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Abstract
Housing costs are an important potential driver of rising inequality. There is a
broad literature suggesting that land rent taxation can be used to ameliorate this
inequality due to its non-distortionary properties. In practice, only a portion of
total residential land is subject to rent taxation, since most countries abstain from
taxing homeowners imputed rents. We built a dynamic macroeconomic model that
disentangles land and structures from housing and study the welfare implications
and distortionary properties of land rent taxation. We find that the lack of imputed
rent taxation causes land rent taxation to be distorionary. Opposite to the thought
that land rent taxation can be beneficial for tenants, we find that the lack of imputed
rent taxation causes land rent taxation to be detrimental to tenants’ welfare. This
results since increases in the land rent tax rate decrease the implicit cost of land for
self-use of homeowners, which increase their demand for land. This in turn raises
the housing cost of tenants. To have an idea about the magnitude of these effects
we apply the model to the Germany economy.
Keywords: Housing, imputed rent, land rent taxation, home value
JEL: R38 (real estate market, government policy), R31 (housing supply), R21
(housing demand), D31 (personal income, wealth, and their distribution), H31
(fiscal policies, households)

1. Introduction
The wealth gap between homeowners and tenants in Western economies is striking. In the euro area, the median net wealth of homeowners was 23 times larger than
the median net wealth of tenants during 2010, 2014 and 2017 (ECB, 2020a-c). In
Germany and the US, the wealth gap increased further over time, as the net wealth
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of homeowners increased, while the net wealth of tenants declined. For the US, the
gap increased from 37 fold to 44, in Germany the gap went from 22 fold in the year
2014 to 26.6 fold in the year 2017 (Bricker, et al. 2017 and ECB, 2020a-c).
For long, the wealth disparity between landlords and tenants has received the
attention of philosophers and scholars alike, often investigating ways to improve the
lot of the tenants and aiming for a more equal distribution of wealth. For example, in
The Land Question Henry George (1881) proposes a single land rent tax as a means
to improve the wellbeing of tenants. George’s proposal, backed by the thought that
a rent tax on a fixed asset is non-distortionary (refer to Bryson (2011), and Stiglitz
(2015)) has led to an extensive line of research studying the use of a single land rent
tax to finance the optimal provision of public goods.1 The premise that a land tax is
non-distortionary was pointed out before George by Adam Smith and later confirmed
by Ricardo (1821). Feldstein (1977) was the first to challenge the premise that a
land rent tax is non-distortionary. Employing a model with imperfect altruism,
he showed that land rent taxation fosters capital accumulation and is, therefore,
distortionary. Thus, land tax reform following the ideas of George (1881) needs to
be considerate of trading off tenants’ welfare against distortionary economic effects.
Inspired by policies supporting home ownership a large body of literature has
analyzed the effects of housing tax breaks on homeownership rates and tenants and
homeowners welfare2 . A prominent example of these policies is the lack of owneroccupier imputed housing rent taxation in many countries in Europe and the US.
Imputed housing rent taxation would treat owners-occupiers as tenants in their own
house, making artificial rent payments to themselves subject to income taxation
(see Floetotto et al. (2016)).3 In practice and at large, the tax on housing rental
income taxes both the land lot and the structure. Separating the taxation of land
and structures is relevant from the point of view that rent taxation is distortionary,
as it hinders structure investments. Whereas the distortionary properties of land
rent taxation deserve further investigation under current tax systems. To the best
of our knowledge, the literature considering the lack of owner-occupier imputed rent
taxation ignores that land and structures could be taxed separately. Consequently,
it has not disentangled the distributional (and efficiency) effects of land taxation on
tenants and homeowners yet. This paper adds to the literature by differentiating the
taxation of rented land and the taxation of structures. Accordingly, it analyses the
1

See for example, Arnott and Stiglitz (1979), Schweizer (1986), Arnott (2004), Fu (2005),
Kawano (2014) and Mattauch et al. (2018).
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A renascence of housing literature started in 2007 after the sub-prime crisis.
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As opposed to what is done in practice George was interested in the potential rent and tax
revenues from all land (Andelson (2003)).
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Table 1: Median net wealth . Own calculation using data from Bricker, et al. (2017) and ECB
(2020a-c)

following questions: what is the effect of the lack of taxing imputed land rents on
the non-distortionary properties of land rent taxation? In such a setting, is land rent
taxation beneficial for tenants? Most importantly, what are the wealth distributional
implications for landlords, owner occupiers, and tenants resulting from an increase
in land rent taxes?
To analyze these questions we develop a dynamic model that includes heterogeneous consumers, namely landlords, owner-occupiers and tenants.4 The economy
produces the standard final good that is used for consumption and capital investments. In addition, a sector produces new residential structures, which add up to
the undepreciated stock of structures. In the economy there is also a fixed land
endowment. Landlords and owner-occupiers invest in new structures and optimally
trade land and structures at prices that clear the respective markets. Consumers
derive utility from the standard final good and also from the residential services that
owned or rented land and structures provide. The treatment of land in the model
closely resembles the treatment of land in the model developed by Kiyotaki et al
(2011). Landlords use portions of their land and structure holdings for own use, and
the rest is rented out to tenants at rental prices that clear rental markets. As we
focus on analyzing the distributional effects of land rent taxation we consider the
case when the sole purpose of the government is to finance a recurrent fixed level of
government expenditure.
We find that when the imputed rents of homeowners are not taxed, a tax on
income from renting out land is distortionary, in the sense that changes in this tax
affect all the aggregate variables of the economy. Within the context of the model,
we analytically show that in the absence of imputed rent taxation, the homeowners’
per-unit opportunity cost of land for self-use is lower than the land rental price
tenants pay. Moreover, the larger the land rent tax rate is, the larger the gap
between the homeowners’ per-unit opportunity cost of land for self-use and the land
rental price (similar arguments apply for the case of structures). An increase in the
4
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rent out land and structures to tenants.
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land rent tax rate, thus creates different incentives not only in terms of land use
but also in the incentives to increase (or decrease) the stock of structures due to the
substitution possibilities between land and structures. Moreover, the increase in the
gap of the cost of housing of homeowners and tenants, resulting from an increase in
the land rent tax has the potential of having large welfare consequences.
Our numerical simulations for the case of Germany confirm our analytical results. In addition our numerical results indicate that in the absence of imputed rent
taxation an increase in the land rent tax rate has a negative effect in tenants welfare.
This is the case even when the extra revenues of the increased tax rate are equally
distributed across consumers.
The paper is organized as follows. In Section 2 we present the model. In Section
3 we present analytical results regarding the distortionary properties of land rent
taxation. In Section 4 we present our numerical results after applying the model to
the German economy. Section 5 concludes.
2. The model
We consider a dynamic economy initially endowed with capital, residential structures and land. There are two producing sectors. The first produces the typical final
good (identified with subscript F ) that is used for consumption and investment in
the capital stock of the economy. The second sector constructs residential structures, henceforth only called structures (subscript S). Structures are the man-made
part of housing such as walls, roofs and the like, but households combine structures
with land (which they either rent or own) to obtain housing services. The stock
of structures changes with production and depreciation; in contrast, the aggregate
amount of land L is fixed through time. The sum of structures’ values and land
values equal the value of residential real estate. The separation of structures and
land allows to attribute changes in residential real estate value to changes in land
and structures values.
Consumers can take three distinct roles: landlord, owner-occupier or tenant.5
Landlords and owner-occupiers own structures and land for self use, only landlords
rent out access real estate to tenants. All consumers are endowed with capital, for
tenants, this is their only asset. There is a government that finances a fixed and
exogenously given public expenditure by levying taxes on income streams and assets,
5

For the characterization of the implications of policies on income and wealth of different consumer types, exogenous roles are sufficient. Models with endogenous consumer classes are found
in studies on home-ownership rates (cf. Jeske et al (2013), Floetotto et al. (2016), and Sommer
(2018))
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and possibly lump-sum taxes.
2.1. Firms
The production of final good YF and new residential structures YS employ capital
Ki and labor Ni for i = F, S and use a constant returns to scale Cobb-Douglas
technology as follows (for brevity and when there is no room for confusion we omit
writing variables as a function of time)
Yi = Ai Kiαi Ni1−αi ,

(1)

where 0 < αi < 1 and Ai > 0. For given prices pi , qK and w, the representative firm
of sector i maximizes profits pi Yi − qK Ki − wNi subject to (1). qK and w are the
rental price of capital and the labor wage rate. The final good is presumed numéraire
(pF = 1), and pS denotes the price of structures. The firms’ first order conditions
reduce to a set of zero profit conditions such that the price of each output equals
its marginal cost. Moreover, since the production functions are Cobb-Douglas each
input-expenditure/output-value ratio equals the respective input share parameter,
e.g. qk KF /(pF YF ) = αF . Let mcS (qk , w) denote the marginal cost of producing residential structures, zero profits imply that mcS (qk , w) equals the price of structures
pS and likewise for good F (mcF (qk , w) = 1).
As we abstract from capital installations costs the firms’ problem is static. All
intertemporal decisions rest with the consumers, such that consumers’ investments
in structures determine the scale of production YS .
2.2. Consumers
Landlords, homeowners, and tenants are respectively denoted with subscripts
LL, O and T . There are zLL landlords, zO owner-occupiers and zT tenants. Consumers differ in their type, but, all consumers within one type are presumed to be
identical.
Consumer i’s discounted utility from final good consumption cF,i and housing
services cH,i equals
ˆ ∞ 1−θ
ci
e−ρt dt
(2)
1−θ
0
where
F
ci ≡ AC cβF,i
(cH,i − γ)βH

(3)

is a Stone Geary composite with AC , βF , βH , γ > 0, βF + βH = 1 and the regularity
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condition cH,i > γ depicting a minimum housing service requirement.6 θ > 0 is the
inverse of the elasticity of intertemporal substitution and ρ > 0 is the rate of time
preference. In turn, housing services cH,i are obtained by combining rented or owned
land lc,i and structures sc,i according to7
ϕ 1−ϕ
cH,i = AH lc,i
sc,i

(4)

where AH > 0 and 0 < ϕ < 1. The representation of housing as a composite of
land and structure allows us to capture that housing is typically bought or rented
without differentiation of its components while maintaining flexibility to track the
value of land and structure separately, particularly when subject to different kinds
of taxation.

At time t the value of the assets of consumer i equal
ai (t) ≡ ki (t) + σi [pL (t) li (t) + pS (t) si (t) + bi (t)] for i = LL, O, T

(5)

where σi = 1 for i = LL, O and σT = 0. We presume that tenants are fully financially
constrained such that they cannot borrow to finance their own land and structure,
and exclusively save by holding capital kT (t). The capital stock of consumer i
for i = LL, O, T at time t is denoted ki (t). The land and structures holdings of
landlords and owner-occupiers are denoted by li (t) and si (t); and pL (t), and pS (t)
are their respective prices. Landlords and owner-occupiers lend bi (t) to each other
at an endogenously determined rate of interest (if bi (t) < 0 then borrowing). The
budget constraint of a tenant equals (for brevity we omit writing variables as a
6

Using US data Davis and Ortalo-Magné (2011) find that, over time and across metro areas,
median housing (rental and utilities) expenditure shares are roughly constant. Despite that Davis
and Ortalo-Magné (2011) findings “are not without controversy” as Davis and Nieuwerburgh (2015)
point out many researchers justify employing a standard Cobb-Douglas utility function based on
their findings. Using US data for the year 2015, Larrimore and Schuetz (2017) find that the median
renter in the lowest quintile of the income distribution pays 56% of their income on rent, whereas
the second quintile pays 28%. They also find that the median renter in the higher quintiles spends
less than 20% of their income on rent. Albouy et al. (2016) have similar findings to those of
Larrimore and Schuetz (2017). Using German data Dustmann et al. (2018) find that in the year
1993 people in the bottom quintile of the income distribution spent 27% of their income in housing,
and 39% in 2013. They also find that for the top quintile this share went from 16% in 1993 to 14%
in 2013. We introduce a Stone Geary utility function to account for these diverse findings and to
account for the minimum housing requirement established by German regulation.
7
Following the findings of Epple et al. (2010) who use Pennsylvanian data; and Ahlfeldt and
McMillen (2014) who use Berlin, Chicago, and Pittsburgh data
we use a Cobb-Douglas representation for the production of housing services.
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asset flow

expression

T

LL

O

(taxed) labor income
interest income
(taxed) capital property value
(taxed) land value
receipts from land rented out
tax on land rent
tax on imputed land rent
(taxed) structure value
receipts from structures rented out
tax on structure rent
tax on imputed structure rent
demand for final good
expenditure on rented land
expenditure on rented structures
lump-sum taxation

w (1 − τN ) ni
rB bi
(1 − τK ) (qK − δK ) ki
(ṗL − ξL pL ) li
qL lr
τL (qL − ξL pL ) lr
τL (qL − ξL pL ) lc,i
(ṗS − (ξS + δS ) pS ) si
qS sr
τS (qS − (ξS + δS ) pS ) sr
τS (qS − (ξS + δS ) pS ) sc,i
cF,i
qL lc,i
qS sc,i
τi

+
Ø
+
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
−
−
−
−

+
+
+
+
+
−
−
+
+
−
−
−
Ø
Ø
−

+
+
+
+
Ø
Ø
−
+
Ø
Ø
−
−
Ø
Ø
−

Table 2: Income and wealth accumulation. Columns T , LL and O show with which sign (+/−)
the expression enters the budget equation of tenant (T ), landlord (LL) and owner-occupier (O),
or not (Ø).

function of time)
k̇T =w (1 − τN ) nT

(6)

+ (1 − τK ) (qK − δK ) kT
− cF,T − qL lc,T − qS sc,T − τT
A dot over a variable denotes its time derivative, i.e. k̇ = ∂k/∂t. τN is a labor
income tax rate and nT is the labor endowment of a tenant. qK is the rental price
of capital, δK is the constant rate of capital depreciation and τK is a capital income
tax rate. qL and qS are the rental prices of land and structures. Thus, the assets of a
tenant increase due to labor and capital income net of taxes and capital depreciation.
A tenant’s assets decrease due to final good consumption expenditure and due to
rent expenses on land and structures. Finally, her assets also decrease due to the
lump-sum tax τT .
Table 2 provides an overview financial flows in the economy, tracking income and
expenditure as well as asset valuation and taxation. The tenant’s wage income (net
of labor tax), capital holding and expenditures for consumption, land and structures
rent and lump sum tax (cf. 6) are found in rows 1, 3, 13-16, respectively.
For the budget equation of the landlord, let lr (t) and sr (t), respectively, denote
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the land and structures that each landlord rents out to tenants at time t. The
amount of land and structures that a landlord employs for self use, respectively,
equal
lc,LL (t) = lLL (t) − lr (t) and sc,LL (t) = sLL (t) − sr (t)
(7)
and for the case of an owner-occupier
lc,O (t) = lO (t) and sc,O (t) = sO (t)

(8)

so that the amount of land and structures she uses for own housing services equals
her holding of land and structures.

Landlord and owner-occupier share the same equations for labor and capital
income with the tenant, as well as the expenditure on final good consumption and
lump-sum tax. In row 2 of Table 2 the interest rate on lending and borrowing
is denoted by rB . Tax rates on income from renting out land and structures in
rows 6 and 7 are, respectively, denoted by τL and τS , and ξL and ξS in rows 4 and
6-8 denote property value tax rates. As structures depreciate slower than capital
we set a specific rate of depreciation for structures and denote it δS . We explain
equation (9) for the case of a landlord so that i = LL, and µLL = 1. The term
(ṗL − ξL pL ) lLL in row 4 indicates that the assets of a landlord increase when the
price of land increases (ṗL > 0), but decrease due to property value taxes (ξL pL lLL ).
In row 5, qL lr is a landlord’s income from renting out land lr . Rows 6 and 7 describe
the land rent tax on land rented out after property tax deductions for land rented
out (row 6) and – when rents are imputed – for the self used land of landlord and
owner-occupier (row 7). Very similar explanations apply for the case of structures,
except that one needs to account for the effects of structures’ depreciation (rows 11
and 12).

Equation (9) collects all terms from Table (2) for i ∈ {LL, O}. We introduce two
dummy variables to track the taxation of imputed rents (π) and receiver of rental
payments (µ): In the absence of imputed land rent taxation πL equals one, and
when imputed land rents are taxed πL equals zero. The same holds for πS in the
case of structures. We define parameter µi as µLL = 1 and µO = 0 to capture that
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only landlords rent out land and structures.
ȧi =w (1 − τN ) ni + rB bi

(9)

+ (1 − τK ) (qK − δK ) ki
+ {(ṗL − ξL pL ) li + µi qL lr − τL (qL − ξL pL ) [µi lr + (1 − πL ) lc,i ]}
+ {(ṗS − (ξS + δS ) pS ) si + µi qS sr
− τS (qS − (ξS + δS ) pS ) [µi sr + (1 − πS ) sc,i ]}
− cF,i − τi
Let k̄i denote the initial endowment of consumer i for i = LL, O, T . Taking
prices, tax rates and lump-sum tax as given, and given k̄T , each tenant maximizes
(2) subject to her respective budget constraint. Also taking as given prices, tax
rates and lump-sum tax and given initial non-real-estate wealth k̄j + bj , and initial endowments of land ¯lj , and structures s̄j (for j = LL, O) each landlord and
each owner-occupier maximizes (2) subject to her respective budget constraint and
subject to the restriction
´t
lim a (t) e− 0 rB (v)dv ≥ 0
(10)
t→∞

to rule out the possibility of Ponzi games. All first order conditions are provided in
Appendix A.
2.3. Consumer choices
Before we close the model by stating the government and the market clearing
conditions, we characterize the main trade-offs that motivate consumer choices. To
this end, we indicate how the owner-occupiers’ and tenants’ first order conditions
depart from those of the landlords.
The landlord’s first order conditions lead to non-arbitrate conditions between
the returns on lending, on holding capital, land and structures. Since landlords hold
land to rent it out, but, also for own use, the landlord’s first order conditions imply
relations that make a landlord indifferent between renting out land or holding it for
self use (a similar arguments applies for structures). For brevity we focus on the
case of land and explain how these relations are derived and what they imply. The
first order conditions with regard to lending bLL and land rented out lr (please refer
to Appendix A) lead to
rB =

ṗL + (1 − τL ) (qL − ξL pL )
pL

(11)

This is a non-arbitrage condition indicating that the return on lending should equal
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the land price increase plus the rental price of land−net of taxation and applicable
tax deductions−to land price ratio. The first order conditions of bLL , land for self
use lc,LL , and final good consumption cF,LL imply

rB =

∂cLL ∂cH,LL
∂cH,LL ∂lc,LL
∂cLL
∂cF,LL

1
ṗL − ξL pL − (1 − πL ) τL (qL − ξL pL )
+
pL
pL

(12)

Equating equations (11) and (12) implies
∂cLL ∂cH,LL
∂cH,LL ∂lc,LL
∂cLL
∂cF,LL

= (1 − πL τL ) qL + πL τL pL ξL

(13)

This indicates that when imputed land rents are not taxed (πL = 1) the marginal
rate of substitution between lc,LL and cF,LL equals the rental price of land net of
rent taxation (1 − τL )qL plus the tax deductions associated with renting out land
τL ξL pL . This is nothing else than the cost of giving up renting out a unit of land and
instead employing it for self-use (or its per-unit opportunity cost). Similar equations
to (11), (12), and (13) are also found for structures.
Denote the right-side of (13) as
QL ≡(1 − πL τL )qL + πL τL ξL pL ,

(14)

QS ≡(1 − πS τS )qS + πS τS (δS + ξS )pS

(15)

and also let

Using the first order conditions with regard to cF,LL , lc,LL , lr , sc,LL , and sr and
F
the Stone Geary composite cLL = AC cβF,LL
(cH,LL −γ)βH , one can readily verify that a
landlord’s expenditure in final goods plus the opportunity cost of land and structures
for self use equal
cF,LL + QL lc,LL + QS sc,LL = pc,LL cLL + QH γ
with
pc,LL =

QβHH
βH
AC
βFβF βH

and QH ≡

QϕL QS1−ϕ
,
ϕϕ (1 − ϕ)1−ϕ AH

(16)

(17)

The cost associated with the minimum housing requirement γ equals QH γ. A landlord’s Euler equation is given by
(1 − τK ) (qK − δK ) − ρ −
ċLL
=
cLL
θ

ṗc,LL
pc,LL

(18)
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A similar equation to that of (12) is also found for owner-occupiers. In the case
of tenants their expenditure in final goods and housing is given by
cF,T + qL lc,T + qS sc,T = pc,T cT + qH γ
with
pc,T =

βH
qH
βH
βFβF βH
AC

qLϕ qS1−ϕ
,
and qH ≡ ϕ
ϕ (1 − ϕ)1−ϕ AH

(19)

(20)

For detailed derivations please refer to Appendix A.
2.4. The government
Let K, L, and S denote the aggregate stock of capital, land and residential
P
structures and let N =
i∈{LL,T,O} zi ni denote the aggregate labor endowment.
The government finances a fix government consumption G via taxes on capital,
labor, land and structures and lump-sum taxes and its budget constraint is given by
G=

X

zi τi + wτN N + τK (qK − δK ) K

(21)

i∈{LL,O,T }

+ τL (qL − pL ξL ) [zT lc,T + (1 − πL ) (zLL lc,LL + zO lc,O )]
+ τS (qS − (ξS + δS )pS ) [zT sc,T + (1 − πS ) (zLL sc,LL + zO sc,O )]
+ ξL pL L + ξS pS S
The government budget constraint (21), thus, indicates that once imputed rents are
taxed (π = 0) the entire stocks of land and structures are subject to rent taxation.
2.5. Equilibrium and steady state
Definition 1. An equilibrium is the sequence of quantities {cF,i (t), lc,i (t), sc,i (t),
lr (t), sr (t), bi (t), ki (t), lj (t), sj (t), Yx (t), Kx (t), Nx (t), τi (t)}∞
t=0 for i = LL, O, T ,
j = LL, O, and x = F, S, and prices, and tax rates {w (t), qh (t), pL (t), pS (t), rB (t),
τL (t), τS (t), ξL (t), ξS (t)}∞
t=0 for h = K, L, S such that given prices and tax rates: i)
{cF,i (t), lc,i (t), sc,i (t), ki (t), lj (t), sj (t), bj (t)}∞
t=0 for i = LL, O, T and j = LL, O
solve the landlords, owner-occupiers and tenants respective utility maximization
problem; ii) {Yx (t), Kx (t), Nx (t)}∞
t=0 for x = F, S satisfy that the value marginal
product of each input factor equals its respective rental price/wage and that the
zero profit conditions hold; iii) lump-sum taxes τi (t) for i = LL, O, T and tax rates
τL (t), τS (t), ξL (t), and ξ (t) satisfy the government’s budget constraint; iv) the
following conditions hold:
– the labor market clears

P

i∈{LL,O,T } zi ni

= NF (t) + NS (t);
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– the capital market clears

P

– the land market clears L =

i∈{LL,O,T } zi ki

= KF (t) + KS (t);

P

j∈{LL,O} zj lj ;

– the residential structures market clears S =

P

j∈{LL,O} zj sj ;

– the land rental market clears zLL lr = zT lc,T ;
– the structures rental market clears zLL sr = zT sc,T ;
– borrowing satisfies

P

j∈{LL,O} zj bj

= 0;

– the aggregate stock of residential structures evolves according to Ṡ = YS −δS S;
and
P
– the aggregate stock of capital evolves according to K̇ = YF −δK K− i∈{LL,O,T } zi cF,i −
G.
We know provide the definition of steady-state
Definition 2. A steady-state is an equilibrium such that for some initial endowments k̄i , ¯lj , and s̄j for i = LL, O, T , and j = LL, O the quantities, prices and
∗
tax rates c∗F,i (t), lc,i
(t), s∗c,i (t), lr∗ (t), s∗r (t), b∗i (t), ki∗ (t), lj∗ (t), s∗j (t), Yx∗ (t), Kx∗ (t),
Nx∗ (t), τi∗ (t), w (t), qh (t), pL (t), pS (t), rB (t), τL (t), τS (t), ξL (t), and ξS (t) for
i = LL, O, T ; j = LL, O; x = F, S; and h = K, L, S are constant for all t.
2.6. Analytical findings on land rent income taxation distortionary properties.
We now provide some analytical results regarding the gap between the per-unit
cost of land and structures for self use of landlord and owner-occupiers and the rental
price of land that tenants pay. We then investigate the distortionary properties of
land rent taxation on the aggregate level of capital and structures in the economy.
Proposition 1 (Equal housing costs for homeowners). The landlords’ and owneroccupiers’ per-unit opportunity costs of land for self use are equal. The same holds
for the per-unit opportunity costs of structures.
Proof. See Appendix B.1.
Proposition 2 (Housing cost gap). If the imputed rents of landlords and owneroccupiers are not taxed (π = 1); and the land value tax rate (ξL ) is sufficiently small,
then, the landlords and owner-occupiers per-unit opportunity costs of land for self
use is lower than the tenant’s per-unit land rental cost. The same argument applies
for structures and for the per-unit cost of housing services.
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Proof. See Appendix B.2.
If imputed rents are not taxed and if tenants are relatively poorer than homeowners, then they do not only pay a larger share of their income in housing due
to the minimum consumption requirement γ, but, also because the lack of imputed
rent taxation imposes an implicit lower cost of housing for homeowners. This further implies that the lack of imputed rent taxation can have distinct effects on the
savings possibilities of tenants and homeowners, and therefore, it can also effect the
distribution of wealth. To have a better understanding of the magnitude of such
effects in Section 4 we numerically simulate the model by applying it to the German
economy.
Since we focus on analyzing the distortionary properties of land rent taxation,
before further proceeding we know clearly define what we mean by this.
Definition 3. Given a fixed government expenditure land rent taxation is said
to be distortionary if an increase in the land rent tax rate changes the aggregate
levels of output, capital and structures stocks.
Proposition 3 (Distortionary land taxation). Assume τN = τK = ξL = ξS = 0, and
that tenants neither contribute to lump-sum taxation (τT = 0) nor save; but, instead
simply use their labor income to pay their consumption of final goods and housing
services. If landlords’ and owner-occupiers’ land imputed rents are not taxed, then
at the steady state an increase in the land rent tax rate is distortionary for the
accumulation of structures and capital.
Proof. See Appendix B.3.
As long as imputed rents are not taxed, an increase in the land rent tax rate, by
decreasing the opportunity cost of land for self use, creates incentives for landlords
and owner-occupiers to increase their land for self-use. In turn, the supply of land
for rent decreases and the rental price of land increases. As tenants substitute land
for structures this leads to a potential increase in the rental price of structures, and,
thus the stock of structures may increase. Our numerical simulations indicates that
this is the case, but, the increase in the stock of structures is at the expense of
capital accumulation.
3. Numerical analysis
3.1. Calibration
We calibrate the model to the German economy. Using the Household Finance
and Consumption Survey Statistical Tables (ECBa-c) we derive information about

3.1 Calibration

14

Parameter

value

Capital share parameter of firm F
αF
Shift parameter F
AF
Capital share parameter of firm S
αS
Shift parameter S
AS
Capital depreciation rate
δK
Structures depreciation rate
δS
Land share parameter in housing
ϕ
Housing shift parameter
AH
Rate of time preference
ρ
Elasticity of interteporal substitution
1/θ
Consumption housing share parameter
βH
Consumption shift parameter
AC
Minimum housing consumption requirement
γ
Share of landlords in population
Share of owner-occupiers in population
Share of tenants in population
Income tax rate (for land only for benchmark) τN =τS =τL
Capital income tax rate (corporate+individual) τK
Property tax rates for land and structures
ξL = ξL

0.35
0.96
0.20
1.11
0.10
0.02
0.14
1.38
0.02
1.00
030
1.00
5.8
10%
35%
55%
24%
49%
0.15%

Table 3: Model Parameters.

the share of tenants and homeowners net wealth in total wealth. We use this information to assess the initial endowments of net wealth of consumers in the economy.
Parameter values we employ are summarized in Table 3
We presume that there are 100 consumers in the economy, with the share of each
type of costumer as indicated in Table 3.
The net wealth of the top 90-100 percentile in Germany has a median wealth
of 861 thousand euros, we think of them as landlords. The 60-90 percentile has a
median net wealth of 216 thousand euros, we think of them as owner-occupiers. For
tenants we use the net wealth of the 10-60 percentile of 12 thousand euros. We
compute the steady-state wealth of the economy and distribute the total value of
assets according the wealth shares. All consumers are presumed to have an equal
labor endowment which we set to unity.
First, we derive a steady-state benchmark scenario (first scenario) by considering
current median tax rates for labor, capital, rental housing income, and housing value
(property).8 The government’s expenditure, which we keep fixed throughout all the
8

Recently housing value (property) taxes were eliminated in Germany, we include these taxes
since our calibration relating wealth distribution uses is for 2017 data.

3.2 Scenarios
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scenarios, is set equal to the revenue collection from benchmark taxes. To facilitate
the analysis, we assume that the economy is first in the steady-state benchmark.
We then introduce land rent tax changes and/or imputed land and/or structures
rents taxation and compute transition paths. In all the scenarios extra government
revenues are equally transferred across consumers.
3.2. Scenarios
The aim of our numerical analysis is to investigate the distributional effect of
taxing land rental income. To explore this question, we run scenarios where we
double the currently prevailing tax rate of 24% to 48%. This experiment is complemented by two variations, where we extend land rental income taxation (a) to
imputed rents for land in self use and (b) to real estate as the composite of land and
structure. We summarize the scenario design in Table 3.2.
In the benchmark scenario therefore, the land rental income tax is set to τL =
0.24, and neither, imputed rents of land nor structures are taxed (πL = πS = 1)
as it is the case in Germany. In the second scenario, we double the benchmark tax
rate (τL ) in income from renting out land, raising from 24% to 48%. In the third
scenario, imputed land rents are taxed (πL = 0) under the benchmark land rent tax
rate. The forth scenario is like the third scenario, but with a tax rate τL raising
from 24% to 48%. In our fifth scenario, both imputed land and structures rents are
taxed (πL = πS = 0) under benchmark tax rates. The sixth scenario is similar to
the fifth scenario, but again with a raise in tax rate τL from 24% to 48%. Table 3.2
provides an overview on the settings in each scenario.
Scenario

1 (benchmark)

2

3

4

5

6

Land rental income
tax rate τL

24%

48%

24%

48%

24%

48%

Land imputed rent taxation

No

No

Yes

Yes

Yes

Yes

Structures imputed rent
taxation

No

No

No

No

Yes

Yes

Table 4: Scenario design.

3.2.1. Benchmark housing cost markup for tenants
In all the plots, the black line depicts the steady-state benchmark scenario.
Henceforth, when referring to both landlords and owner-occupiers, we simply write
homeowners. Our theoretical analysis revealed that exempting imputed rents from
taxation drives a wedge between the cost of housing of homeowners and tenants.

3.2 Scenarios
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Figure 1: Rental prices

Cost of housing are shown in Figure 1 which opportunity costs for self use of land
and structures (panels a and d), rental prices for land and structures (panels b and
e) as well as their difference. Consistent with our derivations, when homeowners’
imputed rents are not taxed, the per-unit opportunity cost of land (QL ) for homeowners’ self use is lower than the rental price of land qL , (refer to the black lines
in the plots of Figure 1). For the benchmark scenario, we estimate that qL is 30%
larger than QL to the lack of imputed rent taxation (top row of the panels). Thus,
tenants face substantially a larger cost for employing land than homeowners. The
same arguments applies for the case of structures except that benchmark lines in
the plots of Figure 1 are hidden “below” the blue line of another simulation (bottom row in Figure 1). The rental price of structures (qS ) tenants pay is about 15%
larger than the per-unit opportunity cost of homeowners for using structures (QS ).
Considering equations (17) and (20) the combined effect of these gaps implies a
composite price of housing of tenants (qH ) that is 17% larger than the composite
per-unit opportunity cost of housing of homeowners (QH ).

3.2 Scenarios
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3.2.2. Increase in land rent tax rate, absent of imputed rent taxation (scenario 2)
Scenario 2 doubles the tax on land rental payments τL relative to the benchmark
to τL = 0.48 but leaves imputed land rents exempt from taxation (πL = 1). In
all the plots, scenario 2 corresponds to the red-dashed line. At this tax rate, the
wedge between homeowner and tenant costs of renting land raises from 30 to 85
percent (Figure 1c). But beyond the effects on costs, this kind of a tax reform has
implication for the valuation and accumulation of structures and capital.
In Figure 2 we plot aggregate structures and capital stocks levels and their percentage increase from the benchmark scenario. Figure 2 confirms Proposition 3
about the distortionary effects of land rent taxation on assets accumulation when
imputed land rents are not taxed (πL = 1). Numerically, the stock of structures
increases while the capital stock decreases.
Figure 3 shows the welfare of each type of consumer achieved in each of the
scenarios with the benchmark scenario shown in black (or first column). The red
(or the second) column is the result of the second simulation. Despite the increased
stock of structures compared to the benchmark, tenant’s welfare decreases9 under
the second scenarios when compared to the benchmark (cf. Figure 3). The reason
for this is that as τL increases, the opportunity cost of using land for self use (QL )
for landlords (and owner-occupiers) decreases (refer to Figure 1). In simple words,
if a landlord has to pay more taxes when she rents out land, she rather holds more
land for self-use. Therefore, homeowners increase their demand of land for selfuse compared to the benchmark (refer to Figure 4). Landlords supply less land to
the land rental market, and the land rental price (qL ) increases compared to the
benchmark scenario (refer to Figure 1). Tenants make up for the lower supply of
land and increased qL by increasing their demand for structures, especially since
they need to satisfy their minimum housing consumption requirement. As Figure 1
indicates, this put pressures in the rental price of structures qS which increases in the
short run; accordingly, the opportunity cost of holding structures for self-use also
increases QS . The increase in qS increases the price and construction of structures
and, thus, the stock of structures increases at the expense of capital accumulation
(see Figures 5 and 2). Finally, the increase in τL induces a decline in the price of
land compared to the benchmark (see Figure 5). Taken all together, the increase in
τL leads to a welfare loss for tenants which observe a rise in housing costs. Landlords
also experience a decrease in welfare due the loss of income induced by increased
9

Since the instantaneous utility of consumption composite ci is logarithmic, and since tenants’
composite consumption cT (t) is less than one in our simulations, aggregate discounted utility is
negative, but this shall not be a problem.
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taxation. Owner-occupiers benefit from the increase in τL as it decreases their cost
of using land and therefore their welfare increase.
3.2.3. Land imputed rent taxation (scenario 3)
The third scenario introduces imputed land rent taxation with benchmark tax
rates and is depicted with a blue solid line in the plots. Once the imputed land
rents of homeowners are taxed, the homeowners per-unit opportunity cost of using
land (QL ) increases compared to the benchmark (refer to Figure 1). Consistent
with our derivations QL equals the land rental price (qL ). A lager QL compared to
the benchmark, induces homeowners to reduce their use of land for self use, owneroccupiers sell land to the landlords, and the amount of rented land increases. In turn
the rental price of land qL decreases compared to the benchmark (see Figure 1). The
decline in qL leads tenants to increase their demand for rented land and substitute
structures for rented land so that their demand for structures declines. The reverse
effects happens for owner-occupiers. Landlords decrease their land and structures
holdings for self use. The overall effect of these changes leads to a decline in the
stock of structures. Instead, the stock of capital increases. Due to land imputed rent
taxation, the price of land decreases which makes landlords buy land from ownersoccupiers, despite the decline in qL compared to the benchmark. Land imputed rent
taxation generates extra revenues for the government which are equally lump-sump
transferred to all consumers. The decline in the rental price of land and lumpsump transfer lead to an increase in tenants’ welfare compared to the benchmark
(refer to Figure 3, dark blue column). Since land imputed rents are taxed on the
land for self-use of homeowners, this implies and extra cost for homeowners. With
extra government revenues equally redistributed across the population, they do make
up for the extra expenditure of homeowners due to imputed rent taxation. Thus,
homeowners’ welfare declines (refer to Figure 3, dark blue column).
3.2.4. Land imputed rent taxation and increased in land rent tax rate (scenario 4)
Refer to the blue-dashed line for the results of scenario 4. Since many times
the results of scenario 4 coincide with the results of scenario 3, when a blue-dashed
line is not present in the plot, then please refer to the blue-solid line. In the forth
scenario where land imputed rents are taxed, an increase in the land rent tax compared to scenario 3 leads to distributional changes, but leave aggregate variables
unchanged (refer to Figures 2 and 4). Due to the increase in the land rent tax the
price of land decreases even further than the price in scenario 3. As homeowners
make larger payments due to a larger land rent tax, both in land rented out and
land for self use, than in scenario 3, this lead to a decline in their consumption of
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Figure 2: Structures and capital stocks
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Figure 3: Welfare

housing services and also leads to an increase in government revenues. The increase
in government revenues leads to larger transfers towards all consumers. Tenants increase the amounts of land and structures they rent, compared to scenario 3. These
effects lead to an increase in the welfare of tenants, but the welfare of homeowners
declines (refer to light-blue columns in Figure 3).

3.2.5. Land and structures imputed rent taxation (scenario 5)
The solid orange line is used to depict the results of scenario 5. When the
structures imputed rents are taxed, this leads to a decline in the price of structures,
and a large decrease in the stock of structures compared to the previous cases (refer
to Figures 2 and 5). In this case not only the per-unit opportunity cost of land
of homeowners equals the rental price of land, but also the opportunity cost of
structures equals the rental price of structures. The taxation of structures imputed
rents of homeowners leads to a decline in the demand of structures of homeowners,
and thus the rental price of structures declines compared to the previous cases (refer
to Figure 1) . Since government transfers are now larger than in the previous cases,
and since the rental price of structures declines, this leads to a welfare gain for
tenants. Instead homeowners suffer a welfare loss (refer to dark-orange columns in
Figure 3).
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land
Figure 4: Increase in land and structures use from benchmark
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3.2.6. Land and structures imputed rent taxation and increased in land rent tax rate
(scenario 6)
Scenario 6 is depicted with a dashed-orange line in the figures. Many of the
results of this scenario coincide with the results of scenario 5, so in the absence of a
dashed-orange line refer to the solid orange line. Since land and structures imputed
rents are taxed, the land rent tax is non-distortionary. Since we only increase the
land rent tax rate, but leave the structures rent tax rate unchanged, the stock of
structures and capital remain equal to those of scenario 5. The increase in the
land rent tax rate has mostly distributional effects, so that the welfare of tenants
increases while the welfare of homeowners declines (refer to light-orange columns in
Figure 3).
4. Conclusions
Income inequality is thought to set incentives to work harder and take entrepreneurial risks, and hence to spur economic growth. Yet high levels of inequality
are a risk to social cohesion and social polarization, and governments are keenly
aware of these risks. Housing costs are an important potential driver of rising
inequality as highlighted by recent reports of the European Central Bank (ECB,
2020a-c). There is a broad literature that suggests policy reforms to reduce these
inequalities (e.g. Causa et al. 2019). We contribute by analyzing the distributive
role of land value and taxation aimed specifically at the rental income of land in real
estate tax reform, and separating role of land and the structures upon it that make
up the real estate composite.
Exempting imputed rents from taxation is a known source of distortion and
inequality (see, for example, Fatica and Prammer 2018), and we find that when
imputed rents are exempt, the (opportunity) costs of housing for homeowners are
substantially below the rent paid by tenants. Our modeling confirms this insight
and sheds light on the underlying drivers. We find that the gap between housing
costs of homeowners and tenants is driven by the land rent tax and the land value
(property) tax. If the property land tax rate is sufficient small then the rent paid by
tenants is larger than the cost of housing for homeowners. Intuitively, a landlords
when deciding whether to self-use or rent land compares the marginal utility of land
for self use against what he would get by renting it out (that is, the rental price of
land net of taxes). When calibrated to the case of Germany and its current taxation
of real estate, the cost markup for tenants as estimated by the model is substantial
at 15% for structures and 30% for land.
Against this backdrop, this study explored two options for tax reform: (a) dou-
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Figure 5: Land and structures prices
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bling the tax on land rental income, and (b) expanding taxation of land rental
income to imputed rents. Higher taxes on land rental income not only exacerbates
the housing cost gap. The increased land rent tax rate furthermore distorts asset
accumulation away from capital and towards higher stocks of structures as long as
imputed rents are exempt. By creating incentives for homeowners to increase their
land for self-use, the supply of land for rent is decreased and the rental price of land
increases. When tenants in response substitute land for structures they drive up
both rental price and stock of structures. The numerical simulations indicates that
indeed the stock of structures increases at the expense of capital accumulation.

The root cause for the housing cost gap and the distortionary effects of the
land rental income tax is the lack of taxing imputed rents. Indeed in numerical
simulations where tax reform extends to imputed rents the housing cost gap vanishes
and the effect on accumulation of structure and capital is reversed.

The welfare analysis reveals that policy makers face a trade-off and there is no
one tax reform that would make all consumers better off. If tenants are to be made
better of by reducing inequality, our analysis suggests that it has to happen at the
expense of both landlords and owner-occupiers. It also echoes the note of caution
of above: simply raising the tax on land rental income of landlords will backfire.
The larger housing cost gap also translates to a welfare loss for tenants. The policy
implication of this finding seems clear: if the purpose of tax reform is to improve
the lot of tenants and reduce inequality then an effort to tax the land rental incomes
cannot exempt imputed rents.

An extension of the model could analyze the recent Berlin policy that puts a
price ceiling on rental housing. Such ceiling should have detrimental implications
for investments in housing. The model presented here can help shed light on the
distributional implication of such policy, which we leave for future research.
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Appendix A. Consumers’ first order conditions

We first derive the first order conditions associated with a landlord’s optimization
problem. Substituting lLL = lc,LL + lr and sLL = sc,LL + sr from (7) into (5) and (9),
setting the time derivative of (5) equal to (9), and rearranging, the budget constraint
(5) for i = LL can be rewritten as
k̇LL =w (1 − τN ) nLL + rB bLL

(A.1)

+ (1 − τK ) (qK − δK ) kLL
+ {qL lr − ξL pL (lc,LL + lr ) − τL (qL − ξL pL ) [lr + (1 − πL ) lc,LL ]}
+ {qS sr − (ξS + δS ) pS (sc,LL + sr )
− τS (qS − (ξS + δS ) pS ) [sr + (1 − πS ) sc,LL ]}


− cF,LL − τLL − pL l˙c,LL + l˙r − pS (ṡc,LL + ṡr ) − ḃLL
1−θ

Let u (c) = c1−θ . The current-value Hamiltonian associated with the maximization
problem of a landlord equal
HLL = u (cLL ) + λkLL k̇LL + λlcLL l˙c,LL + λlr l˙r + λscLL ṡc,LL + λsr ṡr + λbLL ḃLL (A.2)
where λkLL , λlcLL , λlr , λscLL , λsr , and λbLL are, respectively, the co-state variables
of kLL , lc,LL , lr , sc,LL , sr , and bLL (for a similar setting refer to Strulik, (2003)).
ϕ
1−ϕ
F
Using cLL ≡ AC cβF,LL
(cH,LL − γ)βH and cH,LL = AH lc,LL
sc,LL
from (3) and (4),
the first order conditions associated with a landlord’s maximization problem and
transversality condition are given by
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cF,LL : u0 (cLL )

∂cLL
= λkLL
∂cF,LL

(A.3a)

l˙c,LL : λkLL pL = λlcLL
l˙r : λkLL pL = λlr

(A.3b)

ṡc,LL : λkLL pS = λscLL

(A.3d)

ṡr : λkLL pS = λsr

(A.3e)

ḃLL : λkLL = λbLL
kLL : λkLL (1 − τK ) (qK − δK pF ) = ρλkLL − λ̇kLL
∂cLL ∂cH,LL
− λkLL [ξL pL + (1 − πL ) τL (qL − ξL pL )]
lc,LL : u0 (cLL )
∂cH,LL ∂lc,LL

(A.3c)

(A.3f)
(A.3g)
(A.3h)

= ρλlcLL − λ̇lcLL
lr : λkLL (1 − τL ) (qL − ξL pL ) = ρλlr − λ̇lr
∂cLL ∂cH,LL
sc,LL : u0 (cLL )
∂cH,LL ∂sc,LL

(A.3i)
(A.3j)

− λkLL [(ξS + δS ) pS + (1 − πS ) τS (qS − (ξS + δS ) pS )]
= ρλlcLL − λ̇lcLL
sr : λkLL (1 − τS ) (qS − (ξS + δS ) pS ) = ρλsr − λ̇sr
bLL : λkLL rB = ρλbLL − λ̇bLL
lim λkLL (t) aLL (t) e−ρt = 0

t→∞

(A.3k)
(A.3l)
(A.3m)

Taking the time derivative of equations (A.3b)-(A.3f), making appropriate substitutions into equations (A.3g), (A.3i), (A.3k), and (A.3l), and simplifying leads to
the following non-arbitrage conditions
rB = (1 − τK ) (qK − δK ) ,
ṗL + (1 − τL ) (qL − ξL pL )
,
pL
ṗS + (1 − τS ) (qS − (ξS + δS ) pS )
rB =
.
pS

rB =

(A.4a)
(A.4b)
(A.4c)

Similar manipulations into equations (A.3h) and (A.3j), and also employing
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(A.3a) lead to

rB =

∂cLL ∂cH,LL
∂cH,LL ∂lc,LL
∂cLL
∂cF,LL

1
ṗL − ξL pL − (1 − πL ) τL (qL − ξL pL )
+
pL
pL

rB =

∂cLL ∂cH,LL
∂cH,LL ∂sc,LL
∂cLL
∂cF,LL

1
ṗS − (ξS + δS ) pS − (1 − πS ) τS (qS − (ξS + δS ) pS )
+
(A.5b)
pS
pS

(A.5a)

Similar first order conditions also apply for owner-occupiers except those related
to renting out land and structures (equations (A.3c), (A.3e), (A.3i), and (A.3k)).
The current-value Hamiltonian associated with the maximization problem of a
tenant equals
T
}|

z



βF
AC cF,T


HT =

1−θ
{

βH 
cH,T
z }| {


ϕ
AH lc,T

s1−ϕ
−
γ

c,T


c



+ λkT [w (1 − τN ) nT
1−θ
+ (1 − τK ) (qK − δK ) kT − cF,T − qL lc,T − qS sc,T − τT ]

(A.6)

The first order conditions associated with a tenat’s maximization problem and
transversality condition are given by

∂cT
∂cF,T
∂cT
: u0 (cT )
∂cH,T
∂cT
: u0 (cT )
∂cH,T

cF,T : u0 (cT )
lc,T
sc,T

= λkT
∂cH,T
= λkT qL
∂lc,T
∂cH,T
= λkT qS
∂sc,T

kT : λkT (1 − τK ) (qK − δK pF ) = ρλkT − λ̇kT
lim λkT (t) kT (t) e−ρt = 0

t→∞

(A.7a)
(A.7b)
(A.7c)
(A.7d)
(A.7e)

qL
l . Substituting this last expression
Using (A.7b) and (A.7c) we get sc,T = 1−ϕ
ϕ qS c,T
ϕ
1−ϕ
into cH,T = AH lc,T sc,T and solving for lc,T leads to

lc,T = φ

qH
qLϕ qS1−ϕ
cH,T with qH ≡
qL
φϕ (1 − ϕ)1−ϕ AH

(A.8)
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Using (A.7a), (A.7b) and (A.8) implies
cF,T =

βF
qH (cH,T − γ)
βH

(A.9)

F
Substituting into cT = AC cβF,T
(cH,T − γ)βH and solving for cH,T we get

cH,T =

βH
q βH
pc,T cT + γ with pc,T = βF HβH
qH
βF βH AC

(A.10)

combining these equations one can verify that the tenants expenditure in final goods
and rented land and structures equal
cF,T + qL lc,T + qS sc,T = βF pc,T cT + βH pc,T cT + qH γ = pc,T cT + qH γ.
{z
}
| {z } |
cF,T

(A.11)

qL lc,T +qS sc,T

Substituting (A.10) into (A.9) implies cF,T = βF pc,T cT . Substituting cF,T = βF pc,T cT
into (A.3a) leads to c−θ
T = pc,T λkT . Time differentiating this last expression leads to
the Euler equation of a tenant which equals
(1 − τK ) (qK − δK pF ) − ρ −
ċT
=
cT
θ

ṗc,T
pc,T

(A.12)

To obtain the landlord’s expenditure in final goods plus opportunity cost of land
and structures (equation (16)) and Euler equation (18) simply use (13), derive a
similar expression for the case of structures, and follow the same steps we used to
derive equations (A.11) and (A.12).
Appendix B. Proofs
Appendix B.1. Proof of Proposition 1.
The first order conditions of owner-occupiers imply

rB =

∂cO ∂cH,O
∂cH,O ∂lc,O
∂cO
∂cF,O

1
ṗL − ξL pL − (1 − πL ) τL (qL − ξL pL )
+
pL
pL

(B.1)

Equating (12) to equation (B.1) implies
∂cO ∂cH,O
∂cH,O ∂lc,O
∂cO
∂cF,O

= (1 − πL τL ) qL + πL τL pL ξL

A similar argument follows for the case of structures.

(B.2)

Appendix B.2 Proof of Proposition 2.
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Appendix B.2. Proof of Proposition 2.
The poof immediately follows by comparing QL from equation (14) to qL . Similarly comparing QS from equation (15) to qS , and QH to qH (from equations (17)
and (20), respectively).
Appendix B.3. Proof of Proposition 3.
Let ΩF ≡ αFαF (1 − αF )1−αF AF and ΩS ≡ αSαS (1 − αS )1−αS AS
Using firms’ zero profit conditions and non-arbitrage conditions at the steady
state one can verify that

ρ
+ δK
1 − τK

 1−α1
F
ΩF
∗
=1⇒w =
∗ αF
(qK )
∗
qK
=

mcF =

αF 1−αF
qK
w
ΩF

αS
(w∗ )1−αS
qK
=
ΩF
ρ
+
(1
−
τS )δS ∗
qS∗ =
pS
1 − τS

p∗S

Q∗S =(1 − πS τS )qS∗ + πS τS δS p∗S
(Q∗L )ϕ (Q∗S )1−ϕ
ϕϕ (1 − ϕ)1−ϕ AH
(qL )ϕ (qS∗ )1−ϕ
∗
qH = ϕ
ϕ (1 − ϕ)1−ϕ AH

Q∗H =

(B.3a)
(B.3b)
(B.3c)
(B.3d)
(B.3e)
(B.3f)
(B.3g)

With Q∗L =(1 − πL τL )qL .
Using market clearing conditions for labor, capital and structures one can verify
that the capital stock of the economy equals


1
1 αF
1 − ϕ βH
w∗ N
{
+
α
K =
S
f ac δS p∗S
QS βF αF − αS
Q∗H
1 − ϕ βH
+
G − (1 − ϕ) ∗ (z1 + z2 ) γ
Q∗S βF
QS


βH ∗
1
∗
∗
∗
−
(q γ − w n3 ) + ∗ (βH w n3 + βF qH γ) (1 − ϕ)z3 }
Q∗S H
qS
∗

where


ss
βH 1 − αS
1 1 − αF
qK
1 − ϕ βH
f ac = (1 − ϕ)
+
−
δK
∗
∗
βF QS
δS p S
αF − αS
Q∗S βF
The partial derivatives of K ∗ with regard to qL and τL , respectively equal
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Q∗H
(z1
Q∗S

+ z2 ) +



βH
Q∗S

+

βF
∗
qS



∗
qH
z3

f ac
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z 1 +z 2

∂K ∗
γ(1 − ϕ)ϕ Q∗S
= − πL
∂τL
1 − πL τL f ac

(B.5b)

Aggregating the budget constraints of landlords and owner-occupiers, the expenditure in final goods of homeowners minus the cost of the minimum housing
requirement equals
p∗c,1 (z1 c∗1

+

z2 c∗2 )



1
1 − αS ∗
= [
q K − δK K ∗
βF α F − α S
αS w∗
∗
−
N + z3 βF (qH
γ − wn3 ) − G]
αF − αS

(B.6)

The partial derivatives of p∗c,1 (z1 c∗1 + z2 c∗2 ) with regard to qL and τL , respectively
equal

1−α
∗
− δK ∂K ∗
∂p∗c,1 (z1 c∗1 + z2 c∗2 ) αF −αSS qK
q∗
=
+ z3 ϕγ H∗
∂qL
βF
∂qL
qL
1−α
∗
− δK ∂K ∗
∂p∗c,1 (z1 c∗1 + z2 c∗2 ) αF −αSS qK
=
∂τL
βF
∂τL

(B.7a)
(B.7b)

The market clearing condition for land implies
ϕ
[βH p∗c,1 (z1 c∗1 + z1 c∗1 ) + (z1 + z2 )Q∗H γ]
Q∗L
ϕ
+ z3 (βH w∗ n3 + qH βF γ)
qL

L=

(B.8)
(B.9)

Applying the implicit function theorem to this last equation and using the derivatives
L
above, leads to an expression for dq
that is trivially different than zero except when
dτL
L
πL equals zero. Using the expression for dq
and applying the the chain rule for
dτL
∗
dK
∗
total differentiation to K implies dτL 6= 0 as long as πL = 1.
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