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This paper studies the potential gains of monetary and macro-prudential policies that lean
against house-price and credit cycles. We rely on a model that features Borrowers and
Savers and allows for over-borrowing induced by news-shock-driven cycles. We find that
policy that responds to changes in financial variables is socially optimal. Considering the
use of a single policy instrument, both types of agents are better off when the interest rate
optimally responds to credit growth. When we allow for the implementation of both
interest-rate and LTV policies, heterogeneity in the welfare implications is key in
determining the optimal use of policy instruments. The optimal policy for the Borrowers
is characterized by a LTV ratio that responds countercyclically to credit growth, which
most effectively stabilizes credit relative to GDP. In contrast, the optimal policy for the
Savers features a constant LTV ratio coupled with an interest-rate response to credit
growth. News-shock-driven cycles account for most of the gains from a policy response to
changes in financial variables.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

The recent financial crisis, which was ignited by the bursting of the housing bubble in the United States, has forced
central banks to reconsider their policy frameworks.1 The traditional (micro) focus on the soundness of individual financial
institutions has proved to be insufficient in limiting both economic volatility and the spreading of vulnerabilities from one
financial institution to another. Hence, there has been a new emphasis on the need for a global macro-prudential approach
to the supervision and regulation of the financial sector. In particular, the international debate has focused on the design of
macro-prudential policies that lean against the financial cycle and aim at maintaining a “stable provision of financial
intermediation services to the wider economy […] to avoid the type of boom and bust cycles in the supply of credit and
liquidity that has marked the recent financial crisis.”2

The Basel Committee on the Global Financial System identified the loan-to-value (LTV) ratio as one of the macro-
prudential tools that may act as an automatic stabilizer if adjusted in a countercyclical manner around a pre-established
cap.3 According to the 2010 survey on macro-prudential tools conducted by the IMF on member countries, several country
authorities have, indeed, introduced limits to LTV ratios for mortgages, in the aftermath of the recent financial crisis, in order
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to mitigate “risks generated by strong credit growth and credit-driven asset price inflation”.4 Survey evidence also
documents that LTV-ratio caps are adjusted more frequently than other instruments, and often at different phases of the
cycle. Macro-prudential tools are generally used to complement other macroeconomic measures, such as monetary and
fiscal policies. Still, little is known about the strength of the LTV ratio as macro-prudential tool, and its desirability in
comparison with other macroeconomic measures.

The aim of this paper is to assess the effectiveness of alternative policies in mitigating booms (and busts) in housing
prices and credit. Several factors can generate housing boom–bust episodes, among them loose mortgage-lending standards,
bubble-like behavior stemming from imperfect knowledge, and optimism about future house price appreciation due to
anticipated changes in fundamentals. While all these features may have contributed to the last run-up in US house prices,
we model boom–bust cycles in credit and house prices as driven only by news shocks, namely by shifts in fundamentals
anticipated by rational forward-looking agents. A housing boom emerges when agents expect a future increase in housing
prices, which fuels current housing demand and lifts housing prices and debt immediately. In our model optimism about
future house prices is related to current and expected macroeconomic developments, such as inflationary pressures, the
conduct of monetary policy, productivity, and housing supply. For example, an anticipated reduction in the policy rate
(relative to what stated by the policy rule) generates expectations of lower borrowing costs and higher house prices, thereby
rasing immediately housing demand, mortgage debt and house prices. Housing booms are generated by news that put
upward pressure on house prices, such as positive news on productivity in the non-durable or investment sector, negative
news on productivity in the housing sector, or news about a reduction in the policy rate; busts follow if the news are not
realized ex-post.

We rely on the model of the housing market developed by Iacoviello and Neri (2010) and extend it to incorporate news
shocks.5 In this model, a financial stability objective arises because anticipated innovations on a variety of fundamentals,
such as productivity, investment costs, housing supply, inflation, the policy rate and the central bank's inflation target
generate boom–bust dynamics in house prices and credit. Further, unrealized expectations about the future occurrence of
shocks lead to a macroeconomic bust. Unrealized expectations distort consumption, borrowing and investment plans above
the equilibrium level. Their sudden reversals have negative effects on economic and financial decisions, which are
transmitted across sectors and generate a potential role for stabilization policy.

In the context of this model, we address four questions. First, we ask whether financial stability goals should be pursued
by macro-prudential instruments, such as a countercyclical LTV ratio that responds to indicators of financial imbalance.
Second, we investigate whether monetary policy should explicitly recognize financial stability goals by letting the interest
rate respond directly to credit or house-price growth. Third, we ask whether booms and busts can be further mitigated by
combining countercyclical LTV ratios with an interest-rate response to financial instability. Fourth, we quantify what
fraction of the gains from such responsive policies are due to the presence of news-shock-driven cycles.

In order to address the first questions, we assess alternative policies in terms of their effectiveness in mitigating financial
cycles and improving welfare. The analysis is conducted in three steps. First, we define macro-prudential policy as the use of
the LTV ratio as a policy tool. We study whether countercyclical LTV-ratio policies can be effective in providing a stable
supply of financial intermediation (i.e. loans to the household sector), so as to avoid spill-over into the macro-economy. We
investigate the implications of countercyclical LTV rules that respond to output growth, credit growth, and house-price
growth.6 We find that the policy authority faces a trade-off between the welfare of two types of agents – Borrowers and
Savers – when it allows the LTV ratio to respond to either house-prices or GDP growth. In contrast, an optimized LTV-ratio
rule that responds to credit growth is a Pareto-improving policy compared to the use of a constant LTV ratio.

Second, we investigate whether interest-rate rules that respond to either credit or house-price growth can improve
welfare by reducing the volatility of credit and house prices. An optimal interest-rate response to house prices, credit
growth or GDP growth is Pareto improving. However, we find that an interest-rate rule that responds to credit growth better
mitigates credit and housing cycles and improves welfare. Moreover, both the optimized interest-rate and LTV-ratio rules
that respond to credit growth dampen out the volatility of credit relative to GDP, and slightly reduce the volatility of house
prices without increasing the volatility of inflation. When we compare the alternative use of the optimized LTV ratio and the
interest-rate rule that responds to credit growth in terms of welfare, we find that the interest-rate rule that responds to
credit growth is preferred by both types of agents.

Third, we consider a combination of monetary and macro-prudential rules. We show that agents' heterogeneity prevents
a uniform ranking among the alternative policy frameworks. The Borrowers benefit from the more stable supply of credit
and the higher level of consumption that results from the use of a countercyclical LTV-ratio response to the credit cycle. In
4 Active LTV-ratio policies have been introduced in Asia since the real-estate boom phase of the mid-2000s and in European countries since the recent
global financial crisis. See Lim et al. (2011) for more detailed results.

5 There are two reasons for adopting the model of the housing market developed by Iacoviello and Neri (2010). First, the model features credit flows at
the household level and allows for the investigation of both interest-rate and LTV-ratio policies that lean against credit cycles. Second, its rich modeling
framework allows us to consider sources of optimism about house price appreciation not only related to the housing market and the production sector but
also to other developments in the economy, such as inflationary pressures and the conduct of monetary policy.

6 The Basel Committee on the Global Financial System suggests: (1) the use of instruments “effective in leaning against both the upswing and the
downswing [in the financial cycle]”; (2) the implementation of “predictable and transparent” policies that are set according to “easily observable and
reliable indicators”; (3) [policies that] “might apply narrowly to sectors where systemically relevant imbalances are developing.” See Basel Committee on
the Global Financial System (2010).



L. Lambertini et al. / Journal of Economic Dynamics & Control 37 (2013) 1500–15221502
contrast, Savers are better off under a constant LTV coupled with an interest-rate rule that responds to credit growth, which
more effectively stabilizes their consumption. In the case of a social welfare function such that the planner equalizes utility
across agent types for a given constant consumption stream, a countercyclical LTV ratio coupled with an interest-rate
response to the credit growth is socially optimal.

Fourth, in order to investigate the importance of news shocks for the optimal design of policy rules, we quantify the
welfare gains under alternative case scenarios, both with and without news shocks. We document that most of the gains
from responding to financial variables are, indeed, due to the presence of news shocks. The reason is as follows. News shocks
make house prices rise, which in turn increases leverage and inflates house prices still further. An increase in the LTV ratio
during the boom phase of the cycle dampens this self-reinforcing dynamic. At the same time, a decline in the LTV ratio
during the bust limits the decline in house prices and leverage and reduces the cost of the down phase. Thus, responding to
credit growth reduces the amplitude of booms generated by news-shock-driven cycles and avoids the occurrence of busts,
which results in a welfare improvement for both types of agents.

Robustness analysis also highlights some interesting results. First, our findings are not affected by the presence of
monetary policy shocks, which may be interpreted as monetary reactions to changes in those macroeconomic and financial
variables not included in the interest-rate rule, or may be interpreted as the exercise of judgment and discretion. We also
show that the results are robust to the occasionally binding nature of the borrowing constraint. Following the previous
literature, we solve a version of the model in which higher borrowing is feasible, but it is too costly to exceed the limit.
Allowing agents to borrow less than the debt limit in a neighborhood of the steady state does not affect the optimality of
responding to changes in financial variables. We also find an important role for heterogeneity in the welfare implications.
Further, we explore the implications of social weighting criteria that assign equal weights to the two agents or, alternatively,
weight the welfare of the agents by their labor-income share. Compared to the individual welfare-maximizing rules, the rule
that maximizes the welfare function according to the two alternative criteria generates negligible welfare costs for the
Savers and substantially larger ones for the Borrowers. We find less heterogeneity in the Savers' and Borrowers' welfare
costs for not adopting their preferred rule under the rule that maximizes the benchmark social welfare function than under
alternative social welfare criteria. Last, we report sensitivity analysis to Gomes and Mendicino (2011), who estimate the
model of Iacoviello and Neri (2010) augmented by news shocks allowing for anticipated changes four and eight quarters
ahead. Optimization over both interest-rate and LTV-ratio rules results in a strong countercyclical response of the LTV to
credit growth, coupled with a moderate response of the interest-rate to the same variable. Further, our results suggest that
revisions in expectations have no important role for ex-ante welfare measures.

The rest of the paper is organized as follows. In the next section we discuss the related literature. Section 2 briefly
describes the model and Section 3 introduces news shocks and describes the transmission mechanism. Section 4 describes
the method used for conducting welfare analysis. Section 5 investigates optimal interest-rate and LTV rules. Section 6
explores the role of news-shocks-driven cycles and Section 7 address some key issues. Section 8 discusses the results and
some caveats of the analysis and Section 9 concludes.

1.1. Related literature

Despite a vast literature investigating the pros and cons of a policy response to asset-price movements, this remains an
important but unsettled issue in macroeconomics. Earlier papers on this topic investigate optimal monetary policy in
models of exogenous bubbles. See among others, Bernanke and Gertler (2001) and Gilchrist and Leahy (2002). In these
models, the market price of an asset is the sum of its fundamentals, which are implied by competitive equilibrium, and an
exogenous bubble component that stochastically emerges and disappears over time. Since the appearance, size and burst of
the bubble are exogenously determined, these models do not allow for any feedback from the conduct of monetary policy to
the occurrence and magnitude of boom–bust cycles in asset prices. Thus, unless asset prices signal changes in expected
inflation, an anti-inflationary monetary policy is generally optimal in such an environment. Faia and Monacelli (2007)
consider a model with credit frictions where the only sources of fluctuations are productivity and government spending
shocks and they show that a strong inflation targeting is preferred in comparison with an interest-rate response to asset
prices. Iacoviello (2005) concludes that an interest-rate response to house prices is not beneficial in terms of output and
inflation stabilization. Environments characterized by imperfect knowledge and learning reinforce the need for a strong
response to inflation and deemphasize the response to other real economic variables, as emphasized by Orphanides and
Williams (2008). In contrast, a monetary policy response to asset prices has been shown to be beneficial in the presence of
non-fundamental asset-price movements driven by expectation shocks, as in Dupor (2005). The same result holds in the
presence of bubbles generated by a permanent increase in productivity growth that is only gradually learned by agents, as in
Gilchrist and Saito (2008). Monetary policy can also eliminate the bubble by manipulating the interest rate in the case of
asset-price bubbles that are the result of rational heard behavior, as in Loisel et al. (2012). More closely related to our paper
is the work by Christiano et al. (2008) that introduces news on future productivity shocks as a source of fluctuations in asset
prices in a model à la Bernanke et al. (1999). They find that, when credit growth is added to the interest-rate rule, the
equilibrium response of the economy to news shocks is nearly optimal.

Recent literature investigates the design and implementation of macro-prudential policy in general equilibrium models.
In particular, Bianchi and Mendoza (2011) consider a model in which asset prices determine debt dynamics and show that
Pigouvian taxes, i.e. cyclical taxes on debt, may replicate the constraint-efficient allocations. Jeanne and Korinek (2011) show
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that, when the interaction between debt accumulation and asset prices exacerbates booms and busts, it is optimal to impose
a Pigouvian tax to prevent over-borrowing. This tax responds to changes in parameter values in a non-trivial way. According
to Benigno et al. (2013), considering the interaction between agents' behavior in normal and crisis times in this type of
models leads to much larger welfare gains from ex-post policies than from ex-ante policies. In fact, imposing a tax on debt
during normal times may reduce welfare. Bianchi and Mendoza (2012) document the effectiveness of macro-prudential
policy in a model where agents learn about the transition probabilities of financial regimes and, in the short run, display
optimism and pessimism depending on their initial priors and the observed market conditions. As for the comparison
between monetary and macro-prudential policies, Benigno et al. (2012) study them in a small open economy that borrows
from the rest of the world, which is subject to endogenous financial crises. They show that, from a welfare point of view, an
interest-rate response to debt dominates a macro-prudential tax on aggregate borrowing. In a real business cycle model,
Mendicino (2012) draws implications for the use of the LTV ratio as an alternative macro-prudential measure to monitor
leverage and thus, dampen the magnitude of the financial cycle. Contrary to discretionary lower caps on LTV ratios, time-
varying caps that countercyclically respond to indicators of financial imbalances dampen the severity of credit cycles, as well
as business-cycle fluctuations driven by productivity shocks. Results in terms of ex-ante measures of welfare also tend to
favor the use of a countercyclical LTV-ratio policy, since its stabilization effect is not coupled with a negative effect on the
long-run performance of the economy, as in the case of discretionary lower LTV caps.

Regarding the housing market, Kannan et al. (2012) and Angelini et al. (2010) use ad hoc loss functions and measure the
effects of monetary and macro-prudential policy in reducing the fluctuation of selected variables, such as output and
inflation. Kannan et al. (2012) document that an interest-rate response to credit growth may be useful to mitigate the
impact of financial shocks. However, they find no role for macro-prudential policy in booms generated by higher
productivity. Angelini et al. (2010) show that, compared to capital-requirement rules, countercyclical LTV rules are more
effective in reducing the variability of the debt-to-GDP ratio. Christensen and Meh (2011), extending Christensen et al.
(2009) estimated model of the Canadian economy, study the implications of lowering the regulatory maximum LTV ratio
below its long-run setting of 80% as a policy response to a credit boom. According to their results, changes in the maximum
LTV ratio are a more effective tool to mitigate boom–bust cycles in house prices than monetary policy since they directly
target the source of volatility.

Our paper is related to the literature on the role of news shocks in the business cycle. Since Beaudry and Portier (2006)
showed that business-cycle fluctuations in the data are primarily driven by changes in agents' expectations about future
technological growth, several authors have highlighted the importance of news shocks as a source of business-cycle
fluctuations. Among others, Schmitt-Grohe and Uribe (2012) document that news on future neutral productivity shocks,
investment-specific shocks, and government-spending shocks account for a sizable fraction of aggregate fluctuations in the
United States since World War II. Kurmann and Otrok (2010) document that news shocks about future productivity can help
explain swings in the slope of the term structure. Milani and Treadwell (2012) consider expectations about the policy rate
and find that anticipated policy shocks play a larger role in the business cycle than unanticipated ones. Khan and Tsoukalas
(2012) show that, in the presence of wage and price rigidities and a variety of news shocks, non-technology sources of news
dominate technology news, with wage-markup news shocks in particular accounting for about 60% of the variance share of
both hours and inflation.

Concerning the housing market, Lambertini et al. (2013) use a structural VAR model and data from the Michigan Survey
of Consumers to study the transmission of innovations to news heard of favorable changes in business conditions and to
expectations of rising house prices. A positive shock to the forward-looking survey variables generates hump-shaped
responses in consumption, residential investment, households' credit and house prices. Gomes and Mendicino (2011)
estimate the model of Iacoviello and Neri (2010) augmented with news. News shocks explain a large fraction of fluctuations
in house prices, consumption and investment and contribute significantly to the housing boom episodes experienced in the
United States since 1965. Anticipated cost-push shocks are important in explaining the housing boom of the early and late
1970s, whereas investment-specific news shocks were the major cause of the late 1990s cycle. Regarding the latest episode,
expectations of housing productivity and investment-specific shocks contributed to the run-up in house prices. In terms of
goodness of fit, the specification with news shocks outperforms that without news shocks. Other papers relate booms and
busts in the housing market to expectations on future fundamentals. Kahn (2009) argues that perceived changes in trend
productivity growth can explain a substantial portion of the behavior of housing prices since the 1960s. In particular, a
regime-switching behavior of productivity growth coupled with imperfect information and learning about such regimes,
can generate bubble-like house-price dynamics. Tomura (2010) documents that boom–bust cycles in house prices can be
generated by uncertainty about the duration of a period of temporary high income growth only if the economy is open to
international capital flows. Burnside et al. (2010) generate booms and busts in the housing market by relying on
heterogeneous expectations about long-run fundamentals that drive house prices, as summarized by the flow of utility
of holding a house. Adam et al. (2011) explain the joint dynamics of house prices and the current account deficits by relying
on a model where agents form beliefs about how house prices relate to economic fundamentals.7 In the case of irrational
7 Regarding the joint dynamics of house-price appreciation and current-account deficits see also Ferrero (2012), Gete (2009), Pisani (2006), and Punzi
(forthcoming).
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exuberance Piazzesi and Schneider (2009) analyze data from the Michigan Survey of Consumers and find that more and
more households became optimistic after having watched house prices increase for several years.

Self-fulfilling beliefs and imperfect information can also cause bubbles and credit crunches.8 Considering specifically
housing booms and crashes, Williams (2011) argues that models with imperfect information and learning endogenously
generate bubble-like behavior. Granziera and Kozicki (2012) can generate a run-up followed by a sharp downturn in house
prices, similar to the US experience between 2000 and 2006, relying on a Lucas-type asset pricing model with backward-
looking, extrapolative expectations. Gelain et al. (forthcoming) show that agents' subjective forecasts may serve as an
endogenous source of macroeconomic volatility that generate excess volatility in house prices and household debt. They
evaluate alternative policies to dampen excess volatility and find that the most effective is a collateral constraint that takes
into account the borrower's wage income. Gelain and Lansing (2013) match the volatility of the price–rent ratio in a model
with near-rational agents and time-varying risk aversion.

While our paper focuses on the role played by expected future developments in housing and credit cycles, we
acknowledge that several factors contributed to the latest housing boom and bust experienced in the United States.9

Financial innovation changed dramatically the way in which the mortgage market worked during the housing boom. First,
innovation in the form of private label securitization allowed lenders to sell loans to investors others than the GSEs, which
require strict, standardized guidelines. As a result, the lenders' incentive to carefully screen borrowers was reduced. Second,
innovation in the form of non-traditional mortgage contracts, such as short-term hybrid and option ARMs, gave subprime
borrowers access to credit and to the housing market. Innovation in the financing of residential investment together with
low long-term real interest rates due to the capital inflows from emerging economies, i.e. the global savings glut,
contributed to strong growth in housing demand that drove up house prices.10
2. The model economy

The economy is populated by two types of households: the Saver and the Borrower. There is a continuum of measure 1 of
agents in each group.11 The two households differ in their discount factors, (β and β′). Borrowers (denoted by ′) feature a
relatively lower subjective discount factor that, in equilibrium, generates an incentive to anticipate future consumption to
the current period through borrowing. 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.

The model features three sectors of production: a non-durable goods sector, a non-residential investment sector, and a
residential sector. Nominal price rigidities are assumed in final goods prices. Finally, the monetary authority follows an
interest-rate rule.

Households. They both work in the production of consumption goods, nc;t , and housing, nh;t , consume, ct , and accumulate
housing, ht.

The Borrowers maximize the utility function

Ut ¼ Et ∑
∞

t ¼ 0
ðβ′ÞtGt

Czt Γ′c lnðc′t−ε′c′t−1Þ þ Aj;t ln h′t−
τt

1þ η′
ððn′c;tÞ1þξ′ þ ðn′h;tÞ1þξ′Þð1þη′Þ=ð1þξ′Þ

� �
; ð1Þ

where GC is the growth rate of consumption in the balanced growth path,12 ϵ′ measures habits in consumption, zt and τt are
shocks to inter-temporal preferences and to labor supply, respectively, the parameter η′40 is the inverse of the Frisch labor-
supply elasticity; ξ′ measures imperfect substitutability betweenwork hours in the two sectors, the scaling factor Γc ensures
a constant marginal utility of consumption, and Aj;t is a housing preference shock, which behaves like a housing demand
shock.13 According to Iacoviello and Neri (2010) this shock explains a large fraction of house-price variability because it
reconciles the high volatility of house prices with the lower volatility of consumption of non-durable goods. Gomes and
Mendicino (2011) show that the housing preference shock remains an important source of fluctuations when they estimate
the model in the presence of news.14
8 See Lansing and LeRoy (2012) for a review of this literature.
9 For an excellent review of these factors, see The Financial Crisis Inquiry Commission (2011) as well as in academic contributions by Brunnermeier

(2009) and Keys et al. (2012).
10 See among others, Bernanke (2010).
11 A more realistic calibration of the distribution of financial wealth in the United States would imply a lower fraction of Savers than Borrowers.
12 Since consumption grows at the rate GC every quarter, the marginal utility of consumption falls at the same rate. For this reason, the model is

transformed so that consumption is scaled by its growth rate GC
t
and the marginal utility of consumption is multiplied by the same rate. As a result,

transformed consumption and scaled marginal utility of consumption are both constant in the steady state.
13 Housing demand shocks can be given a broad interpretation. In addition to a shift in household's preferences toward housing services, they can also

be interpreted as financial innovations that relax the borrowing constraint faced by agents experiencing idiosyncratic and uninsurable liquidity shocks—see
Liu et al. (forthcoming), Favilukis and Ludvigson (2010), and Ferrero (2012) among others.

14 Since preference shocks are important sources of fluctuation in consumption and other aggregate variables, it is not uncommon to study ex-ante
optimal policy taking into account these shocks. See among others, Iacoviello (2005), Correia et al. (forthcoming), and Justiniano et al. (2013).
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Borrowers maximize utility subject to the budget constraint

c′t þ qt ½h′t−ð1−δhÞh′t−1�−b′t≤
w′c;tn′c;t
X′wc;t

þw′h;tn′h;t
X′wh;t

−
Rt−1b′t−1

πt
:

Except for the gross nominal interest-rate, R, all of the variables are expressed in real terms; πt is gross inflation ðPt=Pt−1Þ,
w′c;t and w′h;t are the wages paid in the two sectors of production, and qt is the price of housing in real terms. Houses
depreciate at a rate of δh. Households set wages in a monopolistic way. Xwc;t and Xwh;t are markups on the wages paid in the
two sectors. Wages are adjusted subject to a Calvo scheme with a given probability every period.

We allow Borrowers to collateralize the value of their houses

b′t≤mEt
qtþ1πtþ1h′t

Rt
: ð2Þ

A limit on borrowing is introduced through the assumption that households cannot borrow more than a fraction m, of the
next-period value of the housing stock. The fraction m should not exceed one and is treated as exogenous to the model.
A higher m represents looser collateral requirements, while a lower m represents an economy subject to a higher degree of
friction in the credit market. The borrowing constraint is consistent with standard lending criteria used in the mortgage and
consumer-loan markets.

Similarly, the Savers choose how much to consume, how much to work and how much to invest in housing. However,
they also invest in capital and receive the profits of the firms.

Firms. Final-good producing firms produce non-durable goods (Y) and new houses (IH). Both sectors face Cobb–Douglas
production functions. The housing sector uses capital (kh), land (l), intermediate inputs (kb) and labor supplied by the Savers
(n) and the Borrowers ðn′Þ as inputs of production

IHt ¼ ðAh;tðnα
h;t þ n′1−α

h;t ÞÞ1−μh−μb−μl ðzh;tkh;t−1Þμh kμbb lμlt−1; ð3Þ

where the parameters μh; μb; μl are, respectively, the shares of capital, intermediate inputs, and land in the production
function and zh is capital utilization rate in the housing sector.

The non-housing sector produces consumption goods using labor and capital (kc):

Yt ¼ ðAc;tðnα
c;t þ n′1−α

c;t ÞÞ1−μc ðzc;tkc;t−1Þμc ; ð4Þ

where zc is capital utilization in the consumption good sector and μc is the share of capital in the production function, and α
measures the labor income share of Savers and ð1−αÞ of Borrowers.

Business investment is the increase in capital used in the two sectors

IKc;t ¼ kc;t−ð1−δk;cÞkc;t−1; IKh;t ¼
kh;t−ð1−δk;hÞkh;t−1

Ak;t
; ð5Þ

where δk;j is the rate of depreciation of capital in sector j¼ h; c and Ak;t is an investment-specific technology shock that
affects only capital used in the non-housing sector. Ah;t and Ac;t are the productivity shocks to the housing- and goods-
sectors, respectively. Firms pay wages to households and repay rented capital to the Savers. Retailers, owned by the Savers,
differentiate final goods and act in a monopolistically competitive market. Prices can be adjusted with probability 1−θπ
every period, by following a Calvo-setting. Monopolistic competition occurs at the retail level, leading to the following
forward-looking Philips curve:

ln πt−ιπ ln πt−1 ¼ βGCðEt ln πtþ1−ιπ ln πtÞ−ϵπ lnðXt=XÞ þ up;t ð6Þ
where ϵπ ¼ ðð1−θπÞð1−βθπÞÞ=θπ , Xt represents the price mark-up, ιπ is the indexation parameter, and up;t is a cost-push shock.
Housing prices are assumed to be flexible.

Monetary authority. As a baseline case, we assume that the central bank follows a Taylor-type rule as estimated by
Iacoviello and Neri (2010)

Rt ¼ RrR
t−1π

ð1−rRÞrπ
t

GDPt

GDPt−1

� �ð1−rRÞrY
rrð1−rRÞ

uR;t

As;t
; ð7Þ

where rr is the steady state real interest-rate, rR; rπ ; rY are the responses of the interest rate to changes in the lagged
interest rate, inflation and GDP growth, respectively, and uR;t is a monetary policy shock. The central bank's inflation target is
assumed to be time-varying and subject to a persistent shock As;t : Thus, in contrast to the i.i.d. uR;t shock, the As;t shock
captures exogenous persistent deviations from the systematic policy rule.

GDP is defined as the sum of consumption and investment at constant prices

GDPt ¼ Ct þ IKt þ qIHt ; ð8Þ
where q is real housing price in the steady state.15
15 Notice that IKt ¼ IKc;t þ IKh;t þ kb;t .



Table 1
Calibrated parameters.
Source: Iacoviello and Neri (2010).

Parameter Description Value Parameter Description Value

rY Saver's discount factor 0.9925 θπ Price stickiness 0.83
β′ Borrower's discount factor 0.97 ιπ Price indexation 0.69
j Housing preference shock 0.12 θw;c Wage stickiness in good sector 0.79
μc Good capital share 0.35 ιw;c Wage indexation in good sector 0.08
μh Housing capital share 0.1 θw;h Wage stickiness in housing sector 0.91
μl Land share 0.1 ιw;h Wage indexation in housing sector 0.4
μb Intermediate good share 0.1 ζ Capacity utilization 0.69
δh Housing depreciation rate 0.01 γAC Growth rate in good sector 0.0032
δkc Depreciation rate in good sector 0.025 γAH Growth rate in housing sector 0.0008
δkh Depreciation rate housing sector 0.03 γAK Growth rate in business investment 0.0027
X Price markup 1.15 ρs AR of inflation target shock 0.975
Xwc Wage markup in good sector 1.15 ρAC AR of technology shock 0.95
Xwh Wage markup in housing sector 1.15 ρAH AR of housing technology shock 0.997
m Loan-to-value 0.85 ρAK AR of investment-specific technology shock 0.992
ε Saver's habit consumption 0.32 ρj AR of housing demand shock 0.96
ε′ Borrower's habit consumption 0.58 ρz AR of intertemporal preference shock 0.96
η Saver's labor supply elasticity 0.52 ρτ AR of labor supply shock 0.92
η′ Borrower's labor supply elasticity 0.51 sAC STD of technology shock 0.01
ξ Saver's disutility of labor across sector 0.66 sAH STD of housing technology shock 0.0193
ξ′ Borrower's disutility of labor across sector 0.97 sAK STD of investment-specific technology shock 0.0104
ϕk;c Capital adjustment cost in good sector 14.25 sj STD of housing demand shock 0.0416
ϕk;h Capital adjustment cost in housing sector 10.9 sR STD of Policy Rate Shock 0.0034
α Labor-income share of saver 0.79 sz STD of intertemporal preference shock 0.0178
rR Monetary policy inertia 0.59 sτ STD of labor supply shock 0.0254
rπ Monetary policy inflation feedback 1.44 sp STD of inflation shock 0.0046
β Monetary policy output feedback 0.52 ss STD of technology shock 0.0004
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Shocks. Productivity in the consumption ðAc;tÞ, investment ðAk;tÞ, and housing sector ðAh;tÞ follows:

lnðAz;tÞ ¼ t lnð1þ γAzÞ þ lnðZz;tÞ;
where γAz is the net growth rate of technology in each sector

lnðZz;tÞ ¼ ρAz lnðZz;t−1Þ þ uz;t :

uz;t is the innovation and z¼ fc; k;hg. The inflation target ðAs;tÞ, inter-temporal preference ðAz;tÞ, labor supply ðAτ;tÞ, and
housing-preference ðAj;tÞ shocks follow ARð1Þ processes. The cost-push shock ðup;tÞ and the shock to the policy rule ðuR;tÞ are
assumed to be i.i.d. We set the model parameters, persistence and standard deviation of the shocks equal to the mean of the
posterior distribution estimated by Iacoviello and Neri (2010). These values are summarized in Table 1.

3. News shocks

Specification. We introduce expectations of future macroeconomic developments through news shocks. As in Christiano
et al. (2008), we assume that the error term of the shock consists of an unanticipated component ðεz;tÞ, and an anticipated
change n quarters in advance ðεz;t−nÞ

uz;t ¼ εz;t þ εz;t−n; ð9Þ
where εz;t is i.i.d. and z¼ fc;h; k; p;R; sg. Thus, at time t agents receive a signal about future macroeconomic conditions that
will occur at time t þ n: If the expected movement does not occur, then εz;t ¼−εz;t−n and uz;t ¼ 0. Throughout this analysis,
the news-shock horizon is assume to be four-periods ahead, i.e. n¼4. Section 7.3 conducts an analysis of the model's
sensitivity to the horizon assumption and considers the inclusion of revisions.16

We introduce news on productivity in the non-durable ðAc;tþnÞ, housing ðAh;tþnÞ and investment-specific ðAk;tþnÞ sectors,
on monetary policy ðuR;tþnÞ, on the central bank's inflation target ðAs;tÞ, and on cost-push ðup;tÞ shocks; we do not consider
news on housing preference ðAj;tÞ and time-preference (zt) shocks. Anticipated changes in these fundamentals generate
house-price and credit cycles in our model. Fig. 1 shows the impulse responses for the four-period-ahead (n¼4) news
shocks that materialize. More precisely, the left panel shows the responses to an anticipated positive innovation in Ac; Ak

and a negative innovation in Ah; the right panel shows the responses to an anticipated negative innovation in uR and a
16 The benchmark results are based on the assumption that the anticipated component of the error term of each shock has the same variance as the
unanticipated component as estimated in Iacoviello and Neri (2010). See Table 1. The results presented in Section 7.3 are instead based on Gomes and
Mendicino (2011) joint estimates of the model's parameters and the standard deviations of the unanticipated and news components of each shock.
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Fig. 1. Transmission mechanism news shocks: productivity shocks (left panel) and non-productivity shocks (right panel).
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positive innovation in As and up. These news share the same feature: agents anticipate an increase in future house prices,
which in turn raises leverage and causes a boom in the housing market. Fig. 2 shows the impulse responses in the case of
news that do not materialize. In this case, the run-up in house prices and debt is followed by a bust. Hence, boom–bust
cycles in the housing market can be plausibly related to expectations of future developments in different sectors of the
economy and in the conduct of monetary policy.

Transmission mechanism. News shocks are plausible sources of optimism about future house-price appreciation and
generate macroeconomic booms characterized by hump-shaped co-movement between house prices, consumption,
residential investment, and mortgage loans.17 To generate a boom in house prices and credit, it is necessary that agents
expect a future increase in housing prices. Expectations about the future occurrence of shocks that lead to house-price
appreciations fuel current housing demand and lift house prices immediately. Thus, the value of housing as a collateral
increases, and the rise in house prices is coupled with an expansion in household credit. Second, unrealized expectations
about future shocks generate boom–bust cycles in the housing market. Unrealized expectations distort consumption,
borrowing and investment plans above the equilibrium level. Their sudden reversals have negative effects on economic and
financial decisions, which are transmitted across sectors. Thus, the possibility of unrealized expectations gives a potential
role to stabilization policy.

As an illustrative example, we describe the transmission mechanism of negative housing-productivity news shocks, i.e.
expectations of lower future productivity in the housing sector. The left panel of Fig. 1 (solid line) shows the impulse
responses for four-period-ahead (n¼4) news on housing-productivity shocks. Expectations of lower future productivity in
the housing sector generate expectations of future house-price appreciation. Thus, Borrowers increase their current housing
demand for speculative purposes. Household indebtedness rises, reinforcing an increase in current housing and
consumption expenditures. Due to an increased housing demand, current housing prices and housing investment rise.
17 The transmission mechanism of news shocks in the model presented above is in line with the results of Lambertini et al. (2013) that estimate, using a
VAR model and survey data, the effect of innovations to news heard of favorable changes in business conditions and to expectations of rising house prices.
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Fig. 2. Transmission mechanism unrealized news shocks: productivity shocks (left panel) and non-productivity shocks (right panel).
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Moreover, due to credit limits, Borrowers increase their labor supply in order to raise internal funds for housing
investments. Given the adjustment costs of capital, firms already start adjusting the stock of capital at the time in which
news spreads. The stock of capital used as in input of production in the housing sector decreases over time. In contrast, it
increases in the consumption-good sector of production, and current business investment slightly increases. As shown in
the left panel of Fig. 1 (solid line) anticipated negative-housing supply shocks generate a boom in housing prices, housing
investment, consumption, GDP, hours worked and households' credit.

In the following, we also describe the transmission of an anticipated reduction in the policy rate, i.e. news of future
negative innovations of uR. Lower future policy rates generate expectations of a decline in the future real interest rate.
Borrowers anticipate this effect and increase their current consumption, as servicing loans will be less expensive. Demand
pressure raises current inflation. The current ex-post real rate declines, reducing the debt service. The anticipation of
expansionary monetary policy also creates expectations of higher future housing prices that further induce Borrowers to
increase their current demand for housing and thus indebtedness. Due to limits on credit, impatient households increase
their labor supply in order to raise internal funds for housing investments. Savers face a reduction in their current and
expected interest income. Thus, for this group of agents, consumption increases by less, current housing investment declines
and their labor supply increases significantly. As in the previous case, due to capital adjustment costs, firms already begin
adjusting the stock of capital when news about a future reduction in the policy rate spreads. For the increase in investment
to be coupled with an increase in hours, wages rise in both sectors. The increase in business and housing investment makes
GDP increase at the time of the signal. As a consequence of the current increase in inflation and GDP, the policy rate
increases at the time of the signal, to decline only at the time of the occurrence of the shock. In the case of an anticipated
shock that is realized (Fig. 1), aggregate variables boom and then slowly decline. In contrast, if expectations are not realized,
there is a dramatic drop in both quantities and prices (Fig. 2). Aggregate variables fall below their initial level. It takes about
10 quarters for GDP return to its initial level. Thus, unrealized expectations of loose monetary policy generate a
macroeconomic boom–bust cycle followed by a recession.

A mechanism similar to the one described above holds for the transmission of other news shocks. In the case of
anticipated shocks that do realize, aggregate variables boom and then slowly decline. The peak response in output
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corresponds to the time in which expectations realize. In contrast, if expectations do not realize there is a dramatic drop
in both quantities and prices, with aggregate variables falling below their initial level.
4. Heterogeneity and welfare evaluation

Our paper studies interest-rate and macro-prudential policies in the presence of a rich stochastic structure that allows for
both unanticipated and news shocks. We assume that the policymaker has the same information set as private agents. Thus,
the ex-ante optimal policy is not dependent on a particular realization of the shocks. It is plausible that LTV and interest-rate
rules that are conditional only on unfulfilled expectations would be successful in stabilizing boom–bust cycles. However,
given the difficulty of identifying the source of fluctuations, we find it more interesting to characterize monetary and macro-
prudential policy under a mixture of shocks and news that proxies changes into both current and expected economic
conditions. All results are based on the nine unanticipated shocks and the six news shocks featured in the model.

We do not impose the optimality of stabilization policies by assuming an ad hoc loss-function that aims at minimizing
the volatility of a chosen set of variables, typically inflation and output. To compare alternative policy rules in a meaningful
way, without imposing any a priori conjecture on the optimality of reducing volatility, we rely on social welfare criteria.
The policy authority maximizes households' welfare subject to the competitive equilibrium conditions and the class of
interest-rate and LTV rules considered. The welfare analysis is based on the standard approach commonly used in the DSGE
literature.18 In the following, we briefly describe the methodology.

The welfare function for each agent is given by the conditional expectation of lifetime utility as of time t

Vi
t≡max Et ∑

∞

j ¼ 0
ðβiÞj ~U ðcitþj;h

i
tþj;n

i
c;tþj;n

i
h;tþjÞ

" #
:

At the optimum

Vi
t ¼ ~U ðcit ; cit−1;hit ;ni

c;t ;n
i
h;tÞ þ βiEtV

i
tþ1;

where Vi
t ¼ fV ′t ;Vtg denotes the welfare of the Borrowers and Savers, respectively. Thus, we augment the set of equilibrium

conditions of the model with two equations in two unknowns, V ′t and Vt. We explore the welfare performance of simple,
optimal and operational rules that determine either the interest-rate (Rt) or the LTV ratio (mt), as a function of observable
macroeconomic variables that guarantee uniqueness of the rational expectations equilibrium. As it is common in the
literature, we study ex-ante optimal simple rules based on the second-order approximate solution of the model.19 We follow
the rest of the literature and compute the welfare implied by the different rules conditional on the initial state's (t¼0) being
the deterministic steady state.20

Due to agents' heterogeneity, we explore the implications for group-specific welfare. However, we also aggregate
individual welfare in a social welfare function. The social welfare function is a weighted average of the welfare of the two
groups of agents (Vt

i
)

~V t≡½φ′V ′t þ φVt �: ð10Þ

As in Mendicino and Pescatori (2008) and Rubio (2011), we assume φ′¼ ð1−β′Þ and φ¼ ð1−βÞ where the weights on
households' welfare, β′ and β, are such that, given a constant consumption stream, the Borrowers and the Savers achieve the
same level of utility.21 We maximize both individual and social welfare with respect to the parameters of each particular
rule considered. Thus, optimized policy rules are characterized by the combination of parameters that delivers the highest
welfare. We search over multidimensional grids of varying dimensions depending on the rule considered.

We compare the optimized rules with the estimated Taylor-type rule coupled with a passive macro-prudential policy
that relies on a constant LTV ratio equal to 0.85, as calibrated by Iacoviello and Neri (2010). The social welfare under the
estimated Taylor-type rule and a constant LTV ratio of 0.85 is −3.3001. See Table 2 (panel A). Alternative rules that maximize
social welfare are compared both in terms of levels of welfare and in terms of a consumption-equivalent measure calculated
18 See among others, Kim and Kim (2003), Faia and Monacelli (2007), Erceg et al. (2000), Schmitt-Grohe and Uribe (2005, 2007a, 2007b).
19 As shown by the previous literature, first-order approximation methods are not locally accurate in evaluating the performance of different policies in

terms of welfare. See among others, Kim and Kim (2003), Kollmann (2003a, 2003b), Schmitt-Grohe and Uribe (2004b, 2007a, 2007b).
20 The rules considered in this paper do not have first-order effects. Thus, the deterministic steady state of the model is the same across the alternative

regimes. Nevertheless, different policy regimes are associated with different stochastic steady states. The second-order approximation allows us to account
for these differences. In the initial state agents' consumption, house holding and labor supply, ci0 ¼ ci−1 ; h

i
0 ;n

i
c;0 ;n

i
h;0, equal the deterministic steady state

values. Since at time t¼0 the deviation of the model's variables from the steady state is zero, the second-order approximate solution for the welfare
functions, Vi

t , takes a simple form Vi
t ¼ f ðs2Þ, where s2 is the variance of the shocks. All sources of uncertainty play a role in the maximization of welfare.

The coefficients on the variance of the shocks depend on the model parameters including the coefficients in the policy rules. See Schmitt-Grohe and Uribe
(2004b) for further details. The maximization of the welfare function is based on the theoretical stochastic mean of the welfare delivered by the second-
order approximation to the welfare and policy functions of the model. This means that we do not rely on simulations and our policy is independent of the
certain realization of the unanticipated and news components of the shocks.

21 It is important to highlight that defining the weights such that the planner equalizes utility across agent types given a constant consumption stream
is only one of the possible criteria to define a social welfare function in this economy. See Section 7.3 for sensitivity to alternative weighting criteria.



Table 2
Conditional welfare.

Rules Welfare values

A. Baseline policy Social Savers Borrowers
m¼ 0:85; rR ¼ 0:59; rπ ¼ 1:44; rY ¼ 0:52; −3.3001 −44.0176 −98.9983

Social welfare maximization
B. Optimized LTV rules
νm ¼ 0:75; νb ¼ 18:5 −3.2964 −43.9572 −98.8916

(0.0455) (0.3334)
νm ¼ 0:75; νq ¼ 2 −3.2996 −44.0199 −98.9803

(−0.0018) (0.0563)
νm ¼ 0:75; νy ¼ 0:5 −3.3001 −44.0182 −98.9980

(−0.0005) (0.0010)
C. Optimized interest-rate rules
rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:25 −3.2970 −43.8639 −98.9333

(0.1160) (0.2030)
rR ¼ 0; rπ ¼ 1:3; rY ¼ 0:25; rq ¼ 0:8 −3.2966 −43.9591 −98.8958

(0.0441) (0.3203)
rR ¼ 0; rπ ¼ 1:4; rY ¼ 0; rb ¼ 0:5 −3.2940 −43.6610 −98.8856

(0.2694) (0.3523)
D. Optimized interest-rate and LTV rule
rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:25; rb ¼ 0:4; νm ¼ 0:75; νb ¼ 19 −3.2937 −43.7807 −98.8460

(0.1789) (0.4763)

E. Individual welfare maximization
Savers' welfare
m¼ 0:85; rR ¼ 0; rπ ¼ 1:5; rY ¼ 0; rb ¼ 0:6; −3.2941 −43.6572 −98.8877

(0.27462) (0.3457)
Borrowers' welfare
rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:5; rb ¼ 0; νm ¼ 0:75; νb ¼ 19 −3.2945 −43.9405 −98.8299

(0.0582) (0.526)

Second-order approximation. In parenthesis, individual welfare gains w.r.t. the baseline policy, i.e. estimated interest-rate rule coupled with a constant LTV
ratio. Negative welfare gains indicate losses.
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as the percentage increase in steady-state consumption that would make welfare under the baseline policy equal to welfare
under the optimized rule.
5. Monetary and macro-prudential policy

In the following, we evaluate policies that make the LTV ratio respond to macroeconomic conditions and vary in a
countercyclical manner. We also compare countercyclical LTV ratios to more standard policies, such as interest-rate rules,
and assess the optimality of using both instruments.
5.1. Countercyclical LTV-ratio policy

We assume that the policy authority follows a Taylor-type rule as estimated by Iacoviello and Neri (2010) and allows the
LTV ratio to vary in a countercyclical manner around it long-run setting of 85 percentage points.22 We study the welfare
implications of countercyclical LTV-ratio rules that respond to GDP, credit, and house price growth. In practice, we assume

mt ¼ νmmt−1 þ ð1−νmÞmþ ð1−νmÞνxðxt−xt−1Þ; ð11Þ

where m¼0.85 is the steady-state value for the LTV ratio, νm is an autoregressive parameter and νx is the response to
alternative observable macroeconomic indicators, where xt ¼ fbt ; qt ;GDPtg. We search over the [−20;0] range for the
parameter νx and the [0,0.75] range for the smoothing parameter νm.23 A coefficient of νx ¼ 0 corresponds to the case where
the LTV ratio does not respond to the variable chosen as an imbalance indicator, and macro-prudential policy is non-active.

Table 2 (panel B) displays the parameters of each type of rule that maximize the social welfare function. It also reports
the social and individual welfare levels, and the individual welfare gains relative to the baseline policy, i.e. the estimated
Taylor-type rule coupled with a constant LTV of 0.85 (Table 2, panel A). All rules feature a high smoothing parameter.
22 Iacoviello and Neri (2010) calibrate the parameter m equal to 0.85 percentage points over the period 1965–2006.
23 The two-dimensional grid is based on a 0.01 step for each parameter. For values of νm higher than 0.85, the rational expectations equilibrium is

indeterminate. Thus, in order to avoid policies that lead to proximity with indeterminate regions, we choose an upper bound for νm of 0.75. Higher values of
νm (up to 0.85) do not yield sizable welfare gains.
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The optimal LTV rule that responds to credit growth features the largest value allowed in our search, whereas the other two
rules react in a more moderate way to either house-price growth or GDP growth.24

Allowing for a countercyclical response of the LTV ratio to growth in macroeconomic variables improves upon a constant LTV
ratio in terms of social welfare. However, this is not necessarily the case if we consider individual welfare. LTV rules that target
either GDP growth or house-price growth face a trade-off between Savers' and Borrowers' welfare. In contrast, Savers and
Borrowers are both better off under the optimized rule that responds to credit growth. Thus, allowing for the LTV ratio to respond
countercyclically to credit growth is Pareto improving. Fig. 3 shows thewelfare for Borrowers and Savers under the three alternative
LTV rules for a range of values of νx between 0 and −10. Even though all LTV policies improve social welfare (relative to the baseline
policy of a constant LTV ratio), only the LTV ratio that responds to credit growth improves the welfare of both groups of agents.

Table 3 reports the standard deviation of selected variables under alternative policies. Compared with the constant LTV
policy, the three optimized LTV-ratio rules slightly reduce the volatility of house prices. However, the countercyclical LTV
rule that responds to credit growth is more effective in reducing the volatility of the credit-to-GDP ratio, and thereby
individual consumption and house holding. The intuition is as follows: since the optimal LTV rule that targets credit growth
features a larger response to the targeted variable, it generates larger deviations of the LTV ratio (mt) from its steady-state
value, which effectively dampen out the dynamics of the credit-to-GDP ratio. In the absence of a countercyclical LTV policy,
current shocks or news that lead to a credit expansion instead generate a reduction of the LTV ratio. As a result, loans are
stabilized. This is not the case for LTV rules that target GDP or house-price growth because the smaller responses to these
variables reduce the countercyclical variation of the LTV ratio and therefore the impact on credit volatility. The smaller
responses to house-price growth and GDP growth in the LTV rules that maximize social welfare are dictated by the presence
of the trade-off in the maximization of the welfare of the Savers and Borrowers.

5.2. Interest-rate response to financial variables

We assess alternative interest-rate rules that react to either credit growth or changes in house prices

Rt ¼ RrR
t−1π

ð1−rRÞrπ
t

GDPt

GDPt−1

� �ð1−rRÞrY xt
xt−1

� �ð1−rRÞrx
rrð1−rRÞ

uR;t

As;t
; ð12Þ
24 Removing the upper bound for νb would imply a higher optimal response to credit growth. However, higher values of νb yield only marginal changes
in welfare for both groups of agents (e.g. for νb ¼ 25 the improvement in V and V ′ relate to the 5th decimal number).



Table 3
Stabilization effect.

Rules Savers'
consumption

Borrowers'
consumption

Savers'
housing

Borrowers'
housing

GDP Housing
prices

Debt/
GDP

Policy
rate

Inflation

A. Baseline policy
rR ¼ 0:59; rπ ¼ 1:44; rY ¼ 0:52 2.28 5.59 2.04 13.53 3.99 3.04 13.61 0.69 0.81

B. Optimized LTV rules and estimated
interest-rate rule
νm ¼ 0:75; νb ¼ 18:5 2.33 4.15 0.50 2.66 3.89 3.02 3.91 0.70 0.82
νm ¼ 0:75; νq ¼ 2 2.24 5.76 1.68 11.66 3.95 3.00 11.73 0.68 0.81
νm ¼ 0:75; νy ¼ 0:5 2.26 5.67 1.97 13.25 3.97 3.03 13.46 0.69 0.81

C. Optimized interest-rate rule and
constant LTV
rR ¼ 0:59; rπ ¼ 2:8; rY ¼ 1:75 1.94 4.23 1.60 10.58 3.06 2.70 11.42 0.50 0.77
rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:25 1.98 4.68 1.86 12.33 3.61 2.81 12.58 1.19 1.04
rR ¼ 0; rπ ¼ 1:3; rY ¼ 0:25; rq ¼ 0:8 2.10 4.38 1.06 7.13 3.49 2.48 7.20 0.56 0.79
rR ¼ 0; rπ ¼ 1:4; rY ¼ 0; rb ¼ 0:5 1.53 2.63 0.67 3.40 2.45 2.17 4.25 1.20 0.95

D. Optimized interest-rate and LTV rule
rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:5; rb ¼ 0:4;
νm ¼ 0:75; νb ¼ 19

1.78 2.75 0.54 1.89 3.06 2.49 3.09 1.21 1.09

Percentage standard deviations under the full set of shocks (both unanticipated and news) computed under the baseline policy, i.e. estimated interest-rate
rule coupled with a constant LTV ratio (Panel A); the optimized countercyclical LTV-ratio rules (Panel B); the optimized interest-rate rules (Panel C); the
joint maximization of the interest-rate and LTV rule (Panel D).
Both in A and B the interest rate follows the estimated Taylor-type rule of Iacoviello and Neri (2010).
Second-order approximation.
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where xt ¼ fbt ; qtg and rx≥0. We search over a four-dimensional grid over the parameters ranges [0,1] for rR, [1.1,6] for rπ ,
[0,3] for rY, and [0,3] for rx.25

Table 2 (panel C) reports the interest-rate rules that maximize social welfare. Some observations are in order. First, the
optimal Taylor-type rule does not require interest-rate inertia, and features a moderate response to inflation and little or no
response to GDP growth. Our model differs from the standard New-Keynesian model in three dimensions: heterogeneous
discount factors, nominal household debt and news shocks. In the presence of heterogeneous agents it is suboptimal to
stabilize inflation completely, as this would raise the volatility of the real interest rate and generate large unintended
transfers from Borrowers to Savers or vice versa.26

Second, targeting financial variables improves both individual and social welfare. The information content of credit
aggregates is such that an interest-rate rule that responds to credit growth is preferred by both agents. Among all optimized
interest-rate rules, the rule that targets credit growth implies a lower volatility for all variables except inflation, which is
only marginally more volatile (see Table 3). The stabilization effect of targeting credit growth implies that Borrowers' and
Savers' welfare is highest under an interest-rate rule that responds to credit growth.

Comparing the optimized interest-rate rule that directly responds to credit growth with the optimized LTV-ratio rule that
responds to credit growth in a countercyclical manner, we find that both rules: (a) lead to a Pareto improvement from the
starting point of the benchmark policy; (b) are successful in reducing the volatility of credit relative to GDP, and also slightly
reduce the volatility of house prices; (c) leave the volatility of inflation largely unchanged. When we compare the two rules
in terms of social welfare, we find that the interest-rate rule that responds to credit growth is preferred. Even though both
rules improve Borrowers' welfare, Savers accrue the largest welfare gains from an interest-rate response to credit growth
coupled with a constant LTV ratio. Thus, social welfare maximization under (8) does not generate transfers that improve the
welfare of one group of agents at the cost of a reduction in the welfare of the other. Notice that, in contrast to the optimized
LTV rules that respond to the same macroeconomic variables, an optimal interest-rate response to house prices or GDP
growth is also Pareto improving.
5.3. On the use of both instruments

We consider the possibility of allowing both the interest rate and the LTV ratio to respond to credit growth. Table 2 (panel
D) shows that the optimization over both rules results in a strong reaction of the LTV to credit growth and a moderate
reaction of the interest rate to the same variable. Compared with the estimated interest-rate rule coupled with a constant
25 The grid step for each parameter is 0.1.
26 Using a simpler model than ours, Mendicino and Pescatori (2008) study ex-ante optimal interest-rate rules and also show that, in the presence of

nominal debt, monetary policy can avoid the welfare-reducing redistribution generated by nominal contracts by stabilizing the real interest rate, thereby
allowing agents to share risk optimally. Monacelli (2006) shows that, in the presence of technology shocks, the Ramsey equilibrium is also characterized by
some inflation volatility.



Table 4
Social welfare gains.

Optimized interest-rate and
LTV rule vs…

Savers Borrowers

(1) LTV rule max social
welfare

0.1332 0.1423

(2) Interest-rate rule max
social welfare

−0.0903 0.1236

Second-order approximation. In parenthesis, individual
welfare gains w.r.t. the joint maximization of the LTV-
ratio and interest-rate rule. Negative welfare gains
indicate losses.

Table 5
Level and stabilization effect: individual welfare maximizing rules.

Stabilization and level effectRules

Savers'
consumption

Borrowers'
consumption

Savers'
housing

Borrowers'
housing

GDP Housing
prices

Debt/
GDP

Optimized interest-rate and LTV rule 1.5061 0.3022 14.3766 2.3623 1.0161 1.0023 1.7517
(1.78) (2.75) (0.54) (1.89) (3.06) (2.49) (3.09)

(1) Savers' welfare 1.5052 0.3017 14.3507 2.3495 1.0146 1.0037 1.7472
(1.49) (2.46) (0.63) (3.02) (2.36) (2.09) (3.89)

(2) Borrowers' welfare 1.5068 0.3025 14.3866 2.3688 1.0169 1.0020 1.7547
(2.25) (3.71) (0.54) (2.43) (3.79) (2.99) (3.8488)

Level effect: theoretical stochastic mean of the second-order approximation.
In parenthesis: standard deviations in percentage terms.
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LTV (Table 2, panel A), both agents are better off under the policy that allows the optimal use of both instruments. Social
welfare is higher when using both instruments relative than under any other rule. However, agents' heterogeneity fails to
provide us with a uniform ranking among the alternative policy frameworks: Borrowers prefer the optimized rule that
combine the use of both instruments, while Savers are better off under an interest-rate response to credit growth coupled
with a constant LTV ratio.

Table 4 compares the performance, in terms of individual welfare, of the policy that optimizes the response of both
instruments with respect to: (1) the estimated Taylor-type rule coupled with the optimized LTV ratio that responds to credit
growth; (2) the optimized interest-rate response to credit growth coupled with a constant LTV ratio. In comparison with
policy (1), the individual welfare gains of a policy that relies on the optimal response of both instruments to credit growth
are of the same magnitude for both Savers and Borrowers.27 In contrast, in comparison with policy (2), the Savers suffer
some losses in terms of consumption. Thus, the use of a policy that allows both instruments to respond to credit growth
turns out to be socially optimal, due to the large welfare gains accrued to Borrowers.28

Table 2 (panel E) reports the optimized rules that maximizes individual welfare. The rule that maximizes the welfare of
the Borrowers requires an active countercyclical LTV policy and no interest-rate response to credit growth. In contrast, the
rule that maximizes the welfare of the Savers features an interest-rate response to credit growth but a constant LTV ratio.
Table 5 shows the level and the standard deviation of key variables under the policy that optimizes the response of both
instruments and the individual welfare-maximizing rules.29 Compared to the rule that maximizes social welfare, the policy
preferred by Borrowers leads to higher levels of credit, consumption, house holding and GDP. On the other hand, the policy
preferred by Savers reduces consumption volatility for this group.
27 Table 2 compares the optimized rules with the baseline policy, whereas Table 4 compares directly the rule that allows for an optimal response of
both instruments to credit growth with the rule that only allows a LTV-ratio response to credit growth or, alternatively, an interest-rate response to the
same variable.

28 For a discussion on the use of alternative weights in the social welfare function see Section 7.3.
29 The policy that optimizes the response of both instruments is the one reported in Table 4, panel D, while the individual welfare maximizing rules are

reported in Table 4, panel E.



Table 6
LTV ratio.

Rules Relative frequency LTV-ratio level statistics

mt40:85 mt≥0:95 mt≥1 Average min(mt) max(mt) stdv(mt)

(1) Optimized LTV rule 0.58 0.02 0 0.88 0.74 0.98 2.36
(2) Optimized interest-rate and LTV rule 0.55 0.0067 0 0.87 0.76 0.96 1.72
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5.4. Maximum LTV ratio and implied range

In the following, we assess the implications for the LTV ratio, mt, under the optimized rules that feature an active LTV-
ratio policy. In particular, we investigate whether the LTV ratio ever goes above 100%, and the implied LTV ratio range.
See Table 6. The results are based on a sample size of a thousand observations of artificial data. Rule (1) denotes an optimal
countercyclical LTV response to credit growth coupled with the estimated interest-rate rule. Rule (2) features an optimal
LTV-ratio and interest-rate response to credit growth.30

Table 6 reports the relative frequency of LTV-ratio values higher than 85 percentage points and higher or equal to 95 and
100 percentage points, respectively. Both rules display more than a 50% probability of having a LTV ratio above 85
percentage points. In fact, the average LTV ratio is higher than the pre-established cap of 0.85 under both rules.
The probability of having a LTV ratio equal to or greater than 95 percentage points is about 2% under rule (1). The same
probability drops to 0.67 percentage points under rule (2). The LTV ratio never hits the 100% bound.

Table 6 also reports the minimum and maximum LTV-ratio levels that are in line with the two alternative policies.
The implied LTV range is larger under rule (1) than under rule (2). Further, the policy that features both LTV-ratio and
interest-rate responses to credit growth stabilizes the LTV ratio. However, the range implied by both policies is in line with
the average and maximum LTV ratios in several industrialized countries.31
6. News shocks and welfare gains

The analysis conducted in this paper does not aim at designing optimal policies conditional on some particular shocks,
but rather is based on the assumption that various sources of fluctuation, both expected and unexpected, can affect the
economy. Hence, the policy authority does not target specific shocks or boom–bust cycles. However, we find it crucial to
understand how the occurrence of news shocks in the economy relates to the welfare gains of various policy responses
to changes in financial variables.

Table 7 documents the role of news-shock-driven cycles in the policy response to changes in financial variables.
We compare the welfare performance of the three optimized rules under three case scenarios: (1) both news and
unanticipated shocks, (2) no news shocks, (3) only news shocks.32 Neglecting news shocks as sources of uncertainty
unambiguously increases welfare for both groups of agents. However, it does not alter the individual ranking of the three
optimized rules. Savers are better off under a constant LTV ratio (panel C) whereas Borrowers prefer a LTV ratio that
responds countercyclically to credit growth (panel B).

News shocks turn out to be particularly important in determining the welfare gains of the Savers, but also account for a
sizable fraction of the welfare gains accrued to the Borrowers. In particular, under the optimized rule that combines the use
of both instruments, news shocks account for most of the Savers' welfare gains, and around 40% of the Borrowers' welfare
gains, from a policy reaction to fluctuating financial variables (panel E). Similar results hold for gains under the other two
optimized rules. Thus, the gains from a policy response to financial variables are significantly related to the assumption of
news-shock-driven cycles.

Fig. 4 shows the responses of some key variables both under the baseline policy, namely the estimated interest-rate rule
and constant LTV ratio (dashed line), and under the policy that optimally combines the use of both instruments (solid line).
We consider the case of an unrealized four-quarter-ahead anticipated shock to housing productivity and monetary policy.
Responses to credit growth tighten financial conditions during housing market booms, and loosen financial conditions
during busts. As a result, the amplitude of the fluctuations generated by unrealized news shocks is reduced relative to the
baseline policy. Boom–bust cycles are mitigated thanks to a stable provision of financial intermediation that improves
welfare for both Savers and Borrowers.33
30 The coefficients of the two rules are the ones reported in Table 2, panels B and D, respectively.
31 Calza et al. (2013) document that typical LTV ratios imposed on new loans in the mortgage market vary significantly among OECD countries and

range between 50 percentage points in Italy to 90 percentage points in The Netherlands and the United Kingdom.
32 The welfare gains are computed with respect to the baseline policy, i.e. the estimated rule coupled with a constant LTV ratio, under each of the three

cases (both news and unanticipated shocks, no news shocks, only news shocks), respectively. See Table 7, panel A.
33 It is important to stress that boom–bust cycles are not completely offset by the policy authority, since we rely on ex-ante optimal policy that is not

conditional on the realization of any particular unanticipated or news shock.



Table 7
Conditional welfare with and without news shocks.

A. Baseline policy B. Estimated interest-rate and
optimized LTV rule

C. Optimized interest-rate and constant
LTV rule

D. Optimized interest-rate and
LTV rule

Savers Borrowers Savers Borrowers Savers Borrowers Savers Borrowers

Welfare gains
(1)
All shocks −44.0176 −98.9983 −43.9572 −98.8916 −43.661 −98.8856 −43.7807 −98.846

(0.0455) (0.3334) (0.2694) (0.3523) (0.1789) (0.4763)
(2)
No news −43.7576 −99.2725 −43.7459 −99.2114 −43.6817 −99.2052 −43.7165 −99.1754

(0.0088) (0.1908) (0.0572) (0.2102) (0.0310) (0.3034)
(3)
Only news −45.4343 −99.2762 −45.3857 −99.2306 −45.1536 −99.2307 −45.2386 −99.221

(0.0367) (0.1423) (0.2120) (0.1419) (0.1478) (0.1723)

Second-order approximation. In parenthesis, individual welfare gains w.r.t. the baseline policy, i.e. estimated interest-rate rule coupled with a constant LTV ratio.
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7. Key issues

7.1. On the importance of monetary policy shocks

In the analysis conducted above, we maximize social welfare always taking into account all sources of fluctuation in the
model. Thus, we also include the inflation-targeting shock and the i.i.d. shock to the interest-rate rule. The inclusion of
monetary policy shocks could be interpreted as a way to take into account the reaction of monetary policy to changes in
macroeconomic and financial variables not included in the interest-rate rule, or as the exercise of judgement and
discretion.34

We now explore the welfare implications of the optimized rules in the absence of monetary policy shocks. Table 8
reports the individual welfare levels under alternative rules and the welfare gains with respect to the estimated interest-rate
rule coupled with a constant LTV ratio.35 Disregarding monetary policy shocks increases individual welfare and reduces the
welfare gains of the optimized rules. However, it does not alter the individual rankings of the three optimized policy rules.
In fact, independently of the presence of monetary policy shocks, Savers get larger welfare gains under the optimized
interest rate coupled with a constant LTV ratio whereas Borrowers are better off under an active use of both instruments.

The bottom panel of Table 8 reports the individual welfare levels in the model when we exclude the anticipated
component or, alternatively, the news component of the monetary policy shocks. First, we evaluate all policies when
including the unanticipated component and neglecting the news component. Then, we calculate the welfare implications
considering the news component but ignoring the unanticipated component. It is worth noting that the two components
have largely the same implications for the individual welfare levels and the implied welfare gains of the alternative policies.
7.2. Occasionally binding constraint

In the following, we report sensitivity to the occasionally binding nature of the borrowing constraint.36 To this end, we
solve an equivalent version of the model in which higher borrowing is feasible, but it is too costly to exceed the limit.
Following the previous literature, we solve the model using a “barrier method.”37 Thus, we approximate the inequality
constraint using a differentiable penalty function, Pðhi;t ; bi;tÞ, that enters the utility function of the Borrowers

Pðh′t ; b′tÞ ¼ χ1
χ0

exp −χ0 mEt
qtþ1πtþ1h′t

Rt
−b′t

� �� �
:

Unlike a constraint that is always binding, the penalty function does not prevent impatient agents from borrowing less than
the debt limit in a neighborhood of the steady state. However, the penalty term, χ0, is large enough to discourage Borrowers
from violating the debt limit. We set χ0 equal to 100 and χ1 such that the two versions of the model have the same
deterministic steady state.
34 For a similar approach see among others, Reis (2009).
35 Table 8, panel A reports the individual welfare level under the estimated rule coupled with a constant LTV ratio, both in the benchmark case and in

the absence of monetary policy shocks.
36 Following the approach commonly used in the literature, in previous sections we assume that the borrowing constraint is always binding in a

neighborhood of the steady state. See among others, Campbell and Hercowitz (2004), Iacoviello (2005), Monacelli (2009), Iacoviello and Neri (2010), Sterk
(2010), Calza et al. (2013), Andres and Arce (2012).

37 For the use of ”barrier methods”, see Judd (1998). The same approach has been used to solve models with non-negativity constraints by, among
others, Rotemberg and Woodford (1999), Preston and Roca (2007), Den Haan and Ocaktan (2009), Kim et al. (2010), Kim and Ruge-Murcia (2011) and
Mendicino (2012).



Fig. 4. Transmission of unrealized news on monetary policy shock (top graph) and housing technology shock (bottom graph) under benchmark
and optimized interest-rate and LTV rule.
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Table 9 reports the optimal coefficients of the rule that allows for both an interest-rate response to credit growth and a
countercyclical LTV response to the same variable. Our findings confirm the optimality of responding to changes in financial
variables. As in the case of an always-binding collateral constraint, the policy rule that maximizes the social welfare function
features a strong countercyclical response of the LTV ratio to credit growth, a moderate interest-rate response to output and
credit growth and a weak response to inflation. The welfare levels implied by the alternative rules are of the same
magnitude as in the presence of always-binding collateral constraints. Further, we also find substantial heterogeneity in the
implications for welfare. Savers are better off under a constant LTV ratio coupled with an interest-rate rule that responds to
credit growth. In contrast, Borrowers' welfare is maximizes by an LTV ratio that countercyclically responds to credit growth,
coupled with an interest-rate rule that responds only to output and inflation. No interest-rate response to credit growth is
required to maximize the welfare of the two agents. Thus, taking into account the occasionally binding nature of the
borrowing constraint does not alter substantially the main results of the paper.



Table 8
Conditional welfare relative to monetary policy shocks.

A. Baseline policy B. Estimated interest-rate and
optimized LTV rule

C. Optimized interest-rate and
constant LTV rule

D. Optimized interest-rate and
LTV rule

Savers Borrowers Savers Borrowers Savers Borrowers Savers Borrowers

Welfare gains
All Shocks −44.0176 −98.9983 −43.9572 −98.8916 −43.661 −98.8856 −43.7807 −98.846

(0.0455) (0.3334) (0.2694) (0.3523) (0.1789) (0.4763)
No MP shocks −43.8979 −98.9389 −43.8565 −98.8638 −43.6483 −98.8832 −43.7267 −98.8353

(0.0313) (0.2344) (0.1885) (0.1738) (0.1294) (0.3235)
No MP news −43.957 −98.9788 −43.9051 −98.8813 −43.6538 −98.8845 −43.7476 −98.8399
shocks (0.0392) (0.3046) (0.2291) (0.2946) (0.1581) (0.4341)
No MP unant −43.9585 −98.9584 −43.9086 −98.8741 −43.6555 −98.8843 −43.7597 −98.8414
shocks (0.0376) (0.2633) (0.2289) (0.2314) (0.1501) (0.3657)

Second-order approximation. In parenthesis, individual welfare gains w.r.t. the baseline policy, i.e. estimated interest-rate rule coupled with a constant
LTV ratio.

L. Lambertini et al. / Journal of Economic Dynamics & Control 37 (2013) 1500–1522 1517
7.3. Social welfare

In Section 4, we define the weights of the social welfare function such that the planner equalizes utility across agent
types given a constant consumption stream. In fact, for the same constant consumption stream C ¼ C′, Savers' lifetime utility
is V ¼ ð1=ð1−βÞÞUðCÞ, whereas Borrowers' is V ′¼ ð1=ð1−β′ÞÞUðC′Þoð1=ð1−βÞÞUðCÞ. Given the parameter values assigned to β
and β′, the welfare of the Savers would be about four times higher than the welfare of the Borrowers. Weighting Vt by ð1−βÞ
and V ′t by ð1−β′Þ ensures the same level of utility across agent types for given C ¼ C′. This is equivalent to having a weight on
the Borrowers' welfare that is four times the weight for the Savers' welfare, for instance ~V t≡½0:8V ′t þ 0:2Vt �, which can be
interpreted as assuming a redistribution motive that favors Borrowers over Savers in the design of policy.

Now, we consider social welfare functions that weight the welfare of the two agents according to an alternative criteria.
The top panel of Table 10 reports the rules that maximize social welfare under the benchmark weighting scheme (panel A)
and when the welfare of the two agents is weighted equally (panel B). Compared to the rule that maximizes the benchmark
social welfare, equal welfare weighting requires a constant LTV and a more aggressive interest-rate response to credit
growth. The bottom panel of Table 10 reports the individual welfare costs implied by the social welfare maximizing rules
compared to the rules that maximize the welfare of the Savers (2) and the Borrowers (3). The rules that maximize the
individual welfare of the agents are independent of the weighting schemes used for the social welfare function and their
coefficients are reported in Table 2 (panel E).

The benchmark rule (panel A) implies a welfare cost for the Borrowers of 0.0502 when compared with rule (3), which
maximizes the welfare of this group of agents. The same rule implies a welfare cost for the Savers of 0.0932 compared with
their preferred rule (2). Panel B reports the optimized policy rule that maximizes social welfare when we assume equal
weights for the welfare of the two agents. This optimized policy rule is very similar to the policy rule that maximizes the
welfare of the Savers and therefore implies a negligible welfare cost for this group. In contrast, the welfare cost for the
Borrowers is much larger when compared to their preferred rule.38 Overall, Savers' and Borrowers' welfare costs for not
adopting their preferred rules are more similar under the rule that maximizes the benchmark social welfare function than
under the rules that maximize a social-welfare criterion that assigns equal weights to the two agents.
7.4. Sensitivity to Gomes and Mendicino (2011)

This section reports sensitivity to the estimates of Gomes and Mendicino (2011). The authors estimate Iacoviello and Neri
(2010) model, augmented by news shocks, and allowing for anticipated changes four and eight quarters ahead, as in
Schmitt-Grohe and Uribe (2012). Thus, the innovation announced four quarters in advance can be viewed as a revision to the
innovation announced eight quarters in advance.39

Optimization over both interest-rate and LTV rules results in a strong countercyclical response of the LTV ratio to credit
growth, coupled with a moderate response of the interest-rate to the same variable. In contrast to results presented in
Table 2 (panel D), the interest-rate rule in this version of the model features a more aggressive response to inflation and a
mute response to GDP. Table 11 reports the coefficients of the optimized rule. The individual welfare levels are substantially
38 Social welfare functions that weight Savers' welfare more than Borrowers', as it would be the case if the weights equal the labor-income shares,
increase the welfare costs of the Borrowers but reduce the welfare costs of the Savers relative to their preferred rules.

39 Strictly speaking, the error term of the shock consists of an unanticipated component ðεz;t Þ, and an anticipated change four and eight quarters in
advance: ux;t ¼ ε0x;t þ ε4x;t−4 þ ε8x;t−8. This assumption allows for revisions in expectations, e.g. ε8x;t−8 can be revised at time t−4 (up or down, partially or
completely, in the latter case ε4x;t−4 ¼−ε8x;t−8Þ and ε4x;t−4 þ ε8x;t−8 can be revised at time 0 (again, partially or completely, in the latter case ε0x;t ¼−ðε4x;t−4 þ ε8x;t−8Þ
and ux;t ¼ 0).



Table 9
Occasionally binding borrowing constraint.

Welfare values

Baseline policy Social Savers Borrowers

m¼ 0:85; rR ¼ 0:59; rπ ¼ 1:44; rY ¼ 0:52; −3.2961 −43.9822 −98.8745
Optimized rule

Max social welfare rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:25; rb ¼ 0:2; νm ¼ 0:75; νb ¼ 19 −3.2936 −43.8129 −98.8334
(0.1278) (0.1282)

Max Savers welfare rR ¼ 0; rπ ¼ 1:4; rY ¼ 0; rb ¼ 0:8; νm ¼ 0; νb ¼ 0 −3.2951 −43.7425 −98.8999
(0.1810) (−0.0794)

Max Borrowers welfare rR ¼ 0; rπ ¼ 1:1; rY ¼ 0:5; rb ¼ 0; νm ¼ 0:75; νb ¼ 19 −3.2942 −43.9575 −98.8159
(0.0186) (0.1827)

Second-order approximation. In parenthesis, individual welfare gains w.r.t. the baseline policy, i.e. estimated interest-rate rule coupled with a constant LTV ratio.
Negative welfare gains indicate losses.

Table 10
Social welfare: alternative weighting schemes.

Social welfare criteria

A B
~V t≡½ð1−βÞVt þ ð1−β′ÞV ′t � ~V t≡½0:5Vt þ 0:5V ′t �

(1) Social welfare max rules rπ ¼ 1:1; rY ¼ 0:25; rb ¼ 0:4 rπ ¼ 1:4; rY ¼ 0; rb ¼ 0:5
νm ¼ 0:75; νb ¼ 19 m¼0.85

Savers Borrowers Savers Borrowers

Welfare level (1) −43.7807 −98.8460 −43.6610 −98.8856
Welfare gains of (1) vs…
(2) Savers welfare max rule −0.0932 – −0.0029 –

V ¼−43:6572;V ′¼−98:8877;
(3) Borrowers welfare max rule – −0.0502 – −0.1736
V ¼−43:9405;V ′¼−98:8299;

Second-order approximation. In parenthesis, individual welfare gains w.r.t. the social welfare maximizing rules (as in panel (1)). Negative welfare gains
indicate losses.

Table 11
Gomes and Mendicino (2011).

Welfare values

Baseline policy Optimized interest-rate rule and LTV rule
rR ¼ 0:6552; rπ ¼ 1:5654; rY ¼ 0:8025; rR ¼ 0; rπ ¼ 1:4; rY ¼ 0; rb ¼ 0:4

vm ¼ 0:75; vb ¼ 19

Savers Borrowers Savers Borrowers

All Shocks −47.3420 −100.8417 −46.0116 −100.7531
(1.0089) (0.2767)

No UP (4&8) news shock −46.9427 −100.8666 −45.8690 −100.7699
(0.8134) (0.3018)

No UP (8) news shock −46.9473 −100.8665 −45.8705 −100.7697
(0.8158) (0.3022)

No AH (4&8) news shock −47.3499 −100.8414 −46.0197 −100.7534
(1.0087) (0.2750)

No AH (8) news shock −47.3499 −100.8414 −46.0197 −100.7534
(1.0087) (0.2750)

Second-order approximation. In parenthesis, individual welfare gains w.r.t. the baseline policy, i.e. estimated interest-rate rule (of Gomes and Mendicino,
2011) coupled with a constant LTV ratio.
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lower than those reported in Table 2 (panel D). This result is plausibly due to the larger number of news shocks featured by
this version of the model. Table 11 also reports the welfare gains with respect to the baseline policy, i.e. a constant LTV ratio
of 0.85 coupled with the interest-rate rule of Gomes and Mendicino (2011). As for the welfare gains, the composition of the
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gains implied by the joint maximization of both policy rules is also substantially different. In fact, compared to the estimated
interest-rate rule coupled with a constant LTV ratio, the welfare gains of adopting the optimized rule are lower for the
Borrowers and considerably higher for the Savers than in the results presented in Table 2 (panel D).

According to Gomes and Mendicino (2011), news shocks in this model explain around 40% of business-cycle fluctuation in
house prices and a sizable fraction of variations in consumption, residential and non-residential investment. The bottom panel of
Table 11 reports the welfare implications of neglecting news on either cost-push shocks or housing-productivity shocks. As
documented by Gomes and Mendicino (2011), news on cost-push shocks has been found to be important for the run-up in house
prices and residential investment during the housing booms that occurred in the 1970s, whereas expectations of housing-
productivity shocks and investment specific shocks contributed to changes in house prices and residential investment during the
latest boom. In the absence of news on cost-push shocks, Savers experience a significantly higher welfare, whereas the welfare of
the Borrowers is largely unchanged. As for the welfare performance of the optimized rule, the welfare gains accrued to the Savers
are reduced by about 20%. In contrast, the Borrowers'welfare gains are slightly larger. In contrast, disregarding news on housing-
productivity shocks does not yield significant differences in terms of welfare.

It is worth noticing that disregarding both components of each of the two shocks or only the eight-quarter-ahead
component delivers very similar results for the cost-push shock, and no differences for the housing-productivity shock.
This result suggests that revisions have no important role in terms of welfare. On the other hand, Gomes and Mendicino
(2011) document that, among news shocks, the eight-quarter-ahead component accounts for most of the macroeconomic
fluctuations in the model.

8. Discussion of the results and caveats

One of the contributions of our paper is to explore the implications of using the LTV ratio as a policy tool. It is fairly common
in DSGE models of the housing market to consider a constant LTV ratio, equal to the typical or average LTV ratio for homebuyers
or, alternatively, to calibrate it in order to match the ratio of flow-of-funds data on outstanding home mortgages to holdings of
residential real estate during a selected sample period.40 Our interest in countercyclical LTV-ratio policies arises from the current
policy debate on the design of a macro-prudential policy whose goal is to moderate credit cycles and reduce financial
imbalances. According to the 2010 survey on macro-prudential tools conducted by the IMF, two-thirds of the respondents have
used macro-prudential tools since 2008. More than a third of the member-country authorities implemented LTV-ratio limits, and
almost two-thirds considered it a possible policy tool. Making frequent adjustments of the LTV ratio at different phases of the
cycle has recently become common practice internationally. Although our findings tend to favor the adoption of an active LTV
policy adjusted countercyclically at different phases of the cycle, there are some caveats to be considered.

In the present paper, we focus on the benefits of LTV-ratio rules designed to mitigate the financial cycle by varying in a
countercyclical manner around a pre-established cap. We abstract from other LTV policies, such as the occasional use of
discretionary lower constant LTV caps, which have often been suggested to enhance the resilience of the financial system to
macroeconomic shocks. In response to rapid mortgage growth and high household debt, some countries simply imposed
discretionary lower caps on the LTV ratio. Whether adjusted over the cycle or not, tighter down-payment constraints on
households' capacity to borrow may turn out to be effective in reducing the vulnerability of the economy to a credit crunch.
However, as highlighted by Mendicino (2012), countercyclical LTV ratios, unlike discretionary lower caps, dampen credit-
cycles without increasing the economy's sensitivity to real shocks or negatively affecting its long-run performance. The
effectiveness of alternative credit-related policies in addressing the time-varying dimension of systemic risk in the presence
of news shocks is left to future research.

Another issue not addressed in this paper is the optimal combination of macro-prudential instruments. As documented
by the IMF survey, industrialized countries generally tend to favor credit-related measures over liquidity-related measures.41

Nevertheless, the use of caps on the LTV ratio as a single macro-prudential instrument is rare. Countries generally prefer to
use multiple instruments to target the same risk from different angles. Among the credit-related measures, limits on the LTV
ratio are often coupled with limits on the debt-to-income ratio. However, there is still little known about the optimal
combination of macro-prudential tools. The stabilization role of LTV-ratio policies could also be reinforced by the adoption
of liquidity- and capital-related measures, such as reserves and capital requirements. But it is also possible that an
appropriate use of countercyclical capital and reserve requirements could turn out to be more effective in addressing pro-
cyclicality in the financial system, and thus overcome the need for time-varying LTV-ratio measures.

A particularly challenging task is the design of rules for the implementation of multiple tools. Optimally choosing macro-
prudential targets is typically difficult, especially if countries operate a combination of tools that may interact or influence
one another. Despite the fact that macro-prudential rules increase transparency, reduce regulatory uncertainty and
overcome policy inertia, LTV-ratio adjustments in most countries are based on judgment and discretion rather than on
rules. The comparison of rules and discretion may also warrant further research. More generally, a deeper understanding of
40 See among others Campbell and Hercowitz (2009), Iacoviello and Neri (2010), Iacoviello (2008), Calza et al. (2013).
41 The survey considers three types of measures: capital-related, liquidity-related and credit-related. Capital-related measures include countercyclical/

time-varying capital-requirements, time-varying/dynamic provisioning, and restrictions on profit distributions. Liquidity-related measures consider limits
on net open currency positions/mismatch, limits on maturity mismatch and reserve requirements. Apart from the LTV ratio and loan-to-income ratio, other
credit-related measures include caps on foreign currency lending and ceilings on credit or credit growth.
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the implementation and operational aspects of macro-prudential instruments also requires further analysis. The beneficial
use of macro-prudential policy should be weighed against the costs of implementation, such as the regulatory burden.
The effects on growth and on the long-run performance of the economy should also be taken into account.

The performance of alternative policies may be sensitive to the zero lower bound (ZLB) for the nominal interest rate.
A criterion often imposed to avoid that the nominal interest rate not violate the zero bound is to require that, in the
competitive equilibrium, the standard deviation of the nominal rate be less than a fraction of its steady-state value. In our
model the steady-state annualized nominal interest rate is around three percentage points (with a gross steady-state rate of
inflation of one percentage point). The standard deviation of the annualized interest rate (in nominal terms) under
alternative policies is reported in Table 3. For the zero lower bound to be binding, the variation in the policy rate would need
to be more than four times its standard deviation in case of the estimated interest-rate rule and the LTV rule that optimally
responds to credit growth. In the case of the optimized interest-rate rule that reacts to credit growth and the optimal use of
both instruments, the variation in the interest rate sufficient for the policy instrument to hit the zero lower bound is
reduced to 2.5 times its standard deviation. Schmitt-Grohe and Uribe (2004a), for instance, require that the nominal interest
rate be greater than two times its time standard deviation. However, we do not explicitly impose restrictions on the lower
bound for the nominal interest rate, which we leave to future analysis.

A second contribution of this paper is to investigate the role of news-shock-driven cycles for the optimal design of policy
rules. To this end, we introduce news shocks following the canonical assumption that the error term of the shock consists of
both an unanticipated component and an anticipated change n quarters in advance.42 However, as argued by Leeper and
Walker (2011), the manner in which news shocks are modeled affects the way information flows impact equilibrium
dynamics. Thus, the benefits of the optimized policy rules might be sensitive to assumptions about the news-shock process
assumed.

Further, our results are based on a model populated by fully rational agents, which does not contemplate the possibility of
bubbles as sources of excessive run-up in US house prices or credit. Despite the importance of news shocks as documented by a
growing strand of the business-cycle literature, other factors, such as market sentiments, psychological factors, and shifts in
beliefs that are independent of news shocks, may play a nontrivial role in generating expectation-driven macroeconomic
fluctuations. There is a large literature on beliefs-driven cycles and excess volatility.43 Allowing agents to depart from fully
rational expectations into an otherwise standard model of housing does indeed generates excess volatility in house prices and
household debt without requiring large and persistent shocks. The welfare implications of policy measures that aim at stabilizing
financial and macroeconomic variables can be also sensitive to the nature of agents' expectations.

9. Conclusions

Our paper analyzes optimal monetary and macro-prudential policy in a model that allows (but do not impose) booms
and busts cycles in housing prices and credit that arise in response to expectations of future changes on fundamental shocks.
We investigate the design of ex-ante optimal policy rules by taking into account all possible sources of macroeconomic
fluctuations. In order to avoid any a priori conjecture on the optimality of reducing the volatility of some particular variables,
we evaluate alternative policies by using the welfare of the agents as a relevant criterion.

First, we explore the effectiveness of countercyclical LTV ratios as macro-prudential tools aimed at financial and
macroeconomic stabilization. LTV rules face a trade-off between Savers' and Borrowers' welfare if they respond to GDP or
house-price growth in a countercyclical manner. On the other hand, among the LTV-ratio rules, a response to credit growth
is Pareto improving. Second, we compare the performance of countercyclical LTV rules and interest-rate rules in terms of
welfare. We find that both the optimized interest-rate rule that responds directly to credit growth and the optimized LTV-
ratio rule that responds countercyclically to credit growth lead to a Pareto improvement relative to the benchmark policy.
Moreover, both rules are successful in reducing the volatility of credit and house prices without increasing the volatility of
inflation. Using a countercyclical LTV policy in addition to an interest-rate response to credit growth is optimal in terms of
social welfare because of the large gains that accrue to the Borrowers.

Last, we find that most of the gains from responding to changes in financial variables are due to the presence of news-
shock-driven cycles. The amplitude of the financial cycles generated by varying news shocks is reduced under the social
welfare maximizing policy.

Our results are robust to the exclusion of monetary policy shocks, to the occasionally binding nature of the borrowing
constraint, and to the inclusion of revisions in the model.
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