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1 Introduction

The tax treatment of housing is an important fiscal question because housing wealth consti-

tutes 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.1

Several studies have assessed the welfare consequences of a tax reform that removes this

tax favored status of owner housing by setting an equal tax rate on the imputed rent and

business capital income. 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.2

While these previous studies show that the current tax status of housing is highly distor-

tionary, they do not aim to determine what the optimal tax treatment of housing is and how

it depends on the overall tax system. Of course, it need not be optimal to tax the imputed

rent at the same rate as business capital income.3 Since the return to owner housing is a

utility flow, it is not clear whether this return should be treated like other forms of saving

rather than like other forms of consumption.

The previous studies also typically consider only steady state effects of tax reforms.4 As

is often the case with dynamic optimal taxation, neglecting the transition may give very

misleading welfare results. Moreover, the optimal tax rates are time varying and it is of

interest to see how they should evolve over time.

1See Hendershott and White (2000) for an international comparison of housing’s tax status.
2Other studies that also consider the efficiency and welfare effects of the tax favored status of housing in-

clude Gahvari (1984), Slemrod (1982), Berkovec and Fullerton (1992), Hendershott and Won (1992), Poterba

(1992), and Bye and Åvitsland (2003). Turnovsky and Okuyama (1994) focus solely on capital accumulation.

See also Englund (2003) for general discussion on housing taxation.
3Gahvari (1984, 1985) touches upon this issue but does not determine the optimal tax structure.
4Exeptions are Skinner (1996) and Eerola and Määttänen (2006).
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In this paper, we analyze the optimal tax treatment of housing in a dynamic general equi-

librium setting. We employ a version of the neoclassical growth model with a representative

household. Housing is introduced following Greenwood and Hercowitz (1991). Although the

model is relatively simple, it captures the intertemporal savings-consumption decision and

the general equilibrium effects of capital taxation that we are interested in. As far as we

know, we are the first to consider housing taxation as a part of an optimal taxation problem

in a dynamic general equilibrium setting.5

We seek to answer two questions: First and foremost, what is the optimal tax treatment

of housing and how it depends on the set of available tax instruments. Second, what is the

optimal tax structure if housing cannot be taxed. Our motivation for this second question

is that most countries simply do not have a tax on the imputed rent.6 This is a restriction

on the set of available tax instruments which should be taken into account when designing

optimal tax policies. Analyzing the case where housing taxation is ruled out also allows to

compare the welfare gains of optimal tax reforms with and without the possibility to tax

housing. This gives us a measure of the welfare cost of not taxing housing.

Formally, we analyze a Ramsey problem for a government that finances government ex-

penditure by a set of flat rate taxes. 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.

This approach takes transitionary dynamics properly into account.

We formulate the optimal taxation problem following the line of research represented

by Judd (1985), Chamley (1986), Jones et al. (1997), and Atkeson et al. (1999), among

5Cremer and Gahvari (1998) study the optimal taxation of housing in a very different context. In their

static model with incomplete information, the government may use differentiated housing taxes so as to

separate between different consumer types.
6Property taxes are common. However, they are often regarded as user fees for publicly provided services

rather than taxes on housing, especially when they are collected at the communal level as in the US (see e.g.

the discussion in Fullerton, 1987).
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others. Our benchmark case follows Coleman (2000). The government can tax business and

housing capital, labor, and consumption but is not allowed to subsidize labor. The role for

consumption taxation is well defined because the representative household receives part of its

revenues as lump-sum transfers. We then impose further restrictions on the set of available

tax instruments. First, we restrict the consumption tax to be at a fixed, predetermined level.

This case covers the more standard set-up where the government can tax only labor and

capital. Second, we rule out taxing housing.

In the benchmark case, in the long run, the optimal tax rate on business capital income

is strictly negative and the optimal tax rate on consumption is strictly positive. While we

cannot analytically determine the sign of the optimal long run tax rate on the imputed rent,

we can show that when the utility function is logarithmic, it is strictly larger than the tax

rate on business capital income. Our numerical results show that in the short run, both the

imputed rent and business capital income should be taxed at very high rates. In the long

run, the optimal tax rate on business capital income is slightly below zero while the optimal

tax rates on the imputed rent and consumption remain relatively high.

The optimal tax treatment of housing crucially depends on the availability of a consump-

tion tax. This can be clearly seen in the case where consumption tax is fixed. In a special

case with a logarithmic utility function and without consumption taxation and lump-sum

transfers to households, the optimal tax rate on housing is always equal to the optimal tax

rate on business capital income. In the long run, both taxes rates should then be zero.

Ruling out housing taxation altogether changes the optimal tax treatment business capital

income quite substantially. In particular, when housing cannot be taxed, the tax rate on

business capital income 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. Instead, it starts to

diminish from the very first periods onwards and converges to its long run level very slowly.

Related to this result, we find that the welfare cost of not taxing housing is large. With

our benchmark calibration, the welfare gain from the optimal tax reform falls by over 40% if
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housing cannot be taxed.

We proceed as follows. In the next section we describe the economy and discuss briefly

the case where the government can use a full set of linear taxes with the ability to tax leisure.

In this case, it is easy to characterize the optimal tax system essentially because the first best

solution can be obtained. In section 3, we analytically characterize the optimal tax structure

under various constraints to the set of available tax instruments. We present and discuss our

numerical results in section 4. We conclude in section 5.

2 The model

We consider a deterministic model with an infinitely lived representative household that

derives utility from the consumption of a consumption good, housing services, and leisure.

The production side consists of firms that employ business capital and labor to produce

output goods which can be turned into investment and consumption goods. There is a

government that finances public expenditures with flat-rate taxes.

2.1 Firms

Every period t, a representative firm employs business capital, kt, and labor, nt, to produce

output goods, yt. The production function is

yt = f(kt, nt). (1)

We assume that the production function features constant returns to scale and that fkn > 0

for all k > 0 and n > 0.7 The firm’s first-order conditions for profit maximization imply that

the before-tax returns to business capital and labor are given by their marginal productivities,

that is,

rt = fkt − δk (2)

7We denote ∂

∂kt
f(kt, nt) = fkt and similarly for other derivatives throughout the paper.
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and

wt = fnt, (3)

where δk is the depreciation rate of business capital. The output good may be costlessly

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

2.2 The household’s problem

A representative household is endowed with one unit of time every period. It derives utility

from consumption, c, leisure, 1− n, and the stock of housing capital, h. The periodic utility

function is u(c, h, n). The utility function is strictly increasing in consumption and housing

and strictly decreasing in labor, strictly concave, and satisfies the Inada conditions.

This utility function can be interpreted as a reduced form of the preference structure in

Greenwood and Hercowitz (1991), where households derive utility from the consumption of

goods and services produced in the market and goods and services produced at home, or

‘home production’. Home production is created by combining housing capital and time not

allocated to market production.8

Some of our analytical results concern the logarithmic and separable special case where

u(c, h, n) = αc log(c) + αh log(h) + (1− αc − αh) log(1− n). (4)

This is also the utility function employed in deriving our main quantitative results. With

this utility function, the elasticity of substitution between housing and consumption is equal

to one. As noted by Kydland (1985), it is therefore consistent with the fact that historically

US households have spent a roughly constant fraction of their overall expenditures in housing

even though the relative price of housing has declined over time.

8A 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).
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The household can use both housing and business capital as a savings vehicle. The

maximization problem of the household in period 1 is

max
∞∑

t=1

βt−1u(ct, ht, nt) (5)

subject to the intertemporal budget constraint

∞∑

t=1

pt[(1 + τ ct) ct + kt+1 + ht+1 −Rtkt − (1− τnt )ntwt − g2 −Rht ht] ≤ 0 (6)

where

Rt = 1 + (1− τ kt )rt

and

Rht = 1− δh − τht rt.

The tax rates on consumption, business capital income, imputed rent, and labor income are

denoted by τ c, τ k, τh, and τn, respectively. We set the price of one unit of the consumption

good in period 1 equal to one. The price of period t consumption in terms of period 1

consumption is denoted by pt. Lump-sum transfers from the government are denoted by g2.

Parameter δh is the depreciation rate of housing capital.

Housing taxation is based on the imputed rent, which is defined as the rental price of

housing services. If rental markets existed, the return to rental housing should equal the

return to business capital. Thus, the rental price of housing would be rt+ δh, assuming that

landlords pay for the depreciation and that the tax rate on rental income equals the tax rate

on business capital income. The tax base for an amount ht of housing capital is the imputed

rent net of depreciation, i.e. rtht.9

9The tax rate on the imputed rent should be understood as the overall effective tax rate on housing.

Alternatively, and equivalently, housing taxation could take the form of a property tax.
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The first-order conditions characterizing individually optimal behavior may be written as

uctηt(1− τnt )wt + unt = 0 (7)

uctηt − βuct+1ηt+1Rt+1 = 0 (8)

βuht+1 − uctηt + βuct+1ηt+1R
h
t+1 = 0, (9)

where ηt =
1

1+τc
t

.

2.3 Government

Each period, total government expenditure is g = g1+g2 where g1 denotes public consumption

and g2 is a transfer to the households. The budget need not be balanced on a period by period

basis. The government faces the following intertemporal budget constraint:

∞∑

t=1

pt[τ
c
tct + τkt rtkt + τnt ntwt + τht rtht − g] ≥ 0 (10)

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 (5) and (6),

factor returns are given by equations in (2) and (3), the government budget constraint in

(10) is satisfied, and the aggregate resource constraint

ct + kt+1 + ht+1 + g1 = f(kt, nt) + (1− δk)kt + (1− δh)ht (11)

is satisfied for all t.

2.5 Optimal taxation

The objective of the government is to maximize household welfare by announcing in period 1

a sequence of tax rates {τnt , τ
c
t , τ

k
t+1, τ

h
t+1}

∞

t=1. We assume that the government takes as given
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the first period tax rates on business capital income and the imputed rent, τ k1 and τh1 . As is

always the case with capital taxation, we must impose some restriction on the government’s

ability to tax past investments. Otherwise, the government could trivially reach the first best

allocation by confiscating part of the existing capital stocks.

2.6 First best

It is instructive to first consider the optimal tax structure when the government can use a full

set of linear taxes. The first best solution is obtained by assuming that the government can

directly choose the allocation (or dictate households’ consumption, savings, and labor-leisure

decisions). The first best allocations are determined by the following first-order conditions

(together with transversality conditions):

unt + uctfnt = 0

uct − βuct+1 (1 + rt+1) = 0

βuht+1 − uct + βuct+1 (1− δh) = 0.

Consider then the following tax rates for all t ≥ 1:

τ ct = −τnt = τ ≥ 0 (12)

τkt+1 = 0 (13)

τht+1 = τ

(
1 +

δh
rt+1

)
. (14)

When the above tax rates are inserted into the household’s first-order conditions in (7)-(9),

the conditions become identical to the first-order conditions characterizing the first best allo-

cation. Hence, if the tax policy in (12)-(14) is feasible, the resulting competitive equilibrium

will correspond to the first best allocation.10

10It is straightforward to show that the tax policy determined by (12)-(14) is feasible if the value of initial

assets in the economy is large enough relative to the present value of public spending.
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This result closely parallels Result 1 in Coleman (2000). Essentially, the first best solution

is a form of a lump-sum tax. As a negative tax on labor income is a positive tax on leisure,

the government can tax all goods and it need not distort household behavior. We note that

the tax treatment of housing is similar to that of consumption in that they are both taxed

at a positive rate whereas the tax rate on business capital income is zero.11

3 Ramsey problems

In this section, we lay out the Ramsey problem of the government and analyze optimal

taxation under different restrictions on the government’s ability to choose tax rates. An

obvious problem with the first best tax scheme is that it requires subsidizing labor. Such

a subsidy would give households an incentive to misrepresent hours of work. Therefore, we

begin this section by analyzing the case where consumption can be taxed but labor may not

be subsidized. We also impose the common constraint that the tax rate on business capital

income may not exceed unity. This is a natural constraint because firms cannot be forced to

operate capital for a certain loss. In contrast, there is no natural upper bound on the tax rate

on the imputed rent, because there should always be some demand for housing. Hence, in

this first case, which we consider as our benchmark case, we do not impose an upper bound

on the tax rate on the imputed rent.

In addition to the benchmark case, it is interesting to see how the optimal tax treatment

of housing depends on the consumption tax. Therefore, we solve the Ramsey problem also in

the case where the consumption tax is fixed. This set-up encompasses the most standard case,

where the government can tax only labor and capital. However, we maintain the assumption

that labor may not be subsidized.

11In order to be consistent with the previous literature on housing taxation, we have assumed that depreci-

ation of housing is tax deductible. Disallowing the deduction would simply scale the tax rate on the imputed

rent downwards. In that case, the first best tax rates would be τc = τh = −τn = τ > 0 and τk = 0.
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Finally, we consider two restrictions on the tax rate on the imputed rent: a maximum

value for the tax rate on the imputed rent and a case where taxing housing is completely

ruled out. The last case is useful in two respects. First, it reveals how ruling out housing

taxation changes the optimal tax reform. Second, it allows us to evaluate the efficiency cost

of not taxing housing by comparing the welfare gains from optimal tax reforms with and

without the possibility to tax housing.

This section consists of three subsections. In the first subsection, we present the general

methodology for solving the government problem in the benchmark case. In the second

subsection, we analyze the case with the fixed consumption tax and in the last subsection we

discuss the case where housing taxation is restricted.

3.1 No tax on leisure

The problem of the government is to choose the tax policy so as to maximize the utility of

the representative household subject to the aggregate resource constraint, private sector’s

optimizing behavior, and the constraints imposed on the tax rates. Following the approach

taken by Chamley (1986), Judd (1985), and others, we formulate the government’s problem

so that it directly chooses allocations.12

Let us first discuss the constraints to be imposed on the government’s problem. Rewrit-

ing the budget constraint of the household in (6) by using the first-order conditions of the

household gives

∞∑

t=1

βt−1
(
uctct + untnt + βuht+1ht+1 − uctηtg2

)
= uc1η1A, (15)

where A = R1k1 +Rh1h1. (Recall that we defined above, for notational simplicity, ηt =
1

1+τc
t

)

12As shown in Lansing (1999) and discussed in Krusell (2002), in some cases, this approach leads to

allocations that cannot be decentralized. 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.
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This is the so-called implementability constraint. It states that the allocation chosen by the

government must be compatible with individual optimization.

As mentioned above, we require all tax reforms to be such that τ kt+1 ≤ 1 in all periods.

This is equivalent to Rt+1 ≥ 1. Together with the household’s first-order condition in (8),

this constraint can be expressed as

uctηt − βuct+1ηt+1 ≥ 0. (16)

In addition, the government is constrained to set a non-negative tax rate on labor income.

Combining constraint τnt ≥ 0 with the household’s first-order condition in (7) gives

unt + uctηtfnt ≥ 0. (17)

As in Coleman (2000), the government then chooses consumption tax rates {τ ct}
∞

t=1

and allocations {ct, nt, kt+1, ht+1}∞t=1 subject to the aggregate resource constraint, the im-

plementability constraint, and the constraints on the tax rates. The Lagrangian for the

government may be written as:

L =
∞∑

t=1

βt−1u(ct, ht, nt)

+λ

[
∞∑

t=1

βt−1
(
uctct + untnt + βuht+1ht+1 − uctηtg2

)
− uc1η1A

]

+
∞∑

t=1

βt−1µt [f(kt, nt) + (1− δk)kt + (1− δh)ht − ct − kt+1 − ht+1 − g1] (18)

+
∞∑

t=1

βt−1θt
(
uctηt − βuct+1ηt+1

)

+
∞∑

t=1

βt−1ωt (unt + uctηtfnt) .

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.
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The first-order conditions for n1, c1 and η1 can be written as:

n1 : Wn1 − λuc1η1
∂A1
∂n1

+ µ1fn1 +B0ucn1η1 + ω1(unn1 + uc1η1fnn1) = 0

c1 : Wc1 − µ1 + ω1unc1 +B0ucc1η1 = 0

η1 : B0 = 0

where

Wn1 = un1 + λ (unn1n1 + un1 + ucn1c1)

Wc1 = uc1 + λ (ucc1c1 + uc1 + unc1n1)

B0 = −λA− λg2 + θ1 + ω1fn1

Other first-order conditions are:

nt : Wnt + µtfnt +Bt−1ucntηt + ωt (unnt + uctηtfnnt) = 0 (19)

ct : Wct − µt +Bt−1ucctηt + ωtunct = 0 (20)

kt+1 : −µt + βµt+1 (1 + rt+1) + βωt+1uct+1ηt+1fnkt+1 = 0 (21)

ht+1 : βWht+1 − µt + βµt+1 (1− δh) + βBtucht+1ηt+1 + βωt+1unht+1 = 0 (22)

ηt : Bt−1 = 0, (23)

where

Bt = −λg2 + θt+1 − θt + ωt+1fnt+1

Wnt = unt + λ(uhntht + ucntct + unntnt + unt)

Wct = uct + λ(uhctht + ucctct + uct + unctnt)

Wht = uht + λ(uhhtht + uht + uchtct + unhtnt).

We also have the following Kuhn-Tucker conditions for all t ≥ 1:

ωt (unt + uctηtfnt) = 0, ωt ≥ 0, and unt + uctηtfnt ≥ 0 (24)

θt
(
uctηt − βuct+1ηt+1

)
= 0, θt ≥ 0, and uctηt − βuct+1ηt+1 ≥ 0 (25)
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The optimality conditions (19)-(25), the aggregate resource constraint (11), and the imple-

mentability constraint (15) determine the allocations {ct, nt, kt+1, ht+1}∞t=1, the consumption

tax rates {τ ct}
∞

t=1, and the multipliers λ and {ωt, θt}∞t=1. After an optimal allocation has been

found, prices {rt,wt}
∞

t=1 are determined from equations (2) and (3). Finally, the tax rates on

labor income, business capital income, and the imputed rent are solved from equations (7),

(8), and (9), respectively.

Several interesting results may be obtained by inspecting the first-order conditions of the

government Ramsey problem. Note first that if constraint (16) is not binding, first-order

condition (23) becomes

λg2 = ωtfnt. (26)

Since λ > 0, this condition implies that if g2 > 0 then ωt > 0 for t > 1. Therefore, whenever

constraint (16) is not binding, the optimal tax system must involve τn = 0.13

Consider then the optimal tax rate on business capital income. Denote the steady state

value of µt by µ, and similarly for other variables. Then, the steady state version of condition

(21) can be written as

1 = β (1 + r) +
βωucηfnk

µ
.

The steady state version of the household first-order condition (8) in turn becomes

1 = β
(
1 +

(
1− τk

)
r
)
.

By combining these two conditions we obtain

τ k = −
ωucηfnk

rµ
. (27)

Since ω > 0, it follows that the long run tax rate on business capital income is negative.

13If g2 = 0, condition (26) implies that ωt = 0. That is, the government first-order condition (23) is

satisfied for all allocations and consumption tax rates. Therefore, in the absence of transfers, there need not

be a unique path of optimal tax rates. This point is also discussed in Coleman (2000).
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The government first-order conditions for consumption and housing are complicated

enough not to allow drawing any general conclusions. This is because, in general, the signs of

Wc, Wh, and Wn depend on the magnitude of λ, the multiplier of the implementability con-

straint. However, we can characterize these tax rates assuming logarithmic utility function,

as in (4).14 Consider first the tax rate on consumption. Combining (20)-(22) gives

un + ucfn = −λ (unnn+ un)− ω (unn + ucηfnn) , (28)

where the right hand side is strictly positive. The household first-order condition (7) in turn

implies that

(1 + τ c)un + ucfn = 0. (29)

Because un < 0, combining these two conditions shows that τ c > 0.

Finally, using equations (20), (21) and (23), we can write the steady state version of

first-order condition (22) as
uh
uc
− (δh + r) = ωηfnk.

The first-order conditions of the household (8) and (9) in turn may be rewritten as

uh
uc
= η

(
R−Rh

)
.

Combining the above equations results in

τh − τ k =
ωfnk
r

+ τ c
(
1 +

δh
r

)
.

By collecting these results, we obtain

Result 1 If the government cannot subsidize labor and households receive transfers, in a

steady state

i) the tax rate on labor income is zero.

14This implies Wnt = unt + λ (unntnt + unt), Wct = uct , and Wht = uht .
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ii) the tax rate on business capital income is negative.

iii) if the utility function is logarithmic, the tax rate on consumption is strictly positive and

the tax rate on the imputed rent is higher than the tax rate on business capital income.

The first two results are the same as in Coleman (2000). The tax rate on labor income

should be zero because the consumption tax rate is more efficient; by taxing consumption

the government is able to tax transfers. In addition, given that labor is not taxed it is

beneficial to subsidize business capital accumulation. This is because increased business

capital accumulation increases the marginal productivity of labor. This in turn reduces the

cost of not being able to subsidize labor.

The optimal tax treatment of housing depends both on how consumption is taxed and

how other forms of saving are taxed. When the utility function is logarithmic, the long run

tax rate on the imputed rent should be higher than the tax rate on business capital income.

However, it is not possible to determine analytically whether the long run tax rate on the

imputed rent should be positive or negative. This seems natural since housing is both a

consumption good and a form of savings, and consumption is taxed at a strictly positive rate

while savings are subsidized.

3.2 A fixed consumption tax rate

In the previous literature on housing taxation, consumption taxation is typically entirely

ignored. In order to examine the importance of allowing for optimally set consumption

taxes, we now consider a case where the tax rate on consumption is required to remain fixed

at a certain predetermined level, τ c ≥ 0.

The problem of the government now looks very similar to the one above except that now

we do not have the first-order conditions related to the consumption tax rate in (23). This

directly implies that it is no longer possible to determine analytically whether labor income
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should be taxed or not. That is, we cannot infer whether the non-negativity constraint on

the labor income tax rate is binding or not.

The case where ω > 0 is quite cumbersome and not very insightful. Also, our numerical

analysis shows that for small values of τ c labor income should be taxed. We will therefore

discuss here only the case where ω = 0. In that case, it directly follows from equation (27)

that τk = 0. Again determining the tax rate on housing is more complicated.15 However,

under logarithmic utility, combining (20)-(22) gives

uht+1
uct+1

− (δh + rt+1) =
−λg2ηucct+1 (δh + rt+1)

uct+1
,

where η = 1

1+τc
. Combining this with the first-order condition of the household

uht+1
uct+1

= η
(
Rt+1 −Rht+1

)
(30)

gives

τht+1rt+1 − τ kt+1rt+1 − τ c (δh + rt+1) =
−λg2ucct+1 (δh + rt+1)

uct+1
. (31)

Inspection of equation (31) reveals that if τ c = 0, the tax rate on imputed rent should be

higher than business capital income tax rate in all periods if g2 > 0.

By collecting these results, we obtain

Result 2 With a fixed consumption tax, it may be optimal to tax labor income. If that is the

case

i) the long run tax rate on business capital income is zero.

ii) if the utility function is logarithmic, the long run tax rate on the imputed rent is given

by

τh − τ c
(
1 +

δh
r

)
=

λg2
c

(
1 +

δh
r

)
> 0.

15When ω = 0 and θ = 0, we have Wct = µt+λg2ucctηt. Hence, even if ω = 0 and θ = 0, it is not possible

to pin down the sign of Wct.
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iii) if the utility function is logarithmic and g2 = 0, and τ c = 0 then τht = τ kt in all periods

and both are zero in the long run.

Thus, in general, the tax treatment of housing should depend on how high the consump-

tion tax is and on the amount of transfers that households receive. The intuition for this

result follows from the consumption role of housing. If households receive lump-sum trans-

fers, the tax on the imputed rent can be used to tax part of them. On the other hand, even

in the absence of transfers, if other consumption is taxed, housing should also be taxed so as

not to distort the relative prices of consumption goods and housing. However, in the special

case where there are no transfers and the consumption tax is fixed at zero, the tax treatment

of housing should be no different from that of business capital income. This reflects the asset

role of housing. In particular, in the short run, taxing housing is a way of taxing part of the

initial assets.

3.3 Restrictions on the tax rate on the imputed rent

In this subsection, we analyze a situation where the tax rate on the imputed rent cannot

exceed a given upper bound, τh. We again assume that the consumption tax rate is optimally

chosen.16 This restriction implies that

Rht+1 ≥ 1− δh − τhrt+1.

This inequality, together with the household’s first-order condition (9), means that the gov-

ernment is constrained to choose allocations that satisfy

uctηt ≥ βuct+1ηt+1
(
1− δh − τhrt+1

)
+ βuht+1. (32)

Two cases are of special interest for us: First, the optimal tax system considered in

the previous subsections may involve very high tax rates on the imputed rent during the

16Since the consumption tax rate is optimally chosen, we assume here that the household receives tranfers,

i.e. g2 is strictly positive.
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transition. Here, we wish to examine how the transition is changed if we restrict the tax

treatment in the same manner as we restrict the tax treatment of business capital income, i.e.

set τh = 1. As long as this constraint is not binding in the steady state, the characterization

of the steady state tax rates remains the same as in Result 2.

Second, we want to analyze the transition under the assumption that housing cannot

be taxed at all, i.e. τh = 0. Here an important element of the analysis is the observation

that simply ignoring housing taxation leads to an allocation which cannot be decentralized

using the remaining tax instruments. The constraint (32) must be imposed separately on the

government and it will always be binding. Therefore, letting γ be the multiplier on (32), we

have γt > 0 for all t.

The assumption that housing may not be taxed changes the results in two ways compared

to the benchmark case in section 3.1. First, now the government’s first-order condition (23)

becomes

−λg2 + θt+1 − θt + γt+1 − γt (1− δh) + ωt+1fnt+1 = 0.

Consider a situation where θ = 0. Since γt > 0 is always strictly positive, it may now be

that ω = 0 even if the consumption tax rate is optimally chosen. That is, if housing cannot

be taxed, it may become optimal to tax labor income. If this is the case, from condition (27)

it directly follows that τ k = 0 in the long run. In addition, following the same procedure as

in (28) and (29), we can determine that under logarithmic utility τ c > 0.

Collecting these results gives:

Result 3 When housing cannot be taxed, it may be optimal to tax labor income. If that is

the case

i) the long run tax rate on business capital income is zero.

ii) if the utility function is logarithmic, consumption should always be taxed.

When housing cannot be taxed, the optimal tax system may feature taxing both con-

sumption and labor income while the optimal long run business capital tax rate is zero. This
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tax structure is very different from the one in section 3.1 where labor income is not taxed

and business capital income is subsidized.

In general, the results in this section show that the optimal tax treatment of housing

depends on the tax treatment of both consumption and business capital income. Broadly

speaking, we have two different situations: If it is optimal to tax labor income, the tax rate

on business capital income should be zero in the long run.17 When this is the case, housing

should be taxed whenever consumption is taxed. If, on the other hand, it is not optimal to

tax labor income, business capital income should subsidized. Again, the tax rate on imputed

rent should be higher than the tax rate on business capital income, but it is not possible to

determine whether the tax rate on imputed rent should be positive or not.

4 Quantitative analysis

In this section, we present our numerical results. We find the solution to the Ramsey problems

by solving the system of non-linear equations formed by the government first-order conditions,

the implementability constraint, the aggregate resource constraints, and the Kuhn-Tucker

constraints using broydn’s algorithm.

We begin this section by explaining the calibration of the model. We then present the

optimal tax reforms and the corresponding welfare effects in the different cases discussed in

the previous section. In the last subsection, we experiment with different parameter values

to test the robustness of the results.
17This is the well known Chamley-Judd result. Of course, there is a large literature analyzing different

justifications for non-zero long run tax rates on the business capital income. For references see e.g. Lansing

(1999).
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4.1 Calibration

We calibrate the model to the US economy. The production function is Cobb-Douglas with

capital share α. 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 α = 0.29. The depreciation rates of business capital

and housing are set at δk = 0.1 and δh = 0.05. The National Income and Product Accounts

suggest an annual depreciation rate for housing capital around 0.015. By choosing a higher

depreciation rate, we want to take maintenance costs into account.

Based on Carey and Rabesona (2004), we assume that in the initial tax system τn = 0.23,

and τ c = 0.07. The estimates for the effective tax rates on capital vary a lot. We assume

that τh = 0 and τk = 0.5. These rates are within the range of empirical estimates in the

literature.18 These initial tax rates imply a government revenue-to-total output ratio of 0.213.

We employ the logarithmic utility function in (4). Parameters β, αc, αh, g1, and g2 are

chosen so as to match the following aggregate targets. 1) Business capital-to-housing ratio

k/h = 1. 2) Total capital-to-total output ratio (k + h)/y = 3.13, where y = kαn1−α +

(r + δh) h. 3) Transfers-to-total government spending ratio g2/ (g1 + g2) = 0.43. 4) Labor

supply n = 0.333. 5) The government budget is balanced and there is no government debt.

The first two of these targets are based on the National Income and Product Accounts

(NIPA). The Fixed Asset Table in NIPA contains private residential and non-residential

assets. We interpret all business capital in the model as private non-residential assets and

all housing capital in the model as private residential assets. The third target is from the

2004 Economic Report of the President.19 The fourth target implies that households spend

18For the tax rate on the imputed rent, see Fullerton (1987). In a similar model, Greenwood et al. (1995)

set the tax rate on business capital equal to 0.70, arguing that it includes not just taxes but also various

regulatory costs.
19We use Table B-83 to first calculate the sum of government consumption expenditures and transfer

payments. We then calculate the average share of transfer payments of this sum for years 1999-2003.
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one third of their time working. The last constraint pins down the sum of g1 and g2. All

parameter values are collected in table 1.

Table 1: Parameter values.

Preferences β 0.9733

αc 0.3312

αh 0.0782

Technology α 0.29

δk 0.1

δh 0.05

Tax system τn 0.23

τh 0

τ c 0.07

τk 0.50

Government expenditures g1 0.0625

g2 0.0471

4.2 Optimal tax reforms

We first present the transitional dynamics of the economy in the benchmark case. Figure

1 shows the paths of the optimal tax rates. The tax rate on labor income, being zero from

period 1 onwards, is not shown in the figure.
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Figure 1: Optimal tax rates when τn ≥ 0 and τ k ≤ 1.
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Recall that we require the period 1 tax rates on business capital income and the imputed

rent to remain fixed. In addition, the tax rate on business capital income is required not to

exceed one during the transition. This constraint is binding in periods 2 − 5. The tax rate

on the imputed rent is remarkably high during the first periods of the transition. The tax

rate on consumption increases immediately after the reform. All tax rates converge close to

their new steady state levels in less than ten periods.
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Figure 2 below shows the corresponding transitionary dynamics of business and housing

capital stocks and labor supply.

Figure 2: Transition paths when τn ≥ 0 and τk ≤ 1.
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The business capital stock increases steadily during the transition towards its post-reform

steady state level which is substantially higher than in the initial steady state. The housing

capital stock first decreases after which it increases towards the new steady state level which

is also somewhat higher than the initial steady state level. The labor supply first increases

above its new steady state level which is above the initial steady state level.

Table 2 below shows the optimal tax rates in the different cases discussed above in the

short and long run. The first four rows present the benchmark case where we restrict the labor

income tax rate to be non-negative and the business capital income tax rate to be at most

one. The other three cases present different additional constraints on the tax instruments.
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Table 2: Optimal tax rates.

Constraints on tax policy Tax rate paths

year 1 year 2 year 3 year 10 year 20 year∞

Case 1: τ k 0.50 1.00 1.00 -0.04 -0.06 -0.06

τn ≥ 0 and τk ≤ 1 τh 0.00 3.09 2.54 0.79 0.85 0.87

τ c 0.57 0.49 0.43 0.30 0.29 0.29

τn 0.00 0.00 0.00 0.00 0.00 0.00

Case 2: τ k 0.50 0.80 0.58 -0.04 -0.06 -0.06

τn ≥ 0, τ k ≤ 1 τh 0.00 1.00 1.00 0.82 0.90 0.93

and τh ≤ 1 τ c 0.48 0.42 0.39 0.31 0.31 0.31

τn 0.00 0.00 0.00 0.00 0.00 0.00

Case 3: τ k 0.50 1.00 1.00 0.19 0.01 0.00

τn ≥ 0, τ k ≤ 1 τh 0.50 1.00 1.00 0.49 0.34 0.35

τh ≤ 1 and τ c = 0.07 τn 0.02 0.01 0.05 0.24 0.24 0.24

Case 4: τ k 0.50 0.22 0.20 0.12 0.06 0.00

τn ≥ 0, τ k ≤ 1 τ c 0.43 0.41 0.40 0.34 0.31 0.27

τh = 0 τn 0.04 0.03 0.03 0.07 0.09 0.12

Considering the optimal tax structure in the different cases of table 2 reveals several

important insights about the optimal tax treatment of the imputed rent. Consider first the

benchmark case (case 1 in the table). In the short run, the optimal tax rates on the imputed

rent and business capital income are both very high. This reflects the attempt to tax initial

capital stocks. In the long run, the optimal tax rate on the imputed rent remains high (0.87),

whereas the tax rate on business capital income is slightly below zero (−0.06).20 The tax

rate on consumption falls from 0.57 in the first period to a long run value of 0.29. Hence,

in the long run, both housing and consumption are taxed at relatively high rates, whereas

business capital is subsidized.

20Recall, however, that we assume that housing depreciation is deducted from the imputed rent.

24



The constraints imposed on the tax rates on business capital income and the imputed

rent influence always both of these tax rates. In the benchmark case, the constraint τ k ≤ 1

is binding during the first periods of the transition. However, an upper bound on the tax

rate on the imputed rent (case 2), not only leads to a lower tax rate on the imputed rent but

also to a lower tax rate on business capital income. Interestingly, the constraint τ k ≤ 1 is

then never binding.

Comparing case 3 with case 1, shows that the optimal tax treatment of housing is very

sensitive to whether or not we can freely tax consumption. The optimal long run tax rate on

the imputed rent falls from 0.87 in the benchmark case to 0.35 when the consumption tax is

fixed at its initial level which is lower than the optimal level. In this case, it is also optimal

to tax labor. As a result, the long run tax rate on business capital income is then zero (see

Result 2).

Ruling out housing taxation altogether (case 4) changes the steady state tax structure in

a similar way as fixing the consumption tax. That is, it now becomes optimal to tax labor

income and the long run tax rate on business capital income is zero (see Result 3).

Interestingly, ruling out housing taxation also changes the dynamics of the optimal busi-

ness capital taxation substantially. In case 4, the tax rate on business capital income starts

to diminish from the very first period after the reform is announced. In addition, it now con-

verges to zero very slowly. After 20 periods, the optimal tax rate on business capital income

is still at 0.06.21 In other words, if housing cannot be taxed, the tax rate on business capital

income 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. This is due to the fact that households

have two savings vehicles, housing and business capital. Hence, ruling out housing taxation

diminishes the government’s ability to tax the initial business capital stock as well.

21In fact, it appears to converge to zero only asymptotically.
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4.3 Welfare gains

Our welfare measure is the ‘equivalent consumption variation’. It tells howmuch consumption

should be increased in the initial steady state so as to make the household indifferent between

the status quo and the tax reform when leisure and housing choices are kept fixed.22 The

overall welfare gain in table 3 takes household welfare during the transition periods into

account. The steady state gain compares welfare in the initial steady state to the welfare in

the new steady state.

Table 3: Welfare effects of the tax reforms.

Tax reform Overall welfare gain Steady state gain

τn ≥ 0 and τk ≤ 1 3.5% 7.9%

τn ≥ 0, τ k ≤ 1 and τh ≤ 1 3.4% 7.5%

τ c = 0.07, τn ≥ 0, τk ≤ 1 and τh ≤ 1 2.1% 4.2%

τh = 0, τn ≥ 0, and τk ≤ 1 2.0% 7.2%

These welfare results suggest several conclusions. The ability to tax the return to housing

at a very high rate (exceeding 100%) is not important. Imposing an upper bound of unity

to the tax rate on the imputed rent decreases the overall welfare gain only by one tenth of a

percentage point. This is despite the fact that the optimal tax rate on the imputed rent is

indeed quite high during the first periods after the reform in the benchmark case. In contrast,

the ability to tax consumption is important. The overall welfare gain of the tax reform falls

substantially if the consumption tax is fixed at its initial, relatively low level.

The last row presents the welfare gain when housing is not taxed at all. Our preferred

measure for the welfare cost of not taxing housing is the difference between the overall welfare

gains in the first and the last row. The overall welfare gain is 1.5 percentage points lower

than in the benchmark case where only labor subsidies and confiscatorily high business capital

22Of course, the required compensation would be smaller if households were allowed to reoptimize after

receiving the compensation.
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income tax rates are excluded. This is about 43% of the welfare gain in the benchmark case.

In this sense, the welfare cost of not taxing housing is very high.

The steady state effects are always much larger than the overall welfare effect. The post-

reform steady state is associated with a higher stock of capital which is built up by a high

saving rate during the transition. The welfare cost of not taxing housing appears much

smaller when we compare only steady state welfare. Hence, the welfare cost of not taxing

housing is largely related to the transitionary dynamics.

4.4 Sensitivity analysis

In this section, we experiment with different assumptions about the elasticity of substitution

between consumption, housing, and leisure. In doing so, we focus on the benchmark case

where labor may not be subsidized and the tax rate on business capital income may not

exceed one.

Following Greenwood and Hercowitz (1991), we define the following ‘home production

function’:

c∗(h, n) = (θhhγ
h

+ (1− θh)(1− n)γ
h

)1/γ
h

,

where 0 < θh < 1 is the weight of housing in the home production function. The elasticity

of substitution between housing and leisure is given by εh = 1

1−γh
with γh < 1 and γh �= 0.

The utility function is then given by

u(c, h, n) =
[(θccγ

c

+ (1− θc)c∗γ
c

)1/γ
c

]1−σ

1− σ
, for σ > 0, σ �= 1

u(c, h, n) = log(θccγ
c

+ (1− θc)c∗γ
c

)1/γ
c

, for σ = 1

where 0 < θc < 1 is the utility weight of consumption and σ is the inverse of the intertempo-

ral elasticity of substitution. The elasticity of substitution between ‘home production’ and

consumption is given by εc = 1

1−γc
with γc < 1 and γc �= 0.
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We will set σ = 1 and consider values 1/2 and 2 for both εc and εh.23 In all cases, we

calibrate the other preference parameters so as to match the same targets as in section 5.1

with the same initial tax system and the same market technology parameters.

The logarithmic utility function employed in section 5.1 is a special case of the utility

function considered here with εc = 1 and εh = 1. So as to facilitate comparison of the

different cases, we also report here the steady state tax rates under the logarithmic utility.

The results on the optimal steady state tax rates are summarized in table 4.

Table 4. Optimal steady state tax rates under different εc and εh.

Steady state tax rates

εc = 1 εh = 1

εh = 1/2 εh = 1 εh = 2 εc = 1/2 εc = 1 εc = 2

τ k −0.05 −0.06 −0.06 −0.05 −0.06 −0.06

τh 1.13 0.87 0.70 0.63 0.87 1.00

τ c 0.27 0.29 0.30 0.32 0.29 0.25

τn 0 0 0 0 0 0

The variation in the degree of substitutability between leisure and housing or between

home production and consumption has virtually no effect on the optimal tax rate on business

capital income. Also the labor income tax rate remains unaffected as the non-negativity

constraint binds in all cases.

In contrast, the long run tax rate on the imputed rent is quite sensitive not only to the

substitutability between leisure and housing but also the substitutability between consump-

tion and home production. As the elasticity of substitution between housing and leisure,

εh, increases from 1/2 to 2, the long run tax rate on the imputed rent decreases from 1.13

to 0.70. When the elasticity of substitution between consumption and home production, εc

increases from 1/2 to 2, the optimal tax rate on the imputed rent increases from 0.63 to 1.00.

23We found that different reasonable values for σ did not change the results on the optimal long run tax

rates substantially.
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Variations in these elasticities have a more modest effect on the optimal tax rate on

consumption. Changes in εh leave the optimal consumption tax rate almost unaffected while

an increase in εc from 1/2 to 2, decreases the optimal consumption tax rate from 0.32 to

0.25.

Table 5 shows the overall welfare gain from optimal tax reforms with and without the

possibility to tax housing. Again, we measure the welfare cost of not taxing housing as the

difference between these two welfare gains. The upper part reports the results related to

changes in the elasticity of substitution between housing and leisure when εc = 1 while the

bottom of the table shows the same results for different elasticities between home production

and consumption keeping the substitutability between housing and leisure fixed at εh = 1.

Table 5: Welfare effects under different εc and εh.

Elasticity of substitution Tax reform

τn ≥ 0 and τk ≤ 1 τh = 0, τn ≥ 0 and τ k ≤ 1

εh = 1/2 3.6% 1.5%

εc = 1 εh = 1 3.5% 2.0%

εh = 2 3.9% 3.0%

εc = 1/2 2.3% 1.9%

εh = 1 εc = 1 3.5% 2.0%

εc = 2 7.0% 2.2%

The overall welfare gain of moving to an optimal tax system, with the possibility to tax

housing, is not very sensitive to the elasticity of substitution between housing and leisure

but it increases rapidly with the elasticity of substitution between consumption and home

production.

The welfare cost of not taxing housing decreases with the elasticity of substitution between

housing and leisure. With εh = 1/2 (and εc = 1), the cost is 2.1% in terms of consumption,

which is 58% of the welfare gain when housing can be taxed. With εh = 2, the cost is just
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0.9% in terms of compensation or 23% of the welfare gain. Intuitively, when this elasticity is

low, it is efficient to tax housing heavily. The welfare cost of not being able to tax housing

is then high.

The welfare cost of not taxing housing increases with the elasticity of substitution between

consumption. With εc = 1/2 (and εh = 1) the cost is 0.4% in terms of consumption, which is

17% of the welfare gain when housing can be taxed. With εc = 2, the cost is 4.8% in terms

of compensation or 69% of the welfare gain.

5 Conclusions

We have considered the optimal tax status of housing within a dynamic general equilibrium

model. In the short run, the optimal tax treatment of housing resembles that of business

capital: both should be taxed heavily during the first periods of an optimal tax reform.

However, the optimal long run tax rate on the imputed rent is very sensitive to whether or

not consumption can also be taxed. If consumption is taxed at a high rate, as is the case in

many European economies, then housing should be taxed at a relatively high rate as well.

Hence, the tax treatment of housing should be compared not just to the tax treatment of

business capital, as is usually done, but also to the tax treatment of consumption.

We also found that ruling out housing taxation altogether changes the optimal tax treat-

ment of business capital substantially. In particular, if the government cannot tax housing

at all, it should not try to tax initial assets by taxing business capital income at high rates

during the first periods of the tax reform.
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