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Abstract

In a dynamic setting, housing capital is both an asset and a consumption good. But
should it be taxed like other forms of consumption or like other forms of capital?
We analyze this question by considering the taxation of housing capital in a version
of the neoclassical growth model. We derive the optimal tax treatment of housing
capital vis-a-vis the tax treatment of both business capital and other forms of
consumption allowing for relatively general preferences. We show that for a class of
utility functions that includes the standard Cobb-Douglas function, the second-best
optimum can be achieved with a simple tax structure where housing construction is
taxed at the same rate as non-housing consumption and the tax rate on the imputed
rent equals the tax rate on the return to business capital in every period. We also
show how the optimal tax structure depends on the elasticities of substitution
between housing, non-housing consumption, and leisure. Our numerical analysis
shows that the optimal tax burden on housing capital is indeed very sensitive to
household preferences.

Key words: Optimal taxation, dynamic Ramsey taxation, housing taxation

JEL classification numbers: H21, E21

Tiivistelma

Omistusasunto on sekéd varallisuuserd ettd kulutushyodyke. Mutta pitdisikd asumista
verottaa kuten muuta kulutusta vai kuten muuta sddstdmistd? Tarkastelemme
asuntovarallisuuden optimaalista verokohtelua dynaamisessa yleisen tasapainon
mallissa. Johdamme asumisen optimaalisen verokohtelun suhteessa muun pddoman



ja muun kulutuksen verotukseen. Naytdmme, ettd tietyilld oletuksilla kotitalouksien
preferensseistd, jotka kattavat mm. Cobb-Douglas hyotyfunktion, on optimaalista
verottaa omistusasumisen laskennallista tuottoa samalla veroasteella kuin
tuotannollista pddomaa, jos uudisrakentamista verotetaan samalla veroasteella kuin
muuta kulutusta. Niytimme myos, miten tulos muuttuu, jos tarkastellaan
yleisempédd hyotyfunktiota. Tutkimuksen numeerisessa osassa osoitamme, ettd
omistusasumisen optimaalinen verokohtelu on herkkd asumisen, muun kulutuksen ja
vapaa-ajan vilisille substituutiojoustoille.

Asiasanat: Optimiveroteoria, dynaaminen Ramsey-verotus, asuntovarallisuuden
verotus

JEL-luokittelu: H21, E21



1 Introduction

The tax treatment of housing is an important fiscal question because housing wealth
constitutes a large share of all household wealth. A common view in the public finance
literature is that housing enjoys a tax favored status in most western economies, mainly
because the return to owner housing, the imputed rent, usually goes untaxed while the
return to business capital is taxed at a relatively high effective tax rate.! Related to
this, several studies have assessed the welfare consequences of a tax reform that sets an
equal tax burden on housing and business capital. Using quantitative dynamic general
equilibrium models, Gahvari (1985), Skinner (1996), and Gervais (2002), among others,
have shown that such a reform would lead to substantial efficiency gains.?

While these studies show that the current tax status of housing is likely to be highly
distortionary, they do not aim to determine what the optimal tax treatment of housing
is and how it depends on the overall tax system. We want to emphasize two reasons
why it may not always be appropriate to call for tax reforms that equalize the effective
tax rates on housing and business capital. Both of them are related to the consumption
aspect of housing. First, it seems likely that the tax treatment of housing should depend
on household preferences. For instance, we would like to know whether the optimal tax
treatment of housing is very sensitive to the elasticity of substitution between housing
and leisure.

Second, it seems clear that the tax rate on non-housing consumption should matter
for the optimal tax treatment of housing. Consumption taxes are low in the US but an
important source of tax revenue in many European countries. In the European Union,

the standard rate of the value added tax (VAT) ranges from 15% in Luxembourg and

1See Hendershott and White (2000) for an international comparison of housing’s tax status.
20ther studies that also consider the efficiency and welfare effects of the tax favored status of housing

include Gahvari (1984a), Slemrod (1982), Berkovec and Fullerton (1992), Hendershott and Won (1992),
Poterba (1992), and Bye and Avitsland (2003) and Eerola and Mittinen (2006). Turnovsky and
Okuyama (1994) focus solely on capital accumulation. See also Englund (2003) for general discussion

on housing taxation.



Cyprus to 25% in Denmark and Sweden. At the same time, the relative tax treatment of
housing vis-a-vis non-housing consumption within the VAT system varies a lot across the
European countries. Some countries apply the standard VAT rate to the construction
of residential housing, whereas others apply a reduced rate and some (United Kingdom)
exempt the construction of residential housing altogether from VAT.?

In this paper, we try to understand these issues by analyzing the optimal tax treat-
ment of housing capital vis-a-vis both business capital and non-housing consumption al-
lowing for relatively general preferences. We employ a version of the neoclassical growth
model with a representative household that derives utility from non-housing consump-
tion, housing services, and leisure. The model captures the dual role of housing capital
as both an asset and a form of consumption, the intertemporal savings-consumption
decision, and the general equilibrium effects of capital taxation we are interested in. As
far as we know, we are the first to consider the taxation of housing capital or durable
goods as part of an optimal tax problem in a fully dynamic general equilibrium set-up.*

We follow the line of research represented by Judd (1985), Chamley (1986), Jones
et al. (1997), Atkeson et al. (1999), and others. Formally, we analyze a Ramsey
problem for a government that finances government expenditure by a set of flat rate
taxes, including a tax on the imputed rental income from housing capital and a tax on
housing construction. The government is assumed to be able to commit to future tax
policies. The solution to the Ramsey problem is a tax reform which is optimal given the
initial state of the economy, individual optimization, and the available tax instruments.
In addition to introducing housing capital and a tax on it, we extend the most standard
set-up with a consumption tax and a nested constant elasticity of substitution (CES)

utility function.

3See Institute for Fiscal Studies (2004, chapter 5) for a discussion of housing taxation in the UK and

elsewhere.
4Gahvari (1984b) studies the optimal taxation of housing capital in a partial equilibrium model.

Cremer and Gahvari (1998) study the optimal taxation of housing in a static model with incomplete
information, where the government may use differentiated housing taxes so as to separate between

different consumer types.



We first derive analytical results. We show that for a class of utility functions that
includes the standard Cobb-Douglas function, the second-best optimum can be achieved
with a simple tax structure where construction is taxed at the same rate as non-housing
consumption and the tax rate on the imputed rent equals the tax rate on the return to
business capital in every period.” In addition, we show how the optimal tax structure
depends on the elasticities of substitution between housing, non-housing consumption,
and leisure. Depending on household preferences, it may be optimal to tax the imputed
rent at a higher or lower rate than the return to business capital even when construction
is taxed at the same rate as non-housing consumption.

In our numerical analysis, we first display the dynamics of optimal tax reforms. We
then show that the optimal tax burden on housing capital is indeed very sensitive to
the intratemporal elasticities of substitution between housing consumption, non-housing
consumption, and leisure. Finally, we compute the welfare gains of optimal tax reforms.
The most interesting exercise in this respect is to compare the welfare gains with and
without the possibility to adjust the tax burden on housing. We find that the welfare
gain of an optimal tax reform falls dramatically if the tax burden on housing cannot be
adjusted.

We proceed as follows. In the next section we describe the economy. In section 3, we
present our analytical results. In section 4, we present and discuss our numerical results.

We conclude in section 5. In the Appendix, we derive our analytical results.

2 The model

We consider a deterministic model with an infinitely lived representative household that
derives utility from non-housing consumption, housing services, and leisure. The pro-
duction side consists of a representative firm that employs business capital and labor to

produce output goods which can be transformed into housing capital, business capital,

5To be precise, this result holds for periods when exogenously imposed upper bounds for tax rates

on business and housing capital are not binding.



and non-housing consumption. There is a government that finances public expenditures
with flat-rate taxes.

We do not have residential land in the model. Hence, we focus on the tax treatment of
housing capital, or residential structures, alone. One reason is that it seems obvious that
if constructible land is in fixed supply, the government should try to effectively confiscate
all land rents. In practice, this can be (partly) achieved with municipal monopoly power
on decisions about land use. In this sense, adding land would not necessarily give

interesting new insights.°

2.1 Firms

Every period ¢, a representative firm employs business capital, k;, and labor, n;, to

produce output goods, 3;. The production function is

Ye = f (ke ). (1)

We assume that the production function exhibits constant returns to scale. The firm’s
first-order conditions for profit maximization imply that the before-tax returns to busi-

ness capital and labor are determined by their marginal productivities, that is,

re = fu =0k (2)
wy = fmv (3)

where J}, is the depreciation rate of business capital.” The output good may be costlessly

converted into non-housing consumption good, business capital, and housing capital.

6A potentially interesting way of introducing land into our analysis might involve modeling the
development of ‘raw land’ and introducing a spatial aspect. However, these extensions would complicate
our analysis substantially and would make it at least much more difficult to obtain analytical results
about the optimal tax structure. See Aura and Davidoff (2006) for an interesting analysis about land
taxation in a static spatial model and Davis and Heathcote (2005) for a calibrated business cycle model

with housing and land.
"We denote a%t f(ktynt) = fr, and similarly for other derivatives throughout the paper.



2.2 The household’s problem

The household is endowed with one unit of time every period. The periodic utility func-
tion is u(c, h,n), where ¢ is non-housing consumption, h is the stock of housing capital,
and n labor. The utility function is assumed to be strictly increasing in non-housing
consumption and housing capital and strictly decreasing in labor, strictly concave, and
to satisfy the Inada conditions. The maximization problem of the household in period 1
is

maxi B u(cey, hyy my) (4)

t=1

subject to the intertemporal budget constraint

Zpt[(l + Tf) Ct +k‘t+1 + (1 -+ ’7‘;) (ht+1 — (1 — (Sh) ht) — Rtk't — (1 —T?)nt’wt +T?T?ht] S 0
t=1
()
where
Ri=1+(1—1Hr,. (6)

and 7" denotes the imputed rent (defined below). In the budget constraint, 7¢, 7¢, 7%, 7",

and 7" are the tax rates on non-housing consumption, housing construction, the return
to business capital, the imputed rental income, and labor, respectively, and p; is the
before-tax price of period ¢ non-housing consumption in terms of period 1 non-housing
consumption. Parameter d; is the depreciation rate of housing capital. The tax on
construction, 7¢, increases the relative cost of existing housing capital with respect to
non-housing consumption and business capital.

We define the imputed rent as the rental rate of housing, net of deprecation, that
would prevail if rental markets existed in this economy. This hypotethical rental rate,
let us denote it by rent, is determined by an arbitrage condition. Investing one unit of
output good in period ¢ — 1 in business capital returns 1 + (1 — 75)r; units in period
t. One unit of output good buys 1/(1 + 7%) units of housing capital. We assume that
7' is fixed (we will discuss this assumption later), that the return to rental housing is

taxed at the same rate as the return to business capital, and that landlords can deduct



housing capital depreciation before paying the capital income tax. Then, investing one

unit of the output good in period ¢ — 1 in rental housing returns

T [Tentt —Tr (Tentt — (1 + Ti) 5h) + (1 + Ti) (1-— 5h)}

in period t. The last term in this expression is the value of the remaining housing
capital in period t. It is now straightforward to show that the rental rate that makes
households indifferent between investing in business capital and rental housing is rent, =

(14 7%)(ry + 01,). Hence, the imputed rent (rental rate net of depreciation) is
= (1 + 7). (7)

Note that this is also the capital cost of one unit of housing.®

It is important to understand, however, that since we allow the tax rate on the
imputed rent to be time varying, the allocations associated with optimal tax reforms do
not depend on how exactly we define the tax base in housing taxation. In particular,
housing taxation could equivalently take the form of a property tax.

The first-order conditions characterizing individually optimal behavior may be writ-

ten as

Ue, (L = 7wy +up, (1+75) = 0 (8)
Ue, Bu’ct-;—l
— R =0 9
T+7f 1475, ©)
147, 1+7iy, T
— Uy ——L — Bug,,, (1 —8,) —L = = 0. 10
/Buht+1 Utl—i_’rf /Bu +1( h>1+7_§+1+u +11+7_§+1 ( )

2.3 Government

Public consumption in each period is denoted by g. We assume that the government

budget need not be balanced on a period by period basis. Instead, the government faces

81t would be natural to let the household deduct mortgage interest payments from the (gross) imputed

rent before taxing it. However, our representative household does not hold debt.



the following intertemporal budget constraint:

Zpt (Tyce + Tireke + Tingwe + T he + 74 (e — (1= 64) Be) — g) > 0. (11)
t=1

2.4 Equilibrium

For a given sequence of tax rates, a competitive equilibrium consists of individual policies
and prices such that the individual policies solve the household’s problem in (4) and (5),
factor returns are given by equations in (2) and (3), the government budget constraint

in (11) is satisfied, and the aggregate resource constraint
i+ kepr + hepr + 9 = f(ke,ng) + (1= 0p)ke + (1 — 0n) e (12)

is satisfied for all ¢.

2.5 Specification of the preferences

For most of our analytical results, and obviously for all numerical results, we need to
specify the utility function. We consider the following nested constant elasticity of
substitution (CES) utility function.

The first CES aggregator, ¢, is defined over housing capital and leisure:

hyAh h ANAA h h
(9 = +(1—9)(1—n)v) for /' < 1, 4" £ 0

c=¢ch,1—n)= . .
R (1 — n)1=9" for 4" =0,

where 6" is the utility share of housing capital. The elasticity of substitution between
housing capital and leisure is given by ﬁ

The second CES aggregator, ¢, is defined over non-housing consumption and ¢:

(0% + (1 - 90)676)1/76 , for 4¢ < 1,7 #0
(090’0\1*96) , for v¢ =0,
where ¢ is the utility share of non-housing consumption. The elasticity of substitution

between non-housing consumption and ¢ is given by 1%0

7



Finally, the periodic utility function is:

-0
T, foro>0,0#1

log(c), for o =1,

u(e, h,n) = u(c(c,e(h,1 —n)) =

where ¢ is the inverse of the intertemporal elasticity of substitution.
With v¢ = 4" = 0, this utility function boils down to the commonly used Cobb-

Douglas specification:

[Cech(k(r)eh (1-— n)(k@ﬂ)(keh)]ko

u(c, h,n) =

l1—0

The case with ¢ = 1 and ¢ = 7" = 0 is the logarithmic utility function:
u(c, h,n) = 0loge+ (1 — 690" logh + (1 — 6°)(1 — 0")log (1 — n). (13)

These preferences are equivalent to the set-up in Greenwood and Hercowitz (1991)
who define a utility function over market consumption and ’home production’ and a

home production function over "home capital’ and time not allocated to market work.”

3 Optimal taxation

Before proceeding with the analysis of second-best taxation, we should first note that
the fact that the government can tax consumption means that we can reach the first-
best allocation with a constant strictly positive tax on non-housing consumption and
construction, a constant subsidy on labor income (i.e. 7" < 0), and a zero tax on the
return to business capital and the imputed rent (provided that government expenditures
are sufficiently small). This solution effectively relies on taxing initial assets alone. A

practical problem with this tax system is that the subsidy to labor would give households

9A more general formulation would allow for allocating time to ‘leisure’, ‘home production’ and
‘market production’. For studies using this approach, see e.g. Gomme et al. (2001), Baxter and
Jerman (1999) and McGrattan et al. (1997). The two approaches result in the same allocations under

a logarithmic specification. For more discussion on this issue, see Greenwood et al. (1995).



a strong incentive to misrepresent hours of work. See Coleman (2000) for a discussion
of these issues and an analysis of the case where government chooses a sequence of tax
rates on consumption, labor and (business) capital subject to the constraint that the
labor tax cannot be negative. It is also clear that if both 7¢ and 7" can be freely chosen,
one of them is redundant.

In order to avoid these complications and be able to focus on the optimal tax treat-
ment of housing, we take the consumption tax system as given by fixing 7¢ and 7¢. This
rules out the possibility of taxing only the initial assets by imposing a very high tax
rate on all forms of consumption together with a subsidy on labor. In our numerical
experiments, this also suffices to make the optimal labor income tax rate strictly positive.

From now on therefore, we denote 7¢ = 7¢ and 7! = 7% and state the objective of the
government as maximizing household welfare by announcing in the beginning of period 1
a sequence of tax rates {77, 75,1, 711 }3°;. Note that we also assume that the government
takes as given 7% and 7%. Otherwise, the government could trivially reach the first-best
allocation by simply confiscating part of the existing capital stocks. In addition, and in
line with the dynamic Ramsey literature, we define upper bounds 7 and 7" that the
tax rates on the return to business capital and imputed rental income may not exceed
in any period ¢t > 2.

Following the approach taken by Chamley (1986), Judd (1985), and others, we formu-
late the government’s problem so that it directly chooses allocation {c¢;, ny, kiy1, b1 };’il.lo
Before writing down the government objective, let us discuss the constraints to be im-
posed on the government’s choices.

Rewriting the budget constraint of the household in (5) by using the first-order

10As shown in Lansing (1999) and discussed in Krusell (2002), in some cases, this approach leads to
allocations that cannot be decentralised. This happens in the absence of anticipation effects, that is,
when future tax rates do not affect the current decisions of the private sector. In our setting this kind

of anticipation effects are always present even under logarithmic utility.



conditions of the household gives

Z Btfl (Uctct + Up, Ny + ﬁuht“ ht+1) = uclnA_ (14)

t=1
where A = Riky + (1+7°) (1= 06,)hy — 7i7ihy and n = ==. This is the so-called
implementability constraint. It states that the allocation chosen by the government
must be compatible with individual optimization.

The upper bounds on the two capital tax rates are imposed as follows: First, given (9),
the requirement 7% < 7¥ means that the government is constrained to choose allocations

that satisfy
Uy, > Be, (14 (1 =7")ry).

Second, given (10), the requirement 7% < 7" means that the allocations chosen by the

government must satisfy
(1 + Ti) Ue, 1N > Pup, + Bue,n ((1 + Ti) (1 —106p) — ?hrf) )

The Lagrangian for the government may be written as:

L= 8 ule, he,m)

t=1

NE

+A gt (uctct + Up,ny + Buhtﬂhtﬂ) — U nA

t=

1
+ 3 B g [ (kema) + (1= 80k + (1= )hy — ¢ — kipr — haga — g
t=1

+ Z B wy |:uCt — Buc,,, (1 +(1— Fk)rtJrl)}

t=1

+ Zﬁt_l¢t [(1 + Ti) Ue, M) — /BuCtJrlT] ((1 + Ti) (1 - 5h) - ?hrﬁ—l-l) - Buh“rl] ’

t=1
The first constraint is the implementability constraint. The second set of constraints
contains an aggregate resource constraint for each period. The third and fourth sets of

constraints are the restrictions on the tax rates.

10



For t > 1, the first-order conditions for n,, ¢;, kiy1, and hyyq are:!!

B _,orh
W + tiofae + Biottten, = @i (L= 7°) e fim, = i |thn, — a7 50| = 0
t

We, =ty + Bi_1Uee, — Yy_qUpe, = 0

(15)
(16)

orh
—py Tt B,ut-i-l (1 + Tt+1) — W (1 -7 ) Uepyq fk‘kt+1 + wtnucwl_h akiii = 0(17)
(18)

/BWht+1 - ILLt + /Bl’l’t-‘rl (1 - 5h> + /BBtuCht+1 - wtﬁuhht+1 = 0

where

B = w1 —w(1+(1— ?k)rtﬂ) o (L+7)n—vm ((L+7) (1 —6,) —7 7“?+1)
Wnt = Up, + )\(uhm ht + Ueny Ct + Upn, Tt + unt>
Wct = Ug, + )\(uhct ht + Uee, Ct + Ue, + unctnt>

Wh, = up, + Munn,he + n, + Uen, €t + Unn,nt)-
We also have the following Kuhn-Tucker conditions for all ¢ > 1:

07 % 2 07(19)

Z /Buht+1 .

wt (uCt (1 + Ti) n— 6u0t+177 ((1 + Ti) (1 - 5h) T rt—i—l) ﬂuht-ﬂ)
)

Wy (uct B, (1 +(1-7 rt+1)) = 0, wy >0,(20)
)

and w, (1 + Ti) N — B, M ((1 + Ti) (1—0n) — 7" Tt+1

and u., — Bue,,, (1 (1-— 7+ )rie1) > 0.

The optimality conditions (15)-(20), the aggregate resource constraint (12), and the
implementability constraint (14) determine the allocation, {c;, ny, kiy1, hig1}52,, as well
as the multipliers A and {p,,w, 1, }32,. After an optimal allocation has been found,
prices, {r,w;},-,, are determined from equations (2) and (3). Finally, the tax rates on
labor, the return to business capital, and the imputed rental income are solved from
equations (8), (9), and (10), respectively.

By combining the steady state versions of the government first-order condition (17)

and the household first-order condition (9), it is straightforward to show that in the long

UThe first-order conditions for ¢; and n; (not shown) look somewhat different because all decisions

affect the righ-hand side of (14).

11



run the tax rate on the return to business capital should be zero. This is the standard
Chamley-Judd result.

Our interest is in comparing the optimal tax treatment of housing capital to that
of business capital and non-housing consumption not just in the steady state but also
during the transition. In what follows, we do this with two analytical results. When
deriving these results, we ignore the upper bounds on the capital tax rates, 7% and 7",
which can be binding only for the first periods after the optimal tax reform is announced.
Hence, strictly speaking, the following results hold starting from the first period when
neither of these upper bounds is binding.

By using the government’s first-order conditions (16)-(18) and assuming that w =

1 = 0, we obtain
Wht+1 .
W,

Ct+1

((Sh + 7’t+1) =0. (21)
By using household’s first-order conditions (9) and (10), we obtain

Uhyyq _ (1 + Ti) [Rt-i-l - (1 - 5/1)] + T?+1 (1 + Ti) Tt41
Uey,y 1+ 7¢ 1+ 7¢ '

(22)

Our strategy is to combine (21) and (22) in a manner that will allow us to determine the
relationship of different tax rates. In order to do that, we consider the utility function
defined in subsection 2.5. Details of the analysis are in the Appendix.

The first result applies to the situation where the elasticity of substitution between
housing and leisure (determined by ~") is the same as the elasticity of substitution
between non-housing consumption and the CES aggregator over housing and leisure

(determined by ~¢).
Result 1 If ¢ =~", the following holds in all periods:

(L4+7°) (0 + 1431) = (1 + Ti> [(1 — Tf+1) Tei1 + 5h] + Tfﬂ (1 + Ti) Tii1.

Result 1 shows that the optimal tax rate on the imputed rent is positively related to
the optimal tax rate on business capital. It also shows that the optimal tax rate on the

imputed rent depends on consumption taxation. From Result 1 it directly follows that

12



Corollary 1 Ifv¢ =" and 7¢ = 7%, then 7% = 71 in all periods.

In words, for a class of utility functions that includes Cobb-Douglas preferences, the
second-best optimum can be achieved with a tax structure where construction is taxed
at the same rate as non-housing consumption and the tax rate on the imputed rental
income equals the tax rate on the return to business capital.

Corollary 2 shows how the tax rate on the imputed rental income should be adjusted,

if construction is untaxed.

Corollary 2 If ¢ =~" and 7 = 0, then

o
T =71° <1+—h) +7F,
Tt

If construction is not taxed but non-housing consumption is taxed, the tax rate on
the imputed rent should exceed both the tax rate on non-housing consumption and the
tax rate on the return to business capital.

Finally, we consider more general preferences:

Result 2 Assume that 7¢ = 7°.
i) If v¢ #~", then 7% # 77 in all periods.
i) If o =1,v">~° and 4" >0, then T/ < 7% in all periods.
i) If o = 1,9" < ~¢, and v < 0 but close enough to zero, then ™0 > 7% in all

pertods.

Part i) shows that whenever v¢ # 7", the result that the tax rate on the imputed
rental income should equal the tax rate on the return to business capital breaks down.
Parts ii) and iii) show that the imputed rental income should be taxed at a lower (higher)
rate than the return to business capital if 4" is larger (smaller) than ¢, at least when
o0 =1 and 7" is not too small.

To interpret this result, note first that the elasticity of substitution between housing
and leisure increases with 7. If the elasticity of substitution between housing and leisure

is high, a small increase in the tax burden on housing leads the household to demand a

13



lot more leisure (which cannot be taxed). In such a situation, the tax burden on housing
should be low. However, the relevant elasticity depends also on 7¢. For a fixed 7", a
higher value of v means that the household is more willing to substitute both housing
and leisure for non-housing consumption. In other words, if v¢ is high, a small increase
in the tax burden on housing leads the household to demand a lot less leisure. Hence,
the tax burden on housing should decrease with 7" and increase with ~°.

More generally, this reflects the well-known result that goods that are sufficiently
strong substitutes for leisure should be taxed at a lower rate than other goods (see e.g.
Christiansen, 1984). However, we have not seen this result been derived before in a fully

dynamic set-up.

4 Numerical analysis

In our view, the most important questions that our analytical results leave open are the
following: First, what are the transitional dynamics of the optimal tax rates? Second,
how sensitive is the optimal long run tax rate on imputed rental income with respect
to changes in the CES preference parameters? Third, what is the welfare cost of not
optimizing housing taxation? In this section, we present numerical results to answer

these questions.!?

4.1 Calibration

We take the model period to be one year. We assume that the production function is
Cobb-Douglas with capital share . Greenwood et al. (1995) have estimated the share
of business capital in the production function when total capital stock is disaggregated

into housing and business capital. Based on their estimate, we set a = 0.29. We set the

12We find the solution to the Ramsey problem by solving the system of non-linear equations formed
by the government first-order conditions, the implementability constraint, the aggregate resource con-
straints, and the Kuhn-Tucker constraints using the broydn’s algorithm. The Matlab programs are

available from the authors upon request.
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depreciation rates of business and housing capital so as to get the same investment to
capital stock ratios as in the 2006 National Income and Product Accounts (NIPA) for
the US. This implies d; = 0.096 and §;, = 0.042.13

In the baseline calibration, we set 7 = v* = 0. This is consistent with the fact that
housing expenditure share and average hours worked have been fairly constant over the
last decades, at least in the US (Kydland, 1995). However, studies using micro data
often find different results.'* We will conduct a sensitivity analysis with respect to both
of these intratemporal elasticity parameters. In addition, we set ¢ = 1 so that we have
the logarithmic utility function in (13).

We want the initial tax system to reflect a typical European economy with a relatively
high overall tax burden as well as relatively high consumption taxes. Based on Carey
and Rabesona (2004), we set 7¢ = 0.18, 72 = 0.39 and 75 = 0.44.'> We assume that
construction is taxed at the same rate as consumption, so that 7% = 7¢. We further set
the initial tax rate on the imputed rent at zero, i.e. 7h = 0. We choose the preference
parameters 3, 8°, 8" and public expenditures, ¢, so as to match the following targets:
1) Total capital to total output ratio (k + h)/y = 3.0, where y = k®n'=® + rhh. 2)
Housing capital to business capital ratio h/k = 0.78. 3) Labor supply n = 0.33. 4) The
government budget is balanced and there is no government debt.

Targets 1 and 2 are based on NIPA.'® The first is the ratio of fixed assets (private

and government) to GDP and the second is the ratio of residential fixed assets to non-

13These depreciation rates equal the ratios of gross private domestic investment in non-residential and

residential fixed assets to the stocks of private non-residential and residential fixed assets.
14We are not aware of a study that would have estimated the same preference structure that we have

here with micro data. However, there are a number of studies that use micro data to estimate the
elasticity of substitution between housing and non-housing consumption. These studies tend to find

that elasticity to be quite small. See for instance Siegel (2005) and Flavin and Nagazawa (2008).
15These numbers are based on the estimates for the effective tax rates on consumption, labor and

capital in EU-15 countries in 1990-2000 (table 7.2 in Carey and Rabesona, 2004). We have adjusted

them by the average effect (table 7.15) of the non-taxation of the imputed rental income.
16The reason we take these targets from the US data is that for we could not find measures of fixed

asset stocks for large European countries.
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residential fixed assets. The third target means that the representative household uses

one third of its time endowment working. The last target fixes the constant public

consumption. The implied ratio of tax revenue to GDP is 0.36.

Table 1: Baseline calibration.

Parameter Value Definition

Preferences 153 0.968 Discount factor

o° 0.296 Consumption share parameter

o" 0.128 Housing share parameter

¥ 0 CES parameter

AP 0 CES parameter

o 1 Intertemporal elasticity parameter
Technology o 0.290 Business capital share

O 0.096 Depreciation rate of business capital

on 0.042 Depreciation rate of housing capital
Tax system To 0.390 Initial labor tax

Tg 0 Initial tax rate on the imputed rent

T¢ 0.180 Consumption tax

Tl 0.180 Tax on housing construction

7']8 0.440 Initial tax rate on the return to business capital

g 0.171 Government expenditures

4.2 Transitionary dynamics

In this subsection, we display the optimal dynamic tax reform. We also illustrate how

it changes if the imputed rental income cannot be taxed. In that case, we add to the

government’s problem the constraint that 7" must equal zero in every period.!” Figure 1

shows the paths of the optimal tax rates in the baseline calibration. Period 0 corresponds

to the initial steady state. The tax rate paths in the left hand side of the figure correspond

to the case where the imputed rent can be taxed. Here we have set the upper bounds

"Formally, the constraint reads as u, ,n = Buc,n (1 — 0p) + Bup, .
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for the two capital tax rates at 1, that is, 7% = 7* = 1.!® The tax rates paths in the

right hand side corresponds to the case where the imputed rent cannot be taxed.

1.5 1.5
1 - 1
= =
03 7 0'54%
0 0 : :
0 10 20 30 0 10 20 30
1.5 1.5
1 - 1
s £
0.5 - 0.5
0 Opkbbthktkkticktiok ket bok ok
0 10 20 30 0 10 20 30
0.5
0.4
0.45
£ =
0.2 0.3
0 0.2
0 10 20 30 0 10 20 30
period period

Figure 1: Optimal tax rates with (left) and without (right) the possibility to tax the imputed

rent.

Consider first the case where the imputed rent can be taxed. The upper bounds for
the tax rates on the imputed rent and the return to business capital are both binding
until period 11. After that, the both tax rates converge to zero in one period. The labor

tax falls close to zero during the first periods of the optimal tax reform.

18This is a natural upper bound for 7% since the after-tax return to business capital would become
negative with 7% > 1. In such a case, investors would refuse to hold any business capital. However,
there is no such natural upper bound for 7. This is because households should always be willing to
hold some housing capital as long as the marginal utility of housing goes to infinity when housing goes
to zero. In the absence of any restriction on the tax rate on the imputed rent, the optimal tax rate goes
to about 2.1 in period 2 and then starts to decrease. The dynamics of 7% do not change substantially

from those in the left hand side of figure 1.
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Interestingly, if the tax burden on housing cannot be adjusted, the dynamics of the
optimal tax rate on the return to business capital are very different in two respects:
First, the tax rate now starts to diminish from period 2 onwards and the upper bound
78 <1 is never binding. Second, the tax rate on the return to business capital converges
to zero very slowly. In fact, it appears to converge to zero only asymptotically.

In other words, if the tax burden on housing cannot be adjusted, the tax rate on
the return to business capital does not feature the usual dynamics with very high tax
rates in the first periods and a rapid convergence to the new steady state tax rate.
Intuitively, taxing the initial business capital stock becomes undesirable if households

can use housing capital as a tax free savings vehicle.

4.3 Elasticities and the optimal long-run tax system

We know from result 2 that the optimal tax rate on the imputed rent differs from the
optimal tax rate on the return to business capital whenever the intratemporal elasticity
parameters 7¢ and 7" are not equal. We now illustrate the quantitative importance of
this result by reporting the optimal long run tax rate on the imputed rent with different
values for these two parameters. We consider values of -1 and 1/3 which correspond
to elasticities of substitution equal to 0.5 and 1.5, respectively. When changing these
parameters, we recalibrate parameters 3, 6¢, 0", and g, so as to match the same four
targets that we match in the baseline calibration.! As before, the consumption tax,
which applies also to construction, is fixed at 0.18. The optimal long run tax rate on the
return to business capital is always zero.

In table 2, we display the optimal long run tax rates on the imputed rent and labor.
In addition, we report the total tax burden on housing. We measure it as the relative
increase in the user cost of housing caused by the taxation of the imputed rent and
construction. The user cost is (14 7%)[(1 4 7")r 4 d;,]. Without taxes, it would be r + dj,.

In order to allow for an arbitrary large steady state tax rate on the imputed rent, we set

19Tn fact, B remains constant when we vary the elasticity parameters.
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here 7" = co.

With a fixed tax on construction, the optimal tax rate on the imputed rent varies
enormously with the elasticity parameters. In the table, the tax rate ranges from -0.98 to
2.63. The extreme cases are those where the difference between ¢ and v" is the largest.
The variation in the overall tax burden is smaller: it ranges from -33% to 156%. Still,
these results show that the optimal tax burden on housing is very sensitive to household

preferences.

Table 2: Long run tax rates.

Calibration Th 7" Total tax burden on housing
(% of user cost)
¥ =0,y"=-1 169 0.25 107 %
¢ =0,v" =0 0.00 0.38 18 %
¢ =0,7"=1/3  -0.52 0.42 9%
7*=-1,9"=0  -0.81 0.46 24 %
¢ =0,7"=0 0.00 0.37 18 %
¥=1/3,4"=0 0.82 0.29 61 %
7¢=-1,7"=1/3 -0.98 047 -33 %
v =1/3,4"=—-1 263 0.17 156 %

4.4 Welfare effects

Finally, we consider the welfare effects of optimal tax reforms. Our welfare measure is the
‘equivalent consumption variation’. It tells how much consumption should be increased
in the initial steady state (keeping housing and leisure fixed) so as to make the household
indifferent between the status quo and the equilibrium associated with a tax reform. We
compare the welfare gains of optimal tax reforms with and without the possibility to tax
the imputed rent. The difference between these two welfare gains gives us a measure of
the welfare cost associated with the inability to adjust the effective tax rate on housing
capital from its initial level. When calculating the welfare effects, we take the transition

into account.

19



With the baseline calibration, the welfare gain from an optimal dynamic tax reform
is 5.4%. This welfare gain falls to 1.9% if the tax rate on the imputed rent is constrained
to be zero. In other words, the welfare gain falls by about 65% if the imputed rent
cannot be taxed. In this sense, the cost of not being able to tax the imputed rent is very
large.

The optimal tax reform calls for very high capital tax rates during the first periods
of an optimal dynamic tax reform as the government wishes to tax part of the initial
capital stocks away. In the baseline calibration, we constrained the tax rates on the
imputed rent and the return to business capital tax to be at most 1. As figure 1 shows,
these constraints are binding during the first periods after the reform.

In order to assess the importance of the ability to impose very high tax rates during
the first periods of the reform, we also computed optimal tax reforms with much lower
upper bounds on the capital tax rates. Specifically, we assumed that the tax rate on the
return to business capital and the tax rate on the imputed rent cannot exceed the initial
tax rate on the return to business capital. That is 7% = 7" = 0.44. In this case, the
welfare gain from the optimal tax reform is 3.5%. If the imputed rent cannot be taxed
at all and 7% = 0.44, the welfare gain is 1.8%.

Given that the initial tax burden on housing (with 77 = 0) is the same as the optimal
tax burden in the new steady state, it is perhaps surprising that the welfare gain of the
optimal tax reform falls so much if the tax burden on housing cannot be adjusted. The
reason for the large reduction in the welfare gain is that taxing the initial business capital
stock (through high tax rates on the return to business capital during the first periods
of the reform) becomes difficult when households can use housing capital as a tax free

savings vehicle.

5 Conclusions

We have considered the optimal tax treatment of housing capital within a version of

the neoclassical growth model. The tax burden on housing should increase with both
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the taxation of non-housing consumption and the taxation of business capital. For a
class of utility functions that includes the standard Cobb-Douglas function, the second-
best optimum can be achieved by taxing construction at the same rate as non-housing
consumption and taxing the imputed rent at the same rate as the return to business
capital. However, the optimal tax burden on housing is very sensitive to the elasticities
of substitution between housing consumption, non-housing consumption, and leisure.
This means that the optimal tax rate on the imputed rent may depart substantially
from the optimal tax rate on the return to business captital. We also found that the
dynamics of optimal capital tax reforms are very different if the tax burden on housing

cannot be adjusted.
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Appendix

In this appendix, we derive Results 1 and 2. Throughout we assume that the upper
bounds for the tax rates on the imputed rent and the return to business capital are not
binding, that is w = 1) = 0. For convenience, we drop time indices.

We first prove the following lemma.

Lemma 1 If ¢ =", then

Wh %
W. .
where
We = e+ AMupch + tUeeC + e + Upen) (A1)
Wh = up+ )\(uhhh + up + UpC + unhn). (AQ)
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Proof. We have to consider different cases depending on the parameter values in the
utility function. Note first that for o # 1, v¢ = v" # 0, the utility function we employ

may be written as

. ) o\ e/ Ao/
[GCCVL + (1 —10° <9hh7l +(1 =61 —n) > }

h -
u(c7 7”) 1 — 0
1—0o

S(c,h,n)

l1—0

: A"
where S (¢, h,n) = 0°C" + (1 — 6°) (thﬂh +(1—=0M1—=n) )7 " The partial deriv-

atives of the utility function can then be written using the partial derivatives of S as

follows:
1 .
u, = —S¥S;fori=ch,n (A3)
ryC
1 _ 1 S; S
= uj (gp%qLi,—j) fori,j =c,h,n

where ¢ = 1;0" — 1. The partial derivatives of S are

S, = 7000076_1
S.e = S, (=1t
Sp = (1—6°)D /" lghpy"

S = S |:(,.)/c _ ,yh) D-lghp -1 4 (v —1) h—l}

Su = —(1—6°)D" /" (1 —0") (1 —n)" T
Sch - Scn:O
S = =SD7H (v =4") (1= 0") (L —n)"

where D = 0"h"" + (1 —6")(1 —n)"". Plugging the partial derivatives of u into (A1) and
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(A2) and rearranging gives:

oF SecC Senn Senh
= A —+1
W, uc+uc(s+ +SC+SC+SC
pF

Swnh . Spun S,
W, = uh+)\uh(—+1—l— L L hc)

S Sh Sh Sh

where F' = S.c + S,n + Sph. Plugging the partial derivatives of S into the above

expressions allows us to write:

F
W, = u. {1+A<%+7Cﬂ (A5)
h h h—l
OF . a0t —(1=0")(1—-n)""1n
W, = T+ A | S +4"+ (7 = A6
h h (s 7O 0" " + (1 —6")(1 — n)" (46)

From equation (A6) it follows that if v¢ = ~",
F
Wh :uh—i-/\uh (%—F’Yh) .

Therefore if v =", (A5) and (A6) imply that
Wh . %

W. u.

Hence, we have proved Lemma 1 for the case where o # 1 and v¢ = 4" # 0. It is clear
that this result also applies when o = 1 and ¢ = " # 0, because equations (A3)-(A4)
and the derivations thereafter remain valid. Consider then the case where 7¢ = 7" = 0

and o = 1. The utility function is then
u(c, h,n) = 0loge+ (1 — 690" logh + (1 — 6°)(1 — ") log (1 —n).
Plugging the partial derivatives of u into (A1) and (A2) shows that
W, =u, and W), = uy,

and therefore Lemma 1 applies. Finally, consider the case where o # 1 and v = 4" = 0.
In this case .
C@Chohu—m)(l _ n)(l—@”)(l—@”)
u(c, h,n) =

l1—0
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and then

u = S8, fori =c,h,n

U5 = —O'gio-ilgigj + giggij for Z,j = C, h, n
where S = ¢ p?" (10 (1 — p)1=0"A~0)  Proceeding as above we can write

S, = 0°¢'S

S, = "1 —6)n'S

Sy = —(1-0M1-6)1—-n)"S
S.. = 90071:9#0 — c’lgc

S = (0"(1—0)n7Y) S, — h7LS,
Sen = 0M1—0n"'S, =685,
Sen = —(1—60M(1—6°(1—n)"8,
Spn = —(1—=M1—6)1—n)""5,

Plugging these expressions into (A1) and (A2) we have

W. = uc+ Au, (igF + 0+ 0M(1—0)— (1 -1 —6)(1—n)"" n) and

Wiy = un+ Ay, (%F +0°+0"(1—0%)— (1—0")(1—0(1— n)‘1n> :

where F = gcc + gnn + ghh. Again, %’: = Z—’C’ We have now proved Lemma 1. =

Proof of Result 1. Assume now that ¢ = . By using Lemma 1 we can write

equation (21) as
% = (Sh + 7.
uC
Inserting this expression into (22) gives
A+ [R-1=68)] A +7)r
+
1+ 7¢ 14 7€

op+r =
p=—
(1+79 [(1—7”“)7“—1—5;1} h(1+ 797
+
1+ 7¢ 1+ 7¢

op+1r =
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This proves Result 1. m

In order to prove Result 2 we first prove the following lemma:

Lemma 2. If 4¢ # ~", then

Wh Up G
== A
w. u.C (AT)

where

hpyh __ph 4Rl
GIHAS'1(Svh+soF+S(’yc—7h)0h =6 =n ”)

O"h" + (1 —0")(1 —n)"
and

C=1+AS"1 (S +pF).

Because ¢ # ", it follows that

G
= # 1 (AS8)

In addition, when o = 1, we have that

G > 1if~">~%and " >0

0 < G<1lify"<~% 4" <0, and 4" is not too small.

Proof. Equation (A7) follows directly from equations (A5) and (A6). We use the

expressions for partial derivatives for © and S from Lemma 1 in order to write

G
A
C 4

Sh+ F—I—S(c h)ehl’nh_(l_eh)(]‘_n)fyhln o Sc+ F e
Ty [y T

(1—9h)(1—n)7h(1+ n ) -0

1—n

(7" =) (0" + (1= —n)")

Clearly, the above equation is only satisfied when v* = ~+¢. Hence, ¢ # v" implies that
% # 1. In order to determine the sign of G note first that if ¢ = 1, then ¢ = —1.

Therefore we can write G as

A . -
G =1+ 25 |DSy" — DF +5 (7 = 7") (e)hm”— (1—6") (1—n)' 1n>}
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where D = 0"h" + (1—6M(1 - n)”h. We then proceed by simplifying the expression
inside the brackets. We first write F' as

F = S.c+ S,n+ Sph
= 0% e — A1 = )DL = 0M) (1 — n) " i o1 — 6°) DY/ R
= 0| + (1 — o)D" <9hmh (-0 (- n)”h_lnﬂ

After using the above expression for F' and the expression for S from Lemma 1 and

rearranging terms we get

G142 9’21()1 —n)" (1 i n) ((,yh ) 6 A (1~ HC)DvC/w) (A9)

This means that a sufficient condition for G > 1 is that v" > ~¢ and 7" > 0. In addition,
0 <G <1ify" <~ 4" <0, and 7" is not too small. The exact threshold for 7"
depends, among other things, on the value of A (the multiplier of the implementability

constraint). This proves Lemma 2. =

Proof of Result 2. Assume now that ¢ # v". With 7¢ = 77, (21) and (22) read as

4%
W}CL :(5h+rand2—i:(1—Tk)r+(5h+7hr.

Plugging these equations into (A7) gives

op+r = [(1—7k)r+5h+rhr}g<:>

ot ()6

By Lemma 2, 4" # ~¢ implies that % #£ 1. Therefore, 7" # 7F if 4" £ ~¢. This proves
part i) of Result 2.

We will prove part ii) of Result 2 by showing that assumptions 4" > v¢ and v* > 0
imply that & < 1. By (A10) it then follows that 7" — 7% < 0. By Lemma 2, we know
that assumptions 4" > ¢ and 4" > 0 imply that G > 0. Therefore

C
— <1
G< G >C
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By using the expressions for F' and S from Lemma 1 and 2 and rearranging we get the

following:
) G > Cs
e (e £ oy T O ) ()
L e
o T
(v" =) [1 - ehh;}; };h(i_(leh_) 9(;)(—17?;;::-%] > 0
(=) A== (1 ) > (A1)

Hence G > C. This proves part ii) of Result 2.
We will prove part iii) of Result 2 by showing that assumptions v* < 0, 4" < 4¢ and 7"
not too small imply that % > 1. By (A10), it then follows that 7" — 7% > 0. By Lemma

2, we know that 0 < G < 1 and therefore

C
—>1 .
G> s0>3G

In addition, from (A11) we know that

G>C’<i)(vh—vc)(l—Qh)(l—n)Vh (1—|— n >>0

Therefore, C' > G. This proves part iii) of Result 2. =
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