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Abstract

We consider the scope for targeting house prices in simple monetary policy rules using
a New Keynesian Dynamic Stochastic General Equilibrium model of the euro area with
a housing sector and financial frictions on the household side. If the central bank’s main
objective is the minimization of inflation and output fluctuations, then a systematic response
to house prices does not entail any systematic sizeable welfare improvement. When the
objective of monetary policy is the maximization of aggregate (and individual) welfare, then
the optimized rule does feature a systematic reaction to house price variations. The sign and
size of such reaction crucially depend on the degree of financial frictions in the economy.
If the economy is characterized by both a large share of constrained agents and a high
average loan-to-value ratio, then it is optimal to positively react to house price movements.
Finally, we show that uncertainty about the actual degree of financial frictions suggests some
caution in the construction of optimal monetary policy rules. The welfare costs generated
by systematically counteracting house price movements are in general smaller than those

implied by a procyclical response.
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1 Introduction

For a number of years, consensus has been unanimous that no major useful role can be played
by asset prices in monetary policy-making (see, e.g., Bernanke and Gertler (2001) and Mishkin
(2007)). Asset prices’ fate as a possible ingredient of monetary policy has long seemed set and
sealed. The events of the last few years - with repeated crises accompanied by and often stemming
from violent swings in asset prices - have stimulated the economic profession to reconsider whether
asset prices should not play some role of sort in monetary policy-making after all. Asset booms
and busts have been a systematic feature of the world economy for a number of decades now.
However, never before the financial crisis that started in 2007 had their contribution to an
economic downturn been so sharp, sizeable and extended as it was between 2008 and 2009.
Those dramatic events have left many wondering whether there might not be good reasons why
central banks should actually respond to asset prices.

In this paper we investigate whether the effectiveness of monetary policy may be enhanced by
the inclusion of house prices among the objectives and/or the instruments of the central bank,
exploring a variety of avenues. To this end, we develop a New Keynesian Dynamic Stochastic
General Equilibrium (DSGE) model of the euro area which includes a housing sector and credit
frictions on the household side. The model features a collateral constraint on a fraction of
households, along the lines of Kiyotaki and Moore (1997) and Tacoviello (2005), along with both
nominal and real rigidities, to replicate the observed dynamics of macroeconomic variables.! We
restrict our attention to a class of simple monetary policy rules. More precisely, we analyse
the behavior of the model economy in response to various types of exogenous shocks (which
may or may not originate in the housing sector) and compute the optimal monetary policy rule
according to different objective functions. Our aim is to characterize the response of monetary
policy to house price fluctuations in a simple rule, depending on some fundamental properties of
the economy such as the degree of nominal rigidities and the importance of financial frictions.

We first consider a central bank concerned with business cycle stabilization, i.e. the mini-

mization of a weighted average of consumer price inflation and output fluctuations. Our results

IRecent contributions that introduce a housing sector in DSGE models for monetary policy analysis include
among others Andrés, Arce, and Thomas (2011), Aspachs-Bracons and Rabanal (2011), Darracq Pariés and
Notarpietro (2008), Forlati and Lambertini (2011), Finocchiaro and Queijo von Heideken (2012), Jeske and Liu
(2012), Tacoviello and Neri (2010), Monacelli (2009) and Rubio (2011).



indicate, consistent with previous contributions in the literature, that adding the dynamics of
house prices to a standard Taylor-type rule does not significantly move the optimal frontier, if
at all.

We then consider the case in which a measure of house prices is included among the arguments
of the monetary policymaker’s objective function and ask the following question: does the policy
rule so obtained deliver any sizeable improvement in consumers’ welfare, compared to the case in
which no attention is paid to house prices at all? We find that including an indicator of house price
developments as part of the monetary policy targets may result in welfare improvements, which
can be sizeable; unfortunately, they are not systematic. Thus, not only do our results confirm the
usual finding that reacting to house prices does not per se enhance the stabilization effectiveness
of monetary policy. They also show that, in terms of (implicit) proximity to consumer welfare,
rules in which house prices play a role can be outperformed by a standard rule which does not
feature house prices at all.

Next, we analyse the case in which the monetary policymaker pursues the maximization
of aggregate consumer welfare, which is measured using a second-order approximation to the
households’ utility function. We find that in this case the optimized rule does feature a systematic
reaction to house price variations. The sign and size of such reaction crucially depend on the
degree of nominal rigidities (house prices and nominal wages) and financial frictions (measured
by the share of borrowers and the loan-to-value ratio) in the economy. We perform a sensitivity
analysis to explore the contribution of such factors. Our main conclusions are the following: the
presence of financial frictions per se does not alter the traditional prescription that the central
bank should focus on relative price movements insofar as there is a substantial degree of nominal
rigidity in each sector. In our case, allowing for a relatively small degree of house price stickiness
(corresponding to an average duration of a house price of about two quarters) is sufficient to
obtain a systematic positive response to house prices in the optimal simple rule. Moreover,
the average level of the loan-to-value ratio matters. The optimal response to house prices is
monotonically increasing in the loan-to-value ratio and becomes positive as soon as the latter
reaches 90%.

Motivated by the results of our sensitivity analysis, we then move to study the properties

of optimal monetary policy rules in an economy characterized by a higher degree of financial



frictions compared to our baseline calibration. We show that, if the economy features both
(i) a large share of constrained agents and (ii) a high average loan-to-value ratio, it becomes
optimal for the central bank to systematically counteract house price movements. In such an
environment, the central bank assigns a positive weight to the housing sector in the implicit
overall consumer price index that it targets.

Finally, and related to the previous result, we show that uncertainty about the actual degree of
financial frictions in the economy suggests some caution in the construction of optimal monetary
policy rules. By resorting to a fault-tolerance analysis of the optimized rules in two model
economies characterized by different degrees of financial imperfections, we document that sticking
to a rule that features a positive systematic response to house price movements entails lower
welfare costs, in case of mis-measurement of financial frictions, than sticking to a rule that
features a negative response.

Our work relates to a number of previous contributions in the literature. Iacoviello (2005)
uses a very similar model to study the case of a central bank that minimizes the weighted sum
of the unconditional variances of inflation and output under technology, housing preference and
inflation shocks. He estimates a monetary policy rule for the U.S. over the period 1974 Q1
- 2003 Q2 and computes the optimal weight to be assigned to housing inflation in such rule,
letting the responses to inflation and output fixed at their estimated values. He finds that no
stabilization gains arise from a positive systematic response to house price changes. In our
first set of experiments we optimize over all the parameters in the rule, and obtain similar
results. Several contributions (see Aoki (2001), Benigno (2004), Mankiw and Reis (2003) and
Woodford (2003)) have established that, in the presence of multiple sources of nominal rigidities,
the optimal rule should target the sectoral inflation indices using different weights, which are
increasing functions of the degree of price stickiness in each sector and of the share of each good
in the final consumption basket. In the presence of durable goods, Erceg and Levin (2006) have
shown that a larger share than the one in consumption expenditure should be attributed to
durable goods inflation in the optimal policy rule. More closely related to our study are the
works by Mendicino and Pescatori (2005) and Rubio (2011), that analyse optimal monetary
rules in the presence of housing and borrowing constraints. Both studies conclude that the

aggressiveness of a central bank towards non-durable price inflation is reduced with respect to



a standard New Keynesian model, because of the presence of collateral constraints. Intuitively,
a higher inflation rate relaxes the borrowing constraint and enhances borrowers’ welfare, all else
being equal. Monacelli (2006) also reaches similar conclusions, performing a more general, fully-
fledged Ramsey monetary policy exercise, which does not allow for an explicit characterization
of the optimal policy rule as is done in our paper. In an applied contribution, Finocchiaro and
Queijo von Heideken (2012) estimate the model of Tacoviello (2005) using quarterly data for U.S.,
U.K. and Japan and show that a non-negligible response to house prices is empirically plausible.
They also show that, when the central bank minimizes a standard quadratic loss function, it
is optimal to respond to house price movements, even though the corresponding gains are very
small. None of the above-mentioned works provides a systematic and comprehensive comparison
of alternative combinations of rules and objectives as we do here, nor they consider the role of
financial frictions extensively.

In a recent study, Jeske and Liu (2012), using a two-sector DSGE model calibrated on U.S.
data show that, although rental prices are sticky and should therefore be stabilized under the
optimal monetary policy rule, asymmetries in factor intensities across sectors imply that the
optimal response to rental inflation is actually smaller than what theory would predict in the
case of symmetric sectors. Their model does not include credit constraints or any other type of
financial frictions. In a recent contribution, Lambertini, Mendicino, and Punzi (2013) document
the welfare gains obtained by letting the central bank react to fluctuations in housing and credit
markets that are driven by expectations of future developments. While the sources of macroeco-
nomic fluctuations are very different, both their paper and ours consider a micro-founded welfare
function as the objective of the monetary policymaker. One important difference is that they
consider Taylor rules and macro-prudential rules, while our paper only focuses on monetary
policy.

The rest of the paper is organized as follows. Section 2 describes the model. Section 3 il-
lustrates the calibration of the structural parameters. Section 4 outlines in detail the optimal
monetary policy experiments based on the assumption that the monetary policymaker is con-
cerned with business cycle stabilization. Section 5 considers the case in which the central bank
directly pursues social welfare minimization and illustrates the dynamic properties of the model

in response to different types of shocks, under different rules. Section 6 performs a sensitiv-



ity analysis. Section 7 analyses the role of financial frictions in the setting of monetary policy
rules with particular reference to the response to house prices, by resorting to a fault-tolerance

analysis. Section 8 concludes.

2 The model

We specify a closed-economy model where two final goods are produced: non-durable consump-
tion and housing. We follow closely the framework illustrated in Darracq Paries and Notarpietro
(2008). The model economy includes two groups of agents, labelled savers and borrowers: the
latter - who are relatively more impatient and have size w € (0,1) - face a collateral constraint,
which links the amount of borrowing supplied by lenders to the value of a house (the existing
collateral). Since in equilibrium all impatient agents behave as net borrowers and all patient
agents as savers, we use the terms impatient/borrower and patient/saver interchangeably in the

following.

2.1 Impatient households

Each impatient agent, denoted with a superscript b, maximizes the following stream of discounted

utility:
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where X! is an index of consumption services derived from non-durable consumption (C’b) and

the stock of residential goods (Db), as follows:
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The utility function features habit formation in non-durable consumption, captured by the term

hy. We introduce a housing preference shock, e, which affects the marginal rate of substitution

2

between non-durable and residential consumption.” Households receive negative utility from

2The shock is assumed to follow a stationary AR(1) process.



providing labor supply in each sector (N&t and Nf:’),t, respectively). The specification of labor
supply assumes that hours worked in the two sectors are perfect substitutes for households. The
terms ZC,b and nyb are level-shift parameters used to normalize the impatient agent’s labor
supply in steady state.

All the impatient agents have limited access to the credit market and face a collateral con-

straint which, in real terms, reads:

s
b < eV (1 - X)E: {TD,t+1Df;—+1} (3)
t
b
where b} = % denotes real private debt, w1 = Pgl is the gross inflation rate, R; is the
short-term nominal interest rate, Tp; = Pfjf is the relative price of residential goods in terms

of non-residential goods and x € (0, 1) is the down-payment rate, so that (1 — x) approximates
the loan-to-value ratio. The term 7" denotes an exogenous shock to the loan-to-value ratio,
which follows a stationary AR(1) process. The impatient household thus maximizes (1) subject

to the collateral constraint (3) and the following sequence of real budget constraints:
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where ¢ is the depreciation rate of the housing good, W&, and W5, denote the borrower’s
nominal wages in the two sectors, TT} are government transfers and A% is the stream of income
derived from state-contingent securities, which allow the borrowers to hedge against wage income

risk.? Further details about labor supply and wage setting are provided in Appendix A.

3We assume that the borrowers can trade such securities within their group, although they face financial
frictions when borrowing from savers. Under separable preferences, trading such assets ensures that all borrowers
have identical consumption plans in equilibrium.



2.2 Patient households

Patient agents, indexed with a superscript s, receive instantaneous utility from the same type of

function specified for the impatient agents:
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where e is the same housing preference shock introduced above.* The saver’s real budget

constraint reads:
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where K7 denotes the capital stock and u is the degree of capacity utilization. TT} are gov-
ernment transfers to the savers group and II7 are distributed profits (more below). As for the
borrowers, we maintain the assumption that state-contingent assets are traded among the savers,
in order to hedge against wage income. The corresponding stream of income is denoted A;. As
a result, all savers have identical consumption plans in equilibrium.

Capital is sector-specific. Patient agents own the full stock of capital and rent it out to
intermediate-goods firms at the sector-specific rental rate Rf J (j = C, D). Investment consists
of the non-residential good only. The expression Rf J ui Kg represents the sector-specific nominal
return on the real capital stock, while ® (u{ ) Kg is the cost associated with variations in the

degree of capital utilization.® The savers choose investment and capacity utilization in each

4We assume a common housing preference shock across agents, as a short-cut to capture a generalized increase
in housing demand.

5Following Smets and Wouters (2007), we assume that the income obtained from renting out capital services
depends on the level of capital augmented for its utilization rate. Moreover, the cost of capacity utilization is zero
when capacity is fully used (®(1) = 0). We assume the following functional form for the adjustment costs on



sector to maximize their intertemporal utility, subject to the intertemporal budget constraint

I j
s (I_ﬂ i ®)

where dx € [0, 1] is the depreciation rate of capital, S is a non-negative adjustment cost function

and the capital accumulation equation:

Kl =(1-0r)K] |+

formulated in terms of the gross rate of change in investment, I7 /I7 .

2.3 The non-residential goods sector

Final producers of the non-residential good operate in perfect competition and aggregate a con-

tinuum of differentiated intermediate goods. The elementary differentiated goods are imperfect

Le

substitutes with an elasticity of substitution denoted o

7. Final goods are produced with the

1 2%ej
following technology Y; = [ fol Yi(h) ne dh} . The corresponding demand-based price index is
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. As a result, individual demand for each good is defined as:

Yi(h) = (ﬂ)_—m

Py

Intermediate-goods producers, indexed with A € [0, 1], are monopolistic competitors and produce

differentiated products using a Cobb-Douglas function:

Zy(h) = &t (uf' K4 (1) LY (h)' 7€ — Q¢ Vh € [0,1]

where £ is an exogenous technology process (following a stationary AR(1) process) and Q¢ is

a fixed cost. Firms set prices on a staggered basis ¢ la Calvo (1983): at any time ¢, a firm h
faces a constant probability 1 — 8¢ of being able to re-optimize its nominal price. The average
duration between price changes is therefore ﬁ. We introduce price indexation by assuming
that, if a firm cannot re-optimize its price, the price evolves according to the following simple
rule:

pe(h) = 7S 7T 1 (h)

2

capacity utilization: ®(X) = > (expp (X —1)]—1).



with ¢ denoting the degree of price indexation to past inflation and 7 being the long-run
(steady state) inflation rate. Under the specified assumptions, in a symmetric equilibrium (with

pi(h) = pi Yh) the aggregate price index evolves as follows:
# 1 ~ 1
P =0c (P—y)™re + (1= fc)peTre
where p; is the price chosen by firm h to maximize its intertemporal profit.

2.4 The residential goods sector

Final producers of residential goods operate in perfect competition and aggregate a continuum of

differentiated intermediate products. The elementary differentiated goods are imperfect substi-

“w
uwp—1-

tutes with elasticity of substitution denoted Final goods are produced with the following
1 “D
technology Zp; = {fol Zp.(h) "D dh} ; we denote pp ¢(h) the corresponding price. The aggre-
1—pp
gate residential price index is defined as Pp; = U01 pp.t(h) =5 dh} . Demand is allocated

across the differentiated goods as follows: Zp ,(h) = (”DT’(ZI)) i Zpt.

Residential goods are produced using capital, labor and land. We assume that in each period
of time the savers are endowed with a given amount of land, which they sell to the firms in a fixed
quantity. The supply of land is exogenously fixed and each residential goods intermediate firm

takes the price of land as given in its decision problem. Producers make use of a Cobb-Douglas

technology as follows:

Zpa(h) = ? (WP KL (R)™" LY () ~*P =Ly (h)™* — Qp Vh € [0,1]

P is an exogenous sector-specific technology process, L(h) denotes the endowment of

where 5;4
land used by producer h at time t and Qp is a fixed cost.

We allow for the presence of nominal price rigidity also in the residential sector. Firms are
monopolistic competitors and set prices on a staggered basis & la Calvo (1983), with a constant

probability 1 — fp of being able to re-optimize their nominal price in every period. Indexation

to past and steady-state inflation is also allowed, so that, if a firm cannot re-optimize its price,
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the price evolves according to the following simple rule:
pp(h) = W%[jt_lﬁli'prD,tfl(h)

with vp denoting the degree of price indexation to past sectoral inflation (7p—1) and Tp being

the long-run (steady state) inflation rate.

2.5 Government and monetary policy rule

The government finances the exogenous public spending G; with agent-specific lump-sum trans-
fers, denoted TTP and TT/®, respectively.

Monetary policy is specified in terms of an interest rate rule:

() (@ E)) g

where an upperbar denotes the steady-state value of a given variable.

2.6 Market clearing conditions

Non-residential goods demand can be expressed as follows:
Vi =wCl + (1 —w)Cf +IF +IP + G+ @ (uf ) K71 + @ (uP) K24 (10)
while aggregate non-residential production satisfies:
Z =& (u€KE ) (L) T —qc (11)
so that the market clearing conditions in the non-residential goods market implies:
7 =AY (12)
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Similarly, equating demand and supply in the residential good sector yields:

Zpy=Apy[w(Dy = (1=0)D; )+ (1—-w)(Dj - (1-08)D; ;)] (13)

1

where Ap; = fol ( WT‘(:I)) "2~ qh denotes price dispersion among non-residential intermediate

goods.

3 Calibration

Table 1 summarizes the calibration of model parameters. The model is calibrated to replicate
key features of the euro area economy. We rely on existing estimates where available. The
savers’ discount rate is set to 0.99, implying a steady-state interest rate of 4%; the borrowers’
discount rate is 0.96, following Iacoviello (2005). We assume log utility for both type of agents,
with labor supply elasticity o7, equal to 2. The share of impatient agents, w, is equal to 0.2,
according to the estimates of Darracq Paries and Notarpietro (2008) for the euro area. Regarding
final consumption, habit persistence is set to 0.82 for the savers and 0.28 for the borrowers; the
share of housing services in the utility function, wp, is chosen to pin down the steady-state ratio
of residential investment to GDP. The intratemporal elasticity of substitution between durable
and non-durable goods, np, is equal to one, thus implying a Cobb-Douglas specification for
the consumption bundle X;. The depreciation rate of housing, 4, is set to 0.01, corresponding
to an annual rate of 4%. We set the down-payment ratio, x, to 0.2, which implies a loan-to-
value ratio of 80%, in line with the average for euro area countries.® About investment, the
depreciation rate for physical capital is set to 0.03; the investment adjustment cost ¢ and the
capital utilization cost ¢ are set to 0.1 and 3, respectively, in the non-residential sector and to
0.005 and 10, respectively, in the residential goods sector. These values are chosen to match
aggregate investment volatility (see Table 3, more below). About production, the relative share
of capital is set to 0.3 in both sectors; the corresponding share of labor is 0.7 in the consumption
sector and 0.55 in the residential sector, where the share of land, a, is set to 0.15. Elasticities of

substitution across varieties in both the goods and the labor markets are set to 4.33, in order to

6See Calza, Monacelli, and Stracca (2013).
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obtain a gross markup of 1.3. About nominal rigidities, we set the Calvo parameter 0o = 0.92,
in line with the estimates of Smets and Wouters (2003, 2005), Christoffel, Coenen, and Warne
(2008) and Adolfson et al. (2007). The indexation parameter is set to 0.5. We assume perfectly
flexible prices in the residential sector, in line with Tacoviello and Neri (2010), Aspachs-Bracons
and Rabanal (2011) and Forlati and Lambertini (2011).” Nominal wages are also assumed to
be rigid: we set the Calvo parameter 6,, to 0.92 in both sectors. Such value is higher than the
estimates reported in Christoffel et al. (2008). However, as observed in Iacoviello and Neri
(2010), nominal wage rigidity is crucial for replicating the co-movement of real variables after
technology and housing demand shocks. Therefore, given the relatively parsimonious stochastic
structure of our model, we calibrate nominal wage stickiness to help the model replicate the
observed standard deviations, as reported in Table 3.

Concerning the monetary policy rule (9), in our baseline specification we set p = 0.85, ¢ =
1.25 and ¢a, = 0.015.

About the exogenous shocks, we set the persistence of technology shocks, p? and p??, to
0.9. For housing demand and loan-to-value ratio shocks, we set the corresponding persistence
parameters to 0.95, in line with the estimated values reported in Iacoviello and Neri (2010) for
the US and Darracq-Paries and Notarpietro (2008) for the US and the euro area. A high degree
of persistence in the exogenous processes for housing preference and financial shocks is needed
to help the model replicate the observed volatility of housing prices and household debt. The
choice of the standard deviation of the shocks is driven by the same motivation.

Table 2 reports the model steady-state ratios, which broadly replicate the figures for the
euro area. Table 3 reports the model unconditional standard deviations, compared to the data.®
We match the volatility of GDP, consumption and investment almost perfectly. For residential
investment, the model-implied volatility is slightly above that observed in the data. Household
debt volatility is the most difficult empirical feature to match, given the upward trend observed in
the recent years. Still, the model-implied volatility falls short of the observed one by a relatively
small amount. Nominal interest rate volatility is almost perfectly matched. The same holds true

for consumption and housing inflation.

7In the sensitivity analysis we allow for a positive degree of nominal house price rigidity.
8We use linearly detrended data for the euro area over the period 1980 Q2 - 2010 Q1.
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4 Business cycle stabilization

In our normative analysis we look for the optimal monetary policy in the class of simple interest
rate rules. We assume that the central bank aims at minimizing some objective function (to be
defined below) by adopting an interest rate rule that is simple and operational, according to the
definition of Schmitt-Grohe and Uribe (2007). Namely, we restrict our attention to policy rules
that (i) respond to variables that can be easily observed and (ii) deliver equilibrium determinacy.
The general specification of such rules takes the form of equation (9). In the following, we analyse
the scope for including also house prices in the interest-rate rule and/or in the central bank’s
objective function.

In this section we consider a central bank that responds to house price movements in a
modified version of (9), to minimize a standard quadratic loss function with two arguments: the
unconditional variances of consumer price inflation, 7y, and output, v;°. We then extend the
loss function to include house price growth. Clearly, as the two loss functions feature different
arguments, a direct comparison of the respective minimized values is not allowed. Therefore,
we assess the relative performance of the alternative policy regimes by evaluating the welfare
loss attained under each optimized rule. The welfare loss is computed using a second-order
approximation of the utility functions of the two agents in the economy. Such measure is invariant
across rules and objective functions and is therefore suitable for the comparison of policy rules

under alternative objectives. We provide details about welfare loss computations in Appendix

B.

4.1 Standard loss function

We first consider a standard loss function, defined as a weighted average of the unconditional
variances of consumer inflation and output, and an instrument rule that includes house prices

among its arguments.!® Formally, the central bank minimizes the following intertemporal loss

9See Taylor and Williams (2010) for a complete treatment of optimal simple rules in monetary policy analysis.
10As mentioned in the introduction, Tacoviello (2005) performs the same experiment with a similar model and a
slightly different rule. In his analysis, however, the central bank only optimizes over the response to house prices,
while all the other parameters are kept constant at their estimated values, obtained using U.S. quarterly data
over the sample 1974Q1 - 2003Q2.
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function:

=0

o= {525 et e ] 1)

by choosing the coefficients 71,2, v3 and 4 in the rule:

-G ) (7)) () &

subject to the equations of the model economy.!! Tt is well known (see Svensson (1999)) that

| S

as the intertemporal discount factor § approaches one, the loss function £; converges to its
unconditional mean, denoted E[L;]. Hence, the central bank simply minimizes the following loss
function:

L = E[Ly] = 02 4+ A\oA, + 1oA, (16)

where o2 denotes the unconditional variance of a variable and the weights A and p are arbitrarily
assigned by the policymaker.

Figure 1 shows the optimal policy frontiers for two alternative policy regimes: in the first
one we set v4 = 0, thus imposing no response to house prices; in the second one we optimize
over all the parameters in rule (15). Each frontier draws the optimal combinations of GDP
and inflation variance, as the relative weight attached to output fluctuations, A, varies in the
range [0,1].12 Clearly, the optimal frontier does not change in the two scenarios. Moreover, the
optimal response to house price inflation is close to zero (see Table 4, more below). These results
confirm the evidence in Iacoviello (2005): if a central bank is interested only in minimizing a
linear combination of the variances of consumer price inflation and output, house prices do not

provide any useful additional information.

4.2 Augmented loss function

We consider now the case of a central bank that has a preference over stabilizing house prices

fluctuations, in addition to variations in consumer price and output. The period loss function

1 The term ARiy; = Riyi — Riyi—1 is included to penalize rules that imply wide variations in the nominal
interest rate. See Rudebusch (2006) for an analysis of interest rate variability in the central bank’s loss function.
121n the figure we report the case corresponding to p=0.001. Results are robust to larger values for p.
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modifies as follows:

L=02+ )\02 +vol 4 ok, (17)

When searching for the optimal coefficients in the rule (15), we do not impose the restriction
v4 = 0 anymore: since the loss function now features housing inflation, it is natural to include
the same variable in the information set of the monetary policymaker. We let v move in the
range [0.001, 1]. As already mentioned, a direct comparison of the minimum values of functions
(17) and (16) is not possible, since the two objectives feature different arguments. Therefore, we
assess the relative performance of the alternative policy regimes by evaluating the social welfare
loss attained under each optimized rule, computed as a second-order approximation to the indi-
vidual utility functions. Such approach has been largely used in the literature since the seminal
work of Rotemberg and Woodford (1997) to rank the performance of alternative monetary policy
rules.'® More precisely, we compute the fraction of consumption streams that is to be added to
each agent’s consumption under each monetary policy rule, in order to achieve the correspond-
ing individual steady-state welfare level. Appendix B provides additional computational details.
Table 4 reports the minimum values for aggregate and individual welfare cost and the corre-
sponding optimized coefficients. As a benchmark, in the first two rows we report the two cases
analysed above, with a standard loss function and the two alternative rules considered (Taylor
rule without and with a response to house prices, respectively), with the corresponding welfare
losses. We focus on the case A = 0.5, p = 0.001. As v increases, the welfare cost attached to the
policy rule that minimizes (17) initially declines, reaching a minimum for the aggregate (as well
as individual) welfare cost around v = 0.8. Note that even with a relatively small weight for v in
the monetary policymaker’s preference function (17), the resulting monetary policy rule implies
a sizeable reduction in the associated welfare cost with respect to the case of v = 0; the reduction
becomes very sizeable for v larger than 0.5. Hence, even without explicitly pursuing a consumer
welfare maximization policy, a monetary policymaker can do much better, in terms of consumer
welfare, if the standard loss function is simply augmented with a term that (sufficiently) penalizes
house price volatility.

The results reported in Table 4 refer to the case A = 0.5. Similar conclusions can be drawn

13See Gali (2008) and Woodford (2003) for a discussion.
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for a variety of values of A, but not for all. Figure 2 reports the welfare loss associated with
minimizing the standard loss function (equation (16); colour surface) and the welfare loss attain-
able when the policymaker’s loss function also includes house prices (equation (17); transparent
surface). In the latter case, the relative weight on house prices, v, varies in the [0, 1] interval. As
a benchmark, the figure also reports the minimum welfare loss that can be achieved if the pol-
icymaker’s objective function is given by the welfare of the average consumer (blue surface, see
next section). Except for very small values of v, the transparent surface lies below the coloured
one. However, this is not the case when v is smaller than 0.2. Actually, the lowest welfare cost is
reached when v = 0.01 and the policymaker’s loss function is given by (16) (i.e., house prices play
no role at all). Hence, welfare considerations, even though not explicitly driving the monetary
policymaker’s actions, would implicitly suggest that the best the central bank can do is to assign
no role to house prices.

Summing up, in line with previous results in the literature, there appears to be no room
for house prices in monetary policymaking if the objective of the central bank is assumed to
be the minimization of a standard loss function (or a slight variation of it). Moreover, we have
documented that if one looks at the implied (and unintended, given the setup of the exercise)
consequences for welfare, a policy that takes house prices into account can be outperformed by

one that does not.

5 Welfare-maximizing monetary policy rules

In this section we consider the problem of a central bank that optimally chooses the coefficients
in (15) to minimize the social welfare cost function. As already mentioned, such metric is micro-
founded, since it is derived from agents’ preferences and model parameters. Moreover, using
it as the central bank’s objective function has the advantage of eliminating the choice of free
parameters, such as A and v in (17).

Table 5 reports the results. The minimum welfare cost is attained when the rule is allowed
to respond to house prices (first row). A higher welfare cost is obtained when the monetary
policymaker does not target house price fluctuations, i.e. under the assumption that y4 = 0 in

the rule (15). Also, responding to house prices makes both savers and borrowers better off, as
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reflected in a lower individual welfare cost (second and third columns, respectively). Notably,
the optimal response to house price fluctuations is negative (last column), which implies that the
central bank must lower the nominal interest rate in response to shocks that generate a surge in
house prices. The finding that the optimal response to a movement in house prices is negative
should not be regarded as completely unusual. Faia and Monacelli (2007) compute optimal
interest rate rules in a model with credit market imperfections and heterogeneous households,
where firms face agency costs that generate a countercyclical premium on external finance. In
such framework, the optimal (in the sense of welfare-maximizing) response to asset prices is
negative, as long as the response to the inflation rate is sufficiently mild; responding to asset prices
becomes irrelevant, from a welfare perspective, when the anti-inflationary stance is particularly
strong. In their model, the rationale for reducing interest rates in response to a surge in asset
prices is related to alleviating the inefficiency in capital accumulation implied by credit market
imperfections. In our setup, the presence of a perpetually binding borrowing constraints for the
impatient household generates an inefficient response of consumption to, say, a housing demand
shock. By lowering the interest rate in response to a surge in house prices, the monetary authority
makes the borrowers better off, partially alleviating the inefficiency related to the borrowing limit.
At the same time, the increase in inflation is detrimental to the savers. The optimal rule strikes
a balance between these two opposite tendencies.

In the remainder of this Section we analyse the dynamic behavior of the economy in response
to, alternatively, housing demand, financial and productivity shocks, when the optimal monetary
policy rule is implemented. Figures 3 to 6 report the responses of the main macroeconomic
variables under two alternative monetary policy rules: (i) the welfare-maximizing rule (solid
blue line) and (ii) a standard Taylor-type rule with no response to house prices (dashed red line),

with parameter values reported in Table 1.

5.1 Housing demand shock

An increase in housing demand drives up real house prices immediately (see Figure 3), as housing
supply is kept from adjusting instantaneously by the fixed supply of land. A positive valuation

effect is produced on the existing collateral, which allows the borrowers to increase non-durable
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consumption and debt. On the other hand, the savers increase lending and reduce consumption,
due to the complementarity between non-durable consumption and housing in the utility function.
Overall, the impact response of aggregate consumption is slightly positive (not reported). The
dynamics of investment crucially depends on the response of the monetary policy rate. Under
a standard Taylor rule that ignores house price fluctuations, the nominal interest rate is almost
unchanged, largely reflecting inflation dynamics. Investment starts increasing only 6 quarters
after the shock. Under the welfare-maximizing rule, the impact response of the policy rate to
CPI inflation is much stronger (around 10 basis points in annualized terms). As the optimal
response to house prices is negative, the latter increase more (almost 1 percent, as opposed
to 0.8 under a Taylor rule), determining a larger collateral effect and a stronger consumption
increase. Investment also increases, driven by the higher return on capital. The overall GDP

response is larger and more persistent.

5.2 Financial shock

The dynamic effects of a shock to the loan-to-value ratio are qualitatively similar to those ob-
served after a housing demand shock (Figure 4). The main difference is in the response of
savers’ consumption, which now increases instead of falling, reflecting the much smaller increase
of real house prices after the shock. Again, the overall response of GDP is amplified under the

welfare-maximizing monetary policy rule.

5.3 Technology shock

Figure 5 reports the responses to a technology shock in the non-residential sector. The negative
impact on the inflation rate implies, under a simple Taylor rule, an increase in the real interest
rate, which determines a fall in borrowers’ consumption and an increase in investment. Under the
welfare-maximizing rule the nominal interest rate falls by around 30 basis points (as opposed to
less than 10), while inflation almost replicates the path observed with a Taylor rule. As a result,
borrowers’ consumption falls by a smaller amount. The same holds true for savers’ consumption
and investment, and GDP. Things are different when the shock hits the residential goods sector

(Figure 6). As house prices are flexible in our benchmark parametrization, under a simple Taylor
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rule the nominal interest rate does not respond, mirroring the behavior of CPI inflation. The
overall response of real variables is muted. To the opposite, under the welfare-maximizing rule
the nominal interest rate has to increase in response to the fall in house prices. As a result,
borrowers’ consumption falls substantially, but its negative impact on GDP is compensated by

the large positive response of investment, fuelled by the increase in the real interest rate.

6 Sensitivity analysis

In this section we perform a sensitivity analysis on some crucial parameters. First, we analyse
the characteristics of welfare-maximizing rules under different assumptions about the degree of
nominal rigidity in the economy: we consider in particular the degree of price stickiness in the
residential goods sector and the degree of wage stickiness in both sectors. Second, we vary the
degree of financial frictions in the economy by moving the share of borrowers and the loan-to-
value ratio, one at a time. Finally, considering the stochastic structure of the model, we allow

for different degrees of persistence of the housing demand shock.

6.1 Nominal rigidities in the residential sector

As mentioned in the introduction, a number of contributions'* have established that, in the
presence of multiple sources of nominal rigidities, the optimal interest rate rule should target
the sectoral inflation indices using different weights, which are increasing functions of the degree
of price stickiness in each sector and of the share of each good in the final consumption basket.
However, in our baseline specification housing is both a flexible-price good and a durable good.
Table 7 reports the optimal rules coefficients and the corresponding welfare costs for different
degrees of house price stickiness. As the probability of not being able to reset prices, fp, increases,
the optimal response to house prices becomes larger (smaller in absolute value) and turns positive
for p > 0.3, i.e. for an average duration of a house price of about one and a half quarters. Hence,
the presence of financial frictions does not seem to change the traditional prescription that the

central bank should focus on relative price movements insofar as there is a substantial degree of

14See Aoki (2001), Benigno (2004), Mankiw and Reis (2003) and Woodford (2003).
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nominal rigidity in each sector.'®

6.2 Nominal wage rigidities

As suggested by Tacoviello and Neri (2010) and Aspachs-Bracons and Rabanal (2011), the role of
nominal frictions in the labor market is crucial in explaining the co-movement between residential
and non-residential goods after a housing preference shock. Table 8 reports the results obtained
when we let the degree of nominal wage rigidity in both sectors vary. With perfectly flexible
wages, the optimal response to house prices is zero. The welfare cost suffered by the savers is
lower than in the baseline case, while it is larger for the borrowers. The second and third row of
Table 8 report two alternative calibrations in which we set the degree of nominal wage stickiness
and wage indexation in the two sectors to one half and three quarters of their baseline levels,
respectively. Two results stand out: first, the optimal response to house prices moves from neg-
ative to slightly positive (virtually zero) as wage flexibility increases; second, the corresponding
response to CPI inflation (1) increases and becomes predominant in the limit-case of flexible
wages. As wages adjust more frequently, the higher volatility of nominal wages generates larger
volatility in price inflation, forcing the monetary authority to react more strongly to variations in
the CPI, while at the same time ignoring the dynamics of house prices. In other words, as wage
flexibility increases, the distortion generated by financial market imperfections is dominated by

the inefficiency stemming from nominal price rigidity.

6.3 Varying the share of borrowers

We consider an alternative case of a model economy with two sectors (residential and non-
residential goods) but no financial frictions. To do so, we set the share of borrowers to zero. Table
9 reports the results. In the first row we set §p = 0, corresponding to perfectly flexible house
prices: the resulting optimal response to house prices is zero. Comparing this result to the one
reported in Table 5 (first row), we observe the following: the optimal response to house prices is
larger (smaller in absolute value); the response to price inflation is smaller; the individual welfare

cost incurred by the savers (which coincide with the whole household sector in this setup) is now

15Qualitatively similar results are obtained by letting §p vary in the same interval, while setting the degree of
indexation in the residential goods sector to a non-zero value.
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smaller than the one achieved in the economy with financial frictions. Intuitively, the presence of
the borrowers in the objective function requires a more accommodative response of the interest
rate. We then depart from the baseline case of flexible house prices and consider alternative
assumptions on the degree of house price stickiness (rows 2-10). Without borrowers, when the
degree of nominal price rigidity in the residential sector increases, the optimal response to house
prices soon becomes positive, even for values of 6p lower than 0.3. Overall, the results are
qualitatively similar with and without financial frictions: the optimal response to house prices is
an increasing function of the degree of house price stickiness.

We then consider the effects of increasing the share of borrowers, under both flexible and
sticky house prices (Table 10 and Table 11, respectively). Under flexible house prices (see Table
10), a non-zero share of borrowers calls for a negative (but small in absolute value) response
to house prices. The optimal response to CPI inflation and output is fairly stable with respect
to changes in the share of borrowers (Table 10). The response to house prices is close to zero
without borrowers; the optimal coefficient then smoothly declines to reach a minimum value of
-0.1 in correspondence of a fraction of constrained agents in the economy between 0.2 and 0.3 and
returns to zero when w = 0.8. In the intermediate case 0p = 0.4 (see Table 11), corresponding to
an average duration of house prices of about one and a half quarters, we observe a qualitatively
similar pattern (the optimal response to house prices is increasing in w), although the optimal

values of ~, are now larger.

6.4 Varying the loan-to-value ratio

Table 12 reports the results obtained when the loan-to-value (LTV) ratio is allowed to move
from 99% to 60 %. For a very high degree of leverage (LTV ratio higher than 92%) the optimal
response to house prices becomes positive. Its value declines as the ratio decreases, and becomes
negative for a loan-to-value ratio of 80%. As the ratio goes below 80% (corresponding to our
baseline calibration) the response to house prices remains fairly stable at an average value close

to -0.15.
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6.5 Persistence of housing demand shocks

Table 13 reports the results of the optimization exercise for different degrees of persistence of the
housing demand shock, which is the main driver of short-run movements in house price in our
model. It is quite natural to conjecture that the persistence of this shock may have an impact
on the dynamics of house prices and real variables in general: a highly persistent shock implies
in fact a higher predictability of future house prices.!® In a recent contribution, Xiao (2013)
uses the model of Iacoviello (2005) and shows that responding to house prices, in addition to
output and inflation, helps stabilizing the economy (namely, it expands the determinacy region
of the model) only if both private agents and the central bank do not possess current data on
inflation and output and must forecast them, but do observe current housing prices. Hence, we
explore the effects of changing the persistence of the housing demand shock, which, according
to the stochastic structure of the model, should directly influence the forecastability of future
house prices. However, as reported in the last column of Table 13, the optimal response to house
prices is virtually unaffected by the persistence of the housing demand shock. Moreover, both

individual and aggregate welfare costs are largely stable as pp varies.

7 The role of financial frictions

In order to identify the main drivers of our results, we analyse the case of an economy charac-
terized by a higher degree of financial frictions compared to our baseline calibration. We assume
that (i) the share of constrained borrowers amounts to 30% of the population (as opposed to
20%) and (ii) the average loan-to-value (LTV) ratio is 90%, instead of 80%. We expect such
economy to be more prone to displaying larger fluctuations in both prices and quantities, for
two reasons. First, a higher LTV ratio provides the borrowers with more resources for any given
quantity of collateral pledged, all else being equal. Hence, fluctuations in house prices, the real
interest rate, or both, would result in larger fluctuations in the amount of debt compared to our
baseline case, according to the standard financial accelerator mechanism (see Kiyotaki and Moore
(1997)). Second, the presence of a larger share of borrowers further magnifies such amplification,

via a mechanical effect on aggregate variables.

16We assume a stationary AR(1) process for the evolution of the housing preference shock stD.
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Table 6 reports the results. The response to house prices is now positive: consistent with
our expectations, in the presence of a more leveraged household sector the central bank has
an incentive to counteract movements in house prices, which are more likely to generate wide
oscillations in real variables in response to exogenous shocks of any type. Although we do not
derive an analytical expression for the (utility-based) welfare criterion, such function will include
a number of terms featuring, among others, non-durable consumption and housing services.
As the degree of financial frictions increases, such variables will display larger fluctuations in
response to, say, a housing demand shock, and therefore a central bank interested in minimizing
the welfare cost will find it optimal to counteract the excess fluctuations by moving the interest
rate adequately.'”

It is instructive to compare the optimal weight attached to house prices in the rule obtained
in this case to the weight of housing services in the individual utility functions (see equations (5)
and (1)). In order to do so, we compute the optimal weight attached to housing inflation in an

implicit overall consumer price index. Let us first define an overall price index 7¢ as follows:

nf =i (18)
where a € [0, 1]. Plugging (18) into (15) gives:

&7 (i)ﬁﬁ( }/t/? >V2 (Rtl)’ys
R \7° Y, 1/)Y R

where we have dropped the last term on the right-hand side: since house prices now enter the

overall price index 77, it is no longer necessary to target the two sectoral indices separately.
Rewriting the last equation in log-deviations from steady-state levels (denoted with a ”™”) and

substituting the definition of 7 yields:

~

o= m(am+ 1 —a)Tpy) +72 U — Je-1) + V3Te-1

Finally, substituting the optimized coefficients reported in Table 6, simple algebra gives the

17The example is merely illustrative: the argument would apply to all the shocks considered here. Notice that
the welfare loss function features unconditional variances of model variables, just as the ad-hoc loss functions
considered in the previous section.
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following:

7 = 1.77 (0.98%; + 0.027p ;) + 1.08 (s — Je—1) + 0.037_1

As the last equation clearly shows, in an economy characterized by a large degree of financial
frictions the optimal monetary policy rule prescribes an aggressive response to variations in the
overall price index, where the housing sector receives a weight equal to 2%. Such weight is much
lower than the share of housing services in consumption (wp = 0.1) and is broadly comparable
to the share of the residential sector in GDP (3%, see Table 2). Such result contrasts with
the conclusion of Erceg and Levin (2006). In a recent work, Jeske and Liu (2012) perform a
similar exercise, computing optimal monetary policy rules in a model of the U.S. economy with a
residential and a non-residential sector, sticky rents and asymmetric labor intensity across sectors,
but without financial frictions. They show that the optimal rule assigns a weight to rental price
inflation that is much smaller than the housing expenditure share in the consumption basket
(0.1 vs. 0.3, with roughly the same ratio between the two as in our experiment above). They
attribute their result to the different degrees of factor intensity in the two sectors. In our case, the
existence of a sufficiently large degree of financial frictions turns out to be sufficient to modify the
traditional optimal monetary policy prescriptions in multi-sector models with multiple sources
of nominal rigidities, i.e. that the central bank should assign weights to sectoral inflation indices
that reflect both relative price stickiness and the expenditure shares of each sectoral good in final
consumption.'®

Having established the case for a systematic response to house price fluctuations as a conse-
quence of financial frictions, we now analyse the robustness of our result, by means of a fault-

tolerance analysis.

7.1 A fault-tolerance analysis

Fault-tolerance analysis of optimized interest-rate rules, as proposed by Levin and Williams
(2003), provides useful insights onto the reasons that underlie our earlier findings. Fault-tolerance
analysis is a concept borrowed from engineering and involves, in the present context, appraising

the increase in the welfare loss function that results when a single parameter of an optimized

18See Aoki (2001), Benigno (2004) and Woodford (2003).
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interest-rate rule is varied, holding the other parameters constant at their optimized values. A
highly fault-tolerant model is one for which the parameters of the rule may vary over a relatively
broad range of values without resulting in a large deterioration of its performance (in welfare
terms). By contrast, an intolerant model would be a model whose performance deteriorates
dramatically as soon as one deviates even modestly from some optimized parameter value (i.e.,
the welfare loss function exhibits strong curvature with respect to suboptimal variations in some
parameter). We are interested in comparing the performance of our baseline economy, calibrated
to replicate the main features of the euro area business cycle, to the one of an economy charac-
terized by a larger degree of financial frictions, illustrated in the previous subsection. We aim at
assessing, in particular, how much the welfare loss function increases as each parameter in the
optimized monetary policy rule moves away from its optimal value. By measuring such variations
we will be able to assess the scope for allowing the policymaker to deviate from optimal policy
rules, with particular attention to the response to house price fluctuations. Figure 7 plots the
fault tolerance of the two model economies to variations in the policy rules: each curve shows
the change in the aggregate welfare loss function under the optimized rule (see Table 5, first row,
and Table 6 for the corresponding values) as each single parameter is varied, with its minimum
attained at the optimized value itself.

We perform the following thought experiment. Suppose that the central bank does not know
with certainty the degree of financial frictions in the economy. Let us assume, for instance, that
the policymaker acts as if the correct description of the euro area economy was the one implied
by our baseline calibration, and implements the corresponding optimized monetary policy rule.
What would be the cost of implementing such policy, if the true degree of financial imperfections
was instead the one of our alternative calibration, namely w = 0.3 and xy = 0.1?7 To answer this
question, we compare the (minimum) value of the welfare loss implied by the optimal rule under
the baseline calibration to the value of the welfare loss corresponding to the optimal rule with
a high degree of financial frictions attained in correspondence of the same parameter value. In
the case of the response to non-durable inflation, GDP growth and the lagged interest rate, the
behavior of the welfare loss is qualitatively similar. In all cases, the additional loss generated by
mistakenly enacting the ”baseline” optimized rule amounts to about 0.07. When we focus on

the response to house prices, instead, the value of such extra-loss almost doubles: in particular,
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as soon as the coefficient becomes negative, the welfare loss function corresponding to the ”high
financial frictions” economy increases very rapidly. To the opposite, graphical inspection of
Figure 7 suggests that, if the central bank were to apply the optimized coefficient corresponding
to the alternative calibration (74 = 0.03) also in the baseline case, the corresponding additional
loss would be much smaller (0.02). Such effects suggests some caution in adopting the optimized
rule in our baseline economy, if the central bank is not fully sure about the values of w and .
All in all, fault-tolerance analysis suggests that a systematic, positive response to house price
fluctuations may not be pointless also in our benchmark model, if the monetary policymaker has
a sufficient degree of uncertainty about the true amount of financial frictions that characterize
the economy. A more detailed characterization of financial market imperfections, that possibly
affect other elements of the economy than the household sector, would help the analysis of optimal

monetary policy rules.

8 Conclusions

We develop a model of the euro area that includes house prices and a financial accelerator
mechanism related to household borrowing, to analyse the scope for including house prices in
the set of variables that the monetary policymaker targets and/or reacts to. Our main findings
can be summarized as follows.

If the central bank’s main objective is business cycle stabilization, i.e. the minimization of
inflation and output fluctuations, then systematically responding to house prices does not entail
any welfare improvement. This remains the case, to a large extent, even if the objective function
includes the stabilization of house prices.

When the objective of monetary policy is instead the maximization of aggregate (and indi-
vidual) welfare, the optimized rule does feature a systematic reaction to house price variations.
The sign and size of such reaction crucially depend on the degree of nominal rigidities (house
prices and nominal wages) and financial frictions (measured by the share of borrowers and the
loan-to-value ratio) in the economy. Sensitivity analysis shows that allowing for a relatively small
degree of house price stickiness (corresponding to an average duration of a house price of about

two quarters) is sufficient to obtain a systematic positive response to house prices in the optimal
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simple rule. Moreover, the average level of the loan-to-value ratio matters. The optimal response
to house prices is monotonically increasing in the loan-to-value ratio and becomes positive as
soon as the latter reaches 90%.

Hence, the degree of financial frictions in the economy turns out to be of crucial importance
in determining the response to house prices. If the economy is characterized by both (i) a large
share of constrained agents (30%) and (ii) a high average loan-to-value ratio (90%), then it is
optimal to systematically counteract house price movements. We have shown that in such an
environment the central bank should assign a positive weight to the housing sector in an overall
consumer price index. However, and different from previous results in the literature, such weight
is lower than the corresponding share of housing services in the final consumption bundle.

Finally, and related to the previous result, uncertainty about the actual degree of financial
frictions suggests some caution in the construction of optimal monetary policy rules. By resorting
to a fault-tolerance analysis of the optimized rules in two model economies characterized by
different degrees of financial imperfections, we have shown that the welfare cost entailed by a sub-
optimal positive response to house price variations when the economy features less imperfections
than the central bank estimates is substantially smaller than that implied by a negative response
when financial frictions are larger than estimated.

Our results suggest that modelling financial imperfections, possibly also on the firms’ side,
seems of crucial relevance for the evaluation of monetary policy rules. We leave the investigation

of the links between the two areas to future research.

28



References

ANDRES, J., O. ARCE, anp C. THOMAS (2011): “Banking competition, collateral constraints

and optimal monetary policy,” Working paper, Banco de Espana.

Aok, K. (2001): “Optimal monetary policy responses to relative price changes,” Journal of

Monetary Economics, 48, 55-80.

AspACHS-BRACONS, O., aND P. RABANAL (2011): “The Effects of Housing Prices and Monetary

Policy in a Currency Union,” International Journal of Central Banking, 7(1), 225-274.

BENIGNO, P. (2004): “Optimal monetary policy in a currency area,” Journal of International

Economics, 63(2), 293-320.

BERNANKE, B., aNpD M. GERTLER (2001): “Should Central Banks Respond to Movements in

Asset Prices?,” American Economic Review, 91(2), 253-257.

Carvo, G. (1983): “Staggered Prices in a Utility Maximizing Framework,” Journal of Monetary
FEconomics, 12, 383-398.

CaLzA, A., T. MONACELLI, AND L. STRACCA (2013): “Housing Finance and Monetary Policy,”

Journal of the Furopean Economic Association, 11(s1), 101-122.

CHRISTOFFEL, K., G. COENEN, AND A. WARNE (2008): “The new area-wide model of the euro
area - a micro-founded open-economy model for forecasting and policy analysis,” Working

Paper Series 944, European Central Bank.

DARRACQ PARIES, M., AND A. NOTARPIETRO (2008): “Monetary policy and housing prices in

an estimated DSGE model for the US and the euro area,” Working Paper 972, ECB.

ERCEG, C., axp A. LEVIN (2006): “Optimal monetary policy with durable consumption goods,”

Journal of Monetary Economics, 53(7), 1341-1359.

Fara, E., axp T. MONACELLI (2007): “Optimal interest rate rules, asset prices, and credit

frictions,” Journal of Economic Dynamics and Control, 31(10), 3228-3254.

FINOCCHIARO, D.; anD V. QUELJO VON HEIDEKEN (2012): “Do Central Banks React to House

Prices?,” Working Paper Series 217, Sveriges Riksbank.

29



Forrati, C., anp L. LAMBERTINI (2011): “Risky Mortgages in a DSGE Model,” International
Journal of Central Banking, 7(1), 285-335.

GaLL, J. (2008): Monetary Policy, Inflation, and The Business Cycle. An Introduction to the

New Keynesian Model. Princeton University Press.

IacoviELLO, M. (2005): “House Prices, Borrowing Constraints and Monetary Policy in the

Business Cycle,” American Economic Review, 95(3), 739-764.

IacoVIELLO, M., anD S. NERI (2010): “Housing Market Spillovers: Evidence from an Estimated

DSGE Model,” American Economic Journal: Macroeconomics, 2(2), 125-64.

JESKE, K., anp Z. Liu (2012): “Should the central bank be concerned about housing prices?,”

Macroeconomic Dynamics, forthcoming.

KryoTakl, N., anp J. MOORE (1997): “Credit Cycles,” Journal of Political Economy, 105,

211-248.

LAMBERTINI, L., C. MENDICINO, AND M. T. PUNzI (2013): “Leaning against boom-bust cycles

in credit and housing prices,” Journal of Economic Dynamics and Control, 37(8), 1500-1522.

LEvVIN, A. T., axp J. C. WILLIAMS (2003): “Robust monetary policy with competing reference

models,” Journal of Monetary Economics, 50(5), 945-975.

Mankiw, N. G., anp R. REIS (2003): “What Measure of Inflation Should a Central Bank

Target?,” Journal of the European Economic Association, 1(5), 1058-1086.

MENDICINO, C., aAND A. PESCATORI (2005): “Credit Frictions, Housing Prices and Optimal
Monetary Policy Rules,” Money Macro and Finance (MMF) Research Group Conference

2005 67, Money Macro and Finance Research Group.

MisHKIN, F. S. (2007): “Housing and the Monetary Transmission Mechanism,” Working Paper
13518, NBER.

MoNACELLI, T. (2006): “New Keynesian Models, Durable Goods and Collateral Constraints,”

CEPR Discussion Papers 5916, C.E.P.R. Discussion Papers.

30



MoNACELLI, T. (2009): “New Keynesian Models, Durable Goods and Borrowing Constraints,”

Journal of Monetary Economics, 56(2), 242-254.

ROTEMBERG, J., AND M. WOODFORD (1997): “An Optimization-Based Econometric Framework
for the Evaluation of Monetary Policy,” in NBER Macroeconomics Annual 1997, Volume 12,

NBER Chapters, pp. 297-361. National Bureau of Economic Research, Inc.

RuBIO, M. (2011): “Fixed- and Variable-Rate Mortgages, Business Cycles, and Monetary Pol-

icy,” Journal of Money, Credit and Banking, 43(4), 657-688.

RUDEBUSCH, G. D. (2006): “Monetary Policy Inertia: Fact or Fiction?,” International Journal

of Central Banking, 2(4).

SCHMITT-GROHE, S., aND M. URIBE (2006): “Comparing Two Variants of Calvo-Type Wage
Stickiness,” Working Paper 12740, NBER.

SCHMITT-GROHE, S., axp M. URIBE (2007): “Optimal simple and implementable monetary

and fiscal rules,” Journal of Monetary Economics, 54(6), 1702-1725.

SMETS, F., anp R. WOUTERS (2003): “An Estimated Dynamic Stochastic General Equilibrium

Model of the Euro Area,” Journal of the European Economic Association, 1(5), 1123-1175.

(2005): “Comparing shocks and frictions in US and euro area business cycles: a Bayesian

DSGE approach,” Journal of Applied Econometrics, 20(1).

——— (2007): “Shocks and frictions in US business cycles: a Bayesian DSGE approach,”

American Economic Review, 97(3).

SVENsSON, L. E. O. (1999): “Inflation targeting as a monetary policy rule,” Journal of Monetary

Economics, 43(3), 607-654.

TAYLOR, J. B., anp J. C. WILLIAMS (2010): “Simple and Robust Rules for Monetary Policy,”
in Handbook of Monetary Economics, ed. by B. M. Friedman, and M. Woodford, vol. 3 of

Handbook of Monetary Economics, chap. 15, pp. 829-859. Elsevier.

WOODFORD, M. (2003): Interest and Prices: Foundations of a Theory of Monetary Policy.

Princeton University Press.

31



X140, W. (2013): “Learning About Monetary Policy Rules When The Housing Market Matters,”
Journal of Economic Dynamics and Control, 37(1), 500-515.

32



Appendix A. Labor supply and wage setting

The labor market structure is modelled following Schmitt-Grohe and Uribe (2006). Households
of each type provide homogeneous labor services, which are transformed by monopolistically
competitive unions into differentiated labor inputs. As a result, all household of the same type
supply the same amount of hours worked in each sector, in equilibrium.

In each sector j (j = C, D), we assume the existence of perfectly competitive labor packers,
who buy the individual agents’ labor supplies NV ;t (i = B, S) and aggregate them using a Cobb-
Douglas function, to produce the aggregate labor indicators Lc ¢ and L p; that enter the firms’
production function (more later). We specify the details of the labor packers profit-maximization
problem below.

We also assume that in each sector j (j = C, D) there exist monopolistically competitive labor
unions indexed by i (i = B, S), representing the patient and impatient households, respectively.
Unions differentiate the homogeneous labor provided by households, creating a continuum of
measure one of labor services (indexed by z € [0,1]) which are sold to the above-mentioned
labor packers in each sector. Each union thus faces the following labor demand (originating from
sector-specific labor packers):

Haw

M/'i z T haw—1

Lji(z) = <—Vj{/ft,(t )> L
i,

where z € [0,1], pt = 9021

and 6, > 1 is the elasticity of substitution between differentiated
labor services, which we assume to be constant across types and sectors. L;;; measures demand

for labor type ¢ by firms in sector j,

1 ) Hw
Lijie = [/ Lj,z',t(z)mdz]
0
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while W; ; + denotes the nominal wage set by union 7 in market j at time t%:

1—paw

1
Wj,i,t = |:/ W‘,m(z)mdz
0

Clearly, our structure gives rise to four different wages in equilibrium, each corresponding to a
specific worker type (patient, impatient) in a specific sector (C, D). Every period, each union
faces a constant probability 1 — «,;; of being able to adjust its nominal wage. If the union is
not allowed to re-optimize, wages are indexed to past and steady-state inflation according to the
following rule:

Wiait(2) = [meoa)™ [/ 75 W1 (2)

where m; = anjl and &% denotes the degree of indexation in each sector, for each type. Taking
into account that unions might not be able to choose their nominal wage optimally in the future,
the optimal nominal wage Wjﬂ-,t(z) is chosen to maximize intertemporal utility under the budget

constraint and the labor demand function. The first-order condition for the wage setting program

of agent 7 in sector j can be written recursively as follows:

iinJ _ ?{uuz u —1
p \"gT

The resulting aggregate wage dynamics for each type in each sector is:

L ?{uuz Eﬁ%T
(Wj,i7t> l—pw — (1 — aw]z) Hw Hw]'b (19)

—1

, - T— i
— ¢
+ awji (Wiip—1) T |

511/]7/
/ j,B, t(2)d

T G
/ j,5,t(2)dz

9The following definitions also hold:

and
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where

Haw
paw—1
L. _ . 140 B Tt4+1 i
MUY =TLya (N7,) 7 W) 2o 4 awiBiBr | | e Mt (20)
w7 "
and
T M —1
. ) b .
%;jgz = AitN;‘,t (Wj,i,t)“w71 + OéwjiﬂiEt ﬁ 7‘[;111 (21)
ﬂ_twj,w [7'['] wj,i

with 8; = gifi=Sand 3; =y ifi = B. Also, W, ;, denotes the real wage of type ¢ in sector j
and A;; is the marginal utility of consumption of type i.

We can now define the labor packers’ Cobb-Douglas production function as follows:

(1-w) w

S B

Li=w“(1— w)(lf‘”) —]\Z]j’t —]Yuj’t
AJ}SJ AJ}BJ

where
B S
g = gy
Aw jaB7t - w j,S,t
J,B,t 7,5t

and the term AY

7+ denotes wage dispersion in sector j, related to agent i. Such term is a state

variable that evolves as follows:

Hw

. iji T hw—1
w 1t
A= (1= anyji) (W) e T <Nw Hwﬁ>
2,t

_Hw ;Liuil
w Wiie \™" Tt
N ot _
wjr=j,i,t—1 Wiii—1 ﬂ_tﬁw;i,i [ﬁ]lfﬁm,i

Notice that wage dispersion is inefficient, as all job varieties are ex-ante identical (see SGU2006).
The solution to the labor packers’ cost-minimization problem also determines the following wage

indices:
(Wis)' ™ (Wypa)”
w¥ (1 —w)l=w

Wi =

If wages were perfectly flexible, in every period ¢ we would have:

Ly (N;,t)au'i =N Wi
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with j = C, D and ¢ = P,I. The real wage would be equal to a markup p,, over the marginal

rate of substitution between consumption and labor.

Appendix B. Welfare loss computations

Individual welfare measures are defined as follows:

b — SN L b\ 1mox  Aw Ley b V1o Aw Loy b \ItoLp,
WY = Eo tz:; (8% {1 T ox (X7) Ac,b,tl T oros (NE 1) Db, (Np.) }

and

Wi = B0 Y (9" { oo (X017 = A8 i (M) U - A 2 (345,)
t=0

- - D
1—0x C’s’tl-i-O‘LcS ’s’tl-i-O'LD’S

for the impatient and patient agent, respectively, where AY,., denotes wage dispersion in

71,1
sector j, related to agent ¢. In order to evaluate the utility losses experienced by each agent
under a given policy, we compute the fraction of consumption streams from an alternative policy
regime (labelled ) that is to be added (or subtracted) to each agent’s consumption in order to

achieve the reference welfare level, corresponding to the steady state welfare. Formally, we solve

the following equations:

b e b\ ¢ 1 b,a b l—ox w ZC,b b,a 1+‘7Lc,b w ZDyb b,a 1+ULD,I;
Wh=Fo> (8") - (xpe+oh) — Delta, 7 (v&s) ~ Deltafp 7 (V55
[eR) D,b

s - s\t 1 s,a s\\1—ox w ZC,S s,a 1+ULC’,5 w ZD,S s,a 1+ULD,5
W= Eo Y (89! g (X4 90) 77X = Deltags, 70— (V&) ~ Delta 17 (v55)
C,s D,s

where WP and W? denote the steady-state welfare level of the impatient and patient agent,
respectively. Under our functional assumptions for the utility functions of the individuals, we

have:
IAb b,a —o
wb— <Wb+Wt,L )1 x 1
- b,a b,a
Wt + Wt,L
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and
We Wi\ T
1/}5 = s,a 7s,a - 1
Wt + W
Finally, we compute an aggregate welfare cost as a weighted sum of individual welfare costs, as

follows:

¥ =wipb + (1 —w)y®
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Table 1. Calibrated parameters

Parameter
Preferences
ﬁB

ﬁS

ox

OLc

OLp

w

Final consumption
hs

hy

WD

D

)

X
Investment
0K

¢

(0

¢p

(5}

Firms

ac

ap

ar

276

KD

Haw

Hw
Nominal rigidities
Oc

Yo

Op

YD

Owe

Ywe

Owp

Ywp

Description

Discount factor (patient)

Discount factor (impatient)
Intertemporal elasticity of substitution
Labor supply elasticity (non-housing)
Labor supply elasticity (housing)
Share of impatient agents

Habit persistence (patient)

Habit persistence (impatient)

Share of housing services in consumption
Nondurable consumption—housing substitution
Housing depreciation rate

Downpayment ratio

Capital depreciation rate

Investment adjustment cost (non-residential)
Capital utilization adjustment cost (non-residential)
Investment adjustment cost (residential)

Capital utilization adjustment cost (residential)

Share of capital (non-residential)

Share of capital (residential)

Share of land (residential)

Intermediate non-residential goods substitution
Intermediate residential goods substitution
Labor varieties substitution (residential)

Labor varieties substitution (non-residential)

Calvo non-residential (goods)
Indexation non-residential (goods)
Calvo residential (goods)
Indexation residential (goods)
Calvo non-residential (labor)
Indexation non-residential (labor)
Calvo residential (labor)
Indexation residential (labor)

Value

0.99
0.96
1.00
2.00
2.00
0.20

0.82
0.28
0.10
1.00
0.01
0.20

0.03
0.10
3
0.005
10

0.30
0.30
0.15
4.33
4.33
4.33
4.33

0.92
0.50
0.00
0.00
0.92
0.23
0.93
0.44
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Table 1. Calibrated parameters (continued)

Parameter Description  Value
Monetary policy rule
Interest-rate persistence p 0.85
Response to inflation o 1.25
Response to GDP growth DAy 0.015
FEzxogenous shocks: persistence
Technology (non-residential) p 0.90
Technology (residential) pAp 0.90
Housing demand P 0.95
Financial (loan-to-value) pETV 0.95
FErogenous shocks: standard deviation
Technology (non-residential) o 1.50
Technology (residential) oAp 1.10
Housing demand oP 2.85
Financial (loan-to-value) otV 0.01
Table 2. Steady state ratios
Variable  Description Value
R Nominal interest rate (annualized) 4.00
clY Consumption-to-output ratio 0.58
TpZp/Y  Residential investment-to-output ratio  0.03
1/Y Investment-to-output ratio 0.21
B/(4Y)  Private debt-to-annual-output ratio 0.50
PyG/Y  Public expenditure-to-output ratio 0.18

Table 3. Comparison of standard deviations

GDP

Consumption

Investment

Residential investment
Household debt
Nominal interest rate

CPI inflation

House price inflation

Model
2.54
2.35
6.23
6.51
8.07
0.32
0.32
0.99

Data
2.21
2.20
6.18
5.70
5.84
0.39
0.46
1.03
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Table 4. Loss function minimization: results (A = 0.5, u = 0.001)
Wt ws Wy e 3

Taylor 0.565 0.636 0.262 0.42 445 0.63 0.00
Taylor + house prices 0.569 0.640 0.267 0.38 4.01 0.63 0.01
HP (v =0.001) 0.571 0.642 0.273 0.41 451 0.56 0.04
HP (v =0.2) 0.531 0.577 0.336 0.18 1.01 0.28 0.18
HP (v =0.4) 0.434 0466 0.296 0.32 1.42 0.00 0.32
HP (v =0.6) 0.390 0.416 0.278 045 1.66 0.00 0.45
HP (v =0.8) 0.375 0.399 0.274 0.76 1.66 0.00 0.76
HP (v =1) 0.383 0.407 0.278 6.39 17.29 0.00 6.39

Table 5. Welfare cost minimization: results
wtot s WP 7 2 3 V4
Taylor 4+ house prices 0.086 0.117 -0.041 2.36 1.84 0.08 -0.12
Taylor 0.091 0.118 -0.022 1.64 0.87 0.00 0.00

Table 6. Welfare cost minimization: the role of financial frictions

w  LTVratio Wt W WP 71 V2 3 Y4
Taylor + house prices 0.3 0.9 0.104 0.127 0.049 1.77 1.15 0.00 0.03

Table 7. Welfare cost minimization: nominal price rigidity in the residential sector
Op Wt Wws WP 201 Yo V3 V4
0.1 0.092 0.123 -0.040 1.35 0.82 042 -0.06
0.2 0.097 0.128 -0.032 1.96 1.35 0.05 -0.04
0.3 0.105 0.135 -0.020 1.73 1.22 0.03 0.00
0.4 0.116 0.144 0.000 1.44 1.09 0.03 0.04
0.5 0.131 0.156 0.026 1.35 1.20 0.00 0.08
0.6 0.152 0.174 0.059 1.22 1.25 0.00 0.13
0.7 0.181 0.206 0.074 7.31 9.19 0.00 0.08
0.8 0.239 0.260 0.152 2.62 3.50 0.00 0.39
0.9 0.383 0.399 0.313 2.04 4.78 0.00 1.94

Table 8. Welfare cost minimization: nominal wage rigidity
wiet W WP " V2 73 V4

Wage flexibility -0.030 -0.019 -0.076 5.14 0.00 0.68 0.01
Intermediate wage rigidity -0.008 0.007 -0.073 3.51 045 0.81 -0.01
High wage rigidity 0.019 0.039 -0.065 2.37 0.70 0.53 -0.02
Benchmark calibration 0.086 0.117 -0.041 2.36 1.84 0.08 -0.12
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Table 9. Welfare cost minimization: a benchmark model without borrowing

%)
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Wtot
0.092
0.094
0.097
0.100
0.106
0.114
0.126
0.141
0.174
0.269

WS
0.092
0.094
0.097
0.100
0.106
0.114
0.126
0.141
0.174
0.269

Wb

Y1
1.71
1.67
1.65
1.63
2.02
2.72
7.45
2.63
2.82
3.75

V2
1.42
1.45
1.52
1.57
2.19
3.20
9.50
3.17
3.34
4.27

3
0.00

0.00
0.00
0.00
0.00
0.00
0.32
0.00
0.00
0.00

V4
0.00
0.02
0.04
0.06
0.07
0.10
0.13
0.24
0.45
1.74

Table 10. Welfare cost minimization: varying the share of borrowers

w Wtot W3 Wb " Y2 V3 V4

0 0.092 0.092 - 1.69 142 0.00 0.01
0.1 0.092 0.105 -0.032 187 1.40 0.22 -0.08
0.2 0.087 0.118 -0.040 182 1.36 0.26 -0.10
0.3 0.082 0.136 -0.044 183 1.35 0.27 -0.10
0.4 0.081 0.162 -0.042 1.70 1.15 0.25 -0.08
0.5 0.081 0.201 -0.039 1.v8 1.27 0.22 -0.07
0.6 0.085 0.259 -0.032 183 1.27 0.14 -0.05
0.7 0.094 0.353 -0.018 190 1.26 0.06 -0.01
0.8 0.111 0.523 0.008 1.94 1.28 0.11 0.00

Table 11. Welfare cost minimization: varying the share of borrowers (6p

w wiotpys wWe 71 Y2 V3 V4

0 0.106 0.106 0.039 196 2.12 0.00 0.07
0.1 0.114 0.124 0.018 1.97 1.92 0.00 0.04
0.2 0.116 0.146 -0.007 1.74 1.39 0.00 0.02
0.3 0.111 0.178 -0.044 1.83 1.49 0.00 -0.04
0.4 0.103 0.225 -0.081 0.07 1.55 0.00 -0.10
0.5 0.095 0.274 -0.085 1.64 1.67 0.00 -0.13
0.6 0.092 0.324 -0.062 1.55 1.49 0.00 -0.10
0.7 0.096 0416 -0.040 0.06 1.48 0.00 -0.10
0.8 0.111 0.609 -0.014 1.80 0.00 0.00 -0.12
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Table 12. Welfare cost minimization: varying the loan-to-value ratio
LTVratio W™ WS we 7 V2 V3 V4

0.99 0.157 0.161 0.142 9.06 087 0.00 0.40
0.98 0.135 0.126 0.174 3.51 3.71 0.00 0.07
0.96 0.122 0.114 0.155 1.84 1.50 0.00 0.07
0.94 0.111 0.111 0.110 1.96 1.60 0.00 0.04
0.92 0.103 0.109 0.077 1.61 1.08 0.03 0.03
0.9 0.098 0.110 0.046 1.81 1.25 0.01 0.00
0.8 0.087 0.117 -0.040 1.74 131 0.29 -0.10
0.7 0.089 0.125 -0.064 1.90 1.11 0.18 -0.11
0.6 0.092 0.128 -0.062 2.82 243 0.16 -0.19

Table 13. Welfare cost minimization: persistence of housing demand shock
pD Wtot W3 Wb " Y2 V3 V4
0.1 0.205 0.248 0.026 1.61 1.76 0.66 -0.16
0.2 0.205 0.247 0.026 1.71 1.88 0.64 -0.17
0.3 0.204 0.246 0.026 1.80 1.95 0.60 -0.17
0.4 0.202 0.245 0.023 148 1.63 0.68 -0.15
0.5 0.200 0.242 0.021 1.61 0.17 0.64 -0.16
0.6 0.197 0.239 0.019 1.69 1.79 0.61 -0.16
0.7 0.191 0.232 0.014 1.65 1.77 0.63 -0.16
0.8 0.179 0.220 0.006 1.66 1.77 0.62 -0.16
0.9 0.146 0.184 -0.014 1.58 1.40 0.49 -0.12
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Figure 1: Optimal policy frontiers (loss function minimization)

—©— no response to house prices
=——t—= response to house prices

1.5

25
GDP variance

43

35




total welfare loss.

Horizontal axes: relative weight of output growth (left) and house price inflation (right) in the

loss function

Vertical axis:

Figure 2: Welfare cost under alternative policy objectives.
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Figure 3: Impulse responses to a positive housing demand shock:
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Figure 4: Impulse responses to a positive financial shock: optimal rule (solid blue line) and standard Taylor rule (dashed red line)
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Figure 5: Impulse responses to a positive technology shock in the non-residential sector: optimal rule (solid blue line) and standard

Taylor rule (dashed red line)
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Figure 6: Impulse responses to a positive technology shock in the residential sector: optimal rule (solid blue line) and standard Taylor
rule (dashed red line)
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Figure 7: Fault tolerance: social welfare loss under optimal monetary policy rule, baseline cali-
bration (solid blue line) and high degree of financial frictions (dashed red line)
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