United States, as well as between Germany and Australia. Differences in income tax and pen-
sion systems can explain over half of the observed gap in homeownership rates between Ger-
many and the United States, and over two-thirds of the gap between Germany and Australia.

The importance of social security arrangements for tenure choice has also been highlighted
by Fehr and Hofmann (2020), but their focus was on long-term care policy. While pensions
and long-term care policies may not be directly oriented toward housing, we posit that such
policies can exert a quantitatively significant indirect impact. Typically, countries apply specific
housing policies, such as mortgage interest deductions (Sommer and Sullivan, 2018; Karlmann
et al., 2022) or social housing (Kaas et al., 2021), which directly impact tenure choice. How-
ever, there are many other social and economic drivers of homeownership and wealth accu-
mulation. For example, recent studies by Fisher and Gervais (2011) and Fisher and Khorun-
zhina (2019) highlighted how shifts in marriage and divorce patterns impact tenure choice and
homeownership. Grevenbrock et al. (forthcoming) showed that differences in the proportions
of young adults residing with their parents may explain variations in European homeowner-
ship rates. Kindermann and Kohls (2022) pointed out differences in rental market regulations
as explanatory factors for European homeownership patterns.

Notwithstanding these valuable contributions, we believe that the pension design channel
has not yet received adequate attention. Accordingly, we plan to explore these issues in fu-
ture research by incorporating endogenous labor supply and tax-favored voluntary pension
systems (e.g., İmrohoroğlu et al., 1998) to focus on the welfare and aggregate efficiency impli-
cations of tax and pension reforms.

SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Information sec-
tion at the end of the article.

Table 10: Pension policy parameters in Australia 2018
Table 11: Wealth values for Germany 2018 (in bn EUR)
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Table 14: Transactions and sectoral balances in the model (in EUR bn)
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