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Distributional E¤ects of Surging Housing Costs
under Schwabe�s Law of Rent�
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Abstract

The upward sloping trend of rents and house prices has initiated a debate on the
consequences of surging housing costs for wealth inequality and welfare. We employ
a frictionless two-sectoral macroeconomic model with a housing sector to investigate
the dynamics of wealth inequality and the determinants of welfare. Households
have non-homothetic preferences, implying that the poor choose a higher housing
expenditure share, being compatible with Schwabe�s Law of Rent. We examine
at �rst the isolated e¤ects of increasing housing costs in partial equilibrium. The
model is closed by introducing a production sector that enables us to analyze the
general equilibrium consequences of a widely discussed policy option that aims at
dampening the growth of housing costs. Abolishing zoning regulations triggers a
slower rent growth and reduces wealth inequality by about 0.7 percentage points
(measured by top 10 percent share). Average welfare increases by about 0.5 percent.
However, the household-speci�c welfare e¤ects are clearly asymmetric. The poor
bene�t more than the rich. The richest wealth decile is even worse o¤.
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1 Introduction

The real housing rent and the real house price have risen, on average, since WW2 in

most industrialized economies (Knoll, 2017; Knoll, Schularick & Steger, 2017). At the

same time, housing expenditures exhibit a striking (and time-invariant) pattern. The

aggregate housing expenditure share, being the largest single expenditure category, in

the US economy appears largely constant over time at about 19 percent, despite rising

real per capita incomes (BLS, 2016; Piazzesi & Schneider, 2017). However, at a given

point in time, the percentage of total expenditures spent on housing varies inversely with

income. For instance, US households in the �rst income quintile devoted about 25 percent

of total expenditures to housing in 2015, whereas this number was only 18 percent for the

�fth income quintile.1 This observation is closely related to a pattern that is extremely

robust across space and time: Schwabe�s Law of Rent. Indeed, Stigler (1954, p. 100)

characterized Schwabe�s Law of Rent as second fundamental law of consumer behavior.2

Hermann Schwabe, the director of the Berlin statistical bureau, proposed a
second "law" in 1868. He had salary and rent data for 4,281 public employees
receiving less than 1,000 thaler a year, and income and rent data for 9,741
families with incomes in excess of 1,000 thaler. For each group he found the
percentage of income (or salary) spent on rent declined as income rose, and
proposed the law: �The poorer any one is, the greater the amount relative to
his income that he must spend for housing.�The law seemed to contemporaries
less obviously true than Engel�s, and a considerable literature arose about it.
Ernst Hasse found that it held for Leipzig in 1875, and E. Laspeyres con�rmed
it for Hamburg. Engel also accepted Schwabe�s law.

Surging housing costs under asymmetric spending patterns for housing across income

groups have initiated a debate on the implications for wealth inequality and welfare

(Summers, 2014; Albouy, Ehrlich & Liu, 2016; Albouy & Ehrlich, 2018; Dustmann,

Fitzenberger & Zimmermann, 2018). However, a dynamic macro approach to address

the issue has been lacking. This paper aims to �ll the void. We investigate the dy-

namics of wealth inequality and the determinants of welfare in a growing economy that

experiences surging housing costs. At �rst we examine the isolated dynamic e¤ects of

1The cross-sectional variation of housing expenditure shares is even more pronounced in other ad-
vanced economies, such as France, Germany, and the UK (Section 6.1).

2The �rst law of consumer behavior is the well-known Engel�s law (Sigler, 1954).
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exogenously increasing housing costs in partial equilibrium. This step is helpful for our

general equilibrium analysis that features endogenous evolution of rents over time. As

a natural candidate for an (exogenous) event that triggers changes in rents, we consider

the (counterfactual) abolishment of zoning regulations. In fact, zoning regulations are

widely recognized as an important ampli�er for surging housing costs in a growing econ-

omy (Glaeser, Gyourko, & Saks, 2005; Saiz, 2010; Albouy & Ehrlich, 2018). Our general

equilibrium analysis addresses two research questions. First, how are rents and wealth

inequality associated in general equilibrium provided that the government abolishes res-

idential zoning regulations? As we are ultimately interested in life-time utility (being a

function of initial endowments and the entire time path of future prices), we turn to the

welfare e¤ects by asking: Second, how does heterogeneity of housing expenditure shares

across income groups a¤ect the change in household-speci�c welfare in response to the

abolishment of zoning regulations?3

We employ a frictionless two-sectoral macroeconomic model with a housing sector.

Abstracting from �nancial frictions enables us to derive analytical insights into the dy-

namics of wealth inequality and the determinants of welfare. The general equilibrium

model captures endogenously rising rents in a growing economy. This is important as fu-

ture expected rent growth exerts a systematic impact on the saving decisions if households

are forward-looking (saving for future rent burden to smooth housing consumption). The

supply side of the model, that is introduced to endogenize rents, follows the long-term

macro and housing model by Grossmann & Steger (2017). It distinguishes between the

extensive margin (the number of houses) and the intensive margin (the size of the average

house) of the housing stock. This enables us to analyze in a meaningful way the general

equilibrium consequences of the abolishment of residential zoning regulations that target

the extensive margin of the housing stock. There is exogenous household heterogeneity

with respect to initial wealth and labor income (Chatterjee, 1994; Caselli & Ventura,

2000). The demand side features non-homothetic preferences to replicate the inverse

variation of housing expenditure shares across income groups. Speci�cally, we assume

that households have status concerns for housing, being in line with empirical evidence

3Notice that heterogeneity of housing expenditure shares across income groups, which will turn out
to be directly relevant for welfare, is closely related to Schwabe�s law of rent, as explained in Section 2.
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(Leguizamon & Ross, 2012; Bellet, 2017). Stronger status concerns for housing, as will

be shown below, amplify existing welfare di¤erences among poor and rich households by

enlarging the variation in household speci�c price indices.

The analysis proceeds in two steps. In a �rst step, we investigate the dynamics of

wealth inequality and the determinants of welfare in partial equilibrium. It is shown that

stronger rent growth produces less wealth inequality in partial equilibrium, provided

that the utility function is su¢ ciently concave. The reason is that the di¤erences in the

saving rates across wealth groups (a force contributing to diverging wealth holdings in the

population) is shrinking in response to stronger rent growth. This counterintuitive result

appears robust across a large set of models, as it hinges merely on the widely accepted

assumptions of forward-looking and optimizing households. The analysis also clari�es,

somewhat surprisingly at �rst glance, that Schwabe�s Law of Rent is not important with

regard to the dynamics of wealth inequality. This insight is in striking contrast to the

welfare implications. Stronger status concerns for housing induce more heterogeneity

in housing expenditure shares. This ampli�es the welfare di¤erences by enlarging the

heterogeneity in household-speci�c price indices. That is, Schwabe�s Law of Rent is

important with regard to inequality of welfare. The underlying mechanism is empirically

supported. For instance, Albouy, Ehrlich & Liu (2016) show that real income inequality

in the US increased 25 percent more since 1970 when de�ated with household speci�c

price indices.

In a second step, we analyze a growing economy in general equilibrium. It is shown

that the wealth distribution is stationary in a steady state, despite continuously rising

rents and house prices. However, any policy change that induces transitional dynamics

triggers a permanent change in the wealth distribution. We show that removing residen-

tial zoning regulations leads to a temporarily slower rent growth (relative to the baseline

scenario), which is associated with a reduction in wealth inequality (measured by the top

10 percent wealth share) by about 0.7 percentage points over time. That is, in contrast to

the partial equilibrium result, rent growth and wealth inequality are positively associated,

i.e. slower rent growth induced by abolishing zoning regulations goes hand in hand with a

reduction in wealth inequality. Average welfare increases by about 0.5 percent. However,
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the household-speci�c welfare e¤ects are clearly asymmetric. The poor bene�t more than

the rich. The richest wealth decile is even worse o¤. The important lesson to draw from

this policy experiment is twofold. First, despite a potentially negative causal e¤ect of

surging rents on wealth inequality, a policy measure that slows down rent growth may

nevertheless lower welfare inequality through its additional general equilibrium e¤ects.

Second, under Schwabe�s law of rent, surging rents are unambiguously and positively

associated with inequality of welfare and harmful for the poor (but not necessarily for

the rich).

There are three strands of related literature. The �rst strand addresses the importance

of the housing sector in macro models. Many models are designed to discuss business cy-

cle phenomena, such as Davis and Heathcote (2005), Iacoviello (2005), Iacoviello & Neri

(2010), Kiyotaki, Michaelides & Nikolov (2011), Favilukis, Ludvigson & Van Nieuwer-

burgh (2017), and Kydland, Rupert & Sustek (2017).4 More recently, a literature has

emerged that focusses on the long term, such as Grossmann & Steger (2017), Miles &

Sefton (2017) and Borri & Reichlin (2018). Our research questions necessarily require a

long-term perspective. The second strand of literature analyzes one-sector economies un-

der household heterogeneity with the representative household property (Chatterjee 1994;

Caselli & Ventura, 2000; Álvarez-Peláez & Diaz, 2005; Garcia-Penalosa & Turnovsky;

2006; Krusell & Rios Rull, 1999). We add to this literature by analyzing a two-sectoral

model (with a continuously changing relative price) under household heterogeneity with

non-homothetic preferences and the representative household property. A third strand

examines the savings behavior and wealth inequality by employing stochastic overlapping

generations models under incomplete markets. These contributions typically focus on al-

ternative mechanisms that shape the wealth distribution in steady state.5 We explore

mechanisms that shape the dynamics of wealth inequality and welfare di¤erences apart

from borrowing constraints and provide analytical insights that apply equally to transi-

tional dynamics and the steady state. Our analysis rests on fundamental market forces

that would equally be present in an economy with borrowing constraints from which we

4Piazzesi and Schneider (2017) provide an excellent survey.
5Some exceptions analyze the wealth distribution over time by employing numerical techniques, such

as Gabaix, Lasry, Lions & Moll (2016), Kaymak & Poschke (2016), Hubmer, Krusell & Smith (2016),
and Wälde (2016). De Nardi & Fella (2017) provide an excellent survey.
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abstract for the sake of simplicity.

The plan of this paper is as follows. Section 2 describes the household side. Section

3 provides partial equilibrium results. Section 4 discusses analytical insights into the dy-

namics of wealth inequality and the determinants of household-speci�c welfare. Section

5 introduces the production side and characterizes the steady state. Section 6 investi-

gates the consequences of removing zoning regulations numerically in general equilibrium.

Section 7 discusses whether the results depend on modelling households as renters or as

homeowners. Section 8 concludes.

2 Households

Consider a set of in�nitely lived households in a perfectly competitive economic environ-

ment. There are J 2 N groups of households (or individuals) indexed by j 2 f1; 2; : : : ; Jg.

Every group j has measure nj 2 R+ of households. Each household of group j has

time-invariant labor endowment, denoted as lj, that is supplied inelastically to the labor

market.6 Aggregate labor supply accordingly reads as L �
P

j njlj. The total amount

of households is L �
P

j nj. Time is continuous and indexed by t � 0. Households are

allowed to di¤er in their labor endowment, lj, and their initial wealth holding, Wj(0).

Let cj describe consumption of the numeraire good of household j, sj consumption

of housing services, and �s � 1
L
P

j njsj the average amount of housing services across all

households, respectively. Preferences of household j are described by the intertemporal

utility function

Uj(0) =

Z 1

0

u(cj(t); sj(t))e
��tdt with (1)

u (cj; sj) =
[(cj)

1��(sj � ��s)�]1�� � 1
1� �

; (2)

where � > 0 denotes a concavity parameter of the outer instantaneous utility function,

� 2 (0; 1) a concavity parameter of the inner utility function, � > 0 the subjective

discount rate, and � 2 [0; 1), respectively.7 For � > 0 the instantaneous utility function
6In what follows, we employ the short formulation �household j�instead of �household of group j�.
7The time index t is often suppressed provided that this does not lead to ambiguity.
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(2) captures status concerns for housing services consumption and implies that preferences

are non-homothetic. The importance of status concerns is increasing in �. (It will turn

out below that an increase in � ampli�es existing welfare di¤erences among poor and rich

households.)

There are two reasons why we capture status concerns for housing services. First,

the importance of status concerns for housing is widely recognized. For instance, by

employing US microdata, Bellet (2017) shows that suburban homeowners who experi-

enced a relative downscaling of their homes due to the building of larger units in their

suburb record lower satisfaction and house values.8 Status concerns for housing actually

represent an old topic that has already been discussed by Karl Marx (1847):

A house may be large or small; as long as the neighboring houses are
likewise small, it satis�es all social requirement for a residence. But let there
arise next to the little house a palace, and the little house shrinks to a hut.
The little house now makes it clear that its inmate has no social position at all
to maintain, or but a very insigni�cant one; and however high it may shoot
up in the course of civilization, if the neighboring palace rises in equal or even
in greater measure, the occupant of the relatively little house will always �nd
himself more uncomfortable, more dissatis�ed, more cramped within his four
walls.

Second, the assumption of status preferences for housing implies, as shown below,

that housing expenditure shares, ej � psj
cj+psj

, di¤er across households, where p is the

price for residential services (i.e., the rent). The employed model can thus replicate the

pattern that the expenditure share for housing, at a given point in time, declines with

income. It is closely related to Schwabe�s Law of Rent, which states that, in the cross

section, the percentage of income spent on housing, psj
yj
, declines with income, yj (see

introduction). The utility function (2) implies that the percentage of total expenditures

spent on housing, ej, declines with income (overall wealth).9 The two statements are not

identical but, of course, are related. This becomes obvious by writing cj+psj
yj

� ej = psj
yj
.

If the poor choose a higher consumption rate (cj+psj
yj

), as is empirically plausible and in

line with our calibration, then the negative variation of psj
yj
with income is even more

8See also Frank (2005), Turnbull, Dombrow & Sirmans (2006), and Leguizamon & Ross (2012).
9In what follows we focus on ej because this variable determines di¤erences in household speci�c price

indices (Section 3).
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pronounced than the negative variation of ej with income.10

Each household j chooses consumption paths fcj(t); sj(t)g1t=0 by maximizing Uj sub-

ject to the standard No-Ponzi game condition, non-negativity constraints, and the in-

tertemporal budget constraint11

_Wj = rWj + wlj � cj � psj; (3)

where r denotes the interest rate and w the wage rate per unit of labor, respectively.

As individuals have mass zero, they take factor prices, the rental rate p, and average

consumption of housing services, �s, as given.12

Despite non-homothetic preferences a representative household exists. The following

remark makes this property explicit.

Remark 1 (Representative household). An economy populated by a set of house-

holds whose preferences are described by (1) together with (2) and whose intertemporal

budget constraint is given by (3) admits a (positive) representative household. That is,

the demand side can be described as if there were a single household who owns the entire

endowments and makes the aggregate consumption and saving decisions. As a conse-

quence, the distribution of labor endowment, lj, and wealth, Wj, does not play a role for

the evolution of aggregate variables. This does also apply for the case of non-homothetic

preferences (� > 0).

The validity can be proven by showing that the aggregation of the household�s �rst-

order conditions yields the same set of �rst-order conditions that result from the problem

of a single household who owns the entire endowments (
P

j lj and
P

jWj) and is making

the aggregate consumption and saving decisions. All proofs are relegated to the Appendix.

The representative household setup surely has pros and cons. On the one hand, it

may be considered as implausible that the distribution does not feed back on aggregate
10In Online-Appendix 10.7 we discuss alternative utility speci�cations. It is shown that the results

are robust to assuming status concerns for both goods, provided they are stronger for housing. We also
show that alternative formulations (CES utility and multiplicative reference level) are inconsistent with
major empirical observations.
11A dot above a variable denotes the partial derivative with respect to time.
12The most straightforward interpretation is that households are renters. In Section 7 we show that

the results do not change if we model households as homeowners.
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variables and that there is no change in the consumption distribution over time, as far

as one abstracts from idiosyncratic shocks. On the other hand, this setup enables us to

gain analytical insights into the dynamics of wealth inequality and the determinants of

welfare that operate even in the absence of �nancial market frictions. Moreover, we add

to the theoretical literature on dynamic macro models with a representative household by

analyzing a two-sectoral model under heterogeneity and non-homothetic preferences.13

3 Partial Equilibrium Results

This section provides partial equilibrium results that are based on household optimization.

All prices fr; w; pg are taken as given at this layer of analysis.

3.1 Housing Expenditure Shares

De�ne total wealth, Wj, as the sum of non-human wealth, Wj, and human wealth, ~wlj,

i.e.

Wj(t) � Wj(t) + ~w(t)lj with (4)

~w(t) �
1Z
t

w(�)e
R �
t �r(v)dvd� : (5)

Let �W denote average non-human wealth in the economy and de�ne the average labor

supply by �l � L=L. Average total wealth is thus given by �W � �W + ~w�l. Also de�ne the

relative to average total wealth level of household j by 
j � Wj= �W.

Proposition 1 (Housing expenditure shares) The expenditure share for housing

services of household j, de�ned as ej � psj
cj+psj

, is time-invariant and given by

ej = �

�
1 +

(1� �)�

[1� (1� �)�] 
j(0)

�
: (6)

13Previous macro models under household heterogeneity with the representative household property
are mostly, if not exclusively, one-sectoral models (Chatterjee, 1994; Caselli & Ventura, 2000; Álvarez-
Peláez & Diaz, 2005; Garcia-Penalosa & Turnovsky, 2006; and Krusell & Rios Rull, 1999).
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For � > 0, there is a negative relationship between ej and the relative total wealth level

of household j in the initial period, 
j(0).

The housing expenditure share of the representative household, with 
j = 1, is given

by �e � �
1�(1��)� . Most importantly, the housing expenditure share is decreasing in total

relative wealth at time t = 0, whenever individuals have status preferences (� > 0).

3.2 Ideal Price Indices

Instantaneous utility may be written as u(Cj) � (Cj)1���1
1�� with consumption index Cj �

(cj)
1��(sj � ��s)�. The associated overall consumption expenditure is denoted as Ej �

cj + psj. Hence, the price index of a household j is given by Pj � Ej=Cj. When Cj
and Pj are evaluated at equilibrium quantities and prices, we refer to Cj and Pj as ideal

consumption index and ideal price index of j.

Proposition 2 (Ideal price indices) The ideal price index of household j in period t

is given by

Pj(t) =
p(t)�

��(1� �)��
1

1� ej
� ~P(p(t); ej): (7)

The ideal price index of the representative household (equal to the aggregate price

index) is obtained for ej = �e. If � = 0 (homothetic preferences), i.e. ej = � for all j, the

price index is the same for all households and given by ~P(p; �) = p�

��(1��)1�� . For � > 0,

we obtain partial derivatives @
~P(p;e)
@e

> 0 and @ ~P(p;e)
@e@p

> 0. That is, the poorer a household

is in terms of total wealth, i.e. the higher the housing expenditure share (Proposition 1),

the more Pj is a¤ected by an increase in the price for housing services, p.14

3.3 Saving Rates

Let yj � rWj + wlj denote income and let �j � Ej=Wj denote the (average) propensity

to consume out of total wealth.15 The saving rate savj = 1 � Ej
yj
will turn out helpful

14Albouy, Ehrlich & Liu (2016) construct an ideal cost-of-living index that varies with income and
prices. They show that, based on US microdata, real income inequality, measured by the 90 percentile
/ 10 percentile ratio, rose by 10 percentage points more when income is de�ated by their individual
cost-of-living index.
15In our model, the average propensity to consume equals the marginal propensity to consume.
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in the subsequent analysis. To discuss the properties of this saving function, we turn at

�rst to the propensity to consume.

Proposition 3 (Propensity to consume) The propensity to consume is at any time

t identical for all households and given by

�(t) =

0@ 1Z
t

 
�p(� ; t)�

exp
�
�r(� ; t) + �

��1(� � t)
�!��1

�

d�

1A�1

; (8)

where �r(� ; t) �
R �
t
r(v)dv is the cumulative interest rate and �p(� ; t) � p(�)=p(t) is the

growth factor of the housing rent between � and t.

That all households choose the same propensity to consume re�ects the absence of

heterogeneity in terms of preferences and the absence of borrowing constraints. We turn

at next to the saving function.

Proposition 4 (Saving rates) Let !j = Wj=lj denote the wealth-to-labor ratio. The

saving rate at any time t may be expressed as

savj(t) = 1�
�(t) � [!j(t) + ~w(t)]

r(t)!j(t) + w(t)
� Sav(!j; �): (9)

The notation savj = Sav(!j; �) highlights that the saving rate is a function of the

wealth-to-labor ratio, !j. An implication of the preceding proposition is given by

Corollary 1 (Saving rate di¤erentials). The saving rate changes with the wealth-

to-labor ratio according to @Savj
@!j

= �(r ~w�w)
(!jr+w)

2 . That is, the saving rate increases with !j,
@Savj
@!j

> 0, provided that r ~w > w.

Why does the saving rate increase in the wealth-to-labor ratio, provided that r ~w > w?

To see this, notice that the total-wealth-to-income ratio, Wj

yj
, can be expressed as a

weighted average according to

Wj

yj
=

!j + ~w

r!j + w
=

!j
r!j + w

+
~w

r!j + w
=
1

r

r!j
yj=lj

+
~w

w

w

yj=lj
:

10



The term 1
r
represents the total-wealth-to-income ratio of a pure capitalist (!j > 0,

ljw = 0), while the term ~w
w
represents the total-wealth-to-income ratio of a pure worker

(!j = 0, ljw > 0). The condition ~w
w
> 1

r
(or r ~w > w) is equivalent to assuming that the

total-wealth-to-income ratio of a pure worker exceeds that of a pure capitalist such that

the total-wealth-to-income ratio is decreasing in !j. Hence, households characterized by

a low !j choose a high level of consumption relative to income,
�Wj

yj
, implying that the

saving rate, savj = 1� �
Wj

yj
, is low, and vice versa.

Notice also that the condition r ~w > w is satis�ed in any steady state with positive

wage growth. Assuming w(�) = w(t)eg(��t) with g > 0, we have ~w(t) = w(t)
r�g . Plugging

this into r ~w(t) > w(t) boils down to g > 0.

4 Wealth Inequality and Welfare

The dynamics of wealth inequality and the determinants of welfare are discussed analyti-

cally, based on the partial equilibrium results reported above. The mechanisms discussed

below still hold in general equilibrium, i.e., when prices are fully endogenous.

4.1 Surging Rents and Wealth Inequality

4.1.1 Wealth Divergence and Wealth Convergence

We start out with some preliminary considerations that are important for the subsequent

analysis. Let the growth rate of (non-human) wealth of household j be de�ned as Ŵj �
_Wj=Wj and express the saving rate as savj � _Wj=yj, where yj � rWj + wlj denotes

income. The growth rate of household�s j wealth may then be expressed as follows:16

Ŵj �
_Wj

Wj

= savj
yj
Wj

= Sav(!j; �)
�
r +

w

!j

�
� G(!j; �). (10)

To simplify the analysis, we assume that the following assumption holds.

16The notation G(!j ; �) � Sav(!j ; �)
�
r + w

!j

�
highlights that the wealth growth rate is a function of

!j = Wj=lj . The function G(!j ; �) is well de�ned for positive and negative wealth. It is not de�ned for
Wj = 0. However, the limits are de�ned: lim

Wj!0�
Ŵj = �1 and lim

Wj!0+
Ŵj = +1.
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Assumption 1. If Wj � Wj0 for any j and j0, then it also holds true that !j � !j0.

Notice that !j � !j0 implies
Wj

Wj0
� lj

lj0
. That is, the relative distance in wealth

( Wj

Wj0
) has to be larger than the relative distance in earnings ( ljw

lj0w
). This assumption does

not seem too restrictive, given that wealth is more unequally distributed than earnings

(Kuhn & Ríos-Rull, 2015). With Assumption 1 at hand, we de�ne wealth divergence and

wealth convergence as follows. Consider two individuals j; j0 2 [1; :::; J ] with !j > !j0.

Wealth levels diverge (converge) between j and j0 in a small time interval [t; t + dt]

if Ŵj(t) > (<)Ŵj0(t).17 If this is true for any two households, there is global wealth

divergence (convergence). Equation (10) is instructive for two reasons. First, it represents

a general statement that is not conditional on any speci�c model. Second, it indicates that

there are two opposing forces at work. On the one hand, wealth-rich households choose

a higher saving rate compared to the wealth poor, provided that r ~w > w (Corollary

1). This represents a divergence mechanism. On the other hand, the income-to-wealth

ratio, yj
Wj
= r + w

!j
, is unambiguously decreasing in !j. This represents a convergence

mechanism.

An overall measure for the change of the wealth distribution, summarizing the net

e¤ect of the divergence and the convergence mechanism, is given by @G(!j(t);�)
@!j(t)

. This

measure is readily obtained by forming the derivative of G(!j; �) with respect to !j,

noting (9) and (10), to get

@G(!j(t); �)
@!j(t)

=
�(t) ~w(t)� w(t)

[!j(t)]
2 : (11)

Equation (11) shows that the wealth distribution is stationary in any period t provided

that �(t) ~w(t) = w(t) holds. Moreover, there is wealth divergence (convergence) in period

t for �(t) ~w(t) > (<)w(t).18

17In the following, rather than referring to a change within time interval [t; t + dt] we will refer to a
change at point in time t.
18The expression on the RHS of (11) exploits that aggregate quantities and prices a¤ect the distribution

of wealth, but the distribution of wealth (holding the mean constant) does not a¤ect aggregate quantities
and prices (Remark 1). We will return to the importance of (11) in Sections 4.1.2 and 5.3.
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4.1.2 The Rent Channel

We are now ready to answer how rising real rents, holding fr; wg constant, a¤ect wealth

inequality.

Proposition 5 (Rent channel) An increase (decrease) in the growth of real rents be-

tween the current period t and some future period � , measured by �p(� ; t), contributes to

less (more) wealth inequality in the current period t, measured by @G(!j(t);�)
@!j(t)

, provided that

� > 1 (� < 1).

Let us focus on the empirically relevant case of a su¢ ciently concave utility function

(� > 1). Stronger rent growth, measured by an increase in �p(� ; t), induces less wealth

inequality. The economic intuition behind this result can be explained in two steps. First,

all households choose a higher saving rate (by reducing the propensity to consume) to

provide for the future rent burden in order to smooth housing consumption over time.

This results immediately from Propositions 3 and 4. Second, this increase in the saving

rates is asymmetric across households. It is stronger for the wealth poor than for the

wealth rich. To see this, notice that the saving rate, savj = 1 � �
Wj

yj
, increases as � is

being reduced. This e¤ect is ampli�ed by the total-wealth-to-income ratio, provided that

r ~w > w. This condition, again, implies that the wealth poor exhibit a comparably high

total-wealth-to-income ratio, Wj

yj
, such that a reduction in the propensity to consume,

@�
@�p(�;t)

< 0, implies a comparably strong increase in the saving rate. As a result, the

di¤erences in the saving rates across wealth groups are being reduced and the divergence

mechanism is weakened.

This dampening e¤ect of rising rents on wealth inequality depends on the assump-

tions of forward-looking and optimizing households together with an empirically plausible

intertemporal elasticity of substitution ( 1
�
< 1). It can, therefore, be expected to be ro-

bust across a large set of di¤erent models.19 The analysis clari�es that accounting for

19As a caveat, notice that things may change under borrowing constraints. If the poor cannot �nance
going consumption expenditures by running into debt, their propensity to consume is lower compared
to the unconstrained case. Stronger rent growth may then not induce these households to lower their
propensity to consume and increase their saving rate.
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Schwabe�s Law of Rent does not matter in this context.20 Moreover, Section 7 shows that

the mechanisms discussed above do not depend on whether households are modelled as

renters or homeowners. Any rise in rents is re�ected, in equilibrium, by an equipropor-

tionale increase in the user cost of housing. That is, in an economy with homeowners, the

rent channel is still operative, but shall be relabelled to the user-cost-of-housing channel.

4.2 Status Concerns, Price Indices, and Welfare

How does the status-induced heterogeneity of housing expenditure shares a¤ect household-

speci�c welfare in a growing economy? To discuss this question, we consider the welfare

position of household j relative to the representative household. Speci�cally, measure

 j(t) shows by how much household j is better o¤, in terms of consumption-equivalent

variations, relative to the representative household.21 For the representative household

 j(t) = 1 by de�nition. If  j(t) > (<)1, then household j is better (worse) o¤ than the

representative household.

Proposition 6 (Welfare) The welfare of a household j relative to the representative

household, at any time t, is given by

 j(t) =
Wj(t)
�W(t)

�
Pj(t)
�P(t)

��1
� 1 = 
j(t)

Pj(t)
�P(t)

� 1: (12)

Relative welfare of household j, measured by  j(t), depends positively on relative

overall wealth, 
j(t) =
Wj(t)
�W(t)

, and negatively on the relative household-speci�c price

index, Pj(t)�P(t) .
22 The �rst term, 
j(t) =

Wj(t)
�W(t)

, is standard. The second term,
�
Pj(t)
�P(t)

��1
,

adds a new channel. The relative price index enters because of the two-sectoral structure

together with non-homothetic preferences, as can be seen as follows. First, the ideal

20This appears consistent with a two-stage logic. First, households maximize life time utility w.r.t. Cj
(intertemporal problem). Second, households maximize instantaneous utility w.r.t. cj and sj (intratem-
poral problem). Within the setup at hand the decisions on both stages are separable.
21For details see Appendix 9.3.
22If the propensities to consume are not the same across agents, then welfare of agent j is equal to

welfare of agent j0 if we multiply, for all � � t, ideal consumption Cj0(�) by
�j(t)

�j0 (t)
Wj(t)
Wj0 (t)

�
Pj(t)
Pj0 (t)

��1
. This

expression points to an additional channel in models with, say, borrowing constraints that operates via
di¤erences in the propensities to consume.
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price index is trivially equal to unity in a one-sectoral model. Second, in a two-sectoral

model under homothetic preferences (� = 0) the ideal price index, P = p�

��(1��)1�� , is

identical across households. It is the combination of a two-sectoral model structure

and non-homothetic preferences that gives rise to household speci�c price indices as an

independent source for welfare di¤erences.

Consider the general case of a two-sectoral economy under non-homothetic prefer-

ences. By substituting (6) into (7), one gets

Pj(t) =
p(t)�

��(1� �)1��
1� (1� �)�

1� (1� �)�� ��

j(0)

(13)

for all t � 0. Thus, for � > 0, the price index of household j is decreasing with relative

total wealth in the initial period, 
j(0). That is, the household-speci�c price index is

relatively large for wealth-poor households. As a consequence, the weak welfare position

of a wealth-poor household (
j < 1) for a given price index (like in a one-sector economy)

is being further worsened by a price index above average Pj(t) > �P(t).

An important implication of Proposition 6 together with (13), noting that overall

wealth 
j is time invariant, is given by

Corollary 2 (Ampli�cation of welfare di¤erences). Stronger status concerns

for housing amplify, at any t, the welfare di¤erences, measured by  j(t), i.e.

@ j(t)

@�
=
� [
j(t)� 1]
(�� 1)2

8<: > 0 for 
j(t) > 1

< 0 for 
j(t) < 1
: (14)

Stronger status concerns for housing improve the relative welfare position  j(t) of

wealth rich households, 
j(t) > 1, and worsen the relative welfare position  j(t) of wealth

poor households, 
j(t) < 1:23 As a result, stronger status concerns amplify the welfare

di¤erences across households. The intuition is simple. Stronger status concerns magnify

the (endogenous) heterogeneity in housing expenditure share. Hence, the dispersion of

household-speci�c price indices and the welfare distribution is getting more unequal.

23Strictly speaking, Corollary 2 focuses on the �rst-order e¤ect of a change in �, neglecting possible
feedback e¤ects due to changes of 
j that may occur in general equilibrium.

15



Accounting for Schwabe�s Law of Rent has �rst order welfare implications.

5 General Equilibrium

So far, prices fr; w; pg have been taken as given as given. To endogenize prices, we

close the model by introducing the production sector and de�ne aggregate wealth. The

de�nition of the general equilibrium is relegated to Appendix 9.1.24

5.1 Firms

We employ the two-sectoral macro model with a housing sector of Grossmann & Steger

(2017) on the production. This model is designed to think long term and distinguishes

between the extensive margin of the housing stock (number of houses) and the intensive

margin of the housing stock (size of the average house). It is, therefore, well suited to

investigate the macroeconomic implications of residential zoning regulations.

5.1.1 Numeraire Good Sector

The non-residential sector produces a �nal good, Y , chosen as numeraire, according to

a Cobb-Douglas production function:

Y = (KY )�(BYLY )�(BYZY )1����; (15)

where KY , LY and ZY denote physical capital, labor and land devoted to the Y sector,

respectively. The productivity parameter, BY > 0, may change over time. The tech-

nology parameters �; � > 0 satisfy � + � < 1. The capital resource constraint reads

KY � K, where K =
P

j njKj denotes the total supply of physical capital. In equilib-

rium KY = K will turn out to hold. Capital depreciates at rate �K � 0 such that gross

physical capital investment reads IK � _K + �KK. K(0) is given.

24The reduced-form, dynamic system is stated in Online-Appendix 10.1.
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5.1.2 Housing Sector

There are three types of �rms in the housing sector. Real estate development �rms

invest in infrastructure and transform non-residential land into developed real estates

(residential land). Real estate development diminishes the amount of land that can be

employed in the Y sector. Overall land supply, Z, is exogenous and assumed to be

�xed. Housing services �rms combine a developed real estate with residential buildings

to produce housing services. Construction �rms manufacture residential buildings by

employing materials and labor.

Real Estate Development The amount of houses is denoted by N , a real number.

This variable captures the extensive margin of the housing stock. Real estate development

�rms transform one unit of non-residential land into one unit of residential land. Total

land usage in the housing sector is given by N � �Z, where 0 < � < 1 denotes a policy

parameter that may constrain the amount of residential land and Z describes the total

amount of economically usable land. Let PZ denote the price per unit of land. The costs

C(~IN ; PZ) of increasing the number of developed real estates by _N = ~IN amounts to

C(~IN ; PZ) = PZ ~IN + PZ
�

2
(~IN)2; (16)

� > 0. The �rst cost component, PZ ~IN , shows the costs associated with the purchase of

_N units of land. The second component, PZ �
2
(~IN)2, captures the transformation costs

that result from the private infrastructure investment (in terms of the numeraire). These

adjustment costs are convex in the number of newly developed real estates per unit of

time, _N = ~IN . N(0) is given.

Housing Services Producing housing services requires to purchase a developed real

estate (the �xed input at the level of housing services �rm) and combine it with structures

(the variable input). The amount of housing services per house produced increases with

the amount of residential structures employed per house. However, because a developed

real estate serves as �xed input, it increases less than proportionate with the amount of

residential structure. That is, the production of housing services per house is character-

17



ized by decreasing returns to scale. Formally, let x denote the amount of structures per

housing project. An amount x produces housing services h per house according to

h = x
; (17)

0 < 
 < 1. Total consumption of housing services cannot exceed total supply, i.e.P
j njsj � Nh. Denoting the rental rate of structures by RX , pro�ts (residual income)

from supplying housing services are given by � � ph�RXx per house. Thus, in equilib-

rium, RX = p
x
�1 and � = (1� 
)ph.

Construction The construction �rm produces structures, that are rented out to hous-

ing services producers, by combining labor, LX , and construction materials, M . The

production of one unit of materials requires one unit of the numeraire good. Gross in-

vestment in structures are produced according to IX =M�(BXLX)1��, 0 < � < 1, where

BX > 0 is a (possibly time-variant) productivity parameter. The total stock of structure,

X, evolves according to

_X =M�(BXLX)1��| {z }
IX

� �XX; (18)

where �X > 0 denotes the depreciation rate of residential structure and X(0) is given.

The amount of residential buildings that is employed by all housing services �rms must

satisfy Nx � X. Construction labor is limited by LX � L� LY .

5.2 Wealth

Aggregate (non-human) wealth is de�ned by W �
P

j njWj, where Wj denotes asset

holdings by household j. The portfolio of any household j comprises ownership claims

on physical capital (Kj), the property of housing units (Nj), and non-residential land

(ZYj ). Total asset holdings per household j therefore reads as

Wj � PHNj| {z }
housing wealth

+

physical capitalz}|{
Kj +

non-residential land wealthz }| {
PZZYj| {z }

non-residential wealth

, (19)
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where PH denotes the price of houses and PZ the price of non-residential land, respec-

tively. The house price, PH � qN + qXx, is the sum of the value of a developed real

estate (qN) and the value of the employed structure (qXx), where qX denotes the value

per unit of structure.

5.3 Steady State

Assume that TFP in the numeraire sector (BY ) and TFP in the construction sector

(BX) evolve according to BY (t) = BY (0) exp(gY t) and BX(t) = BX(0) exp(gXt) with

possibly positive rates of exponential growth, gY ; gX � 0. Given that the model at hand

is a two-sectoral Ramsey growth model, it is unsurprising that the steady state growth

rates are linear transforms of gY ; gX � 0. The steady state growth rates are stated in

Appendix 9.2. Here we focus on two price variables. The steady state growth rate of the

rent is p̂ = (1� 
�) gY + 
 (1� �) gX , while the steady state growth rate of the house

price reads P̂H = gY .25

Given that the rent and the house price grow exponentially, one would like to know

how the wealth distribution behaves in a steady state. The subsequent proposition clar-

i�es this aspect.

Proposition 7 (Stationary wealth distribution) (i) The condition �(t) ~w(t) = w(t)

is satis�ed in any steady state. This implies that the wealth distribution is stationary in

the sense that, for any two households j and j0, the relative wealth position Wj=Wj0 does

not change over time; see (11). (ii) This applies for a steady state with growth rates equal

to zero (due to gY ; gX = 0) as well as for a steady state with positive long run growth

rates (due to gY ; gX > 0).

As a result, a change in wealth inequality over time requires some form of transitional

dynamics. Hence, the implementation of any policy measure (as the one analyzed in

Section 6.2) that induces transitional dynamics triggers a change in wealth inequality

over time.

25The price-to-rent ratio, P
H

ph , is constant in a steady state.
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Why does �(t) ~w(t) = w(t) imply a stationary wealth distribution? This can be seen

by rewriting the growth rate of wealth of household j as follows

Ŵj = r � �+
lj(w � � ~w)

Wj

:

Provided that � ~w = w, consumption out of human wealth equals the going wage such

that the third term is zero. As a result, the growth rate of wealth is the same across

households and equal to Ŵj = r � �. Viewed from another perspective, one can easily

show that, in a steady state, Ŵj = Sav(!j; �)
�
r + w

!j

�
= gY for all j. That is, the

condition � ~w = w ensures that the divergence mechanism, @Sav(!j ;�)
@!j

> 0, compensates

the convergence mechanism,
@

�
r+ w

!j

�
@!j

< 0.

6 Numerical Analysis

The consequences of abolishing residential zoning regulations on wealth inequality and

welfare in general equilibrium are investigated by comparing two scenarios. In the baseline

scenario (constrained steady state under zoning) the rent grows at a constant growth rate

and the wealth distribution is stationary. In the counterfactual scenario (transitional

dynamics in response to abolishment of zoning) the rent grows temporarily at a lower

pace. We are interested in the di¤erential e¤ects on wealth inequality and welfare.

6.1 Calibration

We calibrate the model economy�s steady state to the postwar US economy at an annual

frequency. This implies a stationary wealth distribution, which is roughly in line with re-

cent data on the wealth distribution (World Inequality Database, 2018; Kuhn, Schularick

& Steins, 2018).

6.1.1 Externally Calibrated Parameters

Household sector Total population is normalized to unity, implying an aggregate

labor supply L = 1. We calibrate the joint distribution of initial wealth and labor
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productivity by matching wealth deciles and average earnings of the age group 33 �55

from the 2013 SCF.26 Similar to Kuhn & Rios-Rull (2016) and Krusell & Rios-Rull (1999),

we focus on this age-group to calibrate a dynastic model by abstracting from life-cycle

e¤ects. We consider J = 10 wealth groups that correspond to the observed wealth deciles

and the average earnings within each decile.27 Moreover, Havránek (2015) shows that

the majority of studies �nd an intertemporal elasticity of substitution (IES) below 0.8.

We set � = 2, implying an IES of 0.5. It is further assumed that every household holds

the same portfolio as the representative agent.

Numeraire sector The total amount of land that can be used economically, Z, is

normalized to one. The annual depreciation rate of capital, �K , is set to 5.6 percent (Davis

& Heathcote, 2005). The concavity parameters of the production function, � and �, are

set to match the expenditure shares for labor, � = wL=Y , and land, 1���� = RZZY =Y ,

respectively. Grossmann & Steger (2017) compute � = 0:69 and 1���� = 0:03, implying

� = 0:28. GDP grows at the rate gY in the model economy and therefore gY is set equal

to the average annual growth rate of real US GDP per capita of 2.0 percent between 1950

and 2017.28

Housing sector The annual depreciation rate of structures, �X , is set to 1.5 percent

(Hornstein, 2009, p. 13). The labor expenditure share in the construction sector, 1 �

�, amounts to 62 percent on average in the postwar US economy, implying � = 0:38

(Grossmann & Steger, 2017). The growth rate of TFP in the construction sector, gX ,

is chosen such that we match the empirical growth di¤erential between housing at the

intensive margin (X) and the extensive margin (N) of 1.3 percent (Davis & Heathcote,

2007). The growth di¤erential between X and N is given by �gY + (1 � �)gX in the

model. Applying the values for � and gY yields gX = 0:009.29 We calibrate � to match

the observed allocation of land in the residential sector. According to geographic land-use

26We are grateful to Moritz Kuhn for providing the data.
27This implies also that each group is of the same size, nj = 1=J = 0:1.
28The data is obtained from FRED (https://fred.stlouisfed.org/), series A93RX0Q048SBEA_P

(accessed on November 23, 2018).
29The low value for gX in comparison to gY is supported by evidence of low, sometimes even negative,

productivity growth in the construction sector (Davis & Heathcote, 2005).
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data provided by Falcone (2015), 30:2 percent of the total US surface is used economically

and 16.9 percent of this land is used as residential land. This implies binding zoning

regulations, measured by �, according to � = 0:169.30

6.1.2 Internally Calibrated Parameters

The remaining set of parameters f
; �; �; �; �g is calibrated internally by solving the model

numerically. The preference parameters � and � are set to match two key moments

of the expenditure share distribution in the US in 2015, as displayed in Table 1: (i)

An aggregate housing expenditure share of 19 percent and (ii) a di¤erence between the

expenditure shares of the �rst and �fth income quintiles of 7 percentage points. This

results in � = 0:104 and � = 0:174.

quintile aggregate 1st 2nd 3rd 4th 5th

US data 19 25 21 20 19 18

Model: baseline calibration 19 25 22 20 19 18

UK data (normalized) 19 33 23 19 16 15

Model: alternative calibration 19 34 26 23 20 16

Table 1: Housing expenditure shares by income quintiles in percent.

Notes: (a) Housing expenditure share is de�ned as the ratio of expenditures on housing
services (including imputed rent) and total consumption expenditures. (b) First row "U.S. data"
shows the empirical values for the US in 2015. Data source: www.bls.gov/cex/data.htm (accessed
June 19, 2017). (c) Second row "Model: baseline calibrated" shows the model based expenditure
shares such that �e = 0:19 and the di¤erence between �rst and �fth income quintile according
to U.S. data (7 percentage points) is matched. (d) Third row "Model: alternative calibrated"
shows the model based expenditure shares such that �e = 0:19 and the di¤erence between �rst
and �fth income quintile of the (to �e = 0:19) normalized distribution according to UK data
published by O¢ ce for National Statistics (2015) is matched.

To study sensitivity, we do also consider two alternative values for � and � . When

changing �, we adjust � such that the aggregate housing expenditure share, �e, remains

30Without zoning regulations the model would imply a steady state share, N=Z, equal to 62 percent.
Land use regulations started to play a major role in the residential sector in the 1970s (Gyourko &
Molly, 2015). Consistent with this observation, average annual growth of residential land was about
3� 5 percent during 1945 to 1975 and is almost zero since then (Davis & Heathcote, 2007).
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at 19 percent. For a given � this implies, together with the FOC (24), that � is obtained

from

� =
�e(1� �)

1� ��e
: (20)

First, we consider � = 0 (no status preferences), implying that housing expenditure shares

are homogeneous. This leads to � = 0:19. Second, the case of strong status preferences

is motivated by the case of UK, where the heterogeneity in housing expenditures is

considerably higher than in the US.31 We normalize the UK data to the average US

housing expenditure share as can be seen in Table 1. Matching the di¤erence between

housing expenditure shares at the �rst and �fth income quintiles of 18 percentage points

yields � = 0:26 and � = 0:148.

In a two-sectoral model the steady state growth rate of consumption, as implied by

the Euler equation, is not only a function of the interest rate, but also of the growth

rate of the relative price. Hence, the time preference rate, �, has to be calibrated jointly

with � and 
. We match the average rate of return on wealth for the postwar US of

5.77 percent (Jordà, Knoll, Kuvshinov, Schularick & Taylor, 2018, Table 12). This yields

� = 0:019.

We choose 
 to match the share of residential land value in total housing value (1�
).

Using time series of the aggregate residential land value and the total value of housing

from Davis & Heathcote (2007) reveals that the share of residential land in total housing

value has been increasing from 10 percent in 1950 to around 30 percent in 1975. Since

then it has been �uctuating between 25 and 40 percent. We target an average value of

one third, implying a value of 
 equal to 0.78.

The parameter � captures the importance of adjustment costs associated with land

reallocations between the housing and the numeraire sector. This parameter is di¢ cult

to calibrate, as it does not a¤ect the steady state and has an impact only along the

transition. We calibrate � such that the (average) speed of convergence of residential

31The aggregate expenditure share in the UK amounts to 17 percent, while the expenditure shares in
income quintiles 1-5 read as {29, 20, 17, 14, 14} (O¢ ce for National Statistics, 2015). For Germany (2013)
the aggregate expenditure share amounts to 27 percent, while the expenditure shares in income quintiles
1-5 read {37, 33, 29, 27, 24} (Statistisches Bundesamt, 2015). The aggregate housing expenditure share
in France is 22 percent (averaged over 2011 to 2015), while the expenditure shares of income quintiles
1-5 read {26, 24, 24, 23, 18} (Accardo et al., 2017).
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land, N , computed in Section 6.2, is identical to the speed of convergence implied by the

empirical data for the period 1945 to 1975. This yields � = 745.32

6.1.3 Model Fit: Rent Growth and Saving Rates

The calibration strategy does not target the rent growth rate and the average saving

rate. Nonetheless, the calibrated model matches these two variables quite accurately.

The implied annual growth rate of rents equals p̂� = 0:99 percent. This value lies within

the range of empirical values observed in the postwar US of 0.8 �1.5 percent (Knoll, 2017;

Albouy, Ehrlich & Liu, 2016). The saving rate of the representative consumer (equal to

the aggregate saving rate) sav �
�
�W=�y with income �y � r �W + w�l equals 11:8 percent.

This value is in line with the US aggregate saving rate of 9 percent on average from 1950

to 2010 (Piketty & Zucman, 2014, Table A86). The saving rates of the 1st to 5th income

quintiles are 0:9, 1:8, 4:7, 8:5 and 17:1 percent. These values are in the range of the

estimated saving rates by Dynan, Skinner & Zeldes (2004).33

6.2 Abolishing Zoning Regulations

Residential zoning regulations are widely considered as an important ampli�er for surging

housing costs in a growing economy (Glaeser, Gyourko, & Saks, 2005; Saiz, 2010). For

instance, Albouy & Ehrlich (2018) �nd that, based on data for 230 metropolitan areas in

the US from 2005 to 2010, observed land-use restrictions do substantially increase housing

costs. Moreover, Gyourko and Molly (2015) argue that zoning regulations were e¤ectively

introduced in the US during the 1970s. This is consistent with the data provided by Davis

& Heathcote (2007) showing that residential land grew by an average annual growth rate

of 5 percent during 1945-1975 and grew merely by an average annual growth rate of 0.7

percent during 1976-2016.
32We assume that the long-run dynamics in N came to a halt by the introduction of zoning regulations

in the 1970s (Gyourko & Molly, 2015). We then combine the steady state from the model with the
observed data between 1945 to 1974 (Davis & Heathcote, 2007) to determine the average speed of
convergence. This shows that after 30 years about 31 percent of the gap between the initial N and the
steady state has been closed. Hence, we set � such that residential land, N , has closed 31 percent of the
gap between start value and steady state after 30 years of the transition in the experiment of Section
6.2.
33Moreover, also the implied wealth-to-NDP ratio and the implied house-price-to-rent ratio are em-

pirically highly plausible.
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To address the two research questions set up in the introduction, we compare two

scenarios. In the baseline scenario (zoning) the economy is in a steady state, conditional

on the binding zoning regulation N = �Z with � = 0:16. In the counterfactual scenario

(no zoning), residential zoning regulations are abolished completely. That is, we set � = 1

such that the zoning constraint N � �Z is not binding anymore. The counterfactual

scenario exhibits transitional dynamics, starting from the constrained steady state of the

baseline scenario and converging to an unconstrained steady state. The analysis captures

all general equilibrium e¤ects. That is, all prices fw; r; pg are fully endogenous and change

in response to an exogenous policy trigger.34

Rents and wealth inequality (RQ #1) Figure 1 (a) displays the time path of

rents in the baseline scenario (zoning) and in the counterfactual scenario (no zoning). It

can be seen that rents grow temporarily at a slower pace in the counterfactual scenario

(solid curve) compared to the baseline scenario (dashed curve). This is quite intuitive as

the economy extends the supply of housing along the extensive margin in response to the

abolishment of zoning. (Notice, however, that this is a temporary e¤ect. The steady state

growth rate of rents is una¤ected.) Figure 1 (b) shows that wealth inequality (measured

by the top 10 percent wealth share) declines by about 0.7 percentage points (from 73.7

percent to 73 percent) over time. That is, rent growth and wealth inequality are positively

associated in this general equilibrium experiment (slower rent growth goes hand in hand

with declining wealth inequality). This observation is obviously in contrast to the rent

channel in partial equilibrium (Section 4.1.2). This seemingly contradiction can be easily

explained. The policy experiment under study gives rise to a set of price changes that

accompanies a process of sectoral change. The abolishment of zoning regulations triggers

a substitution of structures, X, by residential land, N , in the aggregate production of

housing services, S = X
N1�
. That is, residential development is taking place at the

cost of less construction activity. This process goes hand in hand with a reallocation of

input factors. Labor is being reallocated instantaneously from the construction sector to

34Favilukis, Mabillez & Van Nieuwerburg (2018) consider a similar policy experiment in a model that
is calibrated to New York. They model zoning regulations to exert an e¤ect on labor productivity in
the construction sector. In our model, relaxing zoning regulation is captured by an increase in �, which
constrains the amount of land allocated to the housing sector.
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the �nal output sector.35 In addition, land is being reallocated over time from the �nal

output sector to the housing sector. As a consequence, the wage drops on impact (due

to the reallocation of labor) and further declines along the transition due to the decline

of complementary factors (ZY and K). Lower future wages exert a convergence force

as poorer households increase their saving rate by relatively more in order to smooth

consumption over time.36 Hence, the divergence mechanism described in Section 4.1.1

(higher saving rates for the rich) is weakened. This e¤ect dominates the reinforcement

of the divergence mechanism due to lower rent growth, as described in Section 4.1.2. See

Online-Appendix 10.7.4 for details.

35Recall that �nal output is an input in real estate development or, equivalently, that real estate
development uses the same technology as the �nal output sector.
36The initial drop in the wage exerts a divergence mechanism. Households smooth consumption by

saving less today. This e¤ect is stronger for the poorer households such that saving rates of poorer
households decrease by relatively more. (Rich households do not care about the wage drop because the
main income source is capital income.) This e¤ect is quantitatively weak because the initial drop in
wages is small.
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Figure 1: Rent and wealth dynamics in response to abolishment of zoning regulation.

Notes. Panel (a): Evolution of the housing rent in the baseline scenario (zoning) and the
counterfactual scenario (no zoning), holding the housing expenditure share of the representative
consumer constant (at �e = 0:19) and recalibrating � according to (20). Panel (b): Evolution
of the top 10 percent wealth share in response to the abolishment of the zoning regulation for
� = 0 (no status concerns), � = 0:104 (intermediate status concerns), � = 0:26 (strong status
concerns), holding the housing expenditure share of the representative consumer constant (at
�e = 0:19) and recalibrating � according to (20). Calibration otherwise as described in Section
6.1.

Welfare (RQ#2) Figure 2 displays the welfare results for the policy experiment under

consideration. The analysis distinguishes, �rst, between the partial equilibrium e¤ects

and the general equilibrium e¤ects and, second, between the case of no status preferences

(� = 0) and an intermediate level of status preferences (� = 0:104).

Consider at �rst an intermediate level of status preferences (� = 0:104). Figure 2

shows the di¤erential welfare e¤ect between the counterfactual and the baseline scenario,

measured by consumption equivalent variations, for any household j and denoted as ~ j.

Welfare of the household with average wealth (Wj
�W
= 1) increases by almost 0.5 percent

in general equilibrium (see the lowest curve marked by squares). However, the welfare

e¤ects are clearly asymmetric. The poor bene�t by more than the rich. The slower rent

growth in the counterfactual scenario relative to the baseline scenario a¤ects welfare of

the poor stronger because they devote a higher expenditure share on housing. Hence, the

poor bene�t the most from a slower rent growth as they experience the strongest favorable

price index e¤ect (Proposition 2: @
~P(p;e)
@e@p

> 0). Notice that the di¤erential welfare e¤ect is

even negative for the richest decile, as these households are strongly a¤ected by a negative

wealth e¤ect due to droping house and land prices. The partial welfare e¤ect is displayed

by the highest curve (marked by triangles), assuming that the rent grows slower in the

counterfactual scenario (as shown in Figure 1) but the wage and the interest rate grow

according to the baseline scenario. That is, a slower rent growth, everything else the

same, produces an average welfare gain of about 1.8 percent.37 (The peak at Wj
�W
= 0

is due to the non-monotonicity in earnings implying that these households possess the

37In the counterfactual scenario the wage grows at a slower pace and the interest rate is higher along
the transition. Both e¤ects exert a negative e¤ect on overall wealth.
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lowest overall wealth.)

The picture changes if we set � = 0 (no status preferences). The partial welfare e¤ect

is now symmetric across wealth groups (horizontal line marked by circles). Moreover, the

di¤erential welfare e¤ect in general equilibrium is stronger under no status preferences

(as indicated by the curve marked by diamonds). Abolishing the zoning regulation has

a stronger positive welfare e¤ect under no status preferences compared to the case of

status preferences. In the latter case there is overconsumption of housing services, due to

the negative externality associated with housing, such that a zoning constraint does, in

principle, address an ine¢ ciency as a second best instrument (Schünemann & Trimborn,

2017).38

Figure 2: Percentage change of household-speci�c welfare, in response to the abolish-

ment of the zoning regulation, as a function of relative (non-human) wealth, Wj
�W
, for � = 0

(no status concerns) and for � = 0:104 (intermediate status concerns).

Note: Welfare measure ~ j is implicetly de�ned by U
BS
j [t; (1 + ~ j)C

BS
j (�)] = UCFj [t; CCFj (�)],

where UBSj (t; �) denotes life time utility of household j at t in the baseline scenario, UCFj (t; �)
life time utility of household j at t in the counterfactual scenario, CBSj (�) the time path of ideal
consumption for � 2 [t;1] of household j in the baseline scenario, and CCFj (�) the time path
of ideal consumption for � 2 [t;1] of household j in the counterfactual scenario, respectively.
Calibration as described in Section 6.1.
38The second-best optimal zoning constraint, assuming � = 0:104, amounts to � = 0:49.
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7 Renters vs. Homeowners

Two thirds of US households are homeowners while only one third are renters.39 Does

this mean that the mechanisms discussed above apply merely to one third of the US

population, the renters? We show that the model can equivalently be interpreted as an

economy of homeowners and that all results still hold true, independently of whether we

call households renters or homeowners.

Assume that all housing is owner-occupied such that sj = Njh, where Nj is the

amount of housing owned by group j and h is the �ow of housing services derived from

one unit of housing.40 Instead of choosing the �ow of housing services (sj) when being

a renter, a homeowner chooses the stock of housing (Nj) that she owns. The household

problem for homeowners then modi�es to read

max
fcj(t);Nj(t)g1t=0

Z 1

0

u (cj(t); Nj(t)h(t)) e
��tdt

s.t. _Wj(t) = r(t)Aj(t)� ucost(t)Nj(t) + w(t)lj � cj(t)

Aj(t) = Wj(t)� PH(t)Nj(t);

where ucost � rPH + �XqXx+ qX _x� _PH denotes the user cost of housing. It consists of

the sum of foregone interest payments (rPH) and expenditures for maintenance (�XqXx+

qX _x) net appreciation gains ( _PH). The FOCs of this problem are identical to the FOCs of

the problem for renters, described in Section 2.41 To transform the renter�s FOC into the

homeowner�s FOC, one merely has to replace sj with Njh and p with ucost
h
. The latter

results from perfect arbitrage on capital markets, implying that ph = ucost.42 Since

homeowners�and renters�FOCs are identical, all results presented above hold true if one

models households as homeowners instead of renters. The di¤erence is merely in the

interpretation. Instead of rent it is the user-cost of housing that a¤ects the distribution

39US Bureau of the Census, Homeownership Rate for the United States, retrieved from FRED, Fed-
eral Reserve Bank of St. Louis (https://fred.stlouisfed.org/series/RHORUSQ156N), series RHO-
RUSQ156N (accessed December 21, 2018).
40The assumption that all housing is owner-occupied is common in the macro-housing literature (Ia-

coviello, 2005).
41The proof of this statement is available upon request.
42This is implied by the de�nition of the house price, PH � qN + qXx, together with the capital

market no arbitrage conditions (cf. Appendix 9.1, De�nition of General Equilibrium, Condition 5).
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of wealth and welfare. For example, the result that a rising rent reduce wealth inequality

in partial equilibrium (Proposition 5) is equivalent to stating that a rising user cost of

housing reduce wealth inequality.

Under �nancial frictions additional mechanisms start playing a role. For instance, the

rent and the user cost per unit of housing services may diverge implying that renters pay

a higher price for housing services. Similarly, if houses pay a rate of return that di¤ers

from the rate of return paid by other assets, the portfolio structure plays a role for the

wealth e¤ects of surging house prices (Kuhn, Schularick & Steins, 2018).

8 Summary

We employ a frictionless two-sectoral macroeconomic model with a housing sector to in-

vestigate the dynamics of wealth inequality and the determinants of welfare. Households

have non-homothetic preferences, implying that the poor choose a higher housing expen-

diture share, being compatible with Schwabe�s Law of Rent. The model is employed to

analyze the general equilibrium consequences of a widely discussed policy option that

aims at dampening the growth of housing costs. Abolishing zoning regulations triggers a

slower rent growth and reduces wealth inequality by about 0.7 percentage points (mea-

sured by top 10 percent share). Average welfare increases by about 0.5 percent. However,

the household-speci�c welfare e¤ects are clearly asymmetric. The poor bene�t more than

the rich. The richest wealth decile is even worse o¤.
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9 Appendix

9.1 De�nition of General Equilibrium

De�nition A.1. A general equilibrium is a sequence of quantities, a sequence of prices,

and a sequence of operating pro�ts of housing services producers

fY (t); K(t); X(t); N(t); x(t); h(t);M(t); LY (t); LX(t); ZY (t)g1t=0,

ffcj(t); sj(t);Wj(t); Kj(t); Z
Y
j (t); Nj(t)gJj=1g1t=0

fp(t); PZ(t); qN(t); qX(t); w(t); r(t); RZ(t); RX(t)g1t=0; f�tg1t=0

for initial distributions fKj(0); Z
Y
j (0); Nj(0)gJj=1 and given time paths fBX(t); BY (t)g1t=0

such that

1. individuals maximize lifetime utilities; and for all t

2. the representative �rms in X sector and Y sector, the representative real estate
developer, and the representative housing services �rm maximize the PDV of their
respective in�nite pro�t stream, taking prices as given;

3. labor markets clear: LX(t) + LY (t) = L with L =
P

j njlj;

4. all asset markets clear: K(t) =
P

j njKj(t),N(t) =
P

j njNj(t), Z
Y (t) =

P
j njZ

Y
j (t) =

Z �N(t);

5. perfect arbitrage across all assets classes holds: _qN

qN
+ �
qN
= _qX

qX
+RX

qX
��X = _PZ

PZ
+RZ

PZ
=

r;

6. the market for housing services clears:
P

j njsj(t) = N(t)h(t);

7. the market for the numeraire good clears: Y (t) = C(t) + IK(t) + IN(t) +M(t);43

It is assumed that appropriate terminal conditions on asset prices hold (i.e. no asset

price bubbles). In equilibrium, qN(t) =
R1
t
�(�)e

R �
t �r(v)dvd� , qX(t) =

R1
t
RX(�)e

R �
t �(r(v)+�

X)dvd� ,

and PZ =
R1
t
RZ(�)e

R �
t �(r(v)+�

X)dvd� .

43The goods market clearing condition is redundant, according to Walras�law. To exclude conceptual
or calculation errors, we analytically checked that the long run equilibrium derived from conditions 1-6
ful�lls condition 7.
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9.2 Steady State

Proposition A.1. Assume that TFP in the numeraire sector (BY ) and TFP in the con-

struction sector (BX) grow at constant exponential growth rates, i.e. BY (t) = BY (0)eg
Y �t

and BX(t) = BX(0)eg
X �t with gY ; gX � 0. The unique steady state growth rates then read

as follows.

(i) Variables
�
K;W;C;M; qN ; PZ ; RZ ; PH ; w

	
grow at the rate gY

(ii) Variables fX; xg grow at the rate �gY + (1� �) gX

(iii) Variables fp̂g grow at the rate (1� 
�) gY + 
 (1� �) gX

(iv) Variables
�
qX ; RX

	
grow at the rate (1� �)

�
gY � gX

�
(v) Variables fh; Sg grow at the rate 


�
�gY + (1� �) gX

�
(vi) Variables

�
N;ZY ; LX ; LY ; r

	
remain constant.

The proof can be found in Section 9.3. Notice also that Proposition A.1 implies that

the steady state growth rate of GDP = Y + pNh+ wLX equals gY .44

9.3 Proofs

Proof of Proposition 1 (Housing expenditure shares). The dynamic optimization

problem of any agent j reads as follows

max
fcj(t);sj(t)g1t=0

1Z
0

[(cj(t))
1��(sj(t)� ��s(t))�]1�� � 1

1� �
e��tdt s.t. (21)

_Wj(t) = r(t)Wj(t) + w(t)lj � cj(t)� p(t)sj(t); (22)

limt!1Wj(t)e
�
R t
0 r(v)dv � 0, Wj(0) given. The associated current-value Hamiltonian

reads as

Hj =
[(cj)

1��(sj � ��s)�]1�� � 1
1� �

+ �j[rWj + wlj � cj � psj]: (23)

44The steady state growth rate of each component (Y , pNh; wLX) equals gY .
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The �rst-order optimality conditions can be written as

�

1� �

cj
sj � ��s

= p , i.e., cj = p
1� �

�
(sj � ��s); (24)

(1� �)(cj)
����(1��)(sj � ��s)�(1��) = �j; (25)

�
_�j
�j
= r � � (26)

lim
t!1

Wj(t)�j(t)e
��t = 0: (27)

(24) con�rms that expansion paths are co-linear. Summing over all j, (24) implies that

average consumption levels, �c and �s, are related according to

�c =
(1� �)(1� �)

�
p�s: (28)

Eq. (28) describes, for constant p, the expansion path of the representative consumer, who

owns the average wealth and articulates the average demand (e.g. Mas-Colell, Whinston

and Green 1995, Chapter 4). Using (24) in (25) we also obtain

�j = (1� �)1+(��1)��(1��)�(cj)
��p(��1)�; i.e. �

_�j
�j
= �

_cj
cj
+ (1� �)�

_p

p
: (29)

Combining (26) and (29) we have

_cj
cj
=
r � �

�
+
(� � 1)�

�

_p

p
� gc: (30)

Denoting average housing expenditure by E � p�s and its growth rate by gE, we obtain

gE = gc =
r � �

�
+
(� � 1)�

�

_p

p
; (31)

according to (28) and (30).

Now de�ne sj � sj=�s (consumption of housing services of agent j relative to the
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average) and use (24) to write

ej =
psj

cj + psj
=

1
cj
psj
+ 1

=
1

1��
�

sj���s
sj

+ 1
=

�

1� (1��)�
sj

: (32)

According to (24), E = p�s and sj = sj=�s, we also have

cj =
1� �

�
(sj � �)E; i.e. (33)

log cj = log

�
1� �

�
E � (sj � �)

�
= log

1� �

�
+ logE + log(sj � �): (34)

Taking the derivative with respect to time � , we obtain

gc = gE +
d log(sj � �)

d�
, i.e.,

d log(sj � �)

d�
= 0; (35)

according to (31). Thus, sj is time-invariant.

Next, de�ne Cj � (cj)
1��(sj � ��s)� (inner instantaneous utility) and using (24) to

obtain

Cj = ���1(1� �)1��p1���s(sj � �). (36)

Using E = p�s, we can rewrite (36) as

Cj = ���1(1� �)1��Ep��(sj � �): (37)

Taking logs on both sides of (37) and the derivative with respect to time � , we obtain

�
Cj
Cj
= gE � �

_p

p
=
r � �

�
� �

�

_p

p
� gC; (38)

where we used (30). Also de�ne consumption expenditure of agent j as Ej � cj+psj and

Pj � Ej=Cj. According to (3), we can then write (with period index �)

_Wj(�) = r(�)Wj(�) + w(�)lj � Pj(�)Cj(�): (39)
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Multiplying both sides of (39) by e�
R �
t r(v)dv and integrating from period t forward yields

1Z
t

_Wj(�)e
�
R �
t r(v)dvd� =

1Z
t

r(�)Wj(�)e
�
R �
t r(v)dvd� +

1Z
t

[w(�)lj � Pj(�)Cj(�)] e�
R �
t r(v)dvd� ;

(40)

Integrating by parts implies that

1Z
t

_Wj(�)e
�
R �
t r(v)dvd� = lim

T!1

h
Wj(�)e

�
R �
t r(v)dv

iT
t
+

1Z
t

r(�)Wj(�)e
�
R �
t r(v)dvd�

= �Wj(t) +

1Z
t

r(�)Wj(�)e
�
R �
t r(v)dvd� ; (41)

where the latter equation uses the transversality condition limT!1Wj(�)e
�
R T
t r(v)dvd� =

0. Using (41), ~w(t) =
R1
t
w(�)e�

R �
t r(v)dvd� and Wj(t) =Wj(t) + ~w(t)lj as de�ned in (5)

and (4), respectively, in (40) implies

Z 1

t

Pj(�)Cj(�)e�
R �
t r(v)dvd� =Wj(t): (42)

The solution of di¤erential equation (38) is

Cj(�) = Cj(t)e
1
�

R �
t [r(v)����

_p(v)
p(v) ]dv: (43)

Substituting (43) into (42) and multiplying both sides with Pj(t) gives us

[Ej(t) =]Pj(t)Cj(t) =
Wj(t)

1Z
t

Pj(�)
Pj(t) e

1
�

R �
t [(1��)r(v)����

_p(v)
p(v) ]dvd�

: (44)

Next, using sj = sj=�s in (24), group-speci�c consumption expenditures, Ej = cj+psj,

read as

Ej =
p�s

�
[sj � (1� �)�]: (45)
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Using (36) and (45) in Pj = Ej=Cj implies

Pj =
p�

��(1� �)1��
sj � (1� �)�

sj � �
: (46)

According to (46) and the fact that sj is time-invariant, we have

Pj(�)
Pj(t)

=

�
p(�)

p(t)

��
: (47)

Using (47) in (44) we �nd that

Ej(t) =
Wj(t)

1Z
t

�
p(�)
p(t)

��
e�

1
�

R �
t [�+�

_p(v)
p(v)

+(��1)r(v)]dvd�

: (48)

According to (45), for two di¤erent agents, j and k, we have

Ej
Ek

�
=
PjCj
PkCk

�
=
sj � �(1� �)

sk � �(1� �)
; (49)

Using (48) and recalling that a household k with sk = 1 has average total wealth �W(t),

(49) can be written as
sj � (1� �)�

1� (1� �)�
=
Wj(t)
�W(t)

� 
j(t): (50)

Since sj is time-invariant, according to (35), (50) implies that total wealth must grow at

the same rate for all j. Using this fact in (50) and solving for sj implies

sj = (1� �)�+ [1� (1� �)�] 
j(0): (51)

Substituting (51) into (32) con�rms (6). This concludes the proof. �

Proof of Remark 1 (Representative Household). The equations of interest are

(22), (24) and (30). Summing the left and right hand sides of these equation over groups
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j and dividing by J yields:

C

1� �
=
p(1� �)

�
S (52)

_C

C
=
r � �

�
� �(1� �)

�

_p

p
(53)

_W = rW + wL� C � pS (54)

These FOC are identical to the FOC that result from the problem of a single household

who owns the entire endowments (
P

j lj and
P

jWj) and makes the aggregate consump-

tion and saving decisions by taking the reference level of housing consumption, �s(t), as

exogenous.�

Proof of Proposition 2 (Ideal price indices). We can rearrange (32) to obtain

sj =
(1� �)�

1� �
ej

(55)

Substituting (55) into (46) con�rms (7).�

Proof of Proposition 3 (Propensity to consume). According to (48) and de�-

nition �j = Ej=Wj, we �nd

�j(t) =
1

1Z
t

�
p(�)
p(t)

��
e�

1
�

R �
t [�+�

_p(v)
p(v)

+(��1)r(v)]dvd�

: (56)

Using �r(� ; t) =
R �
t
r(v)d� and rearranging terms in (56) by using

exp

�
� �
�

Z �

t

�
_p(v)

p(v)

�
dv

�
=

�
p(�)

p(t)

�� �
�

= �p(� ; t)�
�
� (57)

con�rms (8). �

Proof of Proposition 4 (Saving rates). Plug Ej = �jWj, Wj = Wj + ~wlj, yj =

rWj+wlj, and !j = Wj=lj into the de�nition of the saving rate, given by savj = 1� Ej
yj
.�

37



Proof of Proposition 5 (Rent channel). Forming the derivative of the propensity

to consume, noting (8), with respect to p(�) yields

@�(t)

@p(�)
= �

1Z
t

��1
�
�( p(�)p(t) )

��1
0@ ( p(�)p(t) )

�

exp[�r(�;t)+ �
��1 (��t)]

1A� 1
�

exp[�r(�;t)+ �
��1 (��t)]p(t)

d�

�(t)2
:

Noting that �
�
p(�)
p(t)

���1
;

�
( p(�)p(t) )

�

exp[�r(�;t)+ �
��1 (��t)]

�� 1
�

, exp
�
�r(� ; t) + �

��1(� � t)
�
p(t), and �(t)

are positive, one obtains

@�(t)

@p(�)

8>>><>>>:
< 0 for � > 1

= 0 for � = 1

> 0 for � < 1

:

From (11) one gets

@2G(!j(t); �)
@!j(t)@p(�)

=
~w(t)

!j(t)2
@�(t)

@p(�)

8>>><>>>:
< 0 for � > 1

= 0 for � = 1

> 0 for � < 1

:�

Proof of Proposition 6 (Welfare). Let Cj(�) denote the ideal consumption index

of agent j at time � . De�ne, as usual, life-time utility of agent j as

Uj(t) �
Z 1

t

Cj(�)1�� � 1
1� �

e��(��t)d� : (58)

Moreover, let �C(�) denote ideal consumption of the representative agent at time � .

Life-time utility of agent j at time t may alternatively be expressed as

Vj( j; t) �
Z 1

t

��
1 +  j

�
�C(�)

�1�� � 1
1� �

e��(��t)d� : (59)

The consumption equivalent variation that measures the welfare of agent j relative to
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the welfare of the representative agent at time t is then given by  j(t) that solves

Vj( j; t) = Uj(t): (60)

Using �r(� ; t) =
R �
t
r(v)dv and (57), (43) can be written as

Cj(�) = Cj(t)�p(� ; t)�
�
� e

�r(�;t)��(��t)
� : (61)

Substituting (61) into (58) and (59), we see that (60) implies 1 +  j(t) = Cj(t)= �C(t).

Using Ej = PjCj = �Wj, according to the de�nition of �j = Ej=Wj and result �j = � for

all j (Proposition 3) con�rms (12). �

Proof of Proposition 7 (Stationary wealth distribution).

To show that �(t) ~w(t) = w(t) holds in any steady state, we determine the steady

state solution of each term (�; ~w; w) and then verify that the preceding equation holds.

In this section a hat above a variable denotes the steady state growth rate.

Using w(�) = w(t)eŵ(��t), the PDV of wages, ~w(t) �
1R
t

w(�)e
R �
t �r(v)dvd� , may be

written as45

~w(t) �
Z 1

t

w(t)eŵ(��t)e�r(��t)d�
w(t)=const:
=

w(t)

r � ŵ
=

w(t)

�+ �Ĉ + P̂ � ŵ
;

where Ĉ is steady state growth rate of ideal consumption, P̂ the steady state growth rate

of the ideal price index, and ŵ the steady state growth rate of the wage, respectively.

Consider next the propensity to consume, as given by (8). Using �p(� ; t) � ep̂(��t) and

45Notice that w(t) is the level of the wage at � = t, which is not changing as the running time index
� moves forward.
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�r(� ; t) �
R �
t
r(v)dv = (� � t)(�+ �Ĉ + P̂) one obtains

�(t) =

0B@Z 1

t

0@ e�p̂(��t)

exp
h
(� � t)(�+ �Ĉ + P̂) + �

��1(� � t)
i
1A��1

�

d�

1CA
�1

(62)

=

0B@Z 1

t

0@ e�p̂(��t)

exp
h
(�+ �Ĉ + P̂ + �

��1)(� � t)
i
1A��1

�

d�

1CA
�1

(63)

=

�Z 1

t

�
e[�p̂�(�+�Ĉ+P̂+

�
��1 )](��t)

���1
�
d�

��1
(64)

=

�Z 1

t

e[�p̂�(�+�Ĉ+P̂+
�

��1 )]
��1
�
(��t)d�

��1
(65)

=

�Z 1

t

ea(��t)d�

��1
=

�
�1
a

��1
= �a (66)

with a =
h
�p̂�

�
�+ �Ĉ + P̂ + �

��1

�i
��1
�
. Simplifying the RHS, noting P̂ = �p̂, yields

a =

�
�p̂�

�
�+ �Ĉ + P̂ + �

� � 1

��
� � 1
�

= (1� �)Ĉ � �� � � 1
�

P̂ + � � 1
�

�p̂

= �(� � 1)Ĉ � �:

Putting things together, the condition �(t) ~w(t) = w(t) implies

�
h
�(� � 1)Ĉ � �

i w(t)

�+ �Ĉ + P̂ � ŵ
= w(t)

(� � 1)Ĉ + �

�+ �Ĉ + P̂ � ŵ
= 1

P̂ + Ĉ = ŵ:

From Proposition A.1 and P̂ = �p̂, which is implied by P = p�

��(1��)1��
1
1��e , one gets

P̂ = �
�
gY � 


�
�gY + (1� �)gX

��
:
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Moreover, from C = C1��(S � �S)� = C1�� ((1� �)S)� and Proposition A.1 we get

Ĉ = (1� �)Ĉ + �Ŝ = (1� �)gY + �

�
�gY + (1� �)gX

�
Taken together one obtains

P̂ + Ĉ = �
�
gY � 


�
�gY + (1� �)gX

��
+ (1� �)gY + �


�
�gY + (1� �)gX

�
= gY :

In a steady state we also have ŵ = gY (Proposition A.1). �

Proof of Proposition A.1. (Steady state).

Assume that BY and BX grow at constant exponential growth rates, i.e. BY (t) =

BY (0) exp(gY t) and BX(t) = BX(0) exp(gXt) with gY ; gX � 0. In this section a hat above

a variable denotes the steady state growth rate. From the Keynes Ramsey rule, one gets

the steady state interest rate r� to read

Ĉ = 1
�

�
r � �� P̂

�
, r� = �+ �Ĉ + P̂ :

From the �rst order conditions (pro�t maximization in the numeraire sector) one gets

r� + �K = � Y
K

) Ŷ = K̂

w = � Y
LY

) Ŷ = ŵ

RZ = (1� �� �) Y
ZY

) Ŷ = R̂Z :

Notice that allocation variables LY and ZY are constant in a steady state (the same ap-

plies to LX and ZX = N). Writing the production function Y = K�
�
BYLY

�� �
BYZY

�1����
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in growth rates then yields

Ŷ = � K̂|{z}
Ŷ

+ �

0@ B̂Y|{z}
gY

+ L̂Y|{z}
0

1A+ (1� �� �)

0@ B̂Y|{z}
gY

+ ẐY|{z}
0

1A (67)

Ŷ = gY : (68)

From the capital market no arbitrage conditions for land in the numeraire and housing

sector, the equation of motion for residential land and the growth rate of wealth one gets

_PZ

PZ
= r � RZ

PZ
) P̂Z = R̂Z(= gY )

_qN

qN
= r � �

qN
) �̂ = q̂N(= gY )

0 =
_N
N
= qN�PZ

�N
, qN = PZ ) q̂N = P̂Z(= gY )

_W
W
= savwl+r

�W
W

= sav
�
w
W
l + r�

�
) Ŵ = ŵ(= gY ):

In equilibrium wages in the numeraire and construction sector are identical. This allows

to determine the growth rate of materials M̂ and the growth rate of the price of structures

q̂X

w = 1��
�

1
BM

M
�
LX
��1 ) M̂ = ŵ

qX = 1

�BM (BXLX)1��M��1 ) q̂X = �(1� �)B̂X � (� � 1)M̂ = (1� �)(gY � gX):

Combining the growth rate of structures with the no-arbitrage condition for residential

structure yields

_RX

RX
= r + �X � RX

qX
) R̂X = q̂X :

The equation of motion of structures implies

_X
X
= IX

X
� �X ) ÎX = X̂

From the production function for gross construction investment one gets

IX =M�
�
BXLX

�1�� ) ÎX = �M̂ + (1� �)
�
B̂X + L̂X

�
= �gY + (1� �)gX = X̂:
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Turning to x = X
N
, h = x
, and S = Nh, noting that N = const:, we obtain46

x � X
N

) x̂ = X̂

h = x
 ) ĥ = 
x̂

S � Nh ) Ŝ = ĥ:

The growth rate of rents can be obtained from the pro�t function of housing services

�rms to read

� = (1� 
)px
 ) p̂ = �̂ � 
x̂:

Given the growth rates of housing services Ŝ and the growth rate of rents p̂, the growth

rate of numeraire consumption is given by the following �rst order condition

C = (1��)(1��)
�

pS ) Ĉ = p̂+ Ŝ(= Ŷ ):

Finally, we turn to the growth rate of the house price, PH � qN + qXx. Notice that the

two terms on the RHS of the preceding de�nition, qN and qXx, grow at the same rate,

i.e. q̂N = gY and q̂X + x̂ = (1� �)(gY � gX)+ �gY +(1� �)gX = gY . Hence, one obtains

P̂H = gY :

46This is also true in an economy with zoning regulations, where ZX = �Z, with � 2 (0; 1).
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9.4 Calibration

Parameter Value Explanation/Target

L 1 Normalization

J 10 Match deciles�
Wj(0)= �W (0)

	J
j=1

see text Wealth deciles, US, 2013 SCF�
lj(0)=�l(0)

	J
j=1

see text average earnings within wealth percentile, US, 2013 SCF

� 2 IES = 0:5 (Havránek, 2015)

Z 1 Normalization

�K 0:056 Davis and Heathcote (2005)

� 0:28 Land income share in Y sector (Grossmann and Steger, 2017)

� 0:69 Labor expenditure share Y sector (Grossmann and Steger, 2017))

gY 0:02 Growth rate GDP per capita (FRED)

�X 0:015 Hornstein (2009)

� 0:38 Labor expenditure share X sector (Grossmann and Steger, 2017)

gX 0:009 Growth rate
X
N

(Davis and Heathcote, 2007, JME)

� 0.169 Share of residential land: 16.9 percent (Falcone 2015)

� f0:19;0:17; 0:15g Average housing expenditure share: 0:19 (CEX, 2015)

� f0:000;0:104; 0:260g Di¤erence between bottom and top income quintiles�

housing expenditure share: f0; :07; :18g (CEX, 2015; UK)

� 0:019 Real interest rate: 0:0577 (Jordà et al., 2018)


 0:78 Land�s share in housing wealth: 1=3

� 745 Transition speed in N : 31 percent in 30 years (Davis and Heathcote, 2007)

Table A.1: Set of parameters for the calibrated model.

Note. Calibration strategy is discussed in Section 6.1.
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10 Online Appendix

10.1 Reduced Form Dynamic System

The macroeconomic model with housing is fully described by seven di¤erential equations

plus a set of static equations. The dynamic system is derived in Grossmann and Steger

(2017) for the case � = 1 and � = 0 and can be readily extended to allow for � 6= 1 and

� > 0. In contrast to Grossmann and Steger (2017), we abstract from capital income

taxation and normalize the land requirement per house to unity ( = 1 according to the

notation in Grossmann and Steger, 2017).

_X =M�(BXLX)1�� � �XX (69)

_N =
qN � PZ

�
(70)

_W = rW + wL� c� ps (71)

_C

C
=
r � �

�
+
(� � 1)�

�

_p

p
(72)

_qX = �RX + (r + �X)qX (73)

_qN = �� + rqN (74)

_PZ = �RZ + rPZ (75)

K = W �
�
qNN + qXX + PZZY

�
(76)

p =
�

(1� �)(1� �)

C

S
(77)

RX = 
p

�
X

N

�
�1
(78)

� = (1� 
) p

�
X

N

�

(79)

S = X
N1�
 (80)

LY + LX = L; ZY +N = Z: (81)

whereK(0), N(0), X(0) are given. In total, there are 21 equations and 21 endogenous

variables: X, x, N ,W , C, �, qN , PZ , qX , K, ZY , LX , LY , M , S, h, r, w, RX , RZ , p. For
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details see Grossmann and Steger (2017).

10.2 Computation of transitional dynamics for all agents

The computation of time paths for all J type of agents takes series for (normalized) prices

and aggregate quantities �obtained from the solution of the representative agent economy

in the �rst step � as given and derives time paths for each agent j 2 f1; 2; :::; Jg by

exploiting the recursive structure of the household problem. It is not necessary to employ

numerical techniques like solving non-linear equation systems, interpolation, or numerical

integration. Given the minor approximation error in the solution of the representative

agent economy, the computed time paths for all J type of agents are hence exact to

machine precision.

10.3 Discretization

In order to solve the model numerically we have to discretize the di¤erential equation

system that describes the economy. For a di¤erential equation _x(t) = f(x(t); y(t)) we dis-

cretize according to xt+1�xt = f(x(t); y(t)).47 The growth-adjusted �rst-order conditions

read

~cj
1� �

=
~p

�
(~sj � �~�s) (82)

_~cj
~cj
=
(1� � r)r � �

�
+
� � 1
�

�

�
_~p

~p
+ gp

�
� gc (83)

_~W = (r � gc) ~Wj + ~wlj � ~cj � ~p~sj (84)

0 = lim
t!1

e�~�t ~Wjt~p
�(��1)
t (~cjt)

�� (85)

~Wj0 = given; (86)

where gc is the exogenous growth rate of consumption (the numeraire) in the steady state,

gp is the steady state growth rate of rents, and ~� � �+(�� 1)(gc� �gp). The discretized
47We explored also di¤erent approximations, e.g. xt+1 � xt = f(xt+1�xtxt

; yt+1�ytyt
) and the di¤erences

in the results are negligible.

52



version hence reads (the ~ above variables is suppressed)

cjt
1� �

=
pt(sjt � ��st)

�
(87)

cjt+1 � cjt =
(1� � r)rt � �

�
cjt �

�(1� �)

�

�
pt+1 � pt

pt
+ gp

�
cjt � gccjt (88)

Wjt+1 �Wjt = (rt � gc)Wjt + wtlj � cjt � ptsjt (89)

0 = lim
t!1

e�~�t ~Wjt~p
�(��1)
t (~cjt)

�� (90)

~Wj0 = given; (91)

where the subscript �jt�now denotes the group j and (discrete) time t. This con-

stitutes a linear, non-homogeneous system of �rst-order di¤erence equations with time-

variant coe¢ cients and two boundary conditions. Rearranging yields

cjt+1 =
(1� gc)� + (1� � r)rt � �+ �(� � 1)

�
pt+1�pt
pt

+ gp
�

�| {z }
�ft

cjt (92)

Wjt+1 = (1 + rt � gc)| {z }
�gt

Wjt �
1

1� �| {z }
�h

cjt + [wtlj � �pt�st]| {z }
�ljt

(93)

0 = lim
t!1

e��tWjtp
�(��1)
t (cjt)

�� (94)

Wj0 = given: (95)

The solution is

cjt = cj0

t�1Y
s=0

fs (96)

Wjt = Wj0

t�1Y
s=0

gs � h
t�1X
k=0

cjk

t�1Y
s=k+1

gs +
t�1X
k=0

ljk

t�1Y
s=k+1

gs: (97)

10.4 Initial consumption

One obtains cj0 by applying the transversality condition (TVC) to (97) and plugging

the solution for cjt � as given by (96) � into the result. De�ne �1t � Wj0

Qt�1
s=0 gs,
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�2t � h
Pt�1

k=0 cjk
Qt�1
s=k+1 gs and �

3
t �

Pt�1
k=0 l

j
k

Qt�1
s=k+1 gs and write (97) as

Wjt = �
1
t ��2t +�3t : (98)

We know that limt!1Wjt�t = 0, where �t � e��tp
�(��1)
t (cjt)

��, such that

lim
t!1

W j
t �t = 0 = lim

t!1
�t(�

1
t +�

3
t )� lim

t!1
�t�

2
t (99)

, 1 =
limt!1 �t(�

1
t +�

3
t )

limt!1 �t�2t
(100)

= lim
t!1

�t(�
1
t +�

3
t )

�t�2t
(101)

= lim
t!1

�1t +�
3
t

�2t
: (102)

Replacing �1t , �
2
t , and �

3
t by their respective expressions yields

1 =
Wj0

Q1
s=0 gs +

P1
k=0 l

j
k

Q1
s=k+1 gs

h
P1

k=0 cjk
Q1
s=k+1 gs

=
Wj0 +

P1
k=0 l

j
k

Qk
s=0 (gs)

�1

h
P1

k=0 cjk
Qk
s=0 (gs)

�1 :

Inserting the solution for cjk as given by (96) gives

cj0 =
Wj0 +

P1
k=0 l

j
k

Qk
s=0 (gs)

�1P1
k=0

h
fk

Qk
s=0

fs
gs

(103)

10.5 How to deal with in�nity

In the computation we have to assume that the dynamic system is in its steady state

after a some period T , where the number of transition periods, T , is chosen su¢ ciently

large. Then, sums and products can be modi�ed to
P1

s=0 xt =
PT�1

s=0 xt +
P1

s=T x andQ1
s=0 xt = (limt!1 x

t)
QT�1
s=1 xt, where x denotes the respective steady state of xt. The

54



steady states for the time-dependent parameters are

f = 1 (104)

g = 1 + r � gc (105)

lj = wlj � �p�s: (106)

Accordingly, the denominator of (103) becomes

1X
k=0

h

fk

kY
s=0

fs
gs
=

1

1� �

T�1X
k=0

f�1k

kY
s=0

fs
gs
+

1

1� �

1X
k=T

f�1
T�1Y
s=0

fs
gs

kY
s=T

f

g
(107)

=
1

1� �

T�1X
k=0

f�1k

kY
s=0

fs
gs
+

1

1� �

 
T�1Y
s=0

fs
gs

! 1X
k=T

[1 + r � gc]
T�k�1 (108)

=
1

1� �

T�1X
k=0

f�1k

kY
s=0

fs
gs
+

1

(1� �)(r � gc)

T�1Y
s=0

fs
gs
: (109)

Similarly, the second term in the numerator of (103) can be written as

1X
k=1

ljk

kY
s=1

g�1s =
T�1X
k=0

ljk

kY
s=0

g�1s +
lj

r � gc

T�1Y
s=0

g�1s :

Putting all together gives

cj0 =
Wj0 +

PT�1
k=0 l

j
k

Qk
s=0 g

�1
s + lj

r�gc

QT�1
s=0 g

�1
s

1
1��
PT�1

k=0 f
�1
k

Qk
s=0

fs
gs
+ 1

(1��)(r�gc)
QT�1
s=0

fs
gs

: (110)

10.6 Solution algorithm

For each j 2 f1; 2; :::; Jg:

1. Obtain initial consumption cj0 with (110).

2. Obtain individual consumption levels fcjtgTt=0 from (96) or by iterating over the

discretized Euler equation.

3. Obtain individual wealth levels fWjtgTt=0 by making use of (97) or by iterating over
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the discretized budget constraint.

4. Obtain individual housing consumption fsjtgTt=0 from the intra-temporal optimality

condition.

10.7 Robustness

10.7.1 Status Preferences for Both Goods

If we replaced instantaneous utility (2) by

u (cj; sj) =
[(cj � �c�c)

1��(sj � �s�s)
�]1�� � 1

1� �
; (111)

with �c; �s � 0, where �c is average consumption of the numeraire good, then the housing

expenditure share would still read as (6), with � � �s��c
1��c

. Since � > 0 i¤ �s > �c,

assuming status concerns for housing services only (�c = 0) captures, without loss of

generality, that status concerns are higher for housing than for non-housing consumption.

10.7.2 CES Utility

Consider the following utility speci�cation

u (cj; sj) =
(Cj)1�� � 1
1� �

with Cj =
h
� (sj � ��s)1�

1
� + (1� �)c

1� 1
�

j

i �
��1

;

where � > 0. The housing expenditure share of agent j (ej) and the aggregate housing

expenditure share (�e) are then given by

ej =
��p1��

��p1�� + (1� �)�
�
1� �

sj

�

�e =
��p1��

��p1�� + (1� �)(1� �)�
; (112)

where sj � sj
�s
. The aggregate housing expenditure share (�e) is only constant, given

that rents (p) may grow, provided that � = 1 (Piazzesi and Schneider, 2016). Notice that

56



the utility speci�cation in the main text, given by (2), is the limiting case of the above

stated CES utility function for �! 1.

10.7.3 Status Preferences: Multiplicative Reference Level

Status preferences are often also captured as ratios instead of di¤erences (Clark, Frijters

& Shields, 2008; Schünemann and Trimborn, 2018). A typical formulation looks like this

v (cj; sj) =

h
s�j
� sj
�s

��
(cj)

1��
i1��

� 1
1� �

;

where � 2 (0; 1), � 2 [0; 1), and � > 0. In this case, the housing expenditure share of

agent j is given by

ej =
� + �

1 + �
:

Hence, this preference speci�cation is not compatible with heterogenous housing expen-

diture shares that vary systematically with income.

10.7.4 Decomposing Wealth Convergence: Zoning Experiment

Why do we observe wealth convergence in the zoning experiment? To shed light on this

question, we start by noting that the distribution of wealth converges (diverges) when

the following expression is negative (positive) for all j48

@Ŵj(t)

@Wj(t)
=
�(t) ~w(t)� w(t)

Wj(t)2
: (113)

When comparing wealth dynamics across di¤erent scenarios, one must distinguish be-

tween i) relative wealth and ii) the level of wealth. De�ne relative wealth by �j � Wj= �W .

To di¤erentiate between the two e¤ects, we take the derivative of the growth rate of

48Here we set lj = 1 for all j which is inconsequential for the developed insights.
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individual wealth w.r.t. the relative wealth position

@Ŵj

@�j
=
@Ŵj

@Wj

@Wj

@�j
=
� ~w � w

W 2
j

�W =
� ~w � w

�2j
�W

: (114)

The relative wealth position of each household at period zero, �j(t = 0), does not change

across two scenarios. However, �W might change due to valuation e¤ects operating via

changes in house and land prices. It is therefore su¢ cient to study how changes in

aggregate wealth �W a¤ect the dynamics of wealth inequality.

The aggregate variables a¤ecting the dynamics of the wealth distribution are the i)

rent p, ii) wage w, iii) interest rate r, and iv) aggregate wealth �W . Totally di¤erentiating

(114) w.r.t. all four aggregate variables for some future date l � t yields49

d
@Ŵj(t)

@�j(t)
=

1

�j(t)
2 �W

2664 ~w(t)@�(t)@p(l)
dp(l)| {z }

rent channel

+
@�(t) ~w(t)

@r(l)
dr(l)| {z }

interest rate channel

3775

+
1

�j(t)
2 �W

26664@ [�(t) ~w(t)� w(t)]

@w(l)
dw(l)| {z }

wage channel

� [�(t) ~w(t)� w(t)] d �W (l)| {z }
valuation channel

37775 :

This expression shows how, for example, a change in the rent at date l = 20 (for a

transition starting in t = 0) a¤ects wealth divergence in period t = 0. If the rent does

not jump across two scenarios, then it is su¢ cient to consider the above expression for

any l > t = 0. (In the case of a jump, one also needs to evaluate the preceding expression

for l = t = 0.) In the following we discuss each partial price e¤ect in turn.

49This decomposition was inspired by Moll, Kaplan and Violante (2018).
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Rising rent is a convergence channel For l > t the expression for the rent channel

can be expressed as

~w(t)
@�(t)

@p(l)
dp(l) = ~w(t)

�
�� � 1

�
��(t)2

h
�p(l; t)�e��r(l;t)�

�
��1 (l�t)

i� 1
�
�p(l; t)��1e��r(l;t)�

�
��1 (l�t)

1

p(t)

�
dp(l)

= � ~w(t)� � 1
�

��(t)2
h
�p(l; t)�e��r(l;t)�

�
��1 (l�t)

i��1
� 1

p(l)
dp(l):

Given that the rent increases at some future point l > t, i.e. dp(l) > 0, this derivative is

negative if � > 1 (otherwise it is positive). Notice that � determines the strength of this

e¤ect.

For l = t, i.e. today�s rents increase, the expression for the rent channel reads

~w(t)
@�(t)

@p(t)
dp(t)

= ~w(t)

�
��(t)2

Z 1

t

� � 1
�

h
�p(� ; t)�e��r(�;t)�

�
��1 (��t)

i� 1
�
��p(� ; t)��1e��r(�;t)�

�
��1 (��t)(�1)�p(� ; t) 1

p(t)
d�

�
dp(l)

=
� � 1
�

�
~w(t)�(t)

p(t)
dp(t)

If today�s rents increase, i.e. dp(t) > 0, then this derivative is positive if � > 1 (otherwise

it is negative). Hence, an increase in today�s rents only implies that wealth inequality

diverges stronger.

Interest rates exert an ambiguous e¤ect For l � t the expression for the interest

rate channel reads

@�(t) ~w(t)

@r(l)
dr(l)

=
@

@r(l)

R1
t w(�)e��r(�;t)d�R1

t

h
�p(� ; t)�e��r(�;t)�

�
��1 (��t)

i��1
�
d�

dr(l)

=
�w(l)e��r(l;t) 1

�(t) � ~w(t)��1�

h
�p(l; t)�e��r(l;t)�

�
��1 (l�t)

i�1
�
�p(l; t)�e��r(l;t)�

�
��1 (l�t)(�1)

1=�(t)2
dr(l)

= �(t)e��r(l;t)
�
�(t) ~w(t)

� � 1
�

h
�p(l; t)�e�

�
��1 (l�t)

i��1
�
e
1
�
�r(l;t) � w(l)

�
dr(l)
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If � < 1, this expression is negative (wealth convergence channel). Now assume � > 1.

If � ~w � w > 0, then this expression is positive i¤

� � 1
�

h
�p(l; t)�e�

�
��1 (l�t)

i��1
�
e
1
�
�r(l;t) > 1

,�p(l; t) >
�

�

� � 1

� �
�(��1)

e
1

�(��1) [�(l�t)��r(l;t]:

To sum up, the interest rate channel is ambiguous under � > 1. If rents increase suf-

�ciently, as de�ned by the last inequality, then the interest rate channel is positive, i.e.

higher rents (at some future point in time) imply more wealth divergence.

Higher future wages are a divergence and higher current wages a convergence

channel For l > t the expression for the wage channel reads

�(t)
@ ~w(t)

@w(l)
dw(l) = �(t)e��r(l;t)dw(l)

8<: � 0 for dw(l) � 0

< 0 for dw(l) < 0
:

Hence, if at any point in the future the wage increases, this implies that the wealth

distribution is getting more unequal today.

For l = t the expression for the wage channel reads

@�(t) ~w(t)� w(t)

@w(t)
dw(t) = (�(t)� 1)dw(t) < 0:

If only today�s wages increase this leads to wealth convergence.

Higher aggregate wealth is a convergence channel Changes in aggregate wealth

act as an ampli�cation or dampening mechanism. Higher aggregate wealth ampli�es

both wealth convergence and divergence, while lower aggregate wealth dampens wealth

convergence or divergence. Notice that this depends on the sign of � ~w�w. If � ~w�w < 0

(wealth convergence), then d �W > 0(< 0) increases (decreases) wealth convergence. If

� ~w � w > 0 (wealth divergence), then d �W > 0 increases wealth (decreases) wealth
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divergence.

Numerical Illustration To shed further light on the evolution of the top 10 percent

wealth share, displayed in Fig. 1 (b), we consider the following decomposition Ŵ10c�W =

sav10_
sav

y10=W10

�y= �W
, which follows from (10).

Figure OA.1: Wealth growth rate of the top percentile relative to the average wealth

growth rate.

Notes: As we focus on the evolution of the top 10 percent wealth share, displayed in Fig. 1
(b), we consider Ŵ10c�W = sav10_

sav

y10=W10

�y= �W
.
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