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Abstract. There is empirical evidence that households use residential houses as

status goods. In particular, people are shown to compare their houses with those at

the top of the distribution. In this paper, we introduce a residential housing sector

and status concerns for housing into a neoclassical model with heterogeneous agents.

We find that status concerns exert a negative externality and calculate a progressive

Pigovian tax schedule that corrects for the externality, implying a housing tax for

rich households of 4.6%. Implementing the tax schedule is associated with a sizable

welfare gain. We also find that when the utilitarian social planner is constrained to

housing taxes, Pigovian taxation is not constrained efficient. Further increasing the

tax for rich households to 7.9% would maximize welfare in the constrained optimum.
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1. Introduction

The fact that the well-being of individuals is not only determined by their own consumption,

but also by their relative socio-economic status is well-established in the economics and psy-

chology literature. Brain image evidence suggests that satisfaction of individuals is driven by

both their own income and by their income relative to other people (Fliessbach et al., 2007;

Dohmen et al., 2011). There is also evidence from surveys that reported happiness is highly

dependent on one’s relative income position (Di Tella et al., 2010; Birdal and Ongan, 2016).

However, signaling one’s own relative position while observing other people’s relative position

with respect to income or wealth remains a problem. Usually, individuals have little or no direct

knowledge about the income and wealth of other people, and can only infer it from observing

the behavior of their peers. In this paper, we argue that residential housing serves as a natural

measure to signal the relative income and wealth position. In other words, people use residential

housing as a positional status good. The reason is that the peers’ housing is easily observable –

in contrast to other assets like shares or bonds.

Our approach is supported by empirical and survey-experimental evidence that households

indeed use residential houses as status goods. Studies suggest that visible goods like cars and

houses are used to signal socio-economic status and that these goods are more positional than

other less visible consumption goods (Bellet, 2017; Alpizar et al., 2005; Solnick and Hemenway,

2005; Carlsson et al., 2007). In particular, Bellet (2017) reports that U.S. households’ housing

satisfaction declines when their reference housing stock in the neighborhood increases, holding

the own housing stock constant, indicating that housing exerts a negative externality.1 Interest-

ingly, the study finds that the externality is entirely driven by the top 10% of biggest houses, i.e.

people tend to exclusively compare their houses with those at the top of the distribution. This

notion is consistent with findings in the psychology literature that individuals weight upward

comparisons more heavily than downward comparisons (Boyce et al., 2010; Schor, 1999; Cheung

and Lucas, 2016).

In this paper, we introduce housing as a status good into a macroeconomic model and inves-

tigate the implications for housing taxation. For this purpose, we extend a neoclassical model

1House prices positively depend on the quality of surrounding houses and local amenities, among other charac-
teristics, indicating that housing might also exhibit a positive externality. Rossi-Hansberg et al. (2010) find that
an exogenous increase in the quality of houses, achieved by a government intervention, increases house prices for
unaffected houses in the neighborhood. Given this context, Bellet (2017) estimates the combined (net) effect of
positive and negative externalities on utility and concludes that the negative externality is dominating.
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by endogenous labor supply and (owner-occupied) residential housing. Housing services enter

household utility in two ways. First, the level of housing services affects utility (“joy from hous-

ing services”), and second, the relative amount of the housing stock in relation to a reference

stock affects utility (“status concerns”). The second channel represents the status effect of hous-

ing. In order to capture the concept of upward comparison, households are assumed to differ

in their resource endowments. In particular, we distinguish between rich and poor households

where the former are endowed with higher initial wealth, composed of financial and housing

capital. The reference housing stock is then a weighted average of the housing stock of the rich

and the poor. The model incorporates the empirically interesting case in which the reference

stock consists of rich housing only as reported by Bellet (2017).

In our model, the utilitarian social planner would correct for two distortions. The first distor-

tion arises from the unequal distribution of wealth because the social planner would equalize the

marginal utility from each of the goods across agents. In other words, if two households were

equipped with the same utility function, the social planner would command the same amount of

leisure time to both households and redistribute initial wealth such that both households enjoy

the same amount of consumption from each good (Saez and Stantcheva, 2016). Apart from this

distortion, we show that there exists a negative externality stemming from status concerns. In

contrast to the social planner, households do not take into account that increasing their own

stock of housing also lifts the reference housing stock, which exerts a negative effect on other

households’ utility and raises housing demand to inefficiently high levels. For the status exter-

nality, we distinguish between a within-group and an in-between-group externality. While the

former relates to the external effect that individual behavior has on people in the same socio-

economic group, the latter is concerned with the external effect that individual behavior has on

people of the other socio-economic group.

We derive Pigovian taxes that internalize the status externality from housing. Since the

tax depends on the individual characteristics of households, and in particular on household

wealth and permanent income, the internalizing tax differs for both household groups. For

the empirically interesting case in which only housing of the rich affects the reference stock

(Bellet, 2017), solely rich households are taxed, thereby implying a progressive housing tax

scheme. Furthermore, we show that the tax is smaller when only the within-group externality

is internalized as compared to the tax which internalizes both status externalities.
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In order to quantify the tax and the implied welfare effects, we calibrate a parameterized

version of the model to the U.S. To this end, we focus on the case where the housing reference

stock consists of only the rich’s housing. According to our calibration, the Pigovian tax on rich

households internalizing both status externalities amounts to 4.6%. We find that implementing

the tax scheme entails an aggregate welfare gain of 0.18%, measured in non-durable consumption

equivalents. Interestingly, the implementation of the tax results in a welfare gain for poor

households but a welfare loss for the rich. The reason is that the latter are not only taxed for

the within-group externality but also charged to correct for the externality that their behavior

entails for poor households.

We also investigate the tax schedule that is targeted at internalizing the within-group external-

ity among rich households and hence only partially internalizes the in-between-group externality.

It implies a considerably smaller tax for rich households compared to the first tax schedule and,

consequently, a substantially lower aggregate welfare gain. Contrary to the first tax schedule,

however, the welfare of both household groups increases when it is introduced.

Implementing the Pigovian tax schedules does not naturally result in an aggregate welfare gain

because the taxes are introduced in a second-best world. Therefore, we pursue the question of

how a utilitarian social planner could improve welfare further, beyond the level of Pigovian taxes,

just by implementing housing taxes. For this purpose, we rely on the concept of constrained

efficiency (Davila et al., 2012; Nuno and Moll, 2017). The basic idea of constrained efficiency is

that the social planner is not allowed to overcome a missing market but is instead constrained

to use other policy measures to improve welfare. In our case, we do not allow for redistributive

taxation between both groups and restrict the policy measures to constant and linear taxes

on the housing stock of the rich. We find that both Pigovian tax schedules are not constraint

efficient and calculate a welfare maximizing housing tax for rich households of 7.9% exceeding

both Pigovian taxes. Finally, we investigate the welfare maximizing tax rate for a constrained

efficient solution in which the planner cannot distinguish between both household groups and is

restricted to tax both groups at the same rate. We show that the welfare maximizing tax rate is

considerably lower at 0.9%, implying only one-third of the welfare gain as compared to separate

taxation.

We acknowledge that, aside from residential housing, durable goods such as cars, bags, or

yachts also serve as status goods that can signal high income and wealth. In fact, our theoretical
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model can be interpreted as including durable goods in general because residential housing and

other durable goods enter the model in the same way. However, most households hold by far

more residential housing compared to other durable goods2. In our paper, we therefore focus on

the role of residential housing as a status good.

The paper is organized as follows. The next subsection provides an overview of the related

literature. Section 2 introduces the model with a general utility function. In Section 3, we

implement a utilitarian social planner and solve for internalizing tax rates. Section 4 presents

the quantitative analysis of introducing Pigovian tax rates with a calibration to the U.S. Section

5 concludes.

1.1. Related Literature. In the macroeconomic literature, status concerns have been intro-

duced into neoclassical models in order to investigate the consequences for household behavior

and macroeconomic performance (Abel, 1990, 2003; Carroll et al., 2000; Alonso-Carrera et al.,

2005; Alvarez-Cuadrado et al., 2004; Fisher and Heijdra, 2009; Fisher and Hof, 2000; Garćıa-

Peñalosa and Turnovsky, 2008; Van Long and Shimomura, 2004; Wendner, 2010a,b, 2011, 2015).3

However, so far only status concerns with respect to non-durable consumption or financial wealth

have been investigated. To our knowledge, this is the first study which introduces residential

housing as a status good into a macroeconomic model. This is surprising as housing proves to be

one of the best visible and thus most natural means to signal income and wealth (as compared

to, for example, shares).

Our paper is also closely related to the literature on optimal housing taxation (Turnovsky

and Okuyama, 1994; Skinner, 1996; Gervais, 2002; Nakajima, 2010; Eerola and Määttänen,

2013). Most of the papers focus on the different tax treatment of housing and firm capital in

a general equilibrium framework. The main finding is that taxing housing capital at the same

rate as physical capital would entail a welfare gain. Since none of the papers introduced status

preferences for housing, there would be no overaccumulation of housing if both assets would

be taxed at equal rates. We argue that overaccumulation can occur even when both assets are

taxed at the same rate because of status preferences. Hence, our paper gives rise to increasing

2It is estimated that the stock of residential housing in the U.S. is of equal size as the capital stock, whereas the
value of the remaining durable goods stock is much lower (Iacoviello, 2010, 2011).
3There are also a number of papers which investigate the interaction of externalities from status concerns with
those from capital accumulation or R&D in endogenous growth models, see e.g. Corneo and Jeanne (1997, 2001),
Futagami and Shibata (1998), Liu and Turnovsky (2005), Turnovsky and Monteiro (2007), Fisher and Hof (2008),
Strulik (2015), Hof and Prettner (2016).
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housing taxes even beyond the tax on capital. Most closely related to our study is probably

the paper by Aronsson and Mannberg (2015). They introduce status preferences for housing

into a partial equilibrium model and derive optimal taxes for capital and labor if housing taxes

are not available for the government. They find that capital should be subsidized and labor

be taxed at the margin to prevent overaccumulation of housing. However, since the analysis

is restricted to the partial equilibrium, the authors cannot distinguish between transition and

steady state, and do not take into account general equilibrium repercussions. Further, our model

adds heterogeneity of agents to account for upward comparison which allows for a much richer

analysis of housing externalities.

Finally, the present study also relates to the macroeconomic literature on heterogeneous agent

as developed by Bewley (1986), İmrohoroğlu (1989), Huggett (1993), and Aiyagari (1994). In

this field, most of the literature on taxation is positive, rather than normative, and focuses

on labor and capital income taxation (see e.g. Conesa et al., 2009; Benhabib et al., 2011;

Heathcote et al., 2017). A few papers discuss the normative implications of this class of models

(Davila et al., 2012; Nuno and Moll, 2017; Krueger and Ludwig, 2018), however with a focus an

uninsurable risk and not with respect to status concerns.

2. The Model

The economy consists of households, final output producing firms, and construction firms.

Households own financial assets and residential houses. We distinguish between rich and poor

households in that the former are endowed with a larger initial housing stock and higher initial

financial assets than the latter. Final output producing firms hire labor and capital to produce

output with a neoclassical production technology. Construction firms convert one unit of final

output into one unit of residential investment.

We apply the standard assumption that the accumulation of capital entails strictly convex

adjustment costs to prevent instantaneous adjustment of capital and housing stocks. The em-

pirical literature on adjustment costs has identified costs arising at the plant level when firms

adjust the capital stock or investment (see e.g. Cooper and Haltiwanger (2006), for a recent

study). We discuss the size of capital adjustment costs in Section 4.2.

2.1. Households. The economy is populated by a continuum of households (0, 1) of mass one.

Households are heterogeneous with respect to their initial stock of housing and their initial stock
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of financial assets. In particular, we distinguish between two types of households. “Rich” and

“poor” households, hereafter denoted by the subscript r and p, respectively, are endowed with

initial housing stock d0r and d
0
p as well as initial assets a

0
r and a

0
p such that the total wealth of rich

households exceeds that of poor households, i.e. pxd
0
r+a

0
r > pxd

0
p+a

0
p with px denoting the price

of residential houses. The share of rich households in the economy is given by the parameter ϑ.

We abstract from any strategic interaction between those two groups. Households enjoy utility

from non-durable consumption c, leisure 1− ℓ, and durable consumption or housing d. Housing

refers to owner occupied housing only. In addition, households enjoy utility (or disutility) by

comparing their stock of housing with a housing reference stock H of the economy. Specifically,

we assume that individuals draw utility from status d/H ≡ z. Households maximize

∫
∞

0
ui(ci, di, zi, ℓi)e

−ρtdt (1)

where ρ denotes the time preference rate and i = {r, p}. The utility function ui(·) is assumed to

have positive and diminishing marginal returns with respect to each of the inputs ci, di, zi, and

1 − ℓi. Households receive labor income wiℓi and capital income rai. Group-specific wages are

captured by wi = ψiw where ψi denotes a group-specific productivity factor which is one for poor

households and larger than one for rich households, i.e. ψp = 1, ψr > 1. Households spend their

income for consumption of non-durables and residential investment in owner occupied housing

xi. The budget constraint reads

ȧi = wiℓi + rai − ci − pxxi (2)

where px denotes the price of residential investment in units of non-durable consumption.

Durable goods depreciate at rate δd. Therefore, the stock of housing evolves according to

ḋi = xi − δddi. (3)

The reference stock H adjusts to a weighted average of rich and poor households’ housing stocks

where the weight of housing of the rich in the reference stock is captured by γ. Therefore, the

reference housing stock evolves according to

Ḣ = θ
([
γd̄r + (1− γ)d̄p

]
−H

)
(4)
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where θ represents the adjustment speed of the reference stock and where d̄i =
∫ 1
0 di(j) dj is

the current average stock of housing of type i. Our modeling of status concerns as adjusting

reference stock is inspired by the habit formation literature (e.g. Carroll et al., 2000). This way

of modeling also refers to what is known in the literature as “catching up with the Joneses”.

Note that for θ → ∞, H → [γd̄r +(1− γ)d̄p] for all t. In this setting, the reference stock adjusts

infinitely quickly so that people directly compare their stock of housing to the current composite

of average housing of the rich and the poor. Therefore, our model is able to capture the case of

“keeping up with the Joneses” as well. For both cases, household choices of di have no impact

on d̄i and, hence, on H, so that households take the evolution of H exogenous.

Also notice that by simply setting γ = 1, our model includes the empirically interesting case

in which households only compare their houses to those of the rich. In case γ = ϑ, the share in

the reference stock equals the population share of each household type and the reference stock

represents the arithmetic mean of rich and poor households’ average housing. In the theoretical

part of the paper, we analyze the general case of 0 ≤ γ ≤ 1, while in the quantitative section

(Section 4) we focus on the empirically more relevant case of γ = 1.

The Hamiltonian of the maximization problem reads

Hi = ui + λi(wiℓi + rai − ci − pxxi) + µi(xi − δddi), (5)

where λi and µi denote shadow prices of assets and housing, respectively. Note that, for presen-

tational purposes, we suppress the arguments in the utility function from now on. First-order

conditions are given by

∂Hi

∂ci
= 0 ⇒ uici = λi (6a)

∂Hi

∂xi
= 0 ⇒ λipx = µi (6b)

∂Hi

∂ℓi
= 0 ⇒ uiℓi = −λiwi (6c)

∂Hi

∂ai
= ρλi − λ̇i ⇒ λir = ρλi − λ̇i (6d)

∂Hi

∂di
= ρµi − µ̇i ⇒ uidi + uizi

∂zi
∂di

− µiδd = ρµi − µ̇i (6e)

lim
t→∞

e−ρtλiai = 0 lim
t→∞

e−ρtµidi = 0, (6f)
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where uici denotes the partial derivative of the utility function of type i with respect to ci

etc. Log-differentiating (6a) with respect to time and using (6d) yields the Euler equation for

consumption growth

ċi
ci

=
r − ρei
σei

(7)

with

σei = −ci
uicici
uici

, ρei = ρ−
uicidi ḋi + uicizi żi + uicili ℓ̇i

uici

being the effective intertemporal elasticity of substitution and the effective time preference,

respectively. In order to give an intuition for the Euler equation, assume that, for example, the

cross derivative of the utility function with respect to non-durable consumption ci and housing di

is positive (uicidi > 0). This would mean that the marginal utility of consumption is increasing

in the housing stock. In case the housing stock is increasing over time (ḋi > 0), the Euler

equation implies that consumption growth is higher as individuals tend to substitute present for

future consumption when the housing stock is larger. If di, zi, and ℓi are additively separable

to consumption in the utility function, whether consumption rises or falls over time depends

only on the relative size of the interest rate and the discount factor as in the standard Ramsey

model. In other words, ρei = ρ holds.

From (6a) and (6c) we obtain an optimality condition equating the wage rate to the marginal

rate of substitution between non-durable consumption and leisure,

wi = −
uiℓi
uici

≡MRSi
ℓici
. (8)

Dividing (6e) by µi and using (6b) and (6a) gives

ρ−
λ̇i
λi

︸ ︷︷ ︸

r

−
ṗx
px

=
uidi + uizi

∂zi
∂di

pxuici
− δd

⇔ px(r + δd)− ṗx =
uidi + uizi

∂zi
∂di

uici
≡MRSi

dici
. (9)

Since housing serves both as a consumption good and an asset, we can interpret this optimality

condition in two ways. From the viewpoint of a consumption good, the condition equates

the relative price of one unit of housing to the marginal rate of substitution between housing
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and non-durable consumption. The opportunity costs of one unit of housing in terms of non-

durable consumption on the LHS increase in the forgone consumption goods that could have

been purchased instead of investing in housing, px(r + δd), and falls following price increases in

houses, ṗx. Note that the marginal utility from housing in the numerator on the RHS includes

the additional effect of another unit of housing on utility that is triggered by improving relative

to others (second term).

Treating housing as an asset, the equation can be also interpreted as a no-arbitrage condition.

To see this, the equation can be rearranged to r = MRSi
dici

/px + ṗx/px − δd. The gain of

investing one more unit in financial capital, r, must be equal to the gain of investing in housing

which is given by the marginal rate of substitution converted into final goods with price px, and

the growth rate of house prices net of depreciation.

Since status concerns increase the marginal rate of substitution for consumption and hous-

ing, they increase housing demand and decrease demand for non-durable consumption, ceteris

paribus. If housing, leisure and non-durable consumption are normal goods, higher status con-

cerns also increase labor supply.

2.2. Construction firms. There exists a continuum (0, 1) of construction firms producing

residential investment goods. We follow the macroeconomic housing literature and assume that

these firms convert one unit of final output into one unit of residential investment under perfect

competition (Gervais, 2002; Chambers et al., 2009; Eerola and Määttänen, 2013; Strulik and

Trimborn, 2018). Therefore, the price of one unit of residential investment is identical to the

price of final output, i.e. px = 1.

2.3. Final output producing firms. There exists a continuum (0, 1) of final output producing

firms. Each firm employs capital k and labor L and produces with a neoclassical production

function y = f(k, L). The capital stock is owned by the firm and depreciates with rate δk. Firms

have to pay strictly convex adjustment costs φ(i/k) per unit of installed capital. We normalize

adjustment costs and marginal adjustment costs to zero at the steady state such that φ(δk) = 0

and φ′(δk) = 0 holds.

Firms choose investment, i, and labor, L, to maximize

∫
∞

0

[

Af(k, L)− wL− i− kφ

(
i

k

)]

e−
∫ t

0
r(s)dsdt (10)
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subject to

k̇ = i− δkk. (11)

First-order conditions are given by

w = A
∂f(k, L)

∂L
(12)

q = 1 + φ′
(
i

k

)

(13)

q̇ = (r + δk)q −A
∂f(k, L)

∂k
+ φ

(
i

k

)

−

(
i

k

)

φ′
(
i

k

)

(14)

where q denotes the shadow price of capital.

2.4. General Equilibrium. Having set up the model in the last section, we will now define the

general equilibrium of the economy. We assume symmetry within the strata of the population,

i.e. we abstract from differences within the rich as well as the poor household group.

Definition 1. A general equilibrium consists of time paths for the quantities

{di, ai,H, k, L, ℓi, ci, xi, i}
∞

t , factor prices {r, w}∞t , and shadow price {q}∞t such that

(1) di = d̄i for all t,

(2) households maximize intertemporal welfare (1),

(3) final goods producers maximize profits, i.e. (12), (13), and (14) hold,

(4) construction firms maximize profits, i.e. px = 1,

(5) the capital market equilibrium condition ϑar + (1− ϑ)ap = qk holds,

(6) the labor market equilibrium condition ϑψrℓr + (1− ϑ)ℓp = L holds, and

(7) the goods market equilibrium condition y = ϑ (cr + pxxr)+(1−ϑ) (cp + pxxp)+i+kφ(i/k)

holds.

The evolution of capital in the economy can thus be summarized by

k̇ = f(k, L)− ϑ (cr + xr)− (1− ϑ) (cp + xp)− δkk − kφ(i/k). (15)

For convenience, we collect the equations that describe the evolution of the economy over time:

k̇ = f(k, L)− ϑ (cr + xr)− (1− ϑ) (cp + xp)− δkk − kφ(i/k) (16a)

ḋi = xi − δddi (16b)
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Ḣ = θ
([
γd̄r + (1− γ)d̄p

]
−H

)
(16c)

ċi
ci

=
r − ρei
σei

(16d)

wi = −
uiℓi
uici

(16e)

r + δd =
uidi + uizi

∂zi
∂di

uici
(16f)

w = A
∂f(k, L)

∂L
(16g)

q = 1 + φ′
(
i

k

)

(16h)

q̇ = (r + δk)q −A
∂f(k, L)

∂k
+ φ

(
i

k

)

−

(
i

k

)

φ′
(
i

k

)

(16i)

qk = ϑar + (1− ϑ)ap (16j)

L = ϑψrℓr + (1− ϑ)ℓp (16k)

together with the initial conditions k(0) = k0, ai(0) = a0i , di(0) = d0i , and H(0) = H0.

2.5. Steady State. We assume, and verify numerically below, that the system exhibits a unique

interior steady state which is saddle-point stable. At the steady state, all aggregates are constant

and adjustment costs and marginal adjustment costs are normalized to zero. This implies that

in the steady state the aggregate capital-labor ratio is pinned down by the households’ discount

rate since ρ = r must hold, i.e.

ρ = r = Af ′(k/L)− δk (17)

and hence the wage rate is given as well. Our main equation of interest (9) at the steady state

thus reads

ρ+ δd =
uidi + uizi

∂zi
∂di

uici
(18)

where we have used that px = 1.

3. Negative Externalities, Constrained Efficiency, and Taxation

In this section we analyze whether status concerns exhibit an externality and how the exter-

nality can be corrected for by taxing residential houses. We therefore introduce a benevolent
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utilitarian social planner with the objective function

V = ϑ

∫
∞

0
ur(cr, dr, zr, ℓr)e

−ρtdt+ (1− ϑ)

∫
∞

0
up(cp, dp, zp, ℓp)e

−ρtdt. (19)

In our model, two distortions arise which the social planner would correct for. The first distortion

arises from the unequal distribution of wealth because the social planner would equalize the

marginal utility from each of the goods across agents. To see this, suppose that both household

groups were equipped with the same utility function. Since the utility function is assumed to

be concave in every of its arguments, the social planner would command the same amount of

leisure time to both households and redistribute initial wealth such that both households enjoy

the same amount of consumption from each good (Saez and Stantcheva, 2016). Apart from this

distortion, there exists a negative externality stemming from status concerns. In contrast to the

social planner, households do not take into account that increasing their own stock of housing

also lifts the reference housing stock, which exerts a negative effect on other households’ utility

and raises housing demand to inefficiently high levels. In other words, households engage in a rat

race. They wish to own a larger stock of housing compared to their peers in order to increase

utility derived from status. However, their peers respond in the same way and also increase

their stock of housing such that in equilibrium the utility premium from status is mitigated. For

the status externality, we distinguish between within-group and in-between-group externalities.

While the former relates to the external effect that individual behavior has on people in the same

socio-economic group, the latter is concerned with the external effect that individual behavior

has on people of the other socio-economic group.

For calculating the size of both status externalities we now face the following obstacle. If the

social planner maximized aggregate welfare as given by equation (19) subject to the resource

constraints of the economy, also the distortion from the unequal wealth distribution would be

internalized. In order to carve out only the negative external effect of status on household

utility, we instead maximize the planner’s objective function subject to the household resource

constraints and the evolution of the reference stock, Ḣ. In other words, the social planner

can be thought of improving only on the household decisions about non-durable consumption,

housing, and labor supply, taking the factor prices as given. In particular, through this strategy

we rule out transfers between households which the planner would have applied to alleviate the
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distortion from the unequal wealth distribution. In a second step we then derive Pigovian taxes

on the housing stock that exactly internalize the status effect of housing.

The Pigovian taxes we calculate do not necessarily result in an aggregate welfare gain because

the taxes are introduced in a second best world. Therefore, a natural question is how the social

planner could improve welfare further, beyond the level of Pigovian taxes, just by implementing

housing taxes. For this purpose, we rely on the concept of constrained efficiency (Davila et al.,

2012; Nuno and Moll, 2017). The basic idea is that the social planner is not allowed to overcome

a missing market but instead is constrained to use other policy measures to improve welfare.

In our case, we do not allow for redistributive taxation between both groups and restrict the

policy measures to constant and linear taxes on housing of the rich household group. Due to

the complexity of the problem, we rely on numerical simulation techniques (see Section 4.5)

instead of calculating the constrained optimum analytically.4 Intuitively, Pigovian taxation is

not constrained efficient since taxes on housing affect factor prices and therefore allow for further

redistribution from rich households (with a low marginal utility) to poor households (with a high

marginal utility). We will elaborate further on this channel in the quantitative section.

3.1. Internalizing Externalities from Housing Status. We calculate the size of the exter-

nality which is caused by status concerns for housing. Contrary to the households, the social

planner takes the evolution of the reference stock of housing Ḣ into account, and that the house-

hold’s choice of housing di equals the average housing stock of households of type i, d̄i. The

social planner maximizes (19) subject to ȧr, ȧp, ḋr, ḋp, Ḣ, and with di = d̄i. The Hamiltonian

is given by

H =ϑur + (1− ϑ)up + λr(wrℓr + rar − cr − pxxr) + λp(wpℓp + rap − cp − pxxp) (20)

+ µr(xr − δddr) + µp(xp − δddp) + ηθ ([γdr + (1− γ)dp]−H)

where η denotes the shadow price of the reference stock.

Summarizing the first-order conditions as presented above yields

ċi
ci

=
r − ρei
σei

(21)

4Grossmann et al. (2017) use a similar approach to calculate a welfare maximizing tax regime.
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with

σei = −ci
uicici
uici

, ρe = ρ−
uicidi ḋi + uicizi żi + uicili ℓ̇i

uici
,

wi = −
ũiℓi
ũici

≡ M̃RS
i

ℓici
(22)

px(r + δd)− ṗx =
urdr + urzr

∂zr
∂dr

+ γηθ
ϑ

urcr
(23a)

px(r + δd)− ṗx =
updp + upzp

∂zp
∂dp

+ (1−γ)ηθ
1−ϑ

upcp
(23b)

and the flow equation for the shadow price of the reference stock

η̇ = η(ρ+ θ)− ϑurzr
∂zr
∂H

− (1− ϑ)upzp
∂zp
∂H

. (24)

Comparing the optimality conditions to the counterpart of the decentralized economy shows that

equations (21) and (22) are the same as in the market solution. However, Equations (23a) and

(23b) differ in the numerator to the market solution by γηθ
ϑ

and (1−γ)ηθ
(1−ϑ) , respectively, implying

that an externality arises for the housing demand of rich and poor households. Note that if

the reference stock does not adjust to the weighted average stock of housing of the households,

i.e. if θ = 0, the market solution and the planner’s solution coincide. Also notice that for the

empirically interesting case γ = 1, the reference stock consists of rich households’ housing only

and the externality exclusively arises for housing demand of the rich. Focusing on the steady

state (η̇ = 0), we can derive a simple expression for η given by

η =
ϑurzr

∂zr
∂H

+ (1− ϑ)upzp
∂zp
∂H

ρ+ θ
. (25)

Applying this to the optimality conditions (23a) and (23b) yields

ρ+ δd =
urdr + urzr

∂zr
∂dr

+ γθ
ρ+θ

(

urzr
∂zr
∂H

+ 1−ϑ
ϑ
upzp

∂zp
∂H

)

urcr
(26a)

ρ+ δd =
updp + upzp

∂zp
∂dp

+ (1−γ)θ
ρ+θ

(

upzp
∂zp
∂H

+ ϑ
1−ϑ

urzr
∂zr
∂H

)

upcp
. (26b)
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We explain the intuition behind this result by the example of rich households. The explanation

holds likewise for poor households. By comparing the social planner’s solution (26a) to the

market solution (18), we find that the term γθ
ρ+θ

(

urzr
∂zr
∂H

+ 1−ϑ
ϑ
upzp

∂zp
∂H

)

constitutes the externality

in the steady state. The externality thus consists of the negative effect that the increasing

reference housing stock has on utility of rich and poor households. In the market solution, rich

households fail to take into account that, in case γ > 0, their higher housing demand triggered

by status concerns translates into a higher reference stock which in turn drives down their utility

premium from status. Interestingly, also the poor households are affected by this mechanism

as they share the same reference stock with the rich. This implies that the increase in the

reference stock that is unconsciously caused by a higher housing stock of the rich reduces the

utility premium from status for the poor as well. Note that the degree to which the harmful

effect for poor households contributes to the total externaility is weighted by the relative share

of those households in the economy, 1−ϑ
ϑ

.

The size of the external effect is further determined by the ratio θ
ρ+θ

and is thus increasing

in the adjustment speed θ and decreasing in the time preference rate ρ. The intuition for this

result with respect to θ can best be understood by first inspecting the limiting case of θ = 0. In

this case, the reference stock does not adjust and the social planner’s solution would coincide

with the market solution, i.e. status concerns would not cause an externality. The reason is that

additional housing demand caused by status would indeed increase household utility, because

in this case the reference stock does not respond to a larger housing stock. In the intermediate

case of 0 < θ < ∞, the reference stock responds with a delay to the weighted average housing

stock of rich and poor households. Hence, when a household increases housing by one unit, it

enjoys utility from status immediately just as in the case of θ = 0. However, the reference stock

adjusts over time, thereby driving down the utility premium from status. The household does

not take into account that its own higher housing stock causes the adjustment which, in the

end, causes the external effect. The higher θ the faster is the adjustment, and hence the larger

is the external effect. Finally, in the limiting case θ → ∞ and thus θ
θ+ρ

→ 1 so that all of the

effect which a higher reference stock has on utility of rich and poor households is inefficient.

Having this in mind it is now straightforward how the household’s discount rate ρ affects the

size of the external effect. With a larger ρ, households discount future instantaneous utility with

a higher rate and immediate gratification has a higher impact on household behavior. Therefore,
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with a larger ρ the distant future at which the reference stock adjusts and reduces utility from

status concerns has less weight for the household (and likewise for the social planner), which

decreases the fraction of the reference stock effect that is inefficient.

3.2. Pigovian Taxation. Since the market solution is socially inefficient, we derive the tax rate

on housing wealth that internalizes the externality caused by status concerns. For this purpose,

we introduce the tax rate τi on the stock of residential housing into the budget constraint as

follows:

ȧi = wiℓi + rai − ci − pxxi − τidi + Ti. (27)

In line with our modeling of the social planner, the tax income generated from household type

i is redistributed to household i by a lump sum transfer Ti, implying zero net transfers across

household types. Hence, the government faces two budget constraints according to τrdr = Tr

and τpdp = Tp . We now recalculate the market solution. Equation (9) is then modified to

px(r + δd)− ṗx =
uidi + uizi

∂zi
∂di

uici
− τi. (28)

The internalizing tax rate can be determined by comparing this optimality condition to its

counterpart of the social planner’s solution in (23a) and (23b).5 For the case of θ < ∞ the

resulting tax rate is thus given by

τr = −
γηθ

ϑurcr
(29a)

τp = −
(1− γ)ηθ

(1− ϑ)upcp
. (29b)

Focusing on the steady state,

τrSS
= −

γθ

ρ+ θ

urzr
∂zr
∂H

+ 1−ϑ
ϑ
upzp

∂zp
∂H

urcr
(30a)

τpSS
= −

(1− γ)θ

ρ+ θ

upzp
∂zp
∂H

+ ϑ
1−ϑ

urzr
∂zr
∂H

upcp
. (30b)

For the case of θ → ∞, the internalizing tax is

τr = −γ
urzr

∂zr
∂H

+ 1−ϑ
ϑ
upzp

∂zp
∂H

urcr
(31a)

5Grossmann et al. (2013) use a similar procedure to derive the internalizing tax rate.
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τp = −(1− γ)
upzp

∂zp
∂H

+ ϑ
1−ϑ

urzr
∂zr
∂H

upcp
(31b)

at the transition and at the steady state. Since ∂zi
H

< 0, in both cases the internalizing tax is

positive on the transition path and at the steady state, implying that housing demand in the

decentralized economy is too high. The tax coincides with the size of the external effect and

thus the comparative statics results regarding the parameters θ and ρ from above apply likewise.

Note again that the tax for rich households also corrects for the detrimental effect that their

behavior has on the poor and vice versa. In order to further characterize the tax, we will next

investigate it for the empirically interesting case in which the housing reference stock consists of

rich households’ houses only as concluded by Bellet (2017). For this purpose, we assume γ = 1

such that the reference stock H only depends on houses of the rich dr. As mentioned above,

in this setting status only entails an externality for the behavior of rich households, implying

that there is no need for corrective taxes for the poor. We will first derive the tax for the rich

internalizing also in-between-group externalities, i.e. externalities that affect both rich and poor

households, and second the tax which is targeted at internalizing only within-group externalities

among the rich.

Externalities on Rich and Poor Households. The tax imposed on rich households for γ = 1

internalizing both within-group and in-between-group externalities reads

τ∗∗r = −
ηθ

ϑurcr
(32)

and in the steady state

τ∗∗rSS
=

θ

dr(ρ+ θ)

urzr +
1−ϑ
ϑ

dp
dr
upzp

urcr
(33)

where we have used that H = dr holds in the steady state. Multiplying the tax rate in equation

(33) by dr gives the total tax payments that the household has to incur. Note that dividing uizi

by uici converts the marginal utility from status into monetary equivalents. Intuitively, at the

steady state rich households are charged the marginal gain from status expressed in $’s weighted

by the size of the external effect which is determined by θ
θ+ρ

. In case θ → ∞, all of the higher

housing demand induced by status is socially inefficient so that rich households have to “pay

back” all of the monetary marginal gain from status in the economy. The tax also includes
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the externality that the behavior of rich households has on the poor. As a consequence, the

inefficient part of the monetary marginal gain from status in the economy that is to be taxed

away is driven by status concerns of both the rich and the poor. Notice that calculating the

aggregate marginal gain from status includes weighting the poor households according to the

relative size of their aggregate housing stock 1−ϑ
ϑ

dp
dr

in the economy.

Within-group-externalities. The tax imposed on rich households as derived in equations (32)

and (33) does not coincide with the tax that a planner would choose to accommodate the rich.

The reason is that rich households also have to pay for the detrimental effect that their behavior

has on the utility of the poor. If the rich had enough power to influence the social planner,

they would vote for a lower tax only internalizing the external effect which the behavior of the

rich entails for themselves. In this case, the planner only takes status concerns of the rich into

account. The tax in this setting can be written as

τ∗r = −
η̃θ

ϑurcr
(34)

where the differential equation for η̃ is given by ˙̃η = η̃(ρ + θ)− ϑurzr
∂zr
∂H

. Therefore, the tax in

the steady state reads

τ∗rSS
=

θ

dr(ρ+ θ)

urzr
urcr

. (35)

The economic intuition behind this results is similar to the previous case. Again, at the steady

state rich households have to pay the marginal gain from status expressed in $’s weighted by the

size of the external effect. The difference is that the rich are only charged for the externality that

their behavior entails for themselves and thus τ∗rSS
< τ∗∗rSS

. Although this tax will be favored by

the rich, the implementation of τ∗rSS
will lead to lower aggregate welfare than the implementation

of τ∗∗rSS
since the negative external effect imposed on the poor will only partially be corrected

for.

4. Quantitative Analysis

4.1. Parametrization. In this section, we set up a parameterized version of the model pre-

sented above. For this purpose, we assume that households feature an additively separable

18



utility function. This facilitates the calibration procedure, since we can directly infer the subu-

tility from housing for which we have data.6 We further assume that the utility functions of

both household groups are identical except for two aspects. First, the weight of leisure in utility

is group-specific, which allows us to match the same amount of hours worked for rich and poor

households at the steady state despite different wealth of both groups. Second, we allow for a

group-specific weight of status in utility in order to match the different impact of status concerns

on utility as found in the empirical literature.

Individuals maximize the following expression of life-time utility

∫
∞

0

(

c1−σc

i − 1

1− σc
+ βd

d1−σd

i − 1

1− σd
+ βH,i

1

1− σH

[(
di
H

)1−σH

− 1

]

+ βℓ,i
(1− ℓi)

1−σℓ − 1

1− σℓ

)

e−ρtdt

(36)

subject to

ȧi = ψiwℓi + rai − ci − pxxi (37)

ḋi = xi − δddi . (38)

Equations (7)-(9) can be written as

ċi
ci

=
r − ρ

σc
(39)

wψi = βℓ,i
cσc

i

(1− ℓi)σℓ
(40)

px(r + δd)− ṗx =
βdd

−σd

i +
βH,i

di

(
di
H

)1−σH

c−σc

i

. (41)

For the formation of the reference stock we rely on the findings of Bellet (2017) and assume that

only the housing stock of the rich affects the reference stock. This kind of upward comparison is

also consistently found in the literature on social comparison (see e.g. Boyce et al., 2010; Schor,

1999; Cheung and Lucas, 2016). In the context of our model, this implies that γ = 1 and thus

Ḣ = θ(d̄r −H) holds. Therefore, the internalizing taxes on housing wealth of the rich and the

6We acknowledge that this shuts down the possibility that, for example, leisure has a positive impact on the
marginal utility of housing (because households need leisure time to enjoy their dwelling). However, we expect
this interaction to be only a second-order effect.
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poor are given by

τ∗∗r = −
ηθ

ϑ
cσc
r (42a)

τ∗∗p = 0 (42b)

and at the steady state by

τ∗∗rSS
=
θβH,r

ρ+ θ

cσc
r

H

((
dr
H

)1−σH

+
1− ϑ

ϑ

(
dp
H

)1−σH

)

(43a)

τ∗∗pSS
= 0, (43b)

respectively. For the supply side, we assume that final output producing firms face quadratic

capital adjustment costs, φ(i/k) = φ̂(i/k − δk)
2. This assumption is frequently used in the

dynamic macroeconomic literature (e.g. Smets and Wouters, 2007). The remaining model is

implemented in Matlab and impulse responses are obtained by using the Relaxation algorithm

(Trimborn et al., 2008). In contrast to calculating the solution of the linearized dynamic system,

the algorithm calculates the exact solution up to a user-specified error. It is thus very useful

when utility integrals have to be computed for which an exact numerical solution is needed. We

also employ a method to ensure that non-negativity constraints for residential investment and

capital investment hold (Trimborn, 2013).

4.2. Calibration. We calibrate the model with U.S. data and fit the model’s initial steady state

with a zero tax on housing to the U.S. economy. In order to calibrate parameters characterizing

both household groups, we mostly rely on disaggregated data from the American Housing Survey

(AHS, 2015) and the results from Bellet’s (2017) regression analysis. Since the American Housing

Survey consists of a comprehensive sample of suburban homeowners, our rich household group in

the model can be interpreted as being the suburban homeowners of the top 10% biggest houses

of the housing size distribution, and the poor household group being the suburban homeowners

of the remaining 90%.

We set the capital share to 0.38 (Strulik and Trimborn, 2012), and the steady state interest

rate to 6%, which implies ρ = 0.06 (e.g. Barro et al., 1995). For depreciation of physical capital,

we take the average rate measured for the U.S. between 1948 and 2001, δk = 0.058 (Davis and

Heathcote, 2005), and for depreciation of residential houses we take the average between 1948

and 2008, δd = 0.015 (Davis and Heathcote, 2005; Eerola and Määttänen, 2013).
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The empirical evidence for the size of adjustment costs is mixed, but they are usually estimated

to be small (see e.g. Cooper and Haltiwanger (2006) and Shapiro (1986) for different estimates).

In contrast, the DSGE literature estimates much larger adjustment costs (Smets and Wouters,

2007). We choose an intermediate value for the adjustment costs and set the value equal to one.

Our results turn out to be almost independent of the size of adjustment costs. Furthermore, we

set θ = 3.4 in line with the literature on habit formation (Ravn et al., 2006). The value of θ

implies that the reference stock adjusts with a halflife of about 2.5 months.

The relative size of the rich household group in total population is given by ϑ = 0.1 according

to the decomposition of households in Bellet (2017). For the preference parameters related to

leisure we assume a Frisch elasticity of one-half, close to the Micro estimates (Chetty et al., 2011),

and we assume that both types of households supply one quarter of their time endowment on

the labor market. This gives σℓ = 6, βℓ,r = 0.43, and βℓ,p = 1.78. We set σc and σd equal to 2 for

both types of households in accordance with the literature (Chetty, 2006; Ogaki and Reinhart,

1998). The value of βd is fixed to match the housing-stock-to-total-asset ratio of households in

2008 of about 0.5 (Iacoviello, 2010, 2011), which yields βd = 1.26.

In order to match the ratio of rich to poor’s total income of 1.47 (AHS, 2015), we calibrate

the productivity parameter to ψr = 1.18. We set the relative initial level of assets to 7.6 in order

to match the initial ratio of the rich-to-poor housing stock of 2.4 (AHS, 2015). Therefore, our

model replicates the empirical fact that inequality in financial assets is much larger compared

to the inequality in labor income and housing (Dı́az and Luengo-Prado, 2010).

With respect to the status preference parameters we set σH = 2 and calibrate the share

parameter of status such that it replicates the empirical findings of Bellet (2017) for both house-

hold groups. He finds that an increase in the average household’s reference stock by one percent

reduces housing satisfaction by 0.43% while leaving the own housing stock unchanged.7 He

additionally finds that the status effect for the top 10% households is twice as big compared to

the disutility experienced from average households. Our household preferences replicate these

heterogeneous status effects for βH,r = 0.077 and βH,p = 0.007. Thus, while both groups are

prone to status concerns, the impact of the reference stock on status is much stronger for rich

households, ceteris paribus.

7Bellet (2017) reports in his paper that a doubling of the references stock leads to a reduction in housing satis-
faction of 0.35 where housing satisfaction is measured on a 1–10 scale. The average housing satisfaction in the
sample amounts to 8.2, implying that a decline of 0.35 is on average associated with a reduction of 4.3% in housing
satisfaction.
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The parameter values of our benchmark calibration are summarized in Table 1.

Table 1. Parameter Values

A. general parameters

A α δk δd r∗ φ̂ θ ψr ϑ
1 0.38 0.058 0.015 0.06 1 3.4 1.18 0.1

B. preference parameters

(ρ) (βd) (βH,r) (βH,p) ℓ∗r ℓ∗p (βℓ,r) (βℓ,p) Frisch (σℓ) σc σd σH
0.06 1.26 0.077 0.007 0.25 0.25 0.43 1.78 0.5 6 2 2 2

Notation in parenthesis indicates implied values.

4.3. Introducing the tax τ∗∗r . In the following, we present our main numerical application

to the model. Suppose the economy rests at the initial steady state as calibrated in the last

subsection with no taxes on housing wealth. Then the tax τ∗∗r for rich households as derived

above is introduced which internalizes both the within-group externality and the in-between-

group externality from status. Figure 1 illustrates the response of the model variables to the

intervention.

Panel (ix) shows the transition path of the tax to its steady state level. It starts at 4.48% right

after the intervention and converges to 4.55% at the steady state. Thus, the tax is remarkably

constant over time.

Panel (ii) shows the response of the aggregate housing stock to the tax. The housing stock de-

creases gradually to its new lower steady state level. Quantitatively, the drop is quite substantial

as the economy’s aggregate housing demand reduces by more than 4%. During the transition,

resources that have previously been used for residential investment are now partially used for

capital investment. Therefore, the capital stock increases temporarily and returns towards its

steady value in the long-run (panel (i)).

The housing tax has a direct impact on housing demand of rich households. They reduce

housing on impact (panel (iv)) and even further during the transition towards the new steady

state. At the new steady state, rich households hold almost 20% less housing as compared to

the initial steady state. Since dr = H holds in the steady state, we observe the same drop in

the steady state level of reference housing (panel (iii)). For interpreting the response of rich

households with respect to labor supply and non-durable consumption, recall that the housing

tax is rebated in a lump sum way to rich households, meaning that the tax does not exert a

negative income effect. Rich households respond to the resulting substitution effect by increasing
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Figure 1. Introduction of the Internalizing Tax for both Externalities
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Response to introduction of the internalizing tax on housing wealth for both externalities. The panel shows
impulse responses for capital, k, the aggregtate housing stock, d, the housing reference stock, H , housing of
rich households, dr, housing of poor households, dp, financial assets ar and ap, consumption cr and cp, hours
worked, ℓr and ℓp, and the housing tax, τ∗∗

r . Aggregate values are normalized to 1 at the initial steady state,
disaggregated values of d, a, ℓ, and c are normalized by the aggregate respective values of the initial steady
state. Black (solid) lines indicate aggregate values, blue (dashed) lines indicate values of rich households,
and red (dotted) lines indicate values of poor households. Crosses indicate the initial steady state values.

non-durable consumption and reducing labor supply, since housing, non-durable consumption

and leisure are normal goods. This implies that households initially financed the higher housing

demand triggered by status concerns by supplying more labor and consuming less non-durable

goods.

Poor households are not directly affected by the tax because it only applies to rich households.

They are, however, affected by the declining reference stock, which reduces the pressure from

status to accumulate a large housing stock. At the new steady state, poor households reduce their

housing stock by 0.7% (panel (v)), which is considerably less as compared to rich households.

On impact, poor households even demand more housing because the relative price of housing
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and financial assets, 1/q, declines on impact. Contrary to rich households, poor households’

non-durable consumption and labor supply are only marginally affected by introducing the tax.

The tax has implications for the distribution of housing. Since rich households reduce their

stock of housing by much more compared to poor households, the housing distribution becomes

more equal. The rich-to-poor housing size ratio reduces from 2.4 at the initial steady state to

almost 1.9 at the new steady state. However, the tax fails to affect the distribution of total

assets, (ar + dr)/(ap + dp), for which the rich-to-poor ratio remains almost constant at 4.5. The

reason is that the tax revenues from taxing rich households are redistributed to rich households

only. By assumption, inter-group transfers are impossible. Thus, rich households respond to

the tax by reducing housing, and increasing their holdings of financial assets at the same time

(panel (vi)). This implies that their aggregate asset holdings remain almost unaffected by the

tax.

We next come to the effects which the tax entails for welfare. In order to present the wel-

fare effects in countable units, we transform it into non-durable consumption equivalents. For

example, a welfare gain for one of the household groups of x% implies that individuals would

be indifferent between implementing the policy or changing non-durable consumption by x%

forever. Consequently, a gain of x% in aggregate welfare would imply that the social plan-

ner is indifferent between implementing the policy measure or raising both household groups’

non-durable consumption by x%.

We find that implementing the tax τ∗∗r entails an aggregate welfare gain of 0.18%, measured

in consumption equivalents. At first glance, this number may not be of considerable size. This

impression changes, however, when contrasting our results to comparable outcomes that have

been found in the literature. Lucas (1990), for example, examined the welfare gain that is caused

by abolishing capital taxation and finds that the resulting gain in consumption equivalents

amounts to 1%. Therefore, our results for the welfare gain induced by introducing a tax on

housing wealth is associated with a gain in consumption equivalents that is about 18% of the

gain from eliminating all capital taxes.

Recall also that the theory of second best implies that introducing τ∗∗r does not necessarily

result in an aggregate welfare gain. In fact, the second distortion (unequal distribution of assets

and permanent income across households) which prevails in our model economy might interact

with the externalities such that introducing the tax τ∗∗r results in a welfare loss. We elaborate
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more on the interaction of housing taxes with the second distortion below and derive welfare

maximizing taxes in the (constrained) optimum.

Another interesting result arises at the disaggregated level. Rich households suffer a welfare

loss of -0.88%, whereas poor households gain 0.24%.8 When internalizing both externalities, the

social planner maximizes aggregate welfare, not necessarily the welfare of each group. Internaliz-

ing the within-group externality with a tax on the rich’s houses unambiguously increases welfare

for rich households. It raises also welfare for poor households because taxing housing wealth

of the rich reduces the rich’s stock of housing and hence the reference stock. Poor households

gain utility c.p. since they compare their own stock of housing against a smaller reference stock.

Raising taxes even higher, beyond the rate which internalizes the within-group externality, fur-

ther raises the welfare of the poor as the reference stock declines further. However, it may reduce

the welfare of the rich even beyond the level of welfare which rich households enjoy at the initial

steady state. The social planner weights welfare gains of poor households and welfare losses

of rich households employing an utilitarian aggregate welfare function, i.e. he increases the tax

such that the marginal welfare loss of rich household equals the marginal welfare gain of poor

households, both weighted by the relative size of each group. Our quantitative results show that

this would result in a welfare loss for rich households.

4.4. Introducing the tax τ∗r . We showed that introducing the tax τ∗∗r on housing wealth of

the rich results in a welfare loss for the rich household group. Therefore, the tax might be

unfeasible to implement, for example for political reasons. We now turn to the implementation

of the tax τ∗r , which is targeted at internalizing only the within-group externality among rich

households. Since both types of externalities call for a positive tax, τ∗r is strictly smaller than

τ∗∗r . The shadow price of the reference stock is now determined by η̃ with

˙̃η = η̃(ρ+ θ)− ϑuzr(cr, dr, zr, ℓr)
∂zr
∂H

. (44)

Taxes are then given by

τ∗r = −
η̃θ

ϑ
cσc
r (45a)

τ∗p = 0 (45b)

8The numbers do not add up to the aggregate welfare gain, even when considering the unequal size of both groups,
due to the concavity of the utility function.
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and at the steady state by

τ∗SSr =
θβH,r

ρ+ θ

cσc
r

H

(
dr
H

)1−σH

(46a)

τ∗SSp = 0. (46b)

The tax τ∗r is equal to 1.46% on impact and increases slightly to 1.47% at the new steady

state. Implementing the tax results qualitatively in the same transitional dynamics as after

introducing the tax τ∗∗r which internalizes both externalities. However, housing demand of the

rich reduces at the new steady state by only about 8% compared to the initial steady state.

Recall that the reduction in housing demand of the rich after implementing τ∗∗r amounted to

20%. Consequently, the positive response of non-durable consumption and leisure are both

smaller than in the previous case.

We find that aggregate welfare increases by 0.088%. The welfare gain splits up into a gain

of 0.042% for rich households and a gain of 0.091% for poor households. Again, implementing

the tax does not naturally lead to a welfare gain for rich or poor households. Our results

thus show that the impact of completely eliminating the within-group externality and partially

eliminating the in-between-group externality dominates any welfare-decreasing effect that may

result from the interplay with the distortion stemming from the unequal wealth distribution.

Table 2 summarizes the welfare results for both types of taxes.

Table 2. Welfare gain

Tax rate steady state value rich households poor households aggregate gain

τ∗∗r 4.55% -0.88% 0.24% 0.18%
τ∗r 1.47% 0.042% 0.091% 0.088%

τ
∗∗
r denotes the tax which internalizes both externalities, whereas τ∗

r denotes the tax which internal-
izes only the within-group externality of the rich. All welfare changes are expressed in non-durable
consumption equivalents. See text for explanation.

4.5. Constrained Social Optimum: Welfare Maximizing Taxes. We now turn to the

discussion on welfare implications of the constrained optimum. Throughout this subsection

we assume that the government’s policy options are restricted to constant taxes. On the one

hand, this is plausible given that governments usually restrain from introducing time-varying

taxes. On the other hand, we have to rely on numerical computation techniques and calculating

time- or state-dependent taxes would multiply the numerical complexity. Also note that the
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state-dependent taxes we calculated before are hardly changing over time. Therefore, we expect

the constrained optimum with constant taxes to be “close” to the constrained optimum with

time-varying taxes. Furthermore, in order to compare the results to the Pigovian tax schedule,

we assume that poor households are not taxed.

When we derived the internalizing taxes τ∗∗r and τ∗r , we argued that their implementation

may not maximize welfare even when explicit redistribution between households is assumed

away. The reason is that housing taxes may interact with the distortion from the unequal

distribution of wealth. By affecting the factor prices, housing taxes may implicitly redistribute

from the rich to the poor or vice versa. Consequently, the welfare maximizing tax rates deviate

from the Pigovian taxes through the factor price channel.

Indeed, the direct effect of the housing tax on the interest rate can be seen by inspecting

equation (28). Profit maximization of construction firms implies px = 1 and thus ṗx = 0 so that

the equation reads r = MRSi
dici

− δd − τi in equilibrium. As explained above, this equation

can be interpreted as a no-arbitrage condition equating the return on financial assets to that

of housing. In case a tax on housing wealth is introduced, investing in housing becomes less

attractive, implying that the interest rate on financial assets decreases as well. In other words,

households restructure their asset portfolio by divesting houses and investing in financial assets.

Higher supply of financial assets reduces the interest rate. As will be shown, the factor price

channel exerts a substantial effect on welfare.

The left panel of Figure 2 shows the impact on welfare of introducing a constant tax on

housing wealth of the rich. The (black) solid line shows results for aggregate welfare, while the

(blue) dashed and the (red) dotted lines represent welfare of the rich and the poor, respectively.

Recall that the tax revenues are redistributed to rich households so that explicit redistribution

between households is ruled out. Under these conditions, the aggregate welfare maximizing tax

in the constrained optimum amounts to τ̂aggr = 7.9%. This tax is more than 3 percentage points

higher than the tax that is only internalizing housing status externalities, τ∗∗r . The reason is that

through implementing a higher tax, the planner manages to further reduce the interest rate and

increase wages during the transition. As a consequence, poor households gain resources relative

to rich households which through the concavity of the utility functions leads to a higher aggregate

welfare gain (0.21% non-durable consumption equivalents) compared to before (0.18%).
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The tax maximizing welfare of the rich is given by τ̂ rr = 0.8%. Compared to the Pigovian

tax that is favored by the rich if only externalities from housing status are internalized, τ∗r , this

implies a decrease of about 0.7 percentage points. The reduction in the tax again results from

the interplay with factor prices. Apparently, it is quantitatively beneficial for rich households

if the implemented tax does not internalize all of the external effect induced by housing status

when it is overcompensated by shifting factor prices in the favor of the rich.

From a policy perspective, it might be unfeasible to tax only a certain group of the population.

To this end, we deviate from the assumption that poor households are not taxed and identify the

tax rate that maximizes welfare when both groups are taxed at the same rate. As can be seen

in the right panel of Figure 2, the aggregate welfare maximizing tax amounts to ˆ̂τagg = 0.9%,

while the welfare maximizing tax of the poor equals ˆ̂τagg = 1.08%. Interestingly, according

to our calibration the rich lose from implementing uniform taxes for both households. The

reduction of the interest rate in this setting is so pronounced that it balances out any welfare

gain from internalizing the housing externalities. Table 3 summarizes the welfare implications

of the different taxes.

Figure 2. Introduction of a Constant Tax

tax rate
0% 2% 4% 6% 8% 10%

∆
 u

til
ity

-0.1%

0%

0.1%

0.2%

0.3%

0.4%

tax rate
0% 0.5% 1% 1.5%

∆
 u

til
ity

-0.1%

0%

0.1%

0.2%

0.3%

0.4%

The left panel shows the welfare change when a constant tax is introduced for rich households while poor
households are not taxed. The right panel shows the welfare change when an equal and constant tax is
introduced for both household groups. Blue (dashed) lines denote the utility change of rich households, red
(dotted) lines denote the utility change of poor households, and black (solid) lines denote the aggregate
utility change, all measured in non-durable consumption equivalents.
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Table 3. Welfare gain of Constant taxes

Tax rate rich households poor households aggregate gain

τ̂aggr =7.9% -2.55% 0.35% 0.21%
τ̂ rr= 0.8% 0.080% 0.052% 0.053%
ˆ̂τagg =0.9% -0.40% 0.099% 0.075%
ˆ̂τp= 1.08% -0.49% 0.10% 0.072%

The upper part shows the welfare effect of introducing a constant tax for
the rich household group. Note that poor households are not taxed. τ̂

agg
r

denotes the tax rate which maximizes aggregate welfare, and τ̂
r
r denotes the

tax rate which maximizes welfare for rich households. The lower part shows
the welfare effect of introducing a uniform and constant tax for both household

groups. ˆ̂τagg
r denotes the tax rate which maximizes aggregate welfare, and ˆ̂τp

p

denotes the tax rate which maximizes welfare of poor households. All welfare
changes are expressed in non-durable consumption equivalents. See text for
explanation.

5. Conclusion

We set up a heterogeneous-agent neoclassical growth model augmented with a residential

housing sector and status concerns for housing. We showed that status preferences cause a

negative externality. Households would like to increase their own stock of housing in relation to

their peers in order to increase utility from status. However, their peers respond in the same

way and also increase their stock of housing, such that the reference stock adjusts and reduces

the utility premium from status. In particular, we distinguished between externalities which

individual behavior entails for people of the same socio-economic group (within-group external-

ities) and for people of the other socio-economic group (in-between-group externalities). We

calculated and quantified a Pigovian tax on housing wealth of rich households that internalizes

both types of externalities and found that the implementation of this tax results in a consid-

erable aggregate welfare gain. At the disaggregated level, however, we saw that the aggregate

welfare gain was entirely driven by welfare gains of poor households and that rich households

suffer from a welfare loss. Therefore, we also determined a Pigovian tax which is targeted at

only internalizing within-group externalities among the rich. Implementing this tax leads to a

lower aggregate welfare gain compared to the previous case, but results in a welfare gain for

both household groups.

We provided further insights for optimal housing taxation by comparing the Pigovian taxes to

the constrained social optimum. We found that the welfare maximizing tax in the constrained

social optimum is higher than the Pigovian taxes only internalizing housing status externalities.
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The reason behind this result is that the higher tax in the constrained optimum partially corrects

for the distortion which is triggered by the unequal distribution of wealth.

In order to properly interpret the magnitude of the tax, we have to consider that real world

governments also levy distrortionary taxes. In our model, we abstract from taxes on labor, capi-

tal and non-durable consumption and tax revenues are rebated in a lump-sum way to households.

In reality, when governments do not want to lift transfers after introducing the housing tax, the

additional tax revenues could be used to lower distortionary taxes on labor, capital or consump-

tion. Of course, reducing distortionary taxes on factor income or commodities would further

increase the welfare gain from housing taxes. This kind of “double dividend” has been discussed

in the context on taxes internalizing environmental damage (see e.g. Goulder, 1995; Bovenberg

and Goulder, 1996).

Our paper also contributes to the ongoing debate on subsidies of owner occupied housing and

expenditure for affordable housing addressing low income households. For example, a study by

Collinson et al. (2015) argues that the U.S. spends more than four times ($195 billion) as much

on homeowner subsidies via tax deductions for mortgage interests than for affordable housing

for those most in need. By stating that inefficiently high housing demand of rich households

induced by status should be taxed away by the government, we open up another gateway for

challenging those enormous subsidies for home owners.

Finally, our approach could also be extended towards a setting with endogenous tenure de-

cision. The literature on housing taxes has investigated the tax advantage of owner occupied

housing relative to rental housing and whether removing the preferential tax treatment of owner

occupied housing would cause a welfare gain (Nakagami and Pereira, 1996; Skinner, 1996; Ger-

vais, 2002; Poterba and Sinai, 2008; Chambers et al., 2009). The main finding is that removing

the tax advantage, i.e. taxing owner occupied and rental housing at equal rates, would lead to

an efficiency gain and thus to higher economic growth. However, these studies do not consider

status preferences for residential housing. If status derived from owner occupied housing is larger

as compared to status from rental housing, our results give rise to taxing owner occupied housing

even at higher rates compared to rental housing. We leave this question for future research.
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