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Abstract

This paper documents the role of collateralized household debt
and housing prices in the conduct of monetary policy in a model with
heterogeneous agents and price rigidities. To maximize social welfare,
monetary policy requires an active response to inflation and a negative
response to variations in housing prices. We highlight the existence
of a trade-off between borrowers’ and lenders’ welfare with respect to
inflation stabilization. As a result, a strong anti-inflationary stance is
not optimal. We also document that in this framework a monetary
policy aiming at minimizing the distortions generated by collateral
constraints, which maximizes borrowers’ welfare, generates asymmet-
ric responses to shocks.
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1 Introduction

The recent rise in housing prices in most OECD countries has attracted the
attention of policymakers and academics and raised concern as to its macro-
economic implications. Particular attention has been given to the housing
wealth effect and the role of housing prices in consumption dynamics.! Given
the positive correlation between housing prices, mortgage debt, and con-
sumption dynamics at business cycle frequencies (figure 1), it is interesting
to investigate whether housing prices and credit frictions should have a role
in the optimal design of monetary policy.

The costs associated with nominal price changes and the distortion gener-
ated by credit frictions make it difficult to have any a priori conjecture on the
optimal inflation volatility. However, it is reasonable to investigate whether
the central bank has an incentive to partially minimize credit market ineffi-
ciencies. In particular, we explore whether reacting to housing prices helps
to reduce the distortions implied by the existence of collateral constraints.

The literature related to housing price dynamics and financial frictions at
the household level has expanded copiously in the last couple of years. Since
Kiyotaki and Moore (1997), the use of models with collateral constraints and
discount factor heterogeneity has been widely used in the business cycle liter-
ature.” Building on such a framework, Tacoviello (2005) first documented the
relevance of nominal debt contracts and collateral constraints tied to hous-
ing values for matching the positive response of spending to a housing price
shock. He also replicated the sluggish response of real spending to an inflation
shock. Campell and Hercowitz (2005) showed that collateralized household
debt had a role in explaining the decline in the volatility of output, consump-
tion, and hours worked. More recently, Iacoviello and Neri (2007) estimating
a multisector model with nominal rigidities and collateral constraints, docu-

mented the housing market’s significant contribution to business cycle fluc-

!See Carroll et al. (2006) for an updated review of the literature.
2See, among others, Campbell and Hercowitz (2004), Iacoviello (2005), Tacoviello and
Neri (2007), Mendicino (2007), and Monacelli (2007).



tuations. Christensen, Corrigan, Mendicino and Nishiyama (2007) quantify
the impact of credit frictions for the Canadian business cycle.

Despite the important contribution assigned to household debt in busi-
ness cycle dynamics, particularly to the wealth effects of changes in house
prices, little attention has been paid to the optimal monetary policy pre-
scriptions of a model with borrowing constraints and heterogeneous agents.
Tacoviello (2005) reports that a positive response to house prices does not
produce significant gains in terms of output and inflation stabilization. The
metric adopted for ranking alternative monetary policy specifications is an
inflation-output volatility frontier. Thus, it is not accurate enough for draw-
ing conclusions about the desirability of reacting to house prices in terms of
social welfare.

For this purpose, we follow the approach proposed by Schmitt-Grohe and
Uribe (2006) and examine policy rules that are optimal within the family of
implementable, simple rules. We consider rules that are implementable in the
sense that they deliver uniqueness for the rational expectations equilibrium.
Simplicity requires restricting attention to rules that rely on a few observable
macroeconomic variables. The optimality of the rule is evaluated in terms of
welfare maximization for the individual agents.

Alternatively, we could examine the real allocation associated with the
Ramsey optimal policy. However, the solution of the Ramsey problem pro-
vides information only on the behavior of policy variables, not on what policy
to implement. Moreover, the Ramsey optimal policy does not allow for an-
alyzing the effects of alternative monetary policy frameworks on the welfare
of borrowers and lenders separately. Since heterogeneity is a key issue in
this class of models, we find it interesting to characterize not only monetary
policy based on overall social welfare, but also the monetary policy outcome
in terms of the separate welfare of each of the two groups of agents.

Our model economy is characterized by three types of distortions. First,
monopolistic competition in the goods market allows for setting prices above

the marginal cost (average markup distortion). Second, nominal price rigidi-



ties, modeled as a quadratic adjustment cost on goods’ market-price setting
are adopted as a source of monetary non-neutrality. Third, credit frictions
generated because creditors cannot force debtors to repay and so debt must
be secured by collateral. Thus, in such a model, different types of distor-
tions, other than price rigidities, provide a rationale for the optimal conduct
of monetary policy.

Welfare maximization suggests that in order to limit distortions on the
equilibrium credit flow generated by collateral constraints, monetary policy
should respond negatively to housing prices and allow for deviations from
inflation stabilization. Unlike previous literature, our analysis highlights the
role of discount factors’ heterogeneity and wealth redistribution in the opti-
mal design of monetary policy. In particular, we shed light on the trade-off
between impatient borrowers’ and patient lenders’ welfare with respect to
inflation stabilization. In fact, our main result is nos not independent from
the welfare criterion chosen: we document that a welfare function that down-
weights borrowers’ welfare makes a strong anti-inflationary stance outperform
in terms of overall social welfare. Finally, discount factors’ heterogeneity in-
duces a monetary policy that aims at minimizing the distortions implied
by the existence of collateral constraints generates asymmetric responses to
shocks.

A number of papers have tried to understand the extent to which asset
price movements are relevant to monetary policy.®> The main shortcoming
of this related literature is the lack of welfare consideration in evaluating
monetary policy. Recently, Faia and Monacelli (2006) using a framework
@ la Carlstrom and Fuerst (1997) document that welfare-maximizing mon-
etary policy should respond to increases in asset prices by lowering interest
rates. However, according to their findings, when monetary policy responds
strongly to inflation, the marginal welfare gain of responding to asset prices

vanishes. Two main features distinguish our paper. First, we consider credit

3See, e.g., Goodhart, Hoffman (2000), Batini, and Nelson (2001), Bernanke and Gertler
(2001), Cecchetti, Genberg, Lipsky, and Wadhwani (2000), Cecchetti, Genberg, and Wad-
hwani(2001), and Dupor (2005).



frictions at the household level. Second, and most important, our social-
welfare measure includes both borrowers’ and lenders’ utility. In the frame-
work used in previous works, credit-constrained entrepreneurs are assumed
to be risk-neutral agents. This implies that their mean level of consumption
is unaffected by the underlying sources of stochastic volatility. Thus, social
welfare is only characterized with respect to the households that represent
the lenders in their economy. Our results improve upon previous literature by
documenting the importance of including borrowers’ welfare in the evaluation
of alternative monetary policy frameworks.

The remainder of the paper is organized as follows. Section 2 lays out
the model and derives the equilibrium conditions, while section 3 examines
model calibration. Section 4 documents the model’s dynamics, and section
5 describes the monetary policy evaluation. Finally, section 6 comments on

the results.

2 The Model

We consider a sticky-price economy populated by a monopolistic, competi-
tive, goods-producing firm, a monetary authority, and two types of house-
holds: patient (borrower) and impatient (lender) households, of mass 1-n
and n, respectively. Impatient households feature a relatively lower subjec-
tive discount factor that in equilibrium generates an incentive to borrow.
Hence, the ex ante heterogeneity induces credit flows between the two types
of agents. This modeling feature has been introduced in macro models by
Kiyotaki and Moore (1997) and extended by Iacoviello (2005) to a business
cycle framework with housing investment. As in Iacoviello (2005), house-
holds, in addition to consumption and leisure, also consider house holdings
as a separate argument of their utility function. Housing services are as-
sumed to be proportional to the real amount of housing stock held by each
agent. Since the empirical literature gives no clear guidance for relating the

heterogeneity in discount factors and that in agents’ specific abilities, un-



like Tacoviello (2005), we do not associate discount factor heterogeneity with

heterogeneity in terms of labor supply.

2.1 Households

Households derive utility from a flow of consumption and services from hous-
ing assumed to be proportional to the real amount of housing stock held;

they also derive disutility from labor:

max F Z BeU (city hity Li),
=0
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where i = 1,2 and 3, > (3, s.t. a budget constraint
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Except for the gross nominal interest rate, I, all the variables are expressed in
real terms; 7, is gross inflation (P,/P;_1) and ¢, is the price of housing in real
terms (Q¢/ P;). Ty represents lump-sum taxes imposed by the fiscal authority,
and f;; represents dividends distributed by firms.* Thus, fi; = ﬁ (Dy/py)
, where D, represents the dividends of the representative firm and fo; = 0. We
follow Iacoviello (2005) in that the borrowing constraint (2) is not derived
endogenously but is consistent with standard lending criteria used in the
mortgage and consumer loan markets. Limits on borrowing are introduced
through the assumption that households cannot borrow more than a fraction
of the next-period value of the housing stock. The fraction =, referred to as
the equity requirement or loan-to-value ratio, should not exceed one and is

treated as exogenous to the model. It can be interpreted as the cost that

4Given the impatient agents’ strong propensity to consume, we assume that only the
patient households own the firms. Because of short-selling constraints on financial assets,
it is plausible to assume, without loss of generality, that firms are owned only by patient
households (see also Iacoviello, 2005).



in case of default lenders have to pay in order to repossess the asset. We
explore the effects of temporary changes in lending standards by assuming
that v, follows an AR(1) process. We refer to this as a loan-to-value ratio

shock.

The agents’ optimal choices are characterized by

_ULit = Uant (3)
U..  .R
U, > B 5,2t (4)
’ T+1
UCi,tQt - ﬁiEtUCi,t+1Qt+1 > Uhi,t . (5)

The second equation relates the marginal benefit of borrowing to its marginal
cost. The third equation states that the opportunity cost of holding one unit
of housing, [Uci,t% - BB U, Hqtﬂ] , is greater than or equal to the marginal
utility of the associated housing services.

The above equations hold with equality for patient households. Since
patient households are not borrowing in equilibrium, they face a standard
problem, except that they have the housing investment as an additional

choice variable.

Impatient Households. Impatient households borrow up to the maxi-
mum in a neighborhood of the deterministic steady state. Let p, denote the
Lagrange multiplier related to the impatient borrowing constraint. Then,
the Euler equation of impatient households, evaluated at the deterministic

steady state, can be written as

u2:<1—%>UCQ>O. (6)

The steady-state real interest rate equals 1/5,. This implies that in the
deterministic steady state, the impatient households’ borrowing constraint

holds with equality. Moreover, for constrained agents, the marginal benefits
Ry

of borrowing always exceed their marginal costs, Ue,, — pt; = By E U, ., o

and the marginal benefit of holding one unit more of housing is determined



not only by its marginal utility but also by the marginal benefit of being
allowed to borrow more:

qt4+17T¢41
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2.2 Firms and Price Setting

The Final-Good-Producing Firms. Perfectly competitive firms produce
a final good, y;, using y;(7) units of each type of intermediate good i, with
i € (0,1), adopting a constant return to scale, diminishing marginal product,

and constant-elasticity-of-substitution technology:

y < UO y&z‘)‘oldzrﬁl , (®)

where 6 > 1 is the constant-elasticity-of-substitution parameter. The price of
an intermediate good, y;(7), is denoted by F;(7) and is taken as given by the
competitive final-good-producing firms. Solving for cost minimization yields
a constant-price-elasticity demand function for each type of goods i, which

is homogeneous to degree one in the total final output, y,(i) = [PtT(:) ) Y,

.. . . 1 a1 g ../ A0
and a price index for intermediate good, P, = [ Jo P:(3) dz} )

The Intermediate Sector. In the wholesale sector, there is a continuum
of firms indexed by i € [0,1] and owned by consumers. Intermediate pro-
ducing firms act on a monopolistic market and produce y;(7) units of each
intermediate good i using L,(¢) units of labor, according to the following

constant-return-to-scale technology:
ZiLy(i) > (i) (9)

where Z; is an aggregate productivity shock following an exogenous AR(1)

stochastic process.



Price Setting. We assume that intermediate firms set the price of their
differentiated goods every period, but face a quadratic cost of adjusting the

price between periods.” The cost is measured in terms of the final good

where ¢, > 0 represents the degree of nominal rigidity and 7 is the gross

steady-state inflation. Each firm faces the following problem
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real terms are given by®

where A4y = is the relevant discount factor. The firm’s profits in
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2.3 The Fiscal Authority

The government consumes a fraction G of the final good and runs a balanced-

budget deficit financed with lump-sum taxes: G; = T;. Total taxes T, are

the sum of total taxes on both types of households T; = (1 — n)T1; + nTy.
We assume that G; = 7;Y;, where log(1 — 7;) follows an exogenous sta-

tionary Markov process.

5The Calvo setting and the price-adjustment cost setting deliver the same linearized
system of necessary conditions up to a reparametrization. The later modelling assumption
is widely used in the literature. See Ireland (2004), Faia and Monacelli (2006), Monacelli
(2007), and Schmitt-Grohe and Uribe (2006) .

6The derivative with respect to the firm’s price, multiplied by the price level, P;, yields

Yt
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3 Calibration

Parameter Values. We set the parameters of the model on the basis
of quarterly frequencies. The household discount factors are (f3;,3,) =
(0.99,0.95). The borrowers’ discount factor implies an average annual rate
of return of approximately 4%. Previous estimates of discount factors for
poor or young households have been used as references in calibrating 3.7

We assume a separable utility function, as follows

e It+ep
Ulcity hity Lit) = 1 i - + vpeInhy — VLl j_ o7 (12)
- Y¥e L

where v, is a housing preference shock. The structural shocks of the model

Ay = [y, vnt, 1 — 74, Zy] follow an autoregressive process:
In(Ay) = ppIn(Ar 1) +enr,  ear " N(0,0.,), 0<py<1. (13)

As a benchmark case, we set p, = 1.6, v;, = 1 and ¢; = 0.1.%> The weight on
housing services, v, = 0.018, implies a steady-state value of real estate over
annual output of 141%. We set the elasticity of substitution, #, equal to 81.5,
which, in line with the empirical literature, gives a steady-state markup of
20%. As a benchmark case, the fraction of borrowing-constrained population,
n, is set at 50%.° The Federal Housing Finance Board documents that the
average loan-to-value ratio in the last 30 years was 0.76. Following Iacoviello
and Neri (2007), we find it reasonable to assume that credit-constrained
households face looser limits on credit. Thus, we set v = 0.85.

We calibrate the steady-state government consumption value to be 20% of
total output. We calibrate the persistence and standard deviation of the loan-

to-value ratio and housing preference shocks in order to match the standard

"Lawrance (1991) estimates that the discount factors of poor households are in the 0.95
to 0.98 range, while Carroll and Samwick (1997), find that the empirical distribution of
discount factors lies in the 0.91 to 0.99 interval.

8The rationale for assuming an almost flat labour supply curve is to ensure that hours
are more strongly procyclical than real wages, as observed in the data.

Tacoviello (2005), estimates that in the U.S. about 55% of the population is credit
constrained.



deviation of some key variables for the model economy.! Table 1.b doc-
uments the standard deviation of the business cycle component of housing
prices and mortgage debt in the U.S.!! The persistence and standard devi-
ation of technology and government shocks are derived by fitting an AR(1)
process for detrended U.S. labor productivity and for U.S. government con-

12

sumption expenditure over total consumption.'* The results are consistent

with previous literature.!®> Table 2 summarizes the calibrated parameters.

Solution. Ever since Kydland and Prescott (1982), the first-order ap-
proximation approach has been the most popular numerical approximation
method for solving models too complex to produce exact solutions. However,
first-order approximation methods are not locally accurate for comparing the
welfare effects of implementable policy rules that have no first-order effects
on a model’s deterministic steady state.!* A first-order approximation of
the policy functions would give an incorrect second-order approximation of
the welfare function.'® Second-order approximations are quite convenient to
implement since, even when capturing the effects of uncertainty, they do not
suffer from the curse of dimensionality. We adopt a perturbation technique
introduced by Fleming (1971), applied to various types of economic models

by Judd and various coauthors!® and recently generalized by Schmitt-Grohe

10As a benchmark, we refer to the dynamics of the model under a Taylor rule, as in
section 4.

HSources: Bureau of Economic Analysis and Federal Reserve Board, “Flow of Funds
Accounts of the United States”, Z.1. We rely on a band-pass filter to extract the business
cycle component of the series.

12Given that capital is not modeled, we have used labor productivity and government
consumption expenditure over private consumption. Both series are detrended using a
band-pass(6,32) filter and a cubic trend, respectively.

13For the shock to technology and government spending, see, for instance, Schmitt-Grohe
and Uribe (2006) and for the housing preference shock, Iacoviello (2005), and Iacoviello
and Neri (2007).

1Kim and Kim (2003) show that a welfare comparison based on the linear approxima-
tion of the policy functions of a simple two-country economy, may yield the odd result of
welfare being greater under autarky than under a condition of full risk sharing.

15See Woodford (2002) for a discussion of situations in which second-order accurate wel-
fare evaluations can be obtained using first-order approximations of the policy functions.

16See Judd and Guu (1997, 2001) for applications to deterministic and stochastic,
continuous- and discrete-time growth models in one state variable, Gaspar and Judd (1997)

10



and Uribe (2004).17

4 Dynamics under a Taylor Rule

In order to build intuitions about the behavior of the model economy, we
study the dynamics of the model under a Taylor rule. We assume that the
central bank follows a simple rule of the form:

R, = a7y ,
where «, = 1.5. According to previous literature, this rule is considered a
realistic benchmark for the U.S. economy.'® We will consider richer rules
when we perform monetary policy evaluations.

Figure 2.a displays the models reaction to a positive productivity shock.
The shock leads to a reduction in the marginal cost, which implies a decrease
in inflation. However, since it is costly to change prices, inflation decreases
less than it should, so consumption rises less than it could, implying a re-
duction in total employment. Thus, the effect of a positive technology shock
on total production is reduced. Impatient households smooth the effect of
the shock on consumption by increasing their investment in housing. This
amplifies the positive effects on housing prices and, consequently, on the level
of current indebtedness.

Figure 2.b documents the effects of increased government expenditure.

This shock works as a negative income shock, so, individuals’ consumption

for multidimensional stochastic models in continuous time approximated up to the fourth
order, Judd (1998) for a presentation of the general method, and Jin and Judd (2002) for
an extension of these methods to more general rational-expectations models.

17Schmitt-Grohe and Uribe (2004), show that given the first-order terms of the Taylor
expansions of the functions expressing the model’s solution, the second-order terms can be
identified by solving a linear system of equations which first-order terms and derivatives
up to the second order of the equilibrium conditions evaluated at the non stochastic steady
state. They derive a second-order approximation of the policy function of a general class
of dynamic, discrete-time, rational-expectation models. They show that in a second-order
expansion of the policy functions, the coefficients of the linear and quadratic terms of the
state vector are independent of the volatility of exogenous shocks. Thus, only the constant
term is affected by uncertainty.

18See, among others, Taylor (1993) for the U.S. economy and Clarida, Gali and Gertler
(1998) for an international comparison.

11



decreases, labor demand increases and so does production. The consequent
increase in marginal costs raises current inflation. This, coupled with the
increased real interest rate, causes borrowers to reduce their house holdings,
which amplifies the consequent decline in housing prices.

The response to an increase in housing preference is reported in figure 2.c.
The shift in preference for housing with respect to consumption and leisure
makes housing prices rise. As a result, borrowers face looser credit constraints
and increase their consumption expenditures. In aggregate terms, a 1% in-
crease in housing prices corresponds a rise in private consumption of about
0.027%. The wealth effect of housing prices on aggregate consumption works
through the credit market and not through housing investment—which, by
model’s construction, always sums up to zero. In particular, it stems from a
reallocation of resources from households with a low propensity to consume
(patient) to households with a higher propensity (impatient). Our findings
are in line with the short-run estimates of the wealth effect of housing prices
on consumption (about 2 cents on the dollar) provided by Carroll et al.
(2006) for the U.S.

Figure 2.d depicts the effects of a temporary increase in the access to
the credit market. Borrowers’ spending rises and, as the result of an in-
crease in their housing investment, the price of houses goes up. In aggregate
terms, demand pressures makes inflation rise and generates a positive effect
on output.

It is important to stress that the main transmission channel of shocks
in the model is the collateral effect. Variations in the ability to borrow,
driven by movements in house prices affect borrowers’ demand for housing.
This generates a self-reinforcing effect on house prices that further boosts

(dampens) consumers’ spending,.
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5 Welfare and Optimal, Simple, Operational
Interest Rate Rules

In what follows, we provide a normative assessment of the simple interest-
rate feedback rules based on welfare evaluations. We limit our attention to

simple, optimal, operational interest rate rules of the form
Simplicity requires X to include easily observable macroeconomic indicators.
As possible arguments of the rule, we test

Ty @

X = Rt—lv ) ;
Tss Yss Qss

As in the monetary business cycle literature, we allow for the nominal inter-
est rate to respond to inflation, output, and the lagged interest rate. We also
consider the optimality of responding to current housing price movements.
For the rule to be operational, we require that it delivers local uniqueness
in the rational expectations equilibrium. The interest rate rule’s configura-
tion of parameters, satisfying the determinacy requirements and yielding the

highest welfare gives the optimal implementable rule.

5.1 Social-Welfare-Based Optimal Simple Rules

We postulate that the monetary policy objective function can be summa-
rized in a social welfare function that assigns social weights to the welfare
of the individual agents. The advantage of this approach is that it delivers
direct implications concerning which policy regime to implement in order to
maximize social welfare. We concentrate here on the particular class of social
welfare functions that take a linear form. Formally, the optimal monetary

policy maximizes

Vo = Eo

Y

2
Z 771"/:0
i=1
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Vio = Eo | Y BIU(cij hij, Lig)|
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where 7; represents the weights on households’ utilities and V; defines the
individual welfare level. We choose 1;=n(1-/3;) and 7,=(1-n)(1-3,) such that,
given a constant consumption stream, the two agents achieve the same level of
utility. The welfare loss is expressed as a percent of steady-state consumption.
Following previous literature, we start evaluating welfare conditional on the
initial state being the non stochastic steady state.!® See section 7 for the

robustness of our results to different initial states of the economy.

Alternatively, we could examine the real allocation associated with the
Ramsey optimal policy. However, a Ramsey approach to the problem in-
volves time-dependent, first-order conditions that are not easy to handle. The
time dependency stems from the intrinsic time inconsistency of the problem:
the policymaker would promise to give the patient agents relatively more
in the future in order to give the impatient agents more today. When the
future comes, he would like to make the same promise and give more to the
impatient agents. Moreover, in a model with ex ante discount factors het-
erogeneity there is no clear definition of the planner discount factor needed
for the recursive formulation of the problem, and the analysis would heavily
rely on discretionary choices, as to the planner’s relevant discount factor. In
contrast, our approach takes a weighted average of the agents’ value func-
tions, which are calculated solving a time-independent system and do not
face any problems of recursiveness. Furthermore, the Ramsey optimal pol-
icy does not allow for analyzing the effects of alternative monetary policy
frameworks on the welfare of borrowers and lenders separately. Given the
important role of hetherogeneity in this model, invetigating the differences
in the welfare-maximizing rule for each group of agents is one of the aims of

this paper.

19 Among others, see Faia and Monacelli (2006), Monacelli (2007), and Schmitt-Grohe
and Uribe (2004, 2006).
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Figures 4.a displays the values of the inflation and housing price coef-
ficients for which the equilibrium is locally determinate. This allows us to
understand what restrictions the implementability requirement imposes on
the parameter values. In the absence of inertia (g = 0), the local determi-

nacy of equilibrium requires
ar +ag >1.

This result applies to the majority of models used for policy analysis.

Our numerical search yields the following optimal operational rule:
R, = 6.79%; — 0.054; .

Table 4 summarizes the main findings. The model requires a negative re-
sponse to variations in housing prices and an active response to inflation
(see figure 3.b). Differently from the presciptions of previous literature on
optimal monetary policy, our framework does not imply an optimal strong
anti-inflationary stance. In fact, the new-Keynesian literature highlights anti-
inflationary policy as the optimal monetary policy. The emphasis on the role
of price rigidities as the sole source of distortion in most of the models used
for policy analysis provides a rationale for price stability being the optimal
monetary policy prescription. However, introducing credit frictions into the
model, as an additional source of distortion, poses a serious challenge to the
optimal design of monetary policy.?"

Deviating from optimality can be very costly in this model (see table
3). In terms of steady-state consumption, the welfare losses of not targeting
housing prices are of the order of 9% larger than the optimal rule. A positive

response to housing prices of 0.05 delivers losses that are around 28% larger

20Inflation stability is not optimal in models with richer environments than the standard
New-Keynesian model. Erceg, Henderson, and Levin (2000) document that in a model
with sticky wages, inflation stability is indeed suboptimal. More recently, Schmitt-Grohe
and Uribe (2004) argue that the optimal operational rule in the Christiano, Eichembaum,
and Evens (2003) framework is characterized by an inflation coefficient close to unity
and an output coefficient of about zero and thus delivers a significant degree of inflation
volatility.
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than the optimal rule. A strict inflation-targeting rule would deliver welfare
losses about 30.5% larger than the optimal rule. Interest rate smoothing
is also not optimal. Our model economy is cashless, so, in the absence of
capital, the only motive for smoothing the interest rate would come from the
existence of credit frictions. It turns out that targeting the lagged interest
rate is actually welfare reducing.

The optimality of a mute response to output is consistent with Schmitt-
Grohe and Uribe (2004, 2006) and Faia and Monacelli (2006). Introducing
a cyclical component to the rule is clearly detrimental. Figure 3.c illustrates
that the welfare costs of a positive weight on output (while keeping the opti-
mal coefficient on inflation and housing prices) are monotonically increasing
in o, and can be large. Table 3 indicates that adding to the optimal rule
a positive response to output of 0.5 generates welfare losses, in terms of
steady state consumption, that are about 60% larger than the optimal rule.
As already pointed out by Schmitt-Grohe and Uribe (2004, 2006), while the
concept of output gap is well understood in models characterized only by inef-
ficiencies related to price stickiness, the definition of output gap or potential
output is not clear in model economies with a wider range of distortions.
Moreover, in the absence of a cost-push shock, the model would not display
a trade-off between stabilizing inflation and the marginal costs. Hence, if we
defined the output gap as the deviation of current output from the flexible
price output there would be no trade-off between stabilizing inflation and
output gap. Thus, no clear advantage would follow from including such an
output gap in the rule.

Two considerations prevent us from evaluating monetary policy in an
equivalent business cycle economy centered around the corresponding effi-
cient nondistorted equilibrium. The first is a general consideration of the
implausibility of government subsidies designed to undo the distortions cre-
ated by imperfect competition and credit frictions that this latter approach
would assume. More important, given that the frictionless representation

of our baseline economy does not feature a stationary distribution, in the
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absence of credit limits, our baseline economy would not allow for welfare
evaluations with respect to a nondistorted equilibrium with the use of stan-

dard local approximation techniques.

5.2 Inflation Trade-off and the Welfare Frontier

Since heterogeneity is a key issue in this class of models, we find it useful for
a better understanding of the results, to characterize the optimal monetary
policy outcome in terms of the separate welfare of each of the two groups
of agents. We rely on utility-based welfare calculations, assuming that the
benevolent monetary authority maximizes the utility of households, subject
to the model’s equilibrium conditions. The individual welfare level associated
with the optimal rule is Vi, = Eo Y02, BIU(c};, hi;, Li;)|, where ¢, hi;
and L;; denote the contingent planes of consumption, housing, and labor,
respectively, under the optimal policy regime. Table 4 reports the optimal

implementable rule that would maximize the welfare of agents in either group.

Welfare Frontier and Inflation Stabilization. For a better under-
standing of the results, we construct a welfare frontier, according to which a
monetary policy outcome is on the frontier if there is no alternative feasible
outcome in which either of the two individuals is at least as well off and the
other is strictly better off. Figure 4.b plots the welfare frontier of the agents
in the economy.” The model shows that there is a trade-off between the
welfare of the two groups of agents with respect to inflation stabilization. A
weak response to inflation has a negative impact on the welfare of lenders
and a positive effect on that of borrowers.

According to our results, lenders are better off when the central bank
is very aggressive with respect to inflation. The inflation coefficient of the

rule that maximizes lenders’ welfare takes the largest value allowed in our

2IThe welfare frontier allows the response to inflation to vary between 1.01 and 17 for
a null response to housing prices.
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search.?? Given the assumption of costly price resetting, a higher degree of
inflation volatility implies lower profits and wages. Thus, as in the standard
representative-agent new-Keynesian model, lenders face a higher cost of in-
flation volatility. As a matter of fact, a strict inflation stability stance would
significantly improve lenders welfare (see table 5). In contrast, borrowers
prefer a policy that weakly responds to inflation. In our model economy, op-
timal monetary policy also aims at dismantling the inefficiency introduced by
credit frictions. As a results, borrowers perceive considerable welfare-gains
from a monetary policy that minimizes credit market inefficiencies and thus
improves upon the deterministic steady-state outcome.?3

The reason why the social-welfare-maximization rule features a weak re-
sponse to inflation can by explained by the discount factors’ heterogeneity.
In fact, the ex-ante heterogeneity in terms of subjective discount factors is
such that impatient agents want to consume today as much as possible. In
contrast, patient agents are willing to postpone consumption to the future.
In such a world redistributing wealth from lenders to borrowers is welfare
improving. Through unexpected inflation the central bank minimizes the
distortion that the existence of collateral constraints imposes on borrowers’
consumption expenditure. As a result, a strong inflation stabilization is not
optimal.

The housing pricing equation derived from the model is given by

— E, Z B] Uel,t+1 Up Uh1,t+j : (14)

Uert Uelt+1

hl,t :
Un1,t4j 1S
Uel,t+1

the margmal rate of substitution between housing and consumption. Agents

where ﬁj YeLttl j5 the stochastic discount factor or pricing kernel and

choose housing and non-housing consumption such that the marginal rate of

22This is a common result in New Keynesian models with a representative agent; see
among others Schmitt-Grohe, S. and M. Uribe (2006).

23Given the fact that we evaluate the welfare-based monetary policy with respect to
a distorted steady state, it is not surprising to find that borrowers’ welfare-maximizing
optimal policy improves upon steady-state welfare. Since it is not possible to pin down
the level of borrowing in the absence of borrowing limits, the efficient steady state does
not exist. Hence, we use the inefficient steady state as a benchmark.
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substitution between the two goods, discounted by ﬁ{uul—f’:l, is equal to the
relative price of houses. To stabilize housing prices fluctuations, the central
bank aims at stabilizing the real interest rate (euler equation). On the other
hand, stabilizing the real interest rate the central bank stabilizes also the
debt repayment. Thus, borrowers become less vulnerable to shocks to the
interest rate and inflation. As a consequence, the volatility of consumption is
reduced. Table 6 documents that the weaker response to inflation, the lower
the volatility of housing prices, debt, and borrowers’ consumption and labor
supply. Moreover, the borrowers’ optimal rule minimizes the volatility of con-
sumption for both groups of agents and thus, output. As expected borrowers
optimal monetary policy delivers a certain degree of inflation volatility. On
the contrary, a strick anti-inflationary stance clearly overperforms in terms
of lenders welfare. Turning to the case of the social-welfare-maximizing rule,
given the higher volatility of consumption under this rule, welfare losses for
borrowers exceed those for lenders (table 5).

The effects of different policy rules on welfare can be broken into a level
effect (stochastic mean of welfare relevant variables) and a stabilization ef-
fect (variance). Since a second-order approximation does not feature the
certainty-equivalent property, the unconditional mean of some variables may
be different than the deterministic steady state value.? Borrowers’ welfare-
maximizing rule reduces the variability of consumption around it’s long-run
level and also overperforms in terms of expected consumption. In fact, under
the borrowers’ optimal rule, borrowers’ consumption in deviation from the
deterministic steady state features a stochastic mean that is lower with re-
spect to the stochastic mean implied by the social-welfare-maximizing rule.
Borrowers’ impatience dictates significant welfare gains by consuming more
today than in the future, i.e., a long-run consumption level much below the
deterministic steady state. Thus, the optimal stochastic consumption path
is decreasing for borrowers. In contrast, lenders-welfare-maximizing rules re-

duce the deviations of lenders’ consumption from the deterministic steady

*4Uncertainty may imply Ex; 4 — @i ss # 0.
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state consumption.

Summarizing, in the presence of nominal rigidities, the central bank faces
a trade-off between lenders’ and borrowers’ welfare. From one side, the mon-
etary authority should aim at price stability to increase lenders’ welfare;
from the other, it should stabilize the real interest rate to increase borrowers
welfare. This last choice would generate some degree of inflation volatility
and boost borrowers’ consumption toward the optimal unconstrained path.
As a result, the existence of credit flows in the economy, and the underlying
assumption of nominal debt and heterogeneity in the subjective discount fac-
tors, undermine the robustness of inflation stability as the optimal monetary
policy prescription, unless the central bank is willing to neglect borrowers’

welfare. For the flexible price case see section 7.2.

The Importance of Responding to Housing Prices. As reported
in table 4, the optimal monetary policy for borrowers features a negative
response to housing prices. An interest rate response opposite to variations
in housing prices, implies an even lower volatility of housing prices and debt
(see table 6). The intuition for why the monetary policy rule based on
borrowers’ welfare features a negative response to housing prices and a low
response to inflation is as follows: by reducing the nominal interest rate in
response to an increase in the price of housing, the central bank minimizes the
distortion that the existence of collateral constraints imposes on borrowers’
housing investment and consumption dynamics.

Consider a positive technology shock. In the model, borrowers smooth the
effects of the shocks on consumption through their housing investment. An
increase in housing expenditure leads to a rise in the housing prices and thus
indebtedness. Due to the existence of limits to credit, borrowers’ investment
dynamics are distorted below the frictionless level. Thus, borrowers wish
the central bank to lower the interest rate in order to reduce the effects of
financing constraints and spur housing investment. The same mechanism

holds in response to a positive shock to the loan to value ratio and housing

20



preferences and a negative government spending shock.?® The opposite effect
holds in the case of shocks of the opposite sign. However, as we document in
the next paragraph, a monetary policy that aims to reduce frictions in the
credit market amplify the positive effects of shocks that rise housing prices
and limit the negative effects of shocks that reduce households’ ability to

borrow.

6 Asymmetries and Monetary Policy

In what follows, we document that a monetary policy aimed at minimizing
the distortions generated by the existence of collateral constraints gener-
ates asymmetric responses to shocks. Figures 6.a - 6.d display the dynamics
of our baseline economy under the social-welfare-maximizing monetary pol-
icy rule. Contrary to the standard representative agent model, the second-
order approximation of our baseline economy delivers asymmetric dynamics.
Household debt, housing prices, the real interest rate and inflation display
a more pronunced response to positive shocks. Through a redistribution ef-
fect, monetary policy, inducing optimal consumption dynamics, can relax
credit frictions. Monetary policy amplifies the reaction to positive shocks
and dampens the effect of negative shocks on borrowers’ consumption.

Let’s consider the effects of government speding shocks that is one of the
main sources of fluctuation in the economy. Optimal monetary policy is such
that borrowers can borrow more and increase their consumption even when
a positive government spending shock hits the economy. This means that
the real interest rate increases after both shock and the economy features an
asymmetric effect of shocks.

As in the case of the taylor rule (figure 2.b) an increase in government
spending reduces lenders consumption that lead to an increasing in the real

interest rate that induces a negative first impact on borrowers housing stock

25 Negative government spending shocks increase households’ income and lead to an
increase in housing investment, housing prices and current indebtedness.
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and debt. The subsequent rising dynamics in borrowing and housing stock
are explained by the sharp decrease in the real interest rate. Thus, compared
to figure 2.b, housing prices go back to the steady state much faster. On the
contrary, a decrease in government’s consumption works as a positive income
shock. Thus, individual consumption increases. Borrowers increase their
housing expenditures and housing prices rise. Labor supply diminish and
demand pressures make inflation increase. Since impatient agents care more
for present consumption, optimal monetary spurs today’s effect of the shock
on borrowers consumption and the next period effect on lenders consumption.
As a result lenders’ consumption follows an increasing path in the first two
periods and then declines. So, the real interest rates increases first and
then drasticly decreases. Through a redistribution effect, monetary policy,
inducing optimal consumption dynamics, can relax credit frictions and at the
cost of evident asymmetric business cycle dynamics and higher volatility of
inflation.

Figures 7.a - 7.d depict the model’s responses to positive and negative
shocks under the borrowers’ optimal rule. Under this rule, positive shocks
spur borrowers consumption much more than the dumpening effect of neg-
ative shocks. The asymmetry, is evident not only in terms of individual
consumption but also of aggregate output.

To the best of our knowledge, the fact that the systemic component of
optimal monetary policy can generate asymmetric response to shocks is a
novel result. These findings, interesting in themselves, shed light on monetary

policy potential role in helping to generate asymmetric business cycles.
7 Sensitivity Analysis

In what follows we investigate the robustness of the results to the initial state

of the economy and different parametrization of the model.
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7.1 Transition Dynamics

Different policy regimes, even those not affecting the deterministic steady
state, are associated with different stochastic steady states. So as not to
neglect welfare effects occurring during the transition from one steady state
to another, we have used a conditional welfare criterion. In what follows, we
compute welfare conditional on the stochastic mean of the model’s variables.
Table 7 compares expected welfare conditional on three different initial states:
the deterministic steady state, the mean of the distribution of the state vector
in the economy under a simple Taylor rule, and the mean of the state vector
in the economy under the evaluated policy rule. In this last case, for each
combination of parameters in the rule we compute the stochastic mean of the
model’s variables and evaluate welfare conditional on the economy’s being at
a given particular state of the economy at time 0.

Table 7 documents that changing the initial conditions from the steady
state to the mean of the distribution of the state vector under a simple Taylor
rule or under the evaluated policy doesn’t significantly alter the monetary

policy outcome.

7.2 Model’s Parametrization

Now we investigate how our results depend on the degree of price stickiness
and the share of borrowers as a fraction of the total population.

To analyze the role of distortions in the credit market, we first evaluate the
optimal simple welfare-maximizing rule under flexible prices. The optimal

implementable rule under flexible prices is described by
Ry = 1017, — 0.714; .

The best rule is a non-smoothing interest rate rule that implies a negative
response to housing price, and a close to unity inflation coefficient. As ex-
pected, when the main distortion in the economy is generated by the existence
of credit frictions, monetary policy should respond to an increase in housing

prices by lowering the interest rate and allowing for deviations from inflation

23



stability. To limit the distortions on the equilibrium credit flow generated by
the existence of collateral constraints, a certain degree of inflation volatility
would make both agents better off. We next introduce sticky prices into the
model and vary the degree of price rigidities. Table 8 documents that the
more costly it is to change prices, the stronger the response to inflation and
the lower the weight on housing price.

Table 9 reports the effects of changing borrowers’ relative share of the
model economy. As a result, the higher the borrowers’ share the lower the
reaction to inflation. The response to housing prices is instead dictated by
the determinacy requirements. What it is interesting to observe is that even
when borrowers represent a very small fraction of the population (0.1%), a

negative reaction to housing prices improves social welfare.

8 Concluding Remarks

We have examined optimal monetary policy rules in an economy that incor-
porates credit market frictions at the household level. Following the previous
literature, two types of agents, differing in terms of their discount factors,
are assumed and physical assets are used as a loan’s collateral. We focus our
attention on the desirability of including housing prices as a separate target
variable, in addition to inflation, in an optimally designed implementable,
simple monetary policy rule. Within the class of interest rate rules, we find
an optimal active reaction to inflation, a mute response to output and inter-
est rate smoothing, and a negative response to housing price. An increase in
housing prices that leads to a reduction in the nominal interest rate would
limit the distortion on the equilibrium credit flows from the existence of
collateral constraints and allow a path for consumption toward the optimal
unconstrained path. Differently from the rest of the literature, we also high-
light the existence of a trade-off between impatient borrowers’ and patient
lenders’ welfare with respect to inflation stabilization. In particular, a strong

anti-inflationary stance is shown to be welfare detrimental. Furthermore, we
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document that a monetary policy can aim at relaxing credit frictions at the

cost of asymmetric business cycle dynamics and higher inflation volatility.

The analysis presented in this paper could be extended in several direc-
tions. It would be interesting to expand the structure of the model to encom-
pass other sources of business cycle fluctuations and a number of important
features to understand the behavior of the US business cycle as, for instance,
in Christiano et al. (2005) and Smets and Wouters (2003). Furthermore, it
would be of particular interest to add to the model features that can explain
the dynamics of housing investment, as in Davis and Heathcote (2005) and
Iacoviello and Neri (2007). Assessing the optimal conduct of monetary policy

in the context of richer models is an important task for future research.
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Appendix .1 Steady State

The real wage in the steady state equals the real marginal cost:

w=s= 0_—1 (ss.1)

0

Given 3, and assuming 7wy, = 1, we find the following steady-state value of

the interest rate
1

R= R (ss.2)
Since the deterministic steady states of the other variables do not feature
a close-form solution, a nonlinear root-finding problem?® arises. In such a
problem, a function, f, mapping R" to R" is given, and one must compute
an n vector, x, called a root of f, that satisfies f(x) = 0. In our problem,

f(z) is represented by the following equations:

_UL1 = Uclw —UL2 = Uc2w

Upn, Uy,

_UC1(1_51> _:U02(1_62)_%

q
p="Ue, (1 - BQR)

ngbg (1—E)+ZUL2

™

by =7vqhy b1 = (f_bi)

qgh = q(1 —n)hy, + nhy

hy =% py =22
h=1
c=(1-=n)ey+nce L=(1—-n)Ly+nl,y

y=c c=1L,

26 In a root-finding problem a function f mapping R™ to R™ is given, and one must
compute an n vector, x, called a root of f, that satisfies f(x) = 0. In our problem, f(z) is
represented by the steady state. We can write the system as an R? — R? function where
L; and Ly are unknowns; in this way we can easily implement a numerical algorithm to
solve the system quickly and accurately.
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where

—p +o v
UCZ.:C» ¢ ULZ-:_VLLZ‘ L Uh:h_]: .

K3 ()

We implement a numerical algorithm to solve the system quickly and accu-

rately.

Appendix .2 Equilibrium and Aggregation

In symmetric equilibrium, all firms make identical decisions, so that
w(i@)=Y, PG)=F Ll)=L; . (15)
Consequently, total production becomes
Y, = ZL, (16)

while price setting is

0= EiUctt41Y41 [Qf)pﬂ:l (W;J_rl — 1)] +Uc1s {yt [6’ (St - u)} —p <E -1

The market clearing conditions are as follows:

(1 =n)Ly +nly = Ly (1 =n)ew + neay = Cy
(1 —n)by +nby =0 (1 —n)hy, + nhoy = H,

Ty = (1 —n)Ty +nTy G =T, ,
where H, is in fixed supply, normalized to 1. The resource constraint is as
follows: 5
2
V=Gt (2-1) Vit G (18)
T

The production of the final sector needs to be allocated according to price

adjustment costs and consumption by households and government.

Appendix .3 Solution Method

The set of equilibrium conditions and the welfare function of the model can

be written as:

Etf(yt+1>yta fl?t+1>33t) =0,
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where F; is the expectation operator,y; is the vector of non-predetermined
variables and z; of predetermined variables. This last vector consists of x}
endogenous, predetermined state variables and x? exogenous state variables.
In the baseline case of our model we have

Yt = [Trt? de, Wi, Y, Lt> Ct, St, ‘/lta ‘/21‘/],

/ !/

55% = [b2t7h’2taRt] I? = [Zt>Gt] .
The welfare function is given by the conditional expectation of lifetime utility
as of time zero: V;; = max I}, [Z;io B{U(cmﬂ, Rt js Li,tﬂ-)] . Thus, in the
optimum

Vie = Ul(Cig, hig, Liy) + B EVigya

To the system of equilibrium conditions, we add two equations in two un-
knowns, Vj; and V5. The vector of exogenous state variables follows a sto-

chastic process
Tiyy = Az} + e £, ~ iidN(0,3)

where 71 is a matrix of known parameters.?” The solution of the model is

given by the policy function and the transition function
Yr = g(x,0) xy = h(xs,0) +ner1

where o2 is the variance of the shocks. Following Schmitt-Grohe and Uribe
(2003), we compute numerically the second-order approximation of the func-
tions g and A around the non-stochastic steady state x; = x and ¢ = 0. The

solution of the system gives an evolution of the original variables of the form
2 2
Yy = oqxtl + agxf + a3 (x%) + Qy (xf) + %xim? + 7702 ,

where all the variables are expressed in log deviations. The solution also
depends on the variance of the shocks.
For the case of evaluating the welfare functions conditional on having

all the variables set at their steady state values at t=0 , the second-order

2TIn our model, since the shocks are uncorrelated, n is a vector.
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approximate solution for the welfare functions takes a simple form?®

2
Vie = 77‘,1_0 )

where 7, is a vector of known parameters that depends on the monetary

policy used and o2 is the variance of the shocks.

28Gince in the system all the variables are in log-deviation from their steady state values,
they equal zero.
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Table 1. Actual Data

Total Private Non-Durable

Consumption  Consumption Mortgage Debt

Housing Price 0.5946 0.6105 0.7583
Mortgage Debt 0.558 0.5364
standard deviation 1.43 0.803 0.0133

correlations and percentage standard deviations of the business cycle component
of the band-pass filtered quarterly US series. Sample 1078-2006

Table 2. Model Parameters

Preferences
B, =0.99 v. =16 v, = 0.018
By = 0.95 ¢, =0.1 v =1
Technology BOC
=28 v = 0.85
¢, =81.5 n=0.5
Shocks
p, = 0.880 oz = 0.0041
po =-0917 oq = 0.0065
py = 0.300 o, =0.0020
p; = 0.9622 o; =0.0155
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Table 3.a. Social Welfare-Based Optimal Rule

Ri= agRi-1+(1 — ap)a, f+(1 — ag)a, gi+(1 — ag)a,d

Welf t
= 6.76 a,= —0.05 clfare Cos -0.000833
Deterministic S. S.

Welfare loss in terms of consumption as percentage of the steady
state consumption level (multiplied by 10?).

Table 3.b. Ad-Hoc Rules compared to the Social Welfare-Based Optimal Rule

InflationStabilization arz=6.76 ;=0 =15 ;=05
-0.001161 -0.000885 -0.001113

ar=15 «4=-0.05 ar=0.9 ar=6.76  z=0.05 0,=6.76 @,=-0.05 «,=0.5
-0.001045 -0.001114 -0.002007

Welfare loss in terms of consumption as percentage of the steady state consumption
level (multiplied by 10%).

Table 4. Individual-Welfare-Based Optimal Rules

Ri= apRi_1+(1 — ag)a, w+(1 — ag)a, Gi+(1 — ag)a,g

Lenders Borrowers
=17 a,=0 a.=1.01 a,= —0.06
Determvi\rlesfzzeSSzasfiy State 0.3428 11.7229
0,=6.79 a,= —0.05 -0.3429 0.02187
Inflation Stabilization -0.3427 0.02186

Welfare loss in terms of consumption as percentage of the steady state consumption
level (multiplied by 10%).
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Table 5 Level Effect and Stabilization Effect: Consumption

o(m)

a,=6.79 o= —0.05 0.0678
my=1 for all t 0

=17 a,=0 0.0251
ar=1.01 a,=—0.06 1.5482

Lenders
pu(rr)

-8.2468e-006
-9.5959¢-006
-8.8402e-006
-4.2659¢e-006

o(c)

2.13
2.16
2.15
1.03

Borrowers
puley) o(cy)  plcy)
-1.2053e-006 2.22 -2.0901e-006
1.2005e-007  2.27 -2.85e-008
-4.66e-007 2.26 -1.0123e-006
-7.9801e-005 0.72 -0.00010205

For any variable x represent deviation from the variable deterministic steady state,

p(x) the stochastic mean and o(x) the annualized standar deviation in

percentage terms

Table 6.a Unconditional Moments: n=0.5, ¢, =81.5

0= 6.79 a,= —0.05

o(m) 0.0678
o(rr) 0.3848
o(q)  6.3564
o(R)  0.4605
o(b,) 5.7196
o(c,) 2.22
o(c,) 213
o(y) 213

=17 a,=0

0.0251
0.3865
6.3756
0.4227
5.7156
2.26
2.15
2.15

a,=1.01 a,=0

1.520
0.1966
5.670
1.540
5.40
0.72
1.03
1.51

For any variable x represent deviation from the variable deterministic steady state,

and o(x) the annualized standar deviation in percentage terms
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Table 6.b Unconditional Moments: n=0.5, ¢, =81.5

ax=6.79 «a,=-0.05 ar=1.01 «,=-0.06 ar=1.01 «au=0

o(m) 0.0678 1.5482 1.520
o(rr) 0.3848 0.1966 0.1966
o(q) 6.3564 5.5964 5.670
o(R) 0.4605 1.5636 1.540
o(b,) 5.7196 5.3464 5.40

For any variable x represent deviation from the variable deterministic steady state,
and o(x) the annualized standar deviation in percentage terms

Table7. Social Welfare-Based Optimal Rule

Optimized Rules Ad Hoc Rules

r=6.79 a,=-0.05 ;=727 a,=0.06  az=6.79 a,—=-0.06
Det. S.S. -0.000833 -0.000834 -0.000834

0,=6.79 ;=-0.08 Q=727 z=-0.08 0r=6.79  ,=-0.07
Stochastic Mean 0.004389 0.004388 0.004386

0,=6.20 ;=-0.05 =521 «y4=-0.05 0,=6.20 ;=-0.04
Stoc. Mean Taylor  0.001652 0.001650 0.001648
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Table 8. Social Welfare-Based Optimal Rule

w.r.t. degree of price stickiness
Ri=apRi1+(1 — ap)a, f+(1 — ag)a, §:+(1 — ag)a,g

0=0 0 =10 0 = 50
=101 =071 ;=378 a,=-0.07 =521 a,=0.05
0.079461 -0.000807 -0.000874
§ =81.5 6 = 100
z=6.79 ,=-0.05  ay=7.44 0,=0.05

-0.000833 -0.000816

Table 9. Social Welfare-Based Optimal Rule

w.r.t. share of borrowers in the economy
Ri=arRi1+(1 —ap)a, m+(1 — aR)ay§t+(1 — aR)acht

borrowers’

n=>0 n = 0.001 n = 0.20
share
optimal rule =17 a4=0 ar=16.82 ;=-0.06 Qr= ay=-0.05
welfare cost  0.079461 -0.000807 -0.000713
borrowers’
n = 0.50 n = 0.80
share

optimal rule  @;=6.79 «a,=-0.05 =162 «;=-0.02

welfare cost  -0.000833 -0.000816
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Private Consumption and Housing Price
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Figure 1 Total Private Consumption (dashed line, black) and Housing Price (solid line, green) Mortgage Debt (dotted line, red) : Cyclical Components. Sources: Bureau
of Economic Analysis and Office of Federal Housing Enterprise Oversight and Federal Reserve Board “Flow of Funds Accounts of the United States” Z.1.
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Regions of Determinacy

Figure 3.a: regions of determinacy in absence of inertia.
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Figure 3.b Social Welfare
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Social-Welfare Consumption Loss
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Figure 3.c Social Welfare Loss w.r.t. a positive response to output or the interest rate.
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Productivity: Social-Welfare Maximizing Rule
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Figureé.a Solid line positive shock, dashed line negative shock.

Government : Productivity: Social-VWelfare Maximizing Rule

¢

-4

®10

-+
®10 1

4+ h
x10 2

- - - - - Jd

20

10

EEE BT

10

T
'
1
1
'
'
1

-
'
'
]
1
L

20
15
3

Figure 6.b Solid line positive shock, dashed line negative shock.
49



-1
C’Z

®10

4
2

1

s ¢

x10

=
0

-3

10

Housing Preference: Social Welfare

3
wio” My

-4 I

®10

".—
il
T
= o
1
i A
= W
al
1
.
= S
P
T Y
o H—
- ! LA
= (o] (] 7_- A.
m .W
AT
A
H )
[in] =t =

10

Figure 6.c Solid line positive shock, dashed line negative shock.
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Figure 7.b Solid line positive shock, dashed line negative shock.

Housing Preference: Borrowers' Rule
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Figure 7.c Solid line positive shock, dashed line negative shock.

Loan to Value: Borrowers' Rule
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Figure 7.d Solid line positive shock, dashed line negative shock
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