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Housing, Collateral Constraints, and Fiscal Policy
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Abstract

This paper studies the preferential tax treatméhbasing that can be ob-
served in many industrialized countries. It progiderationale for it by means
of an optimal taxation approach, taking into acd¢cam important feature of
housing, namely its usage as collateral. In a berdender framework,
where private loans are assumed to be non-enfdecaad have to be collat-
eralized by housing, optimal fiscal policy shouligkdirden constrained bor-
rowers by subsidizing their housing.
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1. Introduction

Housing is subject to a preferential tax treatmanmany industrialized
countries. In the US, total housing subsidies adgetb $220 billion in 2011,
corresponding to 1.5% of GDP (US Budget, 2011)0Ais various European
countries, the values of total housing subsidigzressed in percent of GDP
were in that range: e.g., 0.9% in Germany, 1.1%rance, and 1.4% in Spain
in 2000 (ECB, 2003).

The two most important housing subsidies are thductibility of mort-
gage interest payments from income and the tax pttemof imputed rents
on owner-occupied housing. In the US, the formeowamed to $105 billion
while the latter added up to $38 billion in 20115Budget, 2011). These two
subsidies accounted for 65% of total housing sudsid

However, among economists, this preferential teattnent of housing is
controversial. On the one hand, it is criticized ri@gearchers like Poterba
(1992) and Gervais (2002), among others, who attgatethis favoritism leads
to a welfare loss, since it distorts investmentigiens of individuals towards
housing. These studies are in line with Rosen, afgues that “paternalism
and political considerations seem to be the sounfdhis policy” (1985, p.
380).

On the other hand, there are proponents of th&nrent who argue that
homeownership is accompanied by externalities dhatinternalized through
these subsidies. For instance, Green and White7j1€88ess the positive im-
pact of homeownership on the education of childem] DiPasquale and
Glaeser (1999) state that homeowners are betieerstin the sense that they
are more involved in local organizations.

In contrast to these papers, this work gives amate for housing subsi-
dies based on market imperfections. We assumeptinaite loans are not
enforceable and therefore have to be collateral@etiousing. Furthermore,
the data make clear the importance of housing @srgponent of wealth and
the relevance of its usage as collateral. Firatsing makes up a large part of
total household wealth as well as total nationadltte In the US, the value of
housing accounts for half of total household weahd is larger than annual
GDP, with an average ratio of housing wealth to GibRbout 1.5, from 1952
to 2008 (lacoviello, 2009). Secondly, in 2010, desitial mortgage debt
amounted to 77% of GDP in the US and to 47% in Gesmto 41% in
France, and to 64% in Spain (Hypostat, 2010). Bobthst of our knowledge,
this paper is the first one that studies optimzhti@n of housing in the pres-
ence of collateral constraints.
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The structure of the model is as follows. We coais@ household sector
that relates to Kiyotaki and Moore's (1997) modéhviwo types of agents
who differ in their discount factors, patient amdpatient ones. Due to this
difference in patience, we get lenders, the patgents, and borrowers, the
impatient ones, in equilibrium. While for the forme collateral constraint is
irrelevant in equilibrium, it is of importance faohe latter. As in lacoviello
(2005), housing plays a dual role for householdst,Ft delivers utility to-
gether with consumption and leisure, and, seconuilyate loans are collater-
alized by housing. The government is assumed te lexogenous expendi-
tures that have to be financed by two taxes, aihgysoperty tax (which can
differ for the two types of agents) and a laborome tax. The different
housing tax rates for the two types can be undedsés follows. The patient
households for whom the collateral constraint iislé@vant will always own
larger houses than the impatient ones and therefgetaxed at another,
higher, rate than the impatient and hence wealtr-pgents.

The main thrust of this paper is to provide a rale for housing subsi-
dies. In the presence of collateral constraintging fiscal policy should
subsidize the housing of impatient householdswibom the collateral con-
straint is relevant, in order to disburden themis®ubsidy has to be financed
to the largest extent by a housing tax on patientsbholds and to a smaller
part by a labor income tax. In other words, this ba interpreted as redistri-
bution from wealth-rich patient households owniagger houses to wealth-
poor impatient households who own smaller houses.

The main result of housing subsidies for impatlemiseholds is robust for
several parameter variations and can be attribidedhe most part to the
collateral constraint. To illustrate this point, &ealyze the effects of the dis-
count-rate difference between the types of agenthausing subsidies in
comparison to the effects of the collateral comstrand we find that the for-
mer plays a minor role.

We also consider a representative-agent versiagheoimodel as a refer-
ence case. We thereby understand how the includiardurable good, hous-
ing per se affects optimal fiscal policy compared to stamdarodels. Fur-
thermore, this allows us to compare the resultshef representative-agent
version to existing literature. These results ardact, quite intuitive and in
line with the principle of optimal taxation: nameboods with lower elastici-
ties should be taxed at a higher rate. For thetbaatck calibration, the hous-
ing tax rate is positive in the representative-agemsion, as it is for patient
households in the model with two types of agents.
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The paper further relates to the work of Eerola dfikttanen (2009),
which considers optimal taxation of housing in anayic representative-
agent model with fairly general preferences anéxanded tax system, com-
pared to the model of this paper. However, theltegi the representative-
agent version of our model are compatible withrthesults. Another closely
related paper is that of Monacelli (2008), who ¢deiss a model with two
types of agents with different patience rates asithteral constraints similar
to the one of this paper. While Monacelli analyapmal monetarypolicy in
that framework, he also points out that the analg$ioptimal fiscal policy in
such a model would be of interest, which is dontnig paper.

The rest of the paper is organized as follows.dnti®n 2, the model with
two types of agents, firms, and the governmentdscdbed, the Ramsey
problem is set up, and the equilibrium conditioos the steady state are de-
rived. In Section 3, the results for the full adives the representative-agent
version are presented, and a sensitivity analgsgvien. The fourth and last
section presents the conclusion.

2. The Model

In this section, we present the model with a hookkbkector consisting of
two types of agents, a production sector consigiingvo types of firms, and
the government. Concerning the household sectorfollev Kiyotaki and
Moore (1997), who pioneered the models with twoet/pf agents, patient
and impatient ones, resulting in an equilibriumhwliénders and borrowers.
We assume that private debt contracts are not@dbte and have to be col-
lateralized by housing, as in lacoviello (2005)efi@fore, a head of household
can only borrow up to a fractiom of his expected end-of-period housing
wealth. Additionally to its usage as collateralukiog delivers utility together
with consumption and leisure.

As in Favilukis et al. (2012), we consider a twatee production side,
such that both housing demand and supply are nab@iglicitly. There are
two types of firms, one of which produces non-digatbnsumption goods
and the other durable housing.

The government levies a flat-rate tax on labor meand a housing prop-
erty tax that can differ for the two types of ageand issues one-period bonds
to finance an exogenous stream of government expessl It has no access
to lump-sum taxes. The reason why housing tax redesdiffer is that a pa-
tient household will own a larger house than anatgmt one. Hence, rather
than taxing degrees of patience differently, we gaderstand this as taxing
the ones with a larger house at a higher rate tharones with a smaller
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house. Due to the usage of housing as collatetathws only relevant for the
borrowers, who will be the impatient agents in &guum, we will see that
the housing tax rates will differ markedly.

2.1. Households

There is a continuum of households consisting af types, patient and
impatient ones. They differ in their discount fasta> £ > ' >0 with S
being the discount factor of patient aft of impatient households. Hence-
forth, variables of patient (impatient) househads denoted without (with) a
prime, while aggregate variables are denoted wihpeerscriptl (e.qg. ctT ,

for total consumption). The population share ofgrdthouseholds is. Bor-

rowing between the two types of households is nemtlak follows. A house-
hold can borrow an amourﬂl%_1 in periodt —1 and has to pay backb, in

period t, wherer,_; is the real interest rate on loans betwéerl andt.

Since we assume that private debt contracts areemforceable, there is a
limit on private debt, given by a fractiom of the expected end-of-period
housing wealth

qgl 2 _mp1,t+lht(’) ) (1)

where m denotes the exogenous pledgeable fraction of hgugis we
will see below, this constraint will become relevéor impatient households,
while it will be irrelevant for patient ones.

Both types of households derive utility from congion ct(') and housing

h" and disutility from labom{’ and maximize the infinite sum of expected
utility. Their objective is given by

> A, K0 ). @
t=0
We consider the following CRRA-specification of tidity function

Ctl_yc + ht_yh _ nt1+u” (3)
1-4° 1-4" 1+’

u(c,h,n) =
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where 1" denotes the inverse of the intertemporal elagtisfitsubstitution

in consumption (housing) angd" the inverse of the Frisch elasticity of the
labor supply.

2.1.1 Patient households

The representative patient household generatesimémm workingy,n,,
with w, being the real wage rate and the return of bondirgs b? . Labor
income is taxed at the ratg' . Every period the household can adjust its stock
of housing according tdy — (1-4,)h,_, at the price of housing, ,, with
0, being the depreciation rate of housing. The vaifithe housing stock

owned by the household is taxed at the 4J:eThus, we consider a housing
property tax that is proportional to the valuelod turrent housing stock and
is paid every period. The budget constraint ofgagent households is given

by
G+ ph,t[(1+ Tth)ht B (1_5*1)ht‘1]+%+% (4)
= (L-77Jwn, + b2 +h,

. . bo . .
where ¢, denotes consumption spendlrf’ggi investment in new govern-
't

ment bonds with the relating gross interest fe=1+r° and b, privately
issued debt with the gross interest r&de=1+r,. The patient household will

hold positive amounts df’ >0 and b, >0 and hence will be the lender in
equilibrium. That's why the collateral constraifij (vill be irrelevant for pa-
tient householdsh,, >0>-mp, .,;h, .

2.1.2 Impatient households

The budget constraint of the representative imptati@usehold analo-
gously reads
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Ct' + ph,t[(1+ Tt’h)ht' - (1_5h)ht’—l]+%+% (5)

= (L~ )win +15° +1.
Since we rule out short sales in government bothets impatient house-
holds will set 'f_’l = bt'g =0. Furthermore, this type will be the private bor-
rower in equilibrium, i.e.b,, = -=h, <0, following from the market-

clearing condition for private del~‘(11—s)bt'+1+sb+1 =0. Hence, the collat-
eral constraint (1) will become relevant here. Efane, there is a limit on the
obligations of impatient households, which is giegri,, = —-mp, .;h,.

2.2 Government

The government levies a flat-rate tax on labor inea; and a housing
property taxr{"" and issues one-period bondg’¢ =0 [t >0) to finance
an exogenous stream of government expenditggs (

9
oh _E:Jl +h? = sz Pn.chy + (1_ S) 7" Pnch + W, (6)

wheren] =sn + (1— s)nt' denotes total labor supply. As mentioned before,

the different housing tax rate’ and 7," can be understood as taxing the

wealthier agents, which will be the patient housédin equilibrium, at a rate
that differs from the one for the wealth-poor imeat households, which will
own smaller houses in equilibrium.

2.3 Firms
The production side of the economy is characterigetivo sectors, one of
which produces consumption goods and the other housing, . In both

sectors, there is a continuum of firms, which asuaed to produce with the
same technology for simplicity’s sake. The représtére firm of each sector

produces its output with labor accordingyp, = n], andy,, = n;,, where
total labor input in each sector is given by theghted sum of labor input of
the patient and impatient households in this seefgr=sn,, +(1-s)n;,
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and n,, =sn, +(L-s)n,. On the other hand, total labor supply
n =sn+(l-s)n =nl, +n], is divided between the two types of firms.
Labor is assumed to be totally mobile between # dectors, leading to a
wage rate that is the same for both sectors.
2.4 Competitive Equilibrium

We now describe the competitive equilibrium of thdvate sector and
then set up the Ramsey problem.

Patient households

A patient household chooses the valuescof h,, n,, b, and b,; to

maximize (2), subject to the budget constraint [@ading to the first-order
conditions

ht_ﬂh = (1"' Tth) ph,tCt_'uc - ﬂct_‘r/f (1_ 5h) Ph 141 (7)
¢ = (-0 Jwe o)
¢t = RocH ®)
¢ = ARe. (10

Equation (7) describes housing demand. In the aptimthe marginal
utility of current housingh{“h equals the marginal utility of foregone con-

sumption C{“C at the gross price of housir(@+ Tth) P less the discounted

marginal utility of next period's consumptic;@u:t‘fl‘c achieved from selling the
house after depreciatio(i—dh) at the pricep, .,,. Equation (8), which is
fairly standard, describes the labor supply of #ep&household and equates

the marginal rate of substitution between consusnpaind Ieisure”‘”—c to the

cH
net real wage rat@— rt”)wt . Equations (9) and (10) are Euler equations with
respect to public and private lending.
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Impatient households

An impatient household chooses the valuescof h,, n, and b, to

maximize (2), subject to the budget constraintafj the collateral constraint
(1), leading to the first-order conditions

H_ﬂh = (1+ Tth) ph,tC;_ﬂC - Bl (1_ Jh) P T UMP, 1

o . (11)

n* = (1_ " )Wt ot 12)
i _ o i

@ = G Bca R (13)

R

and the complementary slackness conditions

@b +mp, )= 0, by +mp, N 20, @ 20
Equation (11) describes the housing demand of gatient household.
The termawmp, ,, stems from the collateral constraint, with being the

multiplier on this constraint. Equation (12) is tlador-supply function of an
impatient household. Equation (13) is the modifiader equation resulting
from the fact that the impatient household is bemg constrained. In the
steady state, the collateral constraint will bediyig, as we can see from (10),

which becomes Lt=p and (13), leading to

w=c™* (1/ R- ,8') =c™# (,8 - ,8') >0. Finally, from the complementary
slackness conditions, we dget+ mph'=0 < b'=-mph’.

Furthermore, the transversality conditiodimtmﬂtuf%jlzo and

lim, ., ,Btuf% =0 must hold, of which the latter is redundant duehte
collateral constraint that is more restrictive.

Firms

In both sectors, the representative firm maximipesfits according to
max[1, , = mTax(n;t -w,n] ) in the final consumption goods sector and

t'ct
Ne ¢ ot

maxI, , = max(phtn;t - wtn;t) in the housing sector, leading to the first-
nh. ' . ' , '

order conditions
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w, =landp, =1

Aggregate resource constraint

Finally, due to identical production technologiex gperfect mobility of
labor between the two sectors, the aggregate resaanstraint is given by
(see Appendix A.1)

¢l + 0+ Poch’ = Voo + PriYae + = 3) Pchly- (14)

2.5 The Ramsey Problem

We assume that the government has access to a toemhitechnology
and is able to bind itself to its policy. The gaweent chooses the values of

h,c,n, h,c, n and the tax rateg, 7," and 7, in order to maxi-

mize social welfare, subject to the private-seetguilibrium conditions, the
resource and the implementability constraint, wiit@ncing an exogenous

stream of government expenditur{a;}:';o. Following Monacelli (2008), in

this economy with two types of agents, social welfes measured by the
weighted sum of utility of the two types

0

> B'suc,h,n)+ B [L-s)u(c,h,n)

t=0

and the aggregate discount rate is defines= 3°5'“® to be used as

the discount rate for the constraints. For the erattical formulation of the
Ramsey problem, see Appendix A.2.1. The first-oaterditions of the Ram-
sey problem and the steady state are derived irrgip A.2.3.

3. Results

This section presents and discusses optimal taxatisults of the model.
First, as a natural starting point of the analysults for the representative-
agent version, which can be derived analyticallyl be given. The relation
of these results to existing literature on optirtadation will be discussed.
Afterwards, numerical results for the full versiohthe model will be given
and compared with the results of the representati@nt version in order to
point out the role of the collateral constrainnatly, we will compare the role
of the difference in discount rates against the adlthe collateral constraint
and present sensitivity analyses.
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3.1 Representative-Agent Version

By setting the discount rate of the impatient age&gfual to that of the pa-
tient agents,3' = [, the model collapses to a representative-agersiorer

For this version, we can derive analytical soluidar the steady-state tax

rates, which are the labor income ®% and the housing property taX . For
the derivation of the analytical solutions for tiepresentative-agent version,
the interested reader is referred to Polattimuf 820

The optimal steady-state tax rate on labor incamgvien by

-%(“—))>Ofor¢> 0,

and is positive forg > 0. It only depends on the multiplier on the imple-
mentability constraing = 0 and the parameteps® and u".

The optimal steady-state tax rate on housing ierghy

h @ ,U — K
®

This equation reflects two features of housifijgcan be attributed to the
fact that housing delivers utility like consumptiand(ii) to the durability of
housing.

For ¢ >0, the sign of the tax rate (related to the questbrwhether
housing should be taxed or subsidized) dependsh@rparametersy” and
U°. For the sign ofr", the term(ii) in (15) can be discarded, since
1- B(1- g,) is positive. Here, the analysis has to be restli¢o values of

5(01)
p<¢g'=

resultmg in minima (see Polattimur (2013)).

As mentioned before, the sign of only depends on the teri) in (15).
From principles of optimal taxation, we know thatogs with lower elastici-
ties should be taxed at a higher rate. Since weotl@onsider a consumption
tax at all, whether housing should be taxed orisi#gesl depends on whether
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its intertemporal elasticity of substitution is lewor higher than the one of
consumption. There are three cases:

1) For 1 = 1" housing and consumption should be treated idelytica
due to identical intertemporal elasticities of gith8on, leading to an optimal
tax rate on housing of zero.

2) If the elasticity of housing is smaller than thee of consumption, i.e.,
ﬂ—lc > 71h ¢ < ", the optimal housing tax rate is positive.

3) For 1° > " the optimal housing tax rate is negative, sineeetfastic-
ity of consumption is smaller than the one of hngsi

These results are compatible with those of Eernth Maattanen (2009),

who consider a more general representative-agemefwvork with capital and
optimal taxation of capital in addition to housing.

While the terntii) in (15) is irrelevant for the sign af", it has a large ef-
fect on the size of it. For the baseline calibmaijsee Table 1), for instance, it

reduces the housing tax by more than 97%. Howelek:erhigheré‘h is, i.e.,
the lower the durability of housing is, the smallee impact is ofii) on the
size of 7". Notice thaf(ii) disappears for the cask =1, where durability of
housing is assumed away and housing fully depeiaithin one period.

3.2 Results of the Full Version

Since analytical results are not available for filleversion, we consider
numerical results for the steady state, where ttateral constraint is bind-
ing, as we have seen before in Section 2.4. Fopaadson, we also give nu-
merical results for the representative-agent varsiod the baseline calibra-
tion.

3.2.1 Calibration

In this section, the baseline calibration of thedelds described. Follow-
ing lacoviello (2005), one time period is set teajuarter and the discount
factor of patient households {68 = 099 leading to a steady-state gross real

interest rate oR = 1.01, which is equivalent to an annual real interest
4%. The discount factor of impatient householdsdsto S = 095 by la-

coviello (2005) as a compromise of the estimatesrgin the literature, which
is adopted here. However, in Section 3.3, we valisider a variation ing3’
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between 0.95 and 0.97 to see how this affectsethdtr In order to get a wage
share of patient households equal {g-#"5r = 064 as in lacoviello
(2005), we ses = 0.62 while we will also show in the sensitivity anadgs
how a variation in population shares alters thelltesMoreover, we set the
pledgeable fraction of housing tm = 0.55 resulting from an estimation of
lacoviello (2005). Hence, an impatient agent caly tworrow up to 55% of
the value of his house. We will also consider ictle& 3.3 how a variation in
m between 0 and 1, which covers all relevant vafaes, affects the results.
The depreciation rate of housing is set accordmd@avis and Heathcote

(2005), who estimate an annual rate of 1.41%. We $etd, = 0.0035 for a
quarter.

In the calibration of the utility parameteyg® and " , we follow King
and Rebelo (1999), who say that the basic RBC medkllog utility in con-
sumption implies a labor supply elasticity of 4.nde, we sety® =1 and

K" =1/4, while we will also conduct robustness checkslfoth of these
parameters in Section 3.4.

Since the aim of this paper is to evaluate optitaghtion of housing, the
utility parameter of housings" is calibrated in order to match an empirical

fact about housing. According to lacoviello (2008here some stylized facts
about housing are listed and should be matched whkorating models of
housing, total housing wealth was on average higdias large as annual

GDP in the US between 1952 and 2008. Thereforesat¢he parametet”

in order to match this value. Since in the model ttime period is one quarter,
and thereforegy in the notation of the model denotes quarterly GBe have
to multiply this value by four in order to matctethatio of total housing stock

to quarterly GDP of% =6. This is achieved by setting" = 1.75 , leading

to an elasticity ofﬁ =4/7. In addition, we will also give sensitivity ressilt
concerning the parametguh in Section 3.4.

For the calibration of governmental variabteandb® , we use data from
the World Bank (2012a, 2012b). In 2010, US gengosdernment final con-
sumption expenditures amounted to 17% of annual G&iite both govern-
ment expenditures and GDP are flow variables, dhie rs the same for a time

period of one quarter% = 0.17. Moreover, US total central government debt
made up 76.8% of annual GDP in 2010. Since govemhrdebt is a stock
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variable, this value again has to be multiplieddayr. Hence, the ratio that we
have to match in terms of quarterly GDP is given%éy: 3. These values of
the governmental variables are achieved by setirg0.172 and b® = 3.1.
The baseline parameter calibration is summariz&dibie 1.

Given this parameter calibration, we compute teady state numerically,
which delivers the optimal values of consumptiaoyging, and labor for both

types of agents as well as the optimal tax ratesr” and7".

Table 1. Baseline Parameter Calibration

Description Source/Target Parameter Value
Discount factor patient house- laco. 2005 V: 0.99
holds

Disc. factoLlonpSatlent house- laco. 2005 g 0.95
Pledgeable fraction of housing laco. 2005 m 0.55

Depreciation rate of housing D&H 2005 o, 0.0035
Share of patient households Wage share =0.64 < 0.62
Inverse of Frisch elasticity K&R 1999 u" 1/4

Inverse of IES in consumption K&R 1999 U° 1

Inverse of IES in housing h'/y=6 u" 1.75

Government expenditures g/y=017 g 0.172
Government debt b9/y=3 [0k 31

3.2.2 Numerical results

The results of the full and the representative-agersion for the baseline
calibration are summarized in Table 2. Notice theg optimal tax rate on
housing in the representative-agent version isectoszero but still positive
(" = 0.2%), while for the full model we get two housing teates that both
differ markedly from zero. The optimal housing tate for patient house-
holds isr" = 165% and the one for impatient household$ = -2.72% .
Thus, for the baseline calibration, it is optimalsubsidize housing of impa-
tient/constrained households and to tax patiens ame¢he full version, while
in the representative-agent version housing isdtate rate close to zero. The
subsidy for impatient households results from te&itogeneity in patience
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rates and the collateral constraint, which are rlisethe representative-agent
version.

To see how this subsidy optimally is financed, wasider the government
budget (6) in the steady state

g+(1-B)b® =r"" +sr"h+(1-s)r"h'. (16)

Expenditures are given byg+(1—,8)b920.203 and revenues

byr"n" +sr"h+(1-s)7r"h’ = 0.1887+ 0.0668- 0.0526= 0.203. We see
that the labor income tax finances government ediperes, while the hous-
ing subsidy for impatient households is financedtfi®@ most part by a hous-
ing tax on the patient households. Therefore, thesimg tax rate on the pa-
tient households is much larger than the tax ratBausing in the representa-
tive-agent version. This point becomes clearer wivenconsider the case

g =b% =0 (last column of Table 2). For this case, the hefird side of the

government budget (16) is zerg,+ (1—,6’)bg =0 and there is a large de-
cline in the labor income tax rate. On the rightdhaf (16), we have revenues
from taxing labor income equal t6"n’ = 0.029, revenues from taxing
housing of patient households given byr"h = 0.069 and housing subsi-

dies for impatient households equal(lo— s) r"h' = -0.098. Once again, we

see that the largest part, more than 70%, of hgusibsidies are financed by
taxing the housing of patient households. Thislmamterpreted as a redistri-
bution from wealthy i.e., patient, households witgher housing stock$ (=
6.5)to poorer households with lower housing stotks=(5.1).

To link these results to the empirical findingsatésed in the introduction,

we compute the ratio of total housing subsidie&RP given byﬁ%.

For the baseline calibration, we get a ratio o#%2 As a result, according to
the model, the subsidies granted in the US tha¢ddg to 1.5% of GDP in
2011 seem to have been lower than what would haea lbptimal. On the
other hand, the model is likely to overestimatednog subsidies, since it does
not incorporate physical capital. Housing is thé/aomponent of wealth in
the model, while in the US it accounts for halftafal household wealth (see
e.g., lacoviello (2009)).

Moreover, the resulting labor income tax of 19% tlue baseline calibra-
tion is in the range of the effective average labopme tax estimates in the
literature. For instance, Carey and Rabesona (288@&nate an average ef-
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fective labor income tax of 23% for the US betwd®®0 and 2000, while
Mendoza et al. (1994) put it at 25% between 19@b1%88.

Table 2. Numerical Results — Comparison

Version Repr. Agent Full Version
Calibration Baseline Baseline g=b?=0
C 0.8161 0.7999 0.9485
h 9.6310 6.5323 7.4249
n 1.0218 1.0630 1.0954
c - 0.8316 1.0136
h' - 5.0929 6.6759
n' - 0.9100 0.8398
" 0.1795 0.1878 0.0296
rh 0.0020 0.0165 0.0149
" - -0.0272 -0.0388

Finally, our quantitative results can be linkedthe recent work of Jacob
and Ludwig (2012), who study how housing assistarograms affect labor
supplied by the assisted households and providerieaipevidence of a
negative effect. In line with their results, ourcdabalso predicts that the labor
supply of impatient households declines with subsidThe mechanism is as
follows. The higher housing subsidies are, the loihe effective costs of
housing for impatient households are; at the same, the labor income tax
is higher. Both lead to a reduction in labor supjptyline with the empirical
evidence.

3.3 Discounting vs. Collateral Constraint

The result of subsidizing impatient agents' houstems from two fea-
tures of the model, as we have seen in the predeason: the different dis-
count rates of the two types and the collateraktraint, with the former be-
ing necessary for the latter. Without differentcdignt rates, the model col-
lapses to become the representative-agent vensioare private borrowing
and, hence, the collateral constraint are irrelevan
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Figure 1. Effects of varying the pledgeable fractiorof housing m
for the baseline calibration with s=0.5.
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The aim of this section is to analyze how these feabures affect housing
subsidies. Therefore, we first define the two dfeelated to these two fea-
tures. Housing subsidies stemming from the colditeonstraint as described
by the Ramsey model (in order to soften the comsteand thus can be said to
originate from the market friction) are attributéal the collateral effect
whereas housing subsidies that purely arise fraaditfierence in discounting
(and are accordingly based on preferences) aibudéid to thediscount-rate
effect.To identify how housing subsidies are influencgdhese two effects,
we conduct the following experiment. Let us considevariation in the
pledgeable fraction of housing, reaching from 0 to 1 and illustrate in Figure

1 how this affects the housing tax rate’ and 7", private debt given by
(1-s)mh’, the difference in housing stocks of the two ageht—h’, the

tightness of the collateral constraint measured oy cH (,8—,8') (see
(13)) , and redistribution as measured by the ratioevenues from taxing
housing of the patient agents to the subsidiesithpatient agents receive,

red = - (1-55?;:“ . The plots are given for the benchmark calibratiaih with

equal sharess = 0.5 for convenience in aggregation. Then we do theesa
for a variation in the borrowers' discount ratejween S’ = 095 and

B =097.
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First, consider the lower limin=0, where private borrowing and hence
the collateral effect are shut down (see lacovi@@05) for a similar experi-
ment). Since the link between borrowing and housihthe impatient house-
hold is cut off, in this case the resulting levélsabsidies is only due to the
discount-rate effect. Then the variation i between the lower and upper
limit m=1, where housing is fully pledgeable, illustrates tble of the col-
lateral effect compared to the discount-rate effeca given 5’ = 095. Fig-
ure 1 shows that a higher pledgeable fraction afshm leads to a larger
amount of private debt (Panel 2) and later to Ateig collateral constraint
(Panel 3), resulting in a higher level of housindgsidies for the constrained
households (Panel 1, dashed line), whereas theate>on the patient agents
does not change much (Panel 1, solid line). Thex@ained by the collateral
constraint and with it the parametaf not being directly relevant for the
patient agents. Thus, the level of redistributiBar{el 4), as measured here,
decreases inm since housing subsidies to impatient agents risteifghan

housing tax revenues from patient ones do.

For m=0, where the collateral channel is shut down, treiltiag sub-
sidy is " =-104% , whereas for the baseline casemf= 055, it more

than doubles, ta" = —224% . This makes clear that housing subsidies not
only result from a difference in preference pararebut are also due to the
market friction, the collateral constraint. Regagdihe rates just mentioned
and taking into account that the discount-rate nbhdampens the effect of
the collateral channel, which is discussed beloarenthan half of the result-
ing subsidies can be attributed to the collatepaktraint in the baseline cali-
bration.

Figure 2 plots the results for a variation f#. Notice that3' decreases,

i.e., the difference in discount rates increases fieft to right on the abscissa.
The higher this difference is, the larger the hogssubsidy is for impatient

agents7" (Panel 1, dashed line) and the housing tax faepaagentsr"
(Panel 1, solid line). In contrast to the variationm the variation ing'

affects both rates equally. As for a higimer the level of redistribution (Panel

4) decreases in the difference in discount rateghi® same reason. In con-
trast, unlike a highem leading to higher borrowing, a larger discoungerat
difference lowers borrowing, since it reduces tlmiding of the impatient

agents. Hence, we can conclude that the discotetatiect dampens the
collateral effect in reducing private borrowing.
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Figure 2. Effects of varying the impatient agents’ dscount rate
p’ for the baseline calibration with s=0.5.
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3.4 Sensitivity Analyses

In the previous section, we have seen that the nesialt of optimality of
housing subsidies to impatient agents is robustdaations in the parameters
m and B’ . In this section, we will check whether it is alebust for changes

in the parameterg/®, 1" and s. Two interesting questions come to mind
here. The first question is: what happens if thertemporal elasticities are
changed, i.e., ift" < 4°? Since we have seen that this changed the sign of

the housing tax in the representative-agent versime wonders how this
change in the parameters will affect optimal ta@iin the full version. An-
other question we will explore is what happens wihenshare of lenders is
changed. We will consider the case where both typese equal
shares = 0.5. Table 3 summarizes the results.
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Table 3. Numerical Results — Robustness

Baseline Calibration with the exception of

- u" =15 U =2 s=05
C 0.7999 0.7933 0.8713 0.7950
h 6.5323 9.2023 6.8915 5.9908
n 1.0630 1.0965 1.1581 1.0595
c 0.8316 0.8396 0.8945 0.8198
h' 5.0929 6.8126 5.6412 4.7861
n 0.9100 0.8739 0.9383 0.9370
r" 0.1878 0.1882 0.2124 0.1935
" 0.0165 0.0150 0.0124 0.0212
r" -0.0272 -0.0281 -0.0366 -0.0224

First of all, we can conclude from Table 3 that émery parameter varia-
tion we consider, it remains optimal to subsidire tousing of impatient
households and to tax the housing of patient ones.

In the third column, where we Ioquh, housing demand rises, and both
types have higher housing stoclé%—(—z 8.2) compared to the baseline cali-

bration in Column 2 of Table 3. Although” is lower, tax revenues from
taxing the housing of patient agents are higher tdutheir higher housing
stock h=9.2. Therefore, subsidies for impatient households icanease

slightly.

In Column 4, we sej® =2> 1" =175 and we see that, in contrast to

the representative-agent version, there is no itapbchange in the tax rates.

Moreover, 7" becomes larger while" decreases, since households attach a
higher value to housing compared to consumption.aA®sult, both types
work more to own a larger house, while the labapine tax rises to finance
the subsidies.

In Column 5, the share of lenders in the economipuger than in the
baseline calibration. This means that there arerfemealth-rich households
in the economy bearing the tax burden. Thereftwetdx rateg” and 7" are

higher, while the subsidy ™" is lower. As a result, both types of households
have lower consumption and housing levels.
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In summary, in every variation we considered, B', 4" and s, the

main principle of this paper holds: it is optimaldisburden the impatient and
constrained households by subsidizing their housing

4. Conclusion

Housing subsidies, which are common in many indhlsted countries,
have been subject to macroeconomic studies for meass. Nevertheless, no
definite conclusion has yet been drawn from aH tieisearch. While its oppo-
nents highlight the inefficiencies associated witik practice caused by the
resulting distortions in investment decisions oémtg, its proponents argue
that subsidies internalize the externalities bradgyhhomeownership.

This paper, in which we have reported on our stidgptimal taxation of
housing in a borrower-lender framework with diffierediscount rates and
where housing is used as collateral for privatedo@rovides results in favor
of housing subsidies. The main finding of this paigethat in such an econ-
omy, optimal fiscal policy should disburden impatidorrowers by subsi-
dizing their housing in the presence of collatexistraints. This subsidy has
to be financed to the largest extent possible nwasing tax on the patient
and unconstrained households and to a smallertelayea labor income tax.
That being the case, redistribution from patientéunstrained households to
impatient/constrained ones would take place.

In this framework, housing subsidies result frono features of the model,
the different discount rates of the two types oérag and the collateral con-
straint. We have seen that, for the baseline @dldor, more than half of the
subsidy can be attributed to the collateral condtr&onsequently, housing
subsidies not only result from the difference iefprence parameters but are
also from the market friction in our model. Morenvihe sensitivity analyses
show that the main result of housing subsidiesctarstrained households is
robust for several parameter variations.

In addition, we considered a representative-agergien of the model, the
results of which bore out our intuition and werdiire with the principles of
optimal taxation. For the baseline calibration, bwer, it was not optimal to
subsidize housing.

This paper gives a rationale for governments tdisoa providing hous-
ing subsidies that goes beyond the externalitiasdthers have focused on in
the literature. As such, it indicates a new patifdicther research. One exten-
sion of the model could be the addition of intengmtional heterogeneity in
an overlapping-generations model, as in Gervai®ZR0The life-cycle be-
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havior of agents could also have substantial ilgbns and should also be
accounted for when trying to measure the effectsonising subsidies on so-
cial welfare.

A. Appendix

In this Appendix, only the derivation of the sotutiof the full version is
given. To economize on space, we do not presergrtaiytical solution of the
representative-agent version of the model hererefed the interested reader
to Polattimur (2013), where this is done.

A.1 Aggregate Resource Constraint
Consolidation of the budget constraints (4), (5) é) delivers

s +(L-9)c, +sp, |1+ )h - @-g)h
+(1_ S) ph,t[(l+ Ttlh)hrl - (1_ a—h)ht—l] + 0

= sft-r0)win, + (L-s)2- 77 Jwiny
+Srth ph,tht + (1_ S) Tt’h ph,tht”

: i - A\
since the term?t, b and b cancel out. With® =% * (1 S)Xf for
aggregate variables this becomes

¢l + Py |+ 2 - @- gL+ g
= (1_ Ttn)vvtntT + Tth ph,thtT’
which can further be simplified to

G +p i+,
=wn{ +p, (1= g)h,.

Inserting the production functions, we get (14).
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A.2 Solution of the Full Version

A.2.1 The Ramsey Problem

The Ramsey problem reads

A'sug.h.n) + B (1= s)u(c.h.n)
+ (Al - ) + - g )et

(B fadle e ien s (YA e -1er]

(5} {hl ) +ﬁ'(1—6h)c;:f°}
. Y mle e ot - pet)
=, (5ad ° ~(r )R+ -7 )+ (1—6h)h;1}

—_
I}
o

+ mhi lgct_f{c - mh—l

cH

A -sg-(1-s)g —g -sh-(1-s)h
(o )A"GL sn +(L-s)n + (- 3,)(sh., + (1—s)h;-1ﬂ

+ lgt/‘7 zI::: [gt - STthht - (1_ S)Tt’hht' -7 (SI”} + (1_ S)nt)] + :81/17b(§J

where /,; denotes the Langrange multiplier on constrairih periodt,

while the multiplier A, on the implementability constraint, which is dedv

in Appendix A.2.2, has no time index, since it isiatertemporal constraint.
The first-order conditions of the Ramsey problera derived in Appendix
A.2.3, where the steady state of the problem i3 gilgen.

A.2.2 Intertemporal government budget constraint

The intertemporal government budget constraineidvdd as follows. We
write the government budget (6) fdr+1 and solve for

g

g — h _ 'h ' n T _ +2
k:¥+1 = STy ph,t+1ht+1 + (1 S) T ph,t+1ht+1 + TigWera sy ~ G + g
+1

and insert this in the one far

1 h 'h ! n T 9 2

— - - 9

9 R[g STy ph,t+1ht+1 + (1 S) v ph,t+1ht+1 + TisaWertMar ~ Grnt + ; + h
+1

= Srth ph,tht + (1_ S) Tt'h ph,tht’ + z-thtntT'
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This can be rewritten as

g 9 _ h " ,
gt tgl - g+2g + hg = ST, ph,th[ + (1_ S)Tt ph,tht
R° R'Ru
h 'h '
+ STy ph,t+1ht+l + (1_ S) Tia ph,t+lht+l g T4 Ttrll\NHlnt-l;-l
RO Ty W, T

Incorporating the transversality condition on goweent debt yields the
intertemporal government budget constraint:

5[\48

-1

[It_ol R )_1j g, +b¢
(ltj (5 )j st'p, . +(L-8)1."p, h + i(ﬁ (5 )1j wn

t=0

Uj e )1j lo. 57y -2 9)z"p, K —riw |+ ¢ = 0

M: I

t

1l
o

A.2.3 First-Order conditions and steady state

The first-order conditions of the Ramsey problem lba summarized by

C

_,Uc —t Ct_'u
Dac + B2, S sh =0
, o
0
L Ct_ﬂc T _
/]t,z +/1t,3 _At,Snt _:3 /]7 e nG = 0
C
0
i_,,C ' —t Ct_ljc '
At,4ct g +/1t,5ht +:8 /]7 (1_S)ht =0

_ﬂc
Co
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for the tax rates

—t Sq h) ﬂn Zﬂc v_”c _#c 2#0
18 ’uc+/11,1(l+rt +/]t,2nt C _/]t,4mct ﬂcl+1 C,

s/t ) o n
+/][5mhﬂct” CZ” _/]t,s (;tjc -B —;710 [gt —STlhhl —(1—S)Z'[hhl - T an]

0
- IE/]t—l,l (l_ On ) + EAI qu_fc Cl/icl - EAl—l,Smh—lCt/icl =0

t

— h h _ o h_.
IBht_'u _At,l%ht'u l_/]te

t+16ﬂ (1 5) O

0

c

n -4
—t n /,{ c n_q —t Ct n _
-5 ntﬂ +/11,2 s C{u nt'u +/11,6 -B /]7 S = 0

for the patient agents, and

EPARY . . A
p O g it o Jae ) eme g e
H Hee”
A l-
-L:) - BA.1-0, +m=0
Meeh T
i h h " h_ A , c e
g —mh“‘” alee)-me ]
BN pr, LT g -6 =0
= a9
ot U e (1_Ttn) _4 o n_
B'nt + A, -9 Nt T+ A i-9) Ae—B A o r, =0,
B =t =4 :[ﬁ, ‘S]t
for the impatient agents, with'B A (ﬁsﬁ' H)' (ﬁ )1 and

== e} <[y
B ==\ =5 |-



78 Ekonomi-tek Volume / Cilt: 2 No: 2 May / Mayis 201

Assuming that we are initially in the steady statge=c for t =0), where

variables without subscript henceforth denote stestate values, we read
these conditions as being in the steady state.

AC +Ash=0
A +A,—An -An" =0
ACTH + AN +A(1-s)h'=0
% + /]1[1+ " - - Jh)]+/12(1— r”)c"c

£ Amc ¥ e (B - B)+ Amhic” (8- B)- A, Sff

- Ac”[g-st"h-(1-8)r"h =" |= 0

h luh
h™ (1-/115] +AlBra-8)-1]-Ar" =0
—n“ +/]2ﬂ1__r)+/]6 -AT"=0
sn

U9 p o)+ s g1 o)

ILIC

/]5 _ /]6(1_ S) —
’ucc’—,uc—l ’ucC’—,uc—l -

hr-m(l_ G j+ ) {ﬁ’*(l—éh -m)-1-7" +mﬁ}
‘A-sh)

0

1-s
Alra-8)-1-27"=0

-+ A, - Tn)+/15 (- Tn)+/16 ~Ar" =0,

(1-s)n’ (1-5)
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The private-sector equilibrium conditions, whichtedenine the steady
state together with the first-order conditionstt Ramsey problem, are given

by
h =c[o+r)-pa-4,)
nc” =(1-1")
1

RS =R=—
B

W =c[rr")-p-0,)+m(p-p)
Nt = (-1
¢ =nfi-7")+hm(g-1)-3, -r"]
g+(1-p)b? =sr"h+(1-s)r"h' +7"(sn+(1-s)n’)
sc+(1-s)c'+g = sn+(1-s)n'-J,sh- 5, (1-s)h".
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