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Abstract

The financial crisis clearly illuminated the potential amplifying role of financial factors on macroe-
conomic developments. Indeed, the heavy impairments of banks’ balance sheets brought to the fore
the banking sector’s ability to provide a smooth flow of credit to the real economy. However, most ex-
isting structural macroeconomic models fail to take into account the crucial role of banks” balance sheet
adjustment in the propagation of shocks to the economy. This paper contributes to fill this gap, analyz-
ing the role of credit market frictions in business cycle fluctuations and in the transmission of monetary
policy. We estimate a closed-economy dynamic stochastic general equilibrium (DSGE) model for the
euro area with financially-constrained households and firms and embedding an oligopolistic banking
sector facing capital constraints. Using this setup we examine the macroeconomic implications of var-
ious financial frictions on the supply and demand of credit, and in particular we assess the effects of
introducing risk-sensitive and more stringent capital requirements. Finally, we explore the scope for
counter-cyclical bank capital rules and the strategic complementarities between macro-prudential tools
and monetary policy.

Keywords: DSGE models, Bayesian estimation, Banking, Financial regulation.

JEL classification: E4, E5, F4.
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1 Non-technical summary

This paper analyzes the role of credit market frictions in business cycle fluctuations and in the trans-
mission of monetary policy. We estimate a closed-economy dynamic stochastic general equilibrium
(DSGE) model for the euro area with financially-constrained households and firms and embedding an
oligopolistic banking sector facing capital constraints. Using this setup we examine the monetary policy
implications of the various financial frictions to credit supply and demand and furthermore examine the
real economic implications of increasing capital requirements and of introducing risk-sensitive capital
requirements. Moreover, the potential for introducing counter-cyclical bank capital rules and aligning
macro-prudential tools with standard monetary policy tools is examined.

The financial crisis which started in 2007 brought to the fore the importance of the financial sector and
its potential amplifying effects on business cycle fluctuations. The massive write-downs and losses that
banks had to incur over this period significantly impaired their liquidity and capital positions, which
in turn forced many banks to cut back on activities and to shed assets. This deleveraging process in the
banking sector may have hampered the access to financing for some bank-dependent borrowers and
thereby reduced their ability to consume and invest, potentially reinforcing the economic downturn.
Whereas in the macroeconomic literature it has long been recognized that financial intermediation may
play a role in economic fluctuations through the financial accelerator mechanism relating to the banks’
borrowers, the possible amplifying impact on the business cycle of shocks directly hitting the financial
intermediaries has only recently been taken up by the literature.

The importance of the banks” balance sheet situation in transmitting shocks to monetary policy (and
other types of shocks) has, however, long been recognized in the empirical literature. For example,
it has been pointed out that more liquid and well-capitalized banks are better able to absorb shocks
hitting the macroeconomic environment (including changes in monetary policy) than more capital and
liquidity-constrained banks. Furthermore, the financial crisis has reinforced interest in macro-prudential
tools and policies that might be applied by policy makers to reduce the risks of financial boom and bust
cycles and thereby lead to a more stable path of real economic growth.

In addition to the attention on the role of financial intermediaries brought forward by the financial
crisis, the introduction of more risk-sensitive capital requirements (i.e. the Basel II capital adequacy
framework; see BCBS [2006]) has reinforced the concerns that financial intermediation by itself might
have substantial feedback effects on the real economy. In particular, it has been argued that by introduc-
ing capital requirements that are sensitive to the state of the economy, the inherent cyclicality in banks’
lending behaviour is likely to be reinforced. Hence, as bank capital requirements will be less strict when
risks are perceived to be benign and, vice versa, will be tighter when the quality of the assets is dete-
riorating, banks are likely to engage in riskier lending during economic upturns and to contract credit
supply during economic downturns. To the extent that some firms and households are dependent on
having access to bank financing in their investment and spending decisions, more cyclical capital re-
quirements would be expected to reinforce the propagation mechanism between the financial system
and the real economy. In other words, ceteris paribus, a risk-sensitive capital requirements regime is
expected to have pro-cyclical effects. It has, however, been argued that by inducing a more forward-
looking behaviour in banks’ risk-taking, a risk-sensitive capital adequacy framework may also include
some mitigating elements with respect to its overall pro-cyclical effects. While the extent to which a
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risk-sensitive capital adequacy framework introduces amplifying pro-cyclical effects is ultimately an
empirical question, the analysis of such effects needs to be placed in a broader context whereby the
feedback mechanism between the financial and the real sector as well as the forward-looking, strategic
behaviour of financial intermediaries are properly taken into account. In other words, a general equi-
librium framework is needed to appropriately account for the interlinkages between financial and real
economic factors. Moreover, as a consequence of the financial crisis, the Basel Committee on Banking
Supervision (BCBS) has already proposed amendments to the bank regulatory framework (i.e. Basel
III) with the aim of strengthening capital requirements. Our model is also well-suited for analyzing the
potential costs (and benefits) of moving towards higher capital ratio targets and the role of monetary
policy during such a transition. Finally, a general equilibrium framework is also useful for analyzing
the potential for macro-prudential tools and their interaction with other macroeconomic and monetary
policy instruments.

Using our model setup we document the role of financial frictions in amplifying shocks to the econ-
omy. For example, via the collateral channel housing-specific shocks generate sizeable effects on non-
residential consumption and investment. Moreover, it is shown that the specification where borrowing
constraints are always binding produces more pronounced propagation than benchmark model with en-
dogenous defaults. Furthermore, capital constraints and costs related to capital adjustments are shown
to amplify the macroeconomic propagation of exogenous shocks. In addition, it is shown that risk-
sensitive capital requirements imply marginally more volatility in the economy than a fixed-rate capital
requirement regime. However, the degree of macroeconomic volatility varies with types of shocks, with
especially risk shocks and financial shocks are found to have amplifying impact when capital require-
ments are risk sensitive. At the same time, banks are found to actively reshuffle their portfolios when
faced with credit risk shocks which somewhat mitigates the pro-cyclical implications. As regards the
introduction of more stringent capital requirements (as proposed under Basel III), we show that it would
lead to a transitory negative impact on output. The costs related to introducing the new capital require-
ments are, however, reduced the later the implementation date and may furthermore be mitigated by
monetary policy accommodation. Finally, we illustrate the potentially complementary roles of mone-
tary macro-prudential policies in supporting macroeconomic stabilisation, but also emphasize that the
design and magnitude of macro-prudential policy rules and its interaction with monetary policy need

careful consideration.
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2 Introduction

This paper analyzes the role of credit market frictions in business cycle fluctuations and in the trans-
mission of monetary policy. We estimate a closed-economy dynamic stochastic general equilibrium
(DSGE) model for the euro area with financially constrained households and firms and embedding an
oligopolistic banking sector facing capital constraints. Using this setup we examine the monetary policy
implications of the various financial frictions to credit supply and demand and furthermore examine the
real economic implications of increasing capital requirements and of introducing risk-sensitive capital
requirements. Moreover, the potential for introducing counter-cyclical bank capital rules and aligning
macro-prudential tools with standard monetary policy tools is examined.

The financial crisis which started in 2007 brought to the fore the importance of the financial sector and
its potential amplifying effects on business cycle fluctuations. The massive write-downs and losses that
banks had to incur over this period significantly impaired their liquidity and capital positions, which
in turn forced many banks to cut back on activities and to shed assets. This deleveraging process in the
banking sector may have hampered the access to financing for some bank-dependent borrowers and
thereby reduced their ability to consume and invest, potentially reinforcing the economic downturn.
Whereas in the macroeconomic literature it has long been recognized that financial intermediation may
play a role in economic fluctuations through the financial accelerator mechanism relating to the banks’
borrowers !, the possible amplifying impact on the business cycle of shocks directly hitting the financial
intermediaries has only recently been taken up by the literature. > The importance of the banks’ balance
sheet situation in transmitting shocks to monetary policy (and other types of shocks) has, however, long
been recognized in the empirical literature. For example, it has been pointed out that more liquid and
well-capitalized banks are better able to absorb shocks hitting the macroeconomic environment (includ-
ing changes in monetary policy) than more capital and liquidity-constrained banks. * Furthermore, the
financial crisis has reinforced interest in macroprudential tools and policies that might be applied by
policy makers to reduce the risks of financial boom and bust cycles and thereby lead to a more stable
path of real economic growth.

In addition to the attention on the role of financial intermediaries brought forward by the financial
crisis, the introduction of more risk-sensitive capital requirements (i.e. the Basel II capital adequacy
framework; see BCBS [2006]) has reinforced the concerns that financial intermediation by itself might
have substantial feedback effects on the real economy. In particular, it has been argued that by introduc-
ing capital requirements that are sensitive to the state of the economy, the inherent cyclicality in banks’
lending behaviour is likely to be reinforced. Hence, as bank capital requirements will be less strict when

Financing frictions arising in the context of asymmetric information between borrowers and lenders are often suggested as a
prime candidate for endogenously amplifying and increasing the persistence of even small transitory exogenous shocks. The basic
idea, often called the financial accelerator, is that in the presence of credit constraints exogenous shocks can generate a positive
feedback effect between the financial health of borrowing firms or households and output; See e.g. Carlstrom and Fuerst [1997],
Kiyotaki and Moore [1997] and Bernanke et al. [1999] (BGG hereafter). Recent work by Christiano et al. [2007], Christensen and
Dib [2008] and Liu et al. [2009] quantifies the interlinkages between the financial and real sectors using a financial accelerator
mechanism.

2For some recent studies modelling the banking sector in a DSGE modelling framework, see e.g. Van den Heuvel [2008], Meh
and Moren [2008], De Walque et al. [2009], Dib [2009], Gerali et al. [2009], Aguiar and Drumond [2009], Agenor and Pereira da
Silva [2009], Agenor and Alper [2009], Gertler and Karadi [2009], Covas and Fujita [2009], Angeloni and Faia [2009] and Christiano
et al. [2010].

3See e.g. Bernanke and Lown [1991], Peek and Rosengren [1995], Kashyap and Stein [2000], Van den Heuvel [2002], Gambacorta
and Mistrulli [2004], and Kishan and Opiela [2006].
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risks are perceived to be benign and, vice versa, will be tighter when the quality of the assets is dete-
riorating, banks are likely to engage in riskier lending during economic upturns and to contract credit
supply during economic downturns. To the extent that some firms and households are dependent on
having access to bank financing in their investment and spending decisions, more cyclical capital re-
quirements would be expected to reinforce the propagation mechanism between the financial system
and the real economy. In other words, ceteris paribus, a risk-sensitive capital requirements regime is
expected to have pro-cyclical effects. * It has, however, been argued that by inducing a more forward-
looking behaviour in banks’ risk-taking, a risk-sensitive capital adequacy framework may also include
some mitigating elements with respect to its overall pro-cyclical effects. > While the extent to which
a risk-sensitive capital adequacy framework introduces amplifying pro-cyclical effects is ultimately an
empirical question, the analysis of such effects needs to be placed in a broader context whereby the
feedback mechanism between the financial and the real sector as well as the forward-looking, strategic
behaviour of financial intermediaries are properly taken into account. In other words, a general equi-
librium framework is needed to appropriately account for the interlinkages between financial and real
economic factors. Moreover, as a consequence of the financial crisis, the Basel Committee on Banking
Supervision (BCBS) has already proposed amendments to the bank regulatory framework (i.e. Basel III)
with the aim of strengthening capital requirements. Our model is also well-suited for analyzing the
potential costs (and benefits) of moving towards higher capital ratio targets and the role of monetary
policy during such a transition. Finally, a general equilibrium framework is also useful for analyzing
the potential for macro-prudential tools and their interaction with other macroeconomic and monetary
policy instruments.

Against this background, in this paper we propose a closed-economy DSGE model with financial fric-
tions including a banking sector which faces monopolistic competition and is subject to capital con-
straints. The latter may owe both to market disciplining forces (i.e. banks operate with a capital buffer)
and to regulatory capital adequacy rules (which can be either risk-insensitive or risk-sensitive). Fur-
thermore, the presence of monopolistic competition in the banking sector gives rise to some degree of
stickiness in banks” adjustment of lending and deposit rates to changes in monetary policy rates. From
a theoretical viewpoint a sluggish pass-through of bank loan and deposit rates to policy rate changes
is based on the notion of banks having some degree of market power, which may derive from banks
being "special" in the sense of being able to reduce (by acting as "delegated monitors") the information
gap between savers and borrowers of funds.” In general, banks’ interest rate setting behaviour can be
expected to depend on the degree of bank competition (or market power of banks) and on factors re-
lated to the costs of financial intermediation (such as interest rate and credit risk, menu costs and other
operational costs, banks” degree of risk aversion and the cost of non-deposit funding sources).® Hence,

by exploiting their market power banks are able to generate profits and thus to replenish their capital

4On the procyclicality of risk-sensitive requirements, see e.g. Danielsson et al. [2001], Catarineau-Rabell et al. [2005], Kashyap
and Stein [2004], Gordy and Howells [2006], and Brunnermeier et al. [2009]. See also Drumond [2008] for an overview of the
literature.

5See e.g. Borio and Zhu [2008], Zhu [2008], Repullo and Suarez [2009], Jokivuolle et al. [2009], and Boissay and Kok Serensen
[2009].

See BCBS (2009), "Strengthening the resilience of the banking sector - consultative document", December and BCBS (2010),
"The Group of Governors and Heads of Supervision announces higher global minimum capital standards", September.

7see e.g. Diamond and Dybvig [1983], Diamond [1984] and Diamond and Rajan [2001].

8There is ample empirical evidence for the existence of a sluggish bank interest rate pass-through in the euro area (see e.g.
Mojon [2001], De Bondt [2005], Sander and Kleimeier [2006], Kok Serensen and Werner [2006] and Gropp et al. [2007].
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buffers following shocks to their liquidity and capital positions.” Under risk-sensitive capital require-
ments banks’ capital positions are affected by changes in the risk profile of their borrowers over the
business cycle and the time-varying nature of bank borrower risk profiles is therefore also considered in
our modelling of firms and households.

On the real side of the economy we assume that households and firms are financially constrained in
their spending and investment decisions and we furthermore incorporate some degree of heterogeneity
in the household sector. The model has a subset of firms that are financially constrained and can only
borrow by using revenue and capital as collateral, and a subset of financially-constrained households
that use debt collateralized by housing and part of their wage income. Both firms and households
are affected by idiosyncratic shocks to their collateral values. Firms and households default on their
loans when the value of their collateral is below the repayment promised to the lender. In order to
keep the model tractable we follow other DSGE models of financial frictions in using differences in the
level of impatience of agents to generate equilibrium borrowing and lending (e.g. Iacoviello [2005]).
In equilibrium, more impatient agents (borrowers and entrepreneurs) will borrow from patient savers.
We assume that borrowers of each type (households and firms) belong to a large family, as in Shi [1997].
While this allows them to diversify their idiosyncratic risk each period after all debt contracts are settled,
they cannot commit to sharing the proceeds of this insurance with the banks and hence the latter cannot
seize the proceeds of the insurance payments when the borrower defaults. The combination of the
large family insurance and limited liability allows us to partially preserve the effects of risk averse,
consumption-smoothing behaviour of agents despite the ex-ante heterogeneity among agents and the
nonlinear default decision.

More specifically, as regards the household sector, we follow a recent strand of literature which - like
Kiyotaki and Moore [1997] - considers a dual structure, with agents belonging to two different groups
according to their intertemporal discount factor. Households” heterogeneity generates equilibrium debt
as the result of intertemporal borrowing between more and less impatient agents. Building on Iacoviello
and Neri [2009] and Notarpietro [2007], we define a two-agent, two-sector economy, where the impatient
agents face collateral requirements when asking for mortgages or loans. Firms produce nondurable con-
sumption goods and residential goods. The latter serve two purposes: they can be directly consumed,
thus providing utility services as any durable good, or they can be used as collateral in the credit market,
to obtain extra funds for financing consumption. The role of collateral constraints in closed economies
has been estimated in DSGE models by lacoviello and Neri [2009] and Notarpietro [2007], who report
the relevance of housing market shocks in shaping consumption dynamics in the US. Most existing
models of household borrowing in a DSGE framework follow lacoviello [2005] and Kiyotaki and Moore
[1997] in using a hard borrowing constraint and assuming it always binds. The Kiyotaki-Moore model
of credit constraints can be seen as a special case of the current model in which there is no uncertainty
about the future value of the collateral when the loan is made. The assumption that the constraint al-
ways binds makes the leverage ratio in their model constant. Furthermore, they ignore any difference
between borrowing rates and the risk free rate. The model proposed here can at least qualitatively
match the typically observed countercyclical leverage ratio of households'’ The assumption of an al-

9There are a few recent studies that embed features of an incomplete bank interest rate pass-through into a DSGE model
framework, see e.g. Kobayashi [2008], Agenor and Alper [2009], Hiilsewig et al. [2009] and Gerali et al. [2009].
0For instance, as found for the US by Adrian and Shin [2009].
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ways binding borrowing constraint is questionable for large shocks that may be of particular interest
to policymakers, and it may severely distort the dynamics of borrowers and the rest of the economy in
those circumstances. The soft borrowing constraint in our model (with interest rates rising smoothly as
a function of borrowing) will always bind as long as it can be satisfied.

For what concerns the non-financial corporate sector we broadly follow Bernanke et al. [1999] and Carl-
strom and Fuerst [1997] who introduced equilibrium default of firms into DSGE models. To facilitate
aggregation, they assumed risk-neutral entrepreneurs, and constant-returns-to-scale production. Using
a setup with equilibrium default, as in those earlier models, allows us to examine the impact of time-
varying interest rate spreads and leverage ratios. At the same time, in contrast to the previous literature,
we consider a more standard formulation of entrepreneur balance sheets than the less conventional bal-
ance sheet used by BGG. In particular, in our setup entrepreneurs own their capital stock, as in more
sophisticated heterogeneous agent models of financing constraints, and do not have to repurchase it
or rent it each period as in BGG or Carlstrom and Fuerst [1997]. Furthermore, entrepreneurs are risk
averse and make a meaningful consumption-saving choice. In contrast, BGG assume an exogenously
fixed constant savings rate for entrepreneurs, while Carlstrom and Fuerst [1997] assume that they are
risk neutral. Finally, our specification of the non-financial corporate sector allows considering other non-
linearities in the budget constraint of financially-constrained entrepreneurs, such as decreasing returns
to scale, imperfect competition or labor adjustment costs.

The only other papers that have allowed for financing frictions affecting both households and firms are
lacoviello [2005] and Gerali et al. [2009]. Both of these papers rely on hard borrowing constraints, as in
Kiyotaki and Moore [1997], to model credit frictions and assume the borrowing constraints always bind.
Our model setup provides an alternative perspective by including costs of default and positive lending
spreads.

By allowing for frictions concerning both credit demand and supply, the contributions of this paper
cover several dimensions. First, we examine to what extent such frictions amplify shocks to the econ-
omy and how they affect the monetary policy transmission mechanism. Apart from encompassing the
traditional financial accelerator mechanism arising in the context of financially-constrained borrowers,
our model allows for assessing the impact of frictions within the banking sector, such as its price-setting
behavior and constraints to its capital management. In particular, we assess the extent to which the
presence of bank loan and deposit rate sluggishness affect monetary policy optimization. Moreover,
our setup allows for examining the macroeconomic implications of shocks to bank capital (as those
observed during the 2007-10 financial crisis as well as reflected in the proposal to introduce stronger
capital requirements under the Basel III agreement) and the implications of introducing risk-sensitive
capital requirements or the transitional effects of higher capital requirements. Furthermore, our model
can also shed some light on the potential effects of active macro-prudential policies over the cycle and
their interaction with monetary policy.

At the same time, our current model setup is less suited for analyzing the issues of liquidity and whole-
sale funding vulnerabilities, which arguably were other main contributing factors to the severity and
propagation of the financial crisis. The macroeconomic implications of money market disruptions and
the potential role of unconventional monetary policies have been addressed in other recent papers (see
e.g. Gertler and Kiyotaki [2009] and also Christiano et al. [2010])

The rest of the paper is organized as follows. Section 2 describes the main decision problems of the
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structural model. Section 3 presents the results of the Bayesian estimation. Section 4 explores in turn
the propagation of housing-related and productivity shocks in the estimated model. Furthermore, the
business cycle implications of the imperfect bank interest rate pass-through and bank capital constraints
are highlighted. In section 5 we investigate the optimal monetary policy responses under different
regulatory frameworks focusing in particular on the introduction of risk-based capital requirements
and macro-prudential rules. Section 6 concludes.

3 Theoretical model

The economy is modeled as a three-agent, two-sector economy, producing residential and non-residential
goods. Residential goods are treated here as durable goods. A continuum of entrepreneurs, with unit
mass, produce non-residential and residential intermediate goods under perfect competition and face
financing constraints. Then retailers differentiate the intermediate goods under imperfect competition
and staggered price setting, while competitive distribution sectors serve final non-residential consump-
tion as well as residential and non-residential investments. A continuum of infinitely-lived households,
with unit mass, is composed of two types, differing in their relative intertemporal discount factor. A
fraction (1 — w) of households are relatively patient, the remaining fraction w being impatient. House-
holds receive utility from consuming both non-residential and residential goods, and disutility from
labor. Impatient households are financially constrained.

The banking sector collects deposit from patient households and provides funds to entrepreneurs and
impatient households. Three layers of frictions affect financial intermediaries. First, wholesales banking
branches face capital requirements (which can be risk-insensitive or risk-sensitive) as well as adjust-
ment costs related to their capital structure. Second, some degree of nominal stickiness generates some
imperfect pass-through of market rates to bank deposit and lending rates. Finally, due to asymmetric
information and monitoring cost in the presence of idiosyncratic shocks, the credit contracts proposed
to entrepreneurs and impatient households factor in external financing premia which depend indirectly

on the borrower’s leverage.

3.1 Households

3.1.1 The saver’s program

The patient agents, s € [w, 1], are characterized by a higher intertemporal discount factor than the bor-
rowers, and thus act as net lenders in equilibrium. They own the productive capacities of the economy.
Each patient agent receives instantaneous utility from the following instantaneous utility function:

;( iy )1_UX M( s )1+<7LC

s _ J 1—ox t+j) 7 TI+orc Ct+j J¢]
Wi =B 27 el Lsp (nrs l+oLp St+j
j=0 - 1+orp ( Dt+.j)

where X} is an index of consumption services derived from non-residential final goods (C*®) and resi-

dential stock (D?), respectively.

1 1D
np—1 — np—1|np—1
" tefwp? (Dy) e

X; = {(1  Pup) T (CF — hsCiy)
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with the parameter 5 capturing habit formation in consumption of non-residential goods. We introduce
three stochastic terms in the utility function: a preference shock ¢?, a labor supply shock e (common
across sectors) and a housing preference shock, P. The latter affects the relative share of residential
stock, wp, and modifies the marginal rate of substitution between non-residential and residential goods
consumption. All the shocks are assumed to follow stationary AR(1) processes.

Households receive disutility from their supply of homogenous labor services to each sector, N¢,, and
N ;- The real compensation of hours worked in each sector are denoted w¢, , and wy, ;. The specification
of labor supply assumes that households have preferences over providing labor services across different
sectors. In particular, the specific functional form adopted implies that hours worked are perfectly
substitutable across sectors. Lo and L are level-shift terms needed to ensure that the patient’s labor
supply is equal to one in steady state.

The saver maximizes its utility function subject to an infinite sequence of the following budget con-

straint:

C; +QpTp, (D — (1= 68) D;_y) + Dep;
1+ Rp,—
= WD) ey 4 (1 i) (s Ny wh N )+ THTT]
(1 + 71—75) ) ) ) )

where Q) p +T'p,; is real price of housing stock in terms of non-residential goods, 17'1}° are real government
transfers and II; are real distributed profits. ¢ € (0, 1) is the residential good depreciation rate. ; is
the non-residential good inflation rate. Rp :— is the nominal interest rate paid on the one-period real
deposits Dep;.

In equilibrium, all savers have identical consumption plans. Therefore, we can drop superscripts s. We

also allow for a time-varying labor income tax, givenby 1 — 7,; = (1 = 7,,) &}".

The optimality conditions characterizing the solution of the saver’s problem are reported in the Ap-
pendix.

3.1.2 The borrower’s program

Each impatient agent b € [0, w]| receives utility from the same type of function as in the case of patient
households but with a lower discount factor 3 < ~'!:

1 )’Z l—ox _ EtL+jZB,C ( b )1+0'LC
WP=F ﬂj 1-ox t+j 1+oLc Cit+j gﬁ
¢t EtL+]‘fB,D b 1+orLp ttj
j=0 B ( D-,tJrj)

where X! is given by :

nD
np—1 1 T/D1‘| np—1

X! = [(1_4@)"2 (Cr—huCiy) ™ +ePwpp (D) ™

As regards savers, Lp ¢ and Lp p are level-shift terms needed to ensure that the impatient’s labor sup-
ply equals one in steady state.

11Variables related to the saver are denoted with a superscript b, as opposed to s, used for the savers.
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Borrowers” incomes and housing stock values are subject to common idiosyncratic shocks wg g, that
are i.i.d across borrowers and across time. @wg ¢ has a lognormal CDF F(w) with F'(w) = f(w), and
a mean of E(w) = 1. The variance of the idiosyncratic shock oy g, is time-varying. The value of the
borrower’s house is given by

WHH,t@D,tTD,t(l —8)Db_,.

Lending in this economy is only possible through 1-period state-contingent debt contracts that require

(1+RII:IH.):)
1+

monitoring or enforcement, where R%; , is the nominal lending rate.

a constant repayment of Br -1 independent of wy g, if the borrower is to avoid costly loan
The borrower can default and refuse to repay the debt. Savers cannot force borrowers to repay. Instead
lending must be intermediated by commercial banks that have a loan enforcement technology allowing

them to seize collateral expressed in real terms
wHH,tzlequ,t = (1 — xun)@ruQpTp.(1— 8D,

at a proportional cost prHWHH,: Ay m,+ when the borrower defaults.

€ (0,1) determines the deadweight cost of default, 0 < xgg < 1 represents housing exemptions.
It defines the maximum loan to collateral ratio (often called the Loan-to-Value Ratio) that the bank is
willing to grant against each component of the collateral . Conditional on enforcement, the law cannot
prevent the bank from seizing wg i s Agm . Suppose first that the borrower does not have access to any
insurance against the wg g + shock. Whenever @y, < @+ the borrower prefers to default and lose

(L+ Riip,)

— ib
HH,t—1 = WHH,tAHH,t
1 + Tt

ib
WHH,tAHH,t

when the bank enforces the contract. On the other hand when @+ > @rm,+ the borrower prefers to

1+RE = 1+RE
pay %BHH’tfl rather than lose wHH,tAHH,t > %BHH,tfb

To be able to use a representative agent framework while maintaining the intuition of the default rule
above, we assume that borrowers belong to a large family that can pool their assets and diversify away
the risk related to wp g ¢ after loan repayments are made. As in Lucas [1990] and Shi [1997], The family
maximizes the expected lifetime utility of borrowers with an equal welfare weight for each borrower.
The payments from the insurance scheme cannot be seized by the bank. As a result, despite the in-

(1+R¥p..) _ .
7'BHH,t—1 when WHHt < WHHt- Like

surance the bank cannot force the borrower to repay
the individual borrowers, the family cannot commit to always repay the loan (or make up for any lack
of payment by a borrower), even though from an ex-ante perspective it is optimal to do so. Ex-post,
from the perspective of maximizing the expected welfare of the borrowers, for any given Rj; , it is

optimal to have borrowers with wy g < @Wgp+ default and borrowers with wyp: > W, repay

1+RE
%BHH,tfl-

Given the large family assumption in particular, households decisions are the same in equilibrium.
Therefore, we can drop the superscript b.

By pooling the borrowers’ resources, the representative family has the following aggregate repayments
and defaults on its outstanding loan:

N THH,t ~
H@ua)Aume = (1 — F(@Waa,.))@HH, +/ WdF | Anm -
0
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On the commercial lending bank side, the profit made on the credit allocation is given by

(1+ Rymi—1)

B _1>0
1+ HH{t—1 =

G(@uus)Anm: —

with _
G@aut) = (1 — Fi(@Waut))@am: + (1 — MHH)/ - wdF,
0

Rpp 1 is the interest rate at which the commercial lending bank gets financing every period while
RE 1, is the state-contingent lending rate. Competition among banks will ensure that profits are null
in equilibrium. The zero profit condition could also be seen as the borrowing constraint in this model.
Notice that this constraint always binds as long as it can be satisfied.'” In contrast, the hard borrowing
constraint in Kiyotaki and Moore [1997] or lacoviello [2005] may not bind, even though authors using
that framework assume it always binds to allow the use of perturbation methods."® The caveat, is that
if a new shock significantly lowers the value of Ay H,¢ it may be impossible to find a default threshold
that allows the bank to break even on the loan with the risk free rate. This should not be a major concern
except for very low aggregate shock values.'*

With the assumption of perfectly competitive banks we can represent the problem of borrowers as if they
choose default thresholds as a function of the aggregate states directly, subject to the bank’s participation
constraints.

Each borrower maximizes utility function with respect to (C;, Dy, By, mi@HHt, Ne s Np ;) subject to an
infinite sequence of real budget constraints'’:

ét + @D,tTD,t (Et - (1 — 6) 5t—1) + H(EHH,t)AHH,t = BHH,t + ﬁt

+weNey +wp  Npy

and the zero profit condition for the commercial lending banks.
We report the first order conditions for this problem in the Appendix.

3.2 Labor supply and wage setting

The labor market structure is modeled following Schmitt-Grohe and Uribe [2006]. In both countries,
households of each type (patient, impatient) provide homogeneous labor services, which are trans-
formed by monopolistically competitive unions into differentiated labor inputs. As a result, all house-
hold of the same type supply the same amount of hours worked in each sector, in equilibrium.

We assume that in each sector j € {C, D} there exist monopolistically competitive labor unions indexed
representing the patient and impatient households. Unions differentiate the homogeneous labor pro-
vided by households, N, from savers and N i+ from borrowers, creating a continuum of measure one of
labor services (indexed by z € [0, 1]) which are sold to labor packers.

12]f the constraint were slack, the lender could always reduce the borrower’s expected repayments while still respecting the
constraint by reducing @ g 7 ¢

13This may be a reasonable assumption for small shocks, but it can be a bad approximation for larger shocks that may be of
concern to policymakers.

141n our calibrations, the balanced growth path value of the Loan to Value ratio (LTV) G(@ g ,+) is around 0.5. This suggests
that we would need shocks that cause extremely large movements in the LTV on impact before we violate the upper bound on the
LTV. See the appendix in Bernanke et al. [1999] for a discussion of the same issue in their model.

15We use the non-residential goods price level as a deflator.
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Then perfectly competitive labor packers buy the differentiated labor input and aggregate them through
a CES technology into one labor input per sector and households type. Finally the labor inputs are
further combined using a Cobb-Douglas technology to produce the aggregate labor resource L ; and
L p; that enter the production functions of entrepreneurs (see later). We specify the details of the labor
packers profit-maximization problem below.

Fori € {B, S}, L;, measures aggregate labor input for household type i and sector j,

1 . Hw
L= U Lj,i,t(Z)“de]
0

while W ; ; denotes the aggregate nominal wage for type ¢ and sector j :

1—pw

1 1
Wj%t = |:/ W‘%t(z)luwdz}
0

Each union thus faces the following labor demand (originating from sector-specific labor packers):
Wiia(2) 7T

where z € [0,1], g, = 931 ; and 6, > 1 is the elasticity of substitution between differentiated labor

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

1—’yj’i

Wiie(z) = ] [T Wi (2)

where II, = Pf’ +— and 72" denotes the degree of indexation in each sector, for each type. Taking into

account that unions might not be able to choose their nominal wage optimally in the future, the optimal

nominal wage /I/I7j7i7t (2) is chosen to maximize intertemporal utility under the budget constraint and the
labor demand function. The Appendix reports the first order conditions for this program written in a
recursive form, and an expression for the aggregate wage dynamics.

Market clearing conditions between household supply of homogenous labor services and unions differ-

entiated labor input imply for j € {C, D}:

1
whNj = / Ljpi(2)dz=AYp LBt
0

and .
(1-w)N,, = / Ljsi(z)dz= AV L st
0

The final aggregate by labor packers uses a Cobb-Douglas production function as follows:

(1-w) ~ w
N; N;
Li=w’(1—- w)(l—w) (ij’t ) (Awﬂvt )
4,8,t 4,B,t
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where cost minimization implies

ot e = oy,
Aw 7, Bt — Aw 7,8t
7Byt 7,85t

and leads to the following aggregate wage per sector

(Wys) ™ (Wipe)”
w?(l —w)l—w

Wi =

The term AY, , denotes wage dispersion in sector j, related to agent i. Notice that wage dispersion is

Jsit
inefficient, as all job varieties are ex-ante identical '°.

3.3 Non-financial corporate sectors

3.3.1 Entrepreneurs

Entrepreneurs are also more impatient than household savers and have a discount factor g < 3. They
receive utility from their consumption of non-residential goods. They are in charge of the production of
intermediate residential and non-residential goods, and operate in a perfectly competitive environment.

They do not supply labor services. Their intertemporal utility function is given by

E E l—oce
(Ct+j - hECt+j—1) B
t4j

WF=E, Z (Br)’

1—-o0
>0 cr

Non-residential intermediate goods are produced with capital and labor while residential intermediate
goods combine capital, labor and land. In every period of time, savers are endowed with a given amount
of land, which they sell to the entrepreneurs in a fixed quantity. We assume that the supply of land is
exogenously fixed and that each entrepreneur takes the price of land as given in its decision problem.

Entrepreneurs make use of Cobb-Douglas technology as follows:

Zi(e) = 524 (utc(e)Ktcll(e))ac Ltc(e)l_ac - Qc Ve € [0,1]
Zpule) = &P (U?(B)Kt]zl(e))(w LY (e)' 7P £ Ly(e)* — Qp

where £7* and ;'” are an exogenous technology shocks and £, (e) denotes the endowment of land used
by entrepreneur e at time ¢. Capital is sector specific and is augmented by a variable capacity utiliza-
tion rate us. MCy and MCp ; denote the selling prices for intermediate non-residential and residential
products.

Entrepreneurs’ fixed capital are subject to common multiplicative idiosyncratic shocks wg . As for
households, these shocks are independent and identically distributed across time and across entrepreneurs
with E(wg+) = 1, and a lognormal CDF FZ(wp ;). Here again, the variance of the idiosyncratic shock

o g, 1s time-varying.

As for borrowers, entrepreneurs only use debt contracts in which the loan rates can be made contingent
on aggregate shocks but not on the idiosyncratic shock wg ;. Entrepreneurs belong to a large family

that can diversify the idiosyncratic risk after loan contracts are settled, but cannot commit to sharing

165ee Schmitt-Grohe and Uribe [2006]
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the proceeds of this insurance with banks. Banks can seize collateral wg ;A ; when the entrepreneur
refuses to pay at a cost of @ + Ag +. The value of the collateral that the bank can seize is

wpAps = wpi(1— xp)(1 - 6x)(QY K + QP KL ,)

We assume that the capital utilization rate is predetermined with respect to the idiosyncratic shock to
facilitate aggregation. x g reflect the ability to collateralize capital This specification relates to models
where only capital serves as collateral as in Gerali et al. [2009] or Kobayashi et al. [2007].

Aggregate repayments or defaults on outstanding loan to entrepreneurs are:

. TWE,t B
HE(ﬁE’t)AEyt = [(1 - FtE(ﬁE’t))ﬁE,t +/ ﬁdFtE]AEyt.
0

On the commercial lending bank side, the profit made on the credit allocation is given by

~ (1 + RE,t71)

GE(@E4)Ap, — Bpi_1>0
(WE,t) Et 1+ Et—-1 Z

with

TE,t

GE(ﬁEyt) = (1 — FtE(ﬁE’t))ﬁEgt + (1 — ,uE)/ ﬁdFtE
0

Rp,—1 is the interest rate at which the commercial lending bank gets financing every period while Rf; ,
is the state-contingent lending rate to entrepreneurs.
Overall, each entrepreneur maximizes its utility function with respectto (CE, K&, KP uf ,uP, B %, L

subject to an infinite sequence of real budget constraints

CF +QF (K — (1= 0x)K{y) + QP (K — (1 =6 )K{) + HE (@p ) Apy
= B, +MCZi+MCpZpr — Wi Loy —Wp  Lp i — puly

—® (uf) Ky — @ (u) K2+ TTF
together with the participation constraints for the ban_ks.We assume the following functional form for the
adjustment costs on capacity utilization: ®(X) = @ (exp {1—% (X — 1)} - 1) . Following Smets
and Wouters [2007], the cost of capacity utilization is zero when capacity is fully used (®(1) = 0). py;
denotes the relative price of land deflated by non-residential goods price.
We report the first order conditions for this problem in the Appendix.

3.3.2 Retailers and distribution sectors

Retailers differentiate the residential and non-residential goods produced by the entrepreneurs and op-
erate under monopolistic competition. They sell their output to the perfectly competitive distribution
sectors which aggregate the continuum of differentiated goods. The elementary differentiated goods are

imperfect substitutes with elasticity of substitution denoted £25 and ;£ for the residential and the

non-residential sectors respectively. The distributed goods are then produced with the following tech-
1 HD 1 Iz
nology Yp = { f01 Zp(d)rp dd] and Y = [ f01 Z (c)ﬁdc] . The corresponding aggregate price indexes

1 1 . 1—
are defined as Pp = { fol pp(d)™=+D dd] " for the residential sector and P = { fol p(c) ﬁdc] " for the
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non-residential sector. The distribution goods serve as final consumption goods for households and are
used by capital and housing stock producers.

Retailers are monopolistic competitors which buy and the homogenous intermediate products of the
entrepreneurs at prices M C; for the non-residential intermediate goods and M Cp ; for the residential
intermediate goods. The intermediate products are then differentiated and sold back to the distributors.
Retailers set their prices on a staggered basis a4 la Calvo [1983]. In each period, a retailer in the non-
residential sector faces a constant probability 1 — ¢ (resp. 1 — {p in the residential sector) of being able
to re-optimize its nominal price. If they cannot re-optimize their price, the price evolves according to

the following simple rule in each sector:

717
pi(c) Hlfl ul

PD,t(d) = HWDD,tflﬁ

’cht—l(c)
1—
7DPD,tA (d)

with y¢ and vp denoting price indexation. The demand curves that retailers face in each sector follow
KD

2000 (58) w700 (1)

3.3.3 Capital and housing stock producers

Using distributed residential and non-residential goods, a segment of perfectly competitive firms, owned
by the patient households, produce a stock of housing and fixed capital. At the beginning of period
t, those firms buy back the depreciated housing stocks from both households types (1 — §)D;—; and
(1 — 6)D;_; as well as the depreciated capital stocks (1 — 6x)KS ;, (1 — 0x)K[, at real prices (in
terms of consumption goods) Qp Tp+, @ p.tID 4, QP, Q¢ respectively. Then they augment the various
stocks using distributed goods and facing adjustment costs. The augmented stocks are sold back to en-
trepreneurs and households at the end of the period at the same prices. The decision problem of capital
and housing stock producers is given by

QY (Kf —(1—d0x)KZ ) —IF

- QP (KP — (1 —6x)KP ) —IP
—o QpiITpi(Dy—(1—0)Di—1) —Ipy
QpiTpi(Dy — (1 =8)Dy_1) —Ipy

max _ K
{KE ,KP,IC 1P .Dy,Dy,Ip ¢, Ip .}

subject to the constraints

IC

KC:(1—5K)K31+[1—S(g
KP = (1 -a)KP, +[1-5(

I~

[

P

~

D
t

o
———
(R

~

D
t

~
-

Dy=(1-8)Diy +[1-Sp (IgD_ ) 0.
Dy = (11— 5)5#1 + [1 - Sp (f?,il)] fD,t

S and Sp are non-negative adjustment cost functions formulated in terms of the gross rate of change
in investment and ¢/ is an efficiency shock to the technology of fixed capital accumulation, common
to both sectors. The functional forms adopted are S (z) = ¢/2 (z — 1) for fixed capital stocks and
Sp (x) = ¢p/2 (x — 1) for housing stocks.
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3.4 The Banking sector

The banking sector is owned by the patient households and is segmented in three parts. Following
Gerali et al. [2009], each banking group is first composed of a wholesale branch which gets financing in
the money market and allocates funds to the rest of the group, facing an adjustment cost on the overall
capital ratio of the group. The wholesale branch takes the bank capital and the dividend policy as given
in its decision problem and operates under perfect competition. The second segment of the banking
group comprises a deposit branch which collects savings from the patient households and place them
in the money markets as well as two loan book financing branches which receive funding from the
wholesale branch and allocate them to the commercial lending branches. In this second segment, banks
operate under monopolistic competition and face nominal rigidity in their interest rate settings. The
third segment of the banking group is formed by two commercial lending branches which provide loan
contracts to impatient households and entrepreneurs. The commercial lending branches are zero profit

competitive firms.

3.4.1 Wholesale branch

The perfectly competitive wholesale branches receives deposits Dep}*?, from the retail deposit banks,
with an interest rate set at the policy rate I2;. Taking as given the bank capital Bankcap; in real terms,
they provide loans B}, and B, , at interest rates R}’ and R}, ,to the loan book financing branches
for lending to entrepreneurs and households respectlvely. When deciding on deposits and loans, the
wholesale banks are constrained by an adjustment cost on bank’s leverage. This friction is meant to cap-
ture the capital requirement pressures on the banks behavior. For this reason, we assume that wholesale
banks target a capital ratio of 11% and the quadratic cost is supposed to illustrate the various interactions
between banks’ balance sheet structure, market disciplining forces and the regulatory framework.'” On
the one hand, this reflects that owing to pecuniary and reputational costs banks are keen to avoid getting
too close to the regulatory minimum capital requirement and hence tend to operate with a substantial

buffer over that minimum capital ratio.'®

On the other hand, bank capital is costly relative to other
sources of financing (like deposits and bond issuance) implying that banks tend to economize on the
amount of capital they hold."

Under the Basel I-like capital requirement regime, the bank’s static profit maximization problem can be

formulated as follows where all quantities are expressed in real terms

Xwb Xuwb Bankcap,

wb wb wb wb
Rifhs Bt + RE1BEy — RuDe] 058y, + By,

—0.11)%2Bank
B By 5 0.11)"Bankcap,

subject to the balance sheet identity

BHHt + B b= = Dep!® + Bankcap,

7The 11% capital ratio target corresponds to the average (risk-adjusted) total capital ratio of the around 100 largest euro area
banks for the period 1999-2008; according to Datastream (Worldscope).

18There is a rich literature providing evidence that banks” operate with substantial capital buffers; for some recent studies see
e.g. Ayuso et al. [2004], Bikker and Metzemakers [2004], Berger et al. [2008], Gropp and Heider [2009], and Stolz and Wedow
[2005].

For example, ECB estimates of the cost of equity, cost of market-based debt (i.e. bond issuance) and the cost of deposits for
euro area banks show that the former was on average around 6.7% in the period 2003-2009. During the same period, banks’ cost
of raising debt in the capital markets was around 5%, while their average cost of deposit funding was close to 2%.
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As in Gerali et al. (2009) the derived lending spreads emphasize "the role of bank capital in determining
loan supply conditions". Hence, on the one hand, if the spread between the lending rate and the policy
rate is positive, the bank would have an incentive to increase profits by raising loan volumes. This,
on the other hand, would increase its leverage, which is however penalized by regulatory rules and
market disciplining forces; as the capital ratio moves away from its target, which poses a cost to the
bank. The bank’s decision problem is therefore finely balanced between boosting its profits via increased
leverage and retaining control of its capital structure. Moreover, a key point to notice for our Basel I-type
specification is that the bank’s target capital ratio is insensitive to changes in borrower risk over time. In
addition, reflecting the risk weighting of the Basel I regulatory framework, household loans are given a
(fixed) risk weight of 50% whereas the risk weight attached to corporate loans is 100%.

The decision problem of the wholesale bank leads to the following condition on the spread between the
lending rate and the policy rate

B Bank
}Ull}u SR =yl aglkcapt . —0.11)( a;z capy ; )20'5
' 0.5Byy . + BE) 0.5BY 7y + BE)
Bankca Bankca
REY — R = —xun( bt 0.11)( Pt__y2

0.5Byh; , + BE, 0.5BYy , + Bl

When the leverage of the bank increases beyond the targeted level, banks increase their loan-deposit
margins.
The capital base of the wholesale branch is accumulated out of retained earnings form the bank group
profits

Bankcap, = (1 — 6“*)Bankcap,_1 + v°II°

where §*° represents the resources used in managing bank capital, II? is the overall profit of the bank
group and »/* is the share of profits not distributed to the patient households.

3.4.2 Imperfect pass-through of policy rate on bank lending rates

The retail deposit branch and the loan book financing branches are monopolistic competitors and set
their interest rates on a staggered basis with some degree of nominal rigidity a la Calvo.

Retail deposit branch The deposits offered to patient households are a CES aggregation of the dif-

1 235}
ferentiated deposits provided by the retail deposit branches: Dep = [ fol Dep(j)"p dj] , expressed

in real terms. Retail deposits are imperfect substitute with elasticity of substitution #%%1 < —1. The
1 1—pf

corresponding average interest rate offered on deposits is Rp = [ fol Rp(j) "B dj

Retail deposit branches are monopolistic competitors which collect deposit from savers and place them
in the money market. Deposit branches set interest rates on a staggered basis @ la Calvo (1983), facing
each period a constant probability 1 — ¢& of being able to re-optimize their nominal interest rate. When
a retail deposit branch cannot re-optimize its interest rate, the interest rate is left at its previous period
level:

Rp+(j) = Rpt-1(5)
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The retail deposit branch j chooses Rp ;(j) to maximize its intertemporal profit.

E, [Z (ng)k Aer (Rt+kD6pt+k(j> - ét,D(j)Dept+k(j))]
k=0 t

. o —-HD __MD
where Dep; 1 (j) = (RR?’Tt(,])) S (%) "ol Depyy and A, is the marginal value of non-residential
consumption for the households savers.

A markup shock e , is introduced on the interest rate setting.

Loan book financing branches As for the retail deposit branches, loan book financing branches pro-

vide funds to the commercial lending branches which obtain overall financing through a CES aggre-
1 123}

gation of the differentiated loans: Bp: = { fol Bg+(j)"# dj:| as regards commercial loans to en-

1 HHH
trepreneurs and By = [ fol Buwi(j) By dj] as regards commercial loans to households. Loans

Hg and “?IH
R R -
pwp—1 KW=l

from loan book financing branches are imperfect substitute with elasticity of substitution
1. The corresponding average lending rate is

R
1 1—phn

1
and RHH = |:/ RHH(]) -y dj
0

1—pf

Rp = U:REU)*M]

Loan book financing branches for each segment of the credit market are monopolistic competitors which
levy funds from the wholesale branches and set interest rates on a staggered basis 4 la Calvo (1983),
facing each period a constant probability 1 — ¢£ and 1 — ¢&; of being able to re-optimize their nominal
interest rate. If a loan book financing branch cannot re-optimize its interest rate, the interest rate is left
at its previous period level:

Ruyui(j) = Runi-1(J)
Rp(j) = Rpi-1(j)

In each sector i € {E, HH?}, the loan book financing branch j chooses R; ;(j) to maximize its intertem-

poral profit.
E; [i (R 2 (R () Buren ) R;ffo)Bi,m(j))]
k=0 ¢
ugt M
where B; 111(j) = (RR;(tJ))*ﬁ (%)_u{‘—l Bisin.

As for deposit rates, we add markup shocks e}, , and e , to the staggered nominal lending rate set-

tings.

Commercial lending branches Commercial lending branches are delivering credit contracts for en-
trepreneurs and household borrowers. Those branches are perfectly competitive and in equilibrium
have zero profits. Details on the credit contract and the decision problems for the commercial lending

branches are provided in the sections on entrepreneurs and household borrowers.
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3.5 Government and monetary authority

Public expenditures G are subject to random shocks ¢'. The government finances public spending with
lump-sum transfers.

Monetary policy is specified in terms of an interest rate rule targeting inflation, output and their first
difference as well as changes in the relative price of housing. Written in deviation from the steady state,
the interest rate rule used has the following form:

re = prie1 + (L= p) (rami—1 + ry¥e-1) + ranAm + vy, Ayy + 1, Atpy +log (ef)

where lower case letters denote log-deviations of a variable from its deterministic steady-state.

3.6 Market clearing conditions
Aggregate domestic demands for non-residential goods are given by:

Y, =wC+ (1 —w)C, + I + TP + Gl + & (u€) KC + @ (uP) K2,
Aggregate non-residential productions satisfy:

1—
Zy=ef (uCKZ )" (L) — Qe
Market clearing condition in the non-residential goods markets leads to the following relations:

Zy =AYy

Py
Similarly, aggregate production of residential goods reads:

[
where A, = fol (p’—(c)> " dc measures price dispersion among intermediate products.

l—ap—ar

t £ —Qp

A Dy D \*P (1D
Zpr=¢; " (ut thl) (Lt )
Market clearing condition for the residential markets is

ZD,t = AD,t {w (-5t — (1 — 5)5t71> + (1 — LU) (Dt — (1 — 5)Dt71)
1D
where Ap; = f01 (%‘(td)) 27" dd measures price dispersions among non-residential intermediate
goods.
On the credit market, due to nominal rigidity in the setting of interest rate by retail banking branches,
the following conditions holds

By, = wARy,Brw:
Bg?t = Ag,tBE,t
Dep;”b = (1- w)Ag’tDept

R
ot
where A, = fol (RR;SJ)) “'“'dj i € {E,HH, D} are dispersion indexes among retail bank interest

rates.
Aggregate bank profit is given by

Xwb ( Bankcap,

1’ = wRym B +Rp Bpi— (1 —w)RpDep; — 222
t — WIRHH tDHH t EtDEt ( w) D, tLJEPt '0~5B%I}{,t+3gi

> —0.11)* Bankcap;
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3.7 Alternative commercial lending contracts

Compared with the benchmark model presented above, we consider two additional variants for the
credit contracts proposed to households and firms.

First, we assume now that the commercial lending branches propose credit contracts where the lending
rate is not contingent on the realization of aggregate uncertainty.

Second, we consider a specification of the credit frictions which does not allow for strategic default and
which consists in constraining the amount of new loans by the value of the available collateral. The
modeling strategy using binding collateral constraints is similar to Gerali et al. [2009].

4 Bayesian Estimation

The model is estimated euro area data using Bayesian likelihood methods. We consider 15 key macroe-
conomic quarterly time series from 1986q1 to 2008q2: output, consumption, non-residential fixed in-
vestment, hours worked, real wages, CPI inflation rate, 3 month short-term interest rate, residential
investment, real house prices, household loans, non-financial corporation loans, households deposits,
bank lending rates on household loans, on non-financial corporation loans and on household deposits.
All real variables and real house prices are linearly detrended prior to estimation. Inflation and nominal
interest rates are mean-adjusted (see the calibration section for more details). Full description of the
dataset is provided in the Appendix.

We summarize here the exogenous stochastic shocks that we introduce:

e Efficient shocks: AR(1) technology (¢£* (common to both sectors), AR(1) housing-specific technol-
ogy f—:fD), AR(1) non-residential investment specific productivity (el), AR(1) labor supply (eh,
AR(1) public expenditure (¢§), AR(1) consumption preferences (), AR(1) housing preferences
()

e Inefficient shocks: i.i.d price markup (¢¥), AR(1) interest rate markups on deposits and loans (5%7”

R R
EHHt 5E,t)-

e Riskiness shocks: the standard deviation of the idiosyncratic risk for impatient households and
entrepreneurs is subject to AR(1) shocks (% 4, €% )

e AR(1) bank capital shock (eBankear)
e Monetary policy shock (¢f?).

As regards behavioral parameters, we chose to limit the number of estimated coefficients by bringing
some symmetry across sectors and agents.We estimate the parameters driving the adjustment costs on
residential and non-residential investment, ¢, ¢, which are the same across household types and sec-
tors respectively. The parameter on capacity utilization adjustment cost ¢ is also the same for both
sectors. Concerning preference parameters, the intertemporal elasticity of substitution, ox, is similar
for the two household types, the labor supply elasticity, o, is the same across household types and
sector-specific labor service, whereas the habit parameter, £, is equalized across all agents. The Calvo
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parameters on nominal wage rigidity, o.,c, awp, are the same for both household types while we in-
troduce a single indexation parameter v,,. The Calvo parameter on non-residential retail goods price
setting, {c, and the associated indexation coefficients, v¢, are estimated while in the residential goods
sector, we estimate the Calvo parameter, £p, and set the indexation parameter, vp, to zero. On the imper-
fect interest rate pass-through, we draw some inference on the three coefficients driving the staggered
rate setting on deposits and loans, ¢&, ¢£ ., ¢&. The adjustment cost on banks’ capital structure, X, is

also estimated. Finally the parameters in the Taylor rule are p, 1, 7y, raz, A, , T

Ay Tyt
In the benchmark estimation, we do not introduce the share of households borroli/vers. As argued later
on, given the weak identification of the parameter and the lack of observable data on households het-
erogenous features, we calibrated this parameter to achieve realistic debt structure in the steady state. At
the same, some inference and sensitivity analysis on this coefficient is presented thereafter. Calibrating

the share of borrowers is also symmetric to our assumption that all firms are financially constrained.

4.1 Calibrated parameters and steady state

Some parameters are excluded from the estimation and have to be calibrated. These are typically pa-
rameters driving the steady state values of the state variables, for which the econometric model based
on detrended data is almost noninformative.

The discount factors are calibrated to 0.995 for the patient agents and 0.96 for the impatient agents
and entrepreneurs “’. The implied equilibrium real deposit interest rate is 2% in annual terms”'. The
depreciation rate for housing, 4, is equal to 0.01, corresponding to an annual rate of 4%, whereas the
depreciation rate of capital, dx, is set to 0.1. Markups are equal to 1.3 in the goods markets (for both
nonresidential and residential goods) and 1.5 in the labor market (in each sector). The relative share
of residential goods in the utility function, wp, is set to 0.1 for both household types. The value is
chosen to pin down the steady state ratio of residential investment to GDP. The intratemporal elasticity
of substitution, 7p, is equal to 1. The intertemporal elasticity of substitution of entrepreneurs is set
to 1 (o¢g). The relative shares of inputs in production are 0.3 for capital («) and 0.7 for labor in the
nonresidential goods sector, while in the residential sector we assign a weight equal to 0.1 to land (o),
and reduce the share of capital to 0.2 (ap), in order to maintain the level of labor intensity unchanged.
The markups on loan and deposit rates are calibrated so that the margin between the loan rate and the
deposit rate is 100 bps in annual terms, while the annual spreads on lending rates to households and
entrepreneurs are 200 bps and 120 bps, respectively. Those numbers are very close to the historical av-
erages from 1999Q1 to 2008Q2.%% Given the discount factors and the markups on retail interest rates, the
steady state value for the default cut-off points @Wg, @xx are numerically determined by the modified
Euler equations of borrowers and entrepreneurs. Once those cut-off points are computed and assuming
monitoring costs of 0.2 for non-financial corporations, y g, and 0.15 for households, p g, the standard

deviations of the idiosyncratic shocks are adjusted to reproduce default frequencies for impatient house-

205ee e.g. lacoviello [2005] and Iacoviello and Neri [2009] and Monacelli [2009] for a thorough discussion of the calibration of
the discount factors in a similar setup.

21The steady-state level of the interest rate is pinned down by the savers’ intertemporal discount factor.

22We confine the calibration of the loan-deposit margin and the lending spreads to the period starting in 1999Q1, as due to the
convergence of interest rates prior to the introduction of the euro there was a gradual downward level shift in loan and deposit
rates in the years preceding 1999. Because of this structural shift in the level of rates, for the steady state calibration we apply the
pattern of loan and deposit rates for the euro-period only.
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holds and firms of 0.3% and 0.7% respectively.”’

Finally, we set in the benchmark estimation the share of borrowers w at 0.25. The loan-to-value ratio
(determined by the terms (1 — xg) for non-financial corporations and (1 — x gz ) for impatient house-
holds) are then determined to ensure plausible debt to GDP ratio in the steady state. With (1 — xg) at
0.6 and (1 — xmm) at 0.2, the share of corporate loans to annual GDP is around 33% while the share of
household housing loans to annual GDP is around 25%. This calibration is close to the levels recorded
in the euro area around the year 2000 as well as to their historical average levels since 1980. Besides, the
loan-to-value (LTV) ratio are consistent with the available range of estimates.”

4.2 Prior distributions

The standard errors of the structural shocks are assumed to follow a Uniform distribution, while the
persistence parameters follow a Beta distribution with mean 0.5 and standard deviation 0.2.

About the parameters of the monetary policy reaction function, we follow Smets and Wouters [2005]
quite closely. The interest rate smoothing parameter follows a Beta distribution with parameters 0.75
and 0.1. The parameters capturing the response to changes in inflation and output gap follow a Gamma
distribution with parameters 0.3 and 0.1, and 0.12 and 0.05, respectively. Concerning the response to
inflation and output gap, the prior distributions are a Normal with mean 2.5 and standard deviation
0.25, and a Gamma with parameters 0.12 and 0.05, respectively. The prior on the level inflation terms
has been increased compared with the empirical DSGE literature as the determinacy region in the two-
sector economy considered in this paper requires stronger reaction to price pressures.

About preference parameters, the intertemporal elasticity of substitution, which is common to both
household types, follows a Gamma distribution with mean 1.2 and standard deviation 0.2. The habit
formation parameter is also the same savers, borrowers and entrepreneurs, following a Beta distribu-
tion with parameters 0.75 and 0.1. The elasticity of labor supply is the same for both household types
and sectors, and has a Gamma(1.5, 0.1) prior distribution. On the production side, the adjustment cost
parameters for fixed investment and the capacity utilization elasticity, which are common to both sec-
tors, follow respectively a Normal(4, 1.5) and a Beta(0.5, 0.15) prior distributions. The prior distribu-
tion regarding the adjustment cost parameter for residential investments of savers and borrowers is a
Gamma(1,0.5). About nominal rigidities, the Calvo parameters for price setting in the non-residential
sector and wage settings in each sector are distributed according to a Beta distribution with mean 0.75
and standard deviation 0.05”°. The indexation parameters are instead centered around 0.5, with a stan-
dard deviation of 0.15. In the residential sector, we set lower priors for the nominal price rigidities, with

a Beta(0.2,0.1) given assumptions made in the literature on the flexibility of housing prices (see Iacoviello

2This is consistent with corporate default statistics from Moody’s, the rating agency, which show an average default rate on
(non-US) non-financial corporate bonds of 0.75% for the period 1989-2009. Household default rates can be approximately derived
using the loan write-off data in the ECB’s MFI balance sheet statistics. Computing the ratio of average write-offs on mortgage
loans to corporate loans for the period of available data (2001-2009) it is found that the share of defaulting mortgage loans to
corporate loans is c. 45%. Hence, using the non-financial corporate default rate derived from Moody’s implies an approximate
mortgage default rate of 0.34%; i.e. close to our steady state calibrated value.

24TV ratios for euro area housing loans differ across countries, but tend on average to lie in the range of 0.7-0.8%; see ECB
(2009), "Housing Finance in the Euro Area", Occasional Paper no. 101. LTV ratios can be approximated by the debt-to-financial
asset ratio of the non-financial corporate sector, which on average between 1999-2009 was around 0.45.; sources: ECB and Eurostat
and ECB calculations.

ZIn the estimation exercise we impose that the same level of nominal rigidity applies to the saver’s and borrower’s wages in a
given sector. Such restriction is motivated by the availability of sector-specific, as opposed to individual-specific data on wages.

ECB

Working Paper Series No 1251
October 2010




ECB

and Neri [2009] for example). We do not introduce indexation on past inflation in the residential sector
price setting.

Turning to the Calvo parameters driving the imperfect pass-through of policy rate on lending rates, we
choose fairly uninformative priors with Beta(0.5,0.2). The sensitivity of bank spreads on bank capital
ratio inadequacy has relative tight priors, with a Gamma(20,2.5), as in Gerali et al. [2009]. Finally, in the
benchmark model, the share of borrowers is not estimated but in alternative specifications we introduce
priors following Beta distribution, with mean 0.35 and standard deviation 0.05. This choice is similar to
the one of lacoviello and Neri [2009]. The model is still well-defined when the share of borrowers goes
to zero so that the estimation of the parameters is not affected by a singular point in zero.

4.3 Posterior distributions

We performed Bayesian estimations on various specifications of the theoretical model described previ-
ously. Thereafter we call benchmark specification the version of the model where commercial lending
rates are state-contingent. We also consider the estimation of models with pre-determined lending rates
or with binding collateral constraints. Regarding the range of free parameters for the estimation, the
inclusion on the share of borrowers as well as some correlations between structural shocks will be con-
sidered.

Tables 1 and 2 report the mode, the mean and the 10th and 90th percentiles of the posterior distribution
of the structural parameters for the benchmark model and the pre-determined lending rate specification.
Table 3 presents the estimation results for the model specification assuming always binding collateral
constraints. When comparing the marginal data density of the three model specifications, it clearly
appears that the benchmark version delivers the best statistical performance with a log data density of
-432.1. The model with binding collateral constraints, which should be seen as relatively close to Gerali
et al. [2009], has the lowest log data density, at -650, while the model with predetermined lending rates
leads to intermediate level, at - 579.3.

Thereafter, we concentrate on the parameter estimates, emphasizing those features that are more closely
related to our expanded modeling framework with respect to the sectoral structure of the economy
and financial frictions. Among the stochastic exogenous disturbances, the posterior distributions for
autoregressive coefficients turned out to be very close to unity for several shocks, notably those related
to the housing sector, housing preference and productivity shocks, and to loan dynamics, risk shocks on
households and entrepreneurs (or alternatively loan-to-value ratio shocks for the model with binding
collateral constraints). Visual inspection of de-trended real house prices and loan data over the sample
indeed suggest very high degrees of persistence which are not well captured by the internal propagation
of the model. The mark-up shocks on bank interest rates also display high autoregressive coefficients
with the notable exception of lending rates to households for which lower inertia seems to compensate
for higher nominal rigidity (see thereafter).

Turning to behavioral parameters, qualitative similarities appear across model specifications. This con-
cerns first the real rigidities on non-residential investment and capacity utilization as well as the nominal
rigidities wage setting and on price setting in the non-residential sector. In all estimations, the labor sup-
ply elasticity as well as the inflation term in level in the monetary policy rule are weakly identified. The
various estimations do not support the evidence of meaningful specific reaction of monetary policy to
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Then the Calvo parameters on the imperfect adjustment of lending rates are estimated to be the lowest
for deposit rates, at around 0.3 in the benchmark estimation, the highest for lending rates to households,
ataround 0.9 in the benchmark estimation, and somewhat in between for lending rates to entrepreneurs,
ataround 0.75 in the benchmark estimation. The higher flexibility of deposit rates is also found by Gerali
etal. [2009] and is most likely due to differences in the maturity structures of the various composite rates
which cannot be accounted for by the one-period loans considered in the DSGE model.

Finally, the posterior distribution for the adjustment cost on banks’ capital structure, x., stays very
close to its prior distribution in all model specifications. At the same time, having experimented with
alternative priors, the posterior distribution could eventually depart significantly from the prior one,
therefore suggesting that data are somewhat informative about this parameter.

The main difference in the estimation results of the three model specifications relates to the real and nom-
inal rigidities for the residential sector. The benchmark estimation leads to an adjustment cost parameter
for residential investment, ¢p, of around 0.2 at the mode. The degree of nominal rigidity is then quite
elevated with a posterior mode for the Calvo parameter on residential prices of 0.81. By contrast, the es-
timation of the models with pre-determined lending rate or binding collateral constraints points to low
nominal rigidities and no adjustment cost on residential investment. As we will see later, the real rigidi-
ties in the residential sector have compounded effects on macroeconomic propagation through house-
holds” borrowing constraint and consequently households” consumption expenditures. Compared with
the benchmark specification, the response of consumption to economic disturbances under binding col-
lateral constraints is very sensitive to adjustment costs on residential investment. Overall, it seems that
data call for some degree of real rigidity in the residential markets. Everything else being equal, this
implies that relative prices would react more to economic shocks. In order to limit the volatility of res-
idential prices in the presence of adjustment costs on residential investment, staggered housing price
setting is needed. However, this combination of real and nominal rigidity which improves the per-
formance of the model in the benchmark specification, interferes with binding collateral constraints in
particular.

Tables 4 and 5 show the posterior parameter distributions for the benchmark model and the pre-determined

lending rate specification, introducing correlations between the consumption preference shock and the
housing preference shock on the one hand, and between the housing preference shocks and the house-
hold risk shock on the other hand. These experiments were guided by the correlations of structural
shocks obtained in the benchmark estimations.

The innovation on the consumption preference shock, £, has been introduced in the AR(1) process of
the housing preference shock. Such a positive correlation between both exogenous disturbances is partly
correcting for the sharp negative co-movement after a consumption preference shock between consump-
tion and residential investment, which may not be supported by data given the positive unconditional
correlation observed in our sample. The introduction of the innovation on the housing preference shock
in the AR(1) process of the risk shock on housing loans is limiting the negative co-movement between
residential price and residential investment on the one hand and lending rate spreads to households on
the other hand. The presence of such correlations is affecting the inference on behavioral parameters.
In particular, the estimated real and nominal rigidities for the residential sector become much higher

in the pre-determined lending rate specification, at levels close to the ones obtained in the benchmark
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specification.

In the results reported in tables 4 and 5, we also let the share of household borrowers, w, free in the
estimation procedure. The prior distribution for this parameter was set with a relatively elevated mean
and small variance. For the benchmark model, the posterior distribution for the household borrowers’
share reaches 28% at the mode. The posterior mode is lower in the pre-determined lending rate speci-
fication. Overall, w does not seem to be strongly identified. This confirms the results of Darracq Paries
and Notarpietro [2008]. The presence of borrowers is not rejected by the data, as all specifications lead
to strictly positive values for such shares, but model comparison based on marginal data density would

favor lower shares than in the benchmark estimation.

4.4 Forecast errors decomposition

We also analyze the role of credit market frictions and financial shocks in economic fluctuations. Table
6 and 7 report unconditional variance decomposition of HP-filtered variables, for the three model spec-
ifications, emphasizing the contribution of housing-related structural shocks and shocks to the banking
sector. For each model, the variance decomposition is computed using the posterior modes of their re-
spective estimation. Therefore results across models reflect both differences in behavioral specifications
as well as in parameter estimates.

We will comment first on the variance decomposition of the benchmark model. More than 50% of
unconditional variance of loans to households and entrepreneurs are explained by their respective risk

shock. Indeed, looking at zero profit condition for household loans for example

(1+ Rpmi—1)

B _1>0
1+ HHt—1 =

G(@uus)Anms —

we see that the term G(@Wgm,+) could be interpreted as a time-varying loan-to-value ratio and is directly
related to the risk shock on household borrowers. In the empirical exercise, this shock is therefore partly
capturing the gap between the dynamics of loans and the dynamics of its collateral value. Household
deposits are mainly driven by risk shocks on households and entrepreneurs as well as by bank capital
shocks, with a respective contribution or around 20%. Those disturbances have a strong impact on bank
assets and capital, thereby mechanically affecting bank liabilities. Overall, approximately 20% of the
unconditional volatility of loans and deposits are driven by disturbances not related to the financial or
housing blocks.

On bank lending rates, for each sector, the risk shock and the interest rate markup shock have strong
contributions, explaining jointly more than 50% of variance. By contrast, the role of financial shocks is
more limited as regards the volatility of deposit rates.

Turning to the residential sector, the housing preference shock explains a large part of price and quantity
in this sector. The housing-specific productivity shock contributes mainly to residential investment
volatility. On balance, 40% of residential investment and 60% of real housing prices are driven by non
housing-specific disturbances.

For the non-residential sector, the corporate-risk shock has a large contribution to non-residential invest-
ment fluctuations, whereas the household-risk shock contributes significantly to consumption volatility,
albeit to a lesser extent. The housing preference shock as well as the interest rate markup shock on de-
posits are non-negligible sources of consumption unconditional variance. For GDP, consumption and
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non-residential investment, roughly 50% of unconditional variances are not explained by financial and
housing-specific shocks.

Finally, on consumer prices, the risk shocks and the interest rate shock on deposits have some meaning-
ful contributions but almost 80% of variance is driven by disturbances not related to the financial or the
housing blocks.

The decomposition of variance in the benchmark model is substantially modified when considering
the estimated models with the alternative specifications for the credit contracts. Certainly, in the pre-
determined lending rate and binding collateral constraint models, the credit market shocks also account
for most of the unconditional variance of loans, deposit and bank interest rates. However, the differ-
ence in the estimation of real and nominal rigidities in the residential sector seems to strongly affect the
contribution of the housing preference shock. Presumably, the presence of relatively high real and nom-
inal frictions in the benchmark estimation increases the internal persistence of this shock. Moreover, the
relative flexibility of housing prices in the two alternative specifications may explain the lower contri-
bution of financial shocks to consumption price inflation. A singularity in the pre-determined lending
rate model regards the role of corporate-risk shock which contributes to GDP volatility by around 25%,
against 4% in the benchmark model.

5 The role of credit frictions in macroeconomic propagation

In this section we consider the macroeconomic implications of the various types of credit frictions em-
bedded in our model, illustrating how the presence of credit market frictions affect the macroeconomic

propagation of shocks to real economic activity.

5.1 Transmission of non-financial economic disturbances through demand and sup-
ply credit frictions

In terms of shock transmission, focussing first on the benchmark model, Figures 1-15 show the impulse
response functions to the various shocks identified in Section 3. Overall, the presence of demand and
supply credit frictions tends to amplify the macroeconomic propagation of economic shocks.

Focusing first on supply shocks, a positive shock to housing preferences, (), via its positive effect on
housing collateral values leads to lower credit spreads on housing loans, which in turn positively af-
fects consumption and increases household loan growth (see Fig. 7). As a reaction, monetary policy is
tightened which leads to a negative spill-over effect on the corporate sector in the form of somewhat
higher corporate lending rates, a decline in corporate loan growth and lower investment growth. De-
posit rates respond quicker to the monetary policy tightening relative to in particular household loan
rates, which leads to an initial reduction of bank capital accumulation. Bank capital, however, increases
subsequently as the monetary policy impact on deposit rates fades out quicker than its impact on lend-
ing rates. Finally, there is an initial positive impact on real GDP and inflation, which over the longer
term is counterbalanced by the monetary policy-induced negative spill-over effect on corporate invest-
ment. By contrast, a positive demand shock leading to higher consumption, (¢/), has a negative impact
on residential investment and hence collateral values thereby increasing the credit risk premium on

household loans, which in turn also slows down household lending (see Fig. 5). The rise in inflation
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following the shock to consumption induces the central bank to raise its policy rate. As a result, deposit
and lending rates increase. The latter implies a slump in investment and a fading out of the positive
consumption shock. All in all, the negative spill-over to investment results in a muted effect on real
activity. The overall effect on bank capital is rather modest though positive in the long run, which seems
to be driven particularly by a decline in bank deposits and lower bank leverage.

Other efficiency shocks, such as technology shocks (¢7'), shocks to labor supply (¢F) and investment (¢}),
in the baseline have the usual positive impact on real activity and the amplification impact of financial
intermediation is broadly similar to the findings of Gerali et al. [2009] as the policy-induced reduction
in lending rates increases loan demand. The greater availability of credit amplifies the initial impact
on spending and investment. Overall, bank profitability is broadly unaffected by these shocks due to
the counterbalancing effects on both the asset and liability sides of the bank balance sheets (i.e. higher
lending and higher deposits and a muted impact on bank leverage).

In terms of the shock to monetary policy, (¢F), as illustrated in Figure 15 the rise in the policy rate
lowers output and inflation. This fuels a decline in asset prices and hence collateral values, which in
turn lowers the credit available to households and firms and hence leads to a propagation of the initial
shock via the presence of financial intermediation. Somewhat puzzling, however, we observe an initial

positive reaction of loans to households and, in particular, firms.2¢

Notably, the transitory shock to
monetary policy is only to a limited extent passed on to bank lending rates. This largely reflects the
forward-looking, but staggered, price-setting behavior of the imperfectly competitive banks whereby
lending rates are set according to expected future configurations of the yield curve. A transitory shock
to short-term (policy) rates therefore does not have a significant impact on lending rates predominantly
referring to the longer end of the yield curve, such as mortgage loans. The fact that monetary policy
accommodates the initial negative impact on output and inflation results in only transitory negative
real economic implications from the policy shock. Finally, bank capital is overall affected only to a

limited extent.

5.2 Risk shocks on households and entrepreneurs

Via the financial accelerator mechanism, changes in borrower creditworthiness is propagated through-
out the economy in the presence of credit market frictions.

Hence, shocks to borrower riskiness, (7, and €% ;) respectively, by raising default probabilities re-
duces lending to and spending by the affected sector (see Fig. 12 and 13). The resulting monetary policy
accommodation in turn has moderate positive spill-over effects on the other borrowing sector, which
over time somewhat helps attenuate the immediate slowdown of GDP growth. Bank profitability is
overall negatively affected by lower lending rates and the broad decline in lending activity.

This underlines the importance of banks’ risk perception in guiding their lending behavior and stresses
its potential amplifying effect on economic fluctuations. Sharp deteriorations in the creditworthiness of
households and firms, as for example observed during the 2007-9 financial crisis, *” are therefore likely

26Similar evidence for the euro area is found in Christiano et al. [2010]. Likewise, in an empirical paper Giannoni et al. [2009]
provide evidence of an increase of non-financial corporate loan growth in response to a monetary policy shock. Similar findings
have previously been found for the US; see e.g. Bernanke and Gertler [1995] and Christiano et al. [1996]. Among other reasons,
this pattern could be due to an increase in demand to finance increased inventories, a reduced utilization of the workforce or a
drawing down of pre-committed credit lines.

27For example, expected default frequencies of euro area non-financial corporations (which is a measure of corporate default
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to produce reverberating feedback effects on real economic activity.

5.3 Interest rate markup shocks and bank interest rate pass-through

A common finding in the empirical literature is that banks only gradually pass on the changes in mon-
etary policy rates to the rates offered to their retail customers. This sluggishness may thus affect the
speed and effectiveness of the monetary policy transmission via the interest rate channel. The frictions
are furthermore often found to be asymmetric in the sense that bank lending rates tend to adjust quicker
as a response to policy rate increases than to policy rate decreases.”

The magnitude and speed of bank lending rate pass-through are often associated with the degree of
imperfect competition in the banking sector and the presence of nominal adjustment ("menu") costs.
These frictions may deter banks from reacting on a regular basis to changes in policy and market rates,
and banks may instead choose to delay the adjustment of their lending rates until the change in market
rates exceeds a certain threshold. Beyond this, other factors related to financial intermediation may affect
the developments in the spreads between bank lending rates and market rates, such as costs related to
interest rate and credit risk, the banks’ degree of risk aversion, unit operating costs, bank liquidity and
product diversification. Also the conduct of monetary policy may impact on how quickly banks respond
to policy rate changes.”

Another common observation is that there are differences across retail bank products in terms of the
speed and degree with which banks pass-through changes in policy rates facing their borrowers and
depositors. These differences can, among other things, be assumed to hinge on the degree of market
power the bank has in particular segments. For instance, it can be assumed that large firms are in a
better bargaining position vis-a-vis the bank than are its retail customers. Accordingly, it is often found
that corporate loan rates (and certain deposit rates) adjust to policy rate changes in a speedier and
sometimes more complete way than rates on loans to households. Indeed, this is the pattern we observe
when running an error-correction model relating our composite loan and deposit rates to changes in the
policy rate. Whereas corporate loan rates are relatively quick to adjust to monetary policy changes, the
adjustment is somewhat slower in the case of mortgage rates (and to a certain extent also deposit rates).
The sluggishness of retail bank interest rates is another friction affecting the way shocks are propagated
to the real economy. As an illustration, the amplifications caused by shocks to the interest rate markups
are shown in Figures 9-11. A positive shock to deposit rates, (¢7; ,), has a positive effect on both con-
sumption, residential investment and property prices. The latter improves housing collateral values
and hence lower the spread on loans to households. The increase in demand results in positive effects
on real activity and inflation forcing the central bank to tighten monetary policy, which in turn causes
negative spill-over effects on corporate investment (owing to higher lending rates). Accordingly, the
positive impact on real GDP turns out to be relatively short-lived and it fades away over the longer
term. Finally, the combination of lower bank rates and a decline in deposit taking as well as lower bank

risk produced by Moody’s KMV) increased six-fold between June 2007 and December 2009. Likewise, according to the ECB
Bank Lending Survey, the net percentage of banks reporting that risk perceptions contributed to a tightening of credit standards
increased from 9% in Q2 2007 to 46% in Q4 2008 with respect to mortgage loans. and from -4% in Q2 2007 to 64% in Q4 2008 with
respect to loans to enterprizes.

28Gee e.g. Mester and Saunders [1995], Mojon [2001] and Gropp et al. [2007].

2For instance Sander and Kleimeier [2006] argue that better anticipated monetary policy implies a quicker response of retail
bank interest rates.
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leverage implies a positive impact on banks’ capital accumulation over the horizon. A lower credit risk
premium on loans to households, (7 ,), by boosting household borrowers’ access to loan financing
positively impacts on consumption and residential investment. As a response to the ensuing inflation-
ary pressures, the central bank raises its policy rate, which in turn leads to a lagged response on bank
loan and deposit rates. The higher cost of financing for entrepreneurs negatively impacts investment
and gradually also the initial impact on consumption and residential investment diminishes. Similarly,
the immediate positive impact on GDP growth fades away over time. Moreover, the combination of
the fall in corporate lending and the higher deposit funding costs as well as increasing bank leverage
results in a lasting decline in bank capital. A similar pattern is observed in the case of a negative shock to
corporate credit spreads, (¢ ,), although in this case investment is temporarily positively affected while
there are negative spill over effects on consumption and housing activity. The initial impact on GDP is
more muted relative to the household loan markup shock, but it remains positive also in the long run.

The importance of retail bank interest rate rigidities is furthermore highlighted in Figures 1-8 and Fig-
ures 12-15, which show impulse response functions for the case where banks have no market power
when setting rates and where consequently the pass-through of policy rates to bank interest rates is
immediate and complete are shown (green dotted lines). Overall, this implies that monetary policy ac-
commodation to the various shocks hitting the economy is transmitted fully and more quickly to the
interest rates facing savers and borrowers. Hence, the counterbalancing impact of monetary policy is
more powerful in this case. In other words, the common finding that the bank interest rate pass-through
is sluggish implies a somewhat attenuated impact of the policy rate changes through the interest rate

channel of monetary policy transmission.

5.4 Bank capital shocks and bank capital channel

The recent financial crisis led banks to incur substantial losses on their trading and loan books, which in
turn put severe pressure on their capital positions. In order to return to a more stable capital situation
and possibly responding to pressures from regulators and market participants to operate with more
solid capital buffers, banks have been faced with a trade-off of either raising new capital or adjusting
their asset side, or (more likely) a combination of the two. Our model specification can be used to
assess the macroeconomic implications of such shocks to bank capital, which in our case will lead banks
to replenish their capital position by boosting their retained earnings. This is illustrated in Figure 14,
which shows the implications of an adverse shock to bank capital, (/*"*“*?). The bank capital shock
results in an increase in bank leverage which in order for banks to reestablish their target leverage ratio
leads to an increase in banks’ loan-deposit margins. This is driven mainly by higher lending rates, which

in turn lowers loan demand.*’

Real activity falls somewhat and the impact of the bank capital shock is
protracted, despite diminishing slightly over time in response to the monetary policy accommodation.
The negative impact on output of the bank capital shock in the benchmark model is relatively modest

but persistent.”!

30This mechanism is corroborated by empirical findings for the US, which suggests that pressure on bank capital positions
induce banks to apply higher lending rates (in particular vis-a-vis their riskier borrowers); see Santos and Winton [2009].

3IRecent empirical studies suggests an approximate effect of a one percentage point shock to bank capital positions (or loan
supply shocks more generally) in the range of an approx. 0.1-1.0 percentage point impact on real economic activity; see e.g.
Cappiello et al. [2010], Ciccarelli et al. [2009], Francis and Osborne [2009] and Van den Heuvel [2008]. Our baseline estimates are
at the lower end of this range.

Working Paper Series No 1251
October 2010



The specific role of the bank capital channel in the propagation of economic shocks via the financial
sector can be further analyzed by increasing banks” adjustment cost on their leverage (setting x..s = 50).
This is illustrated by the blue dotted lines with circles in Figures 1-15. Focusing first on a shock to
bank capital itself (Figure 14), it is clear that a more pronounced bank capital channel results in a much
stronger propagation of shocks from the banking sector to the real economy. Consequently, the monetary
policy response is also more forceful than in the benchmark case, which allows for output to rebound
back towards the baseline over time. The immediate effect on output from the bank capital shock is
considerably more pronounced than in the baseline case and corresponds well with evidence from the
empirical literature.

The role of bank capital constraints can also be illustrated in the case of a negative shock to corporate
loan spreads (Figure 11). It is observed that the short-lived boost to investment is muted somewhat in
the presence of a strong bank capital channel, as banks react to the increase in leverage by raising their
loan-deposit margin. Interestingly, also the negative spill-over to investment arising in the context of a
negative shock to mortgage loan spreads (Figure 10) is reinforced when it is more costly for banks to
adjust their capital ratio.

5.5 Comparison with pre-determined lending rates and binding collateral constraint
specification

If the lending rates offered by banks are not contingent on the ex post realization of aggregate uncer-
tainty (i.e. "pre-determined lending rates"; red dashed lines in Fig. 1-15), shocks hitting the economy
tend to have a more muted effect relative to the benchmark scenario. This reflects the, in this case, less
pronounced interactive effects between macroeconomic developments (e.g. the accelerator effects on
borrower net worth) and the credit market. This mitigates somewhat the macroeconomic amplification
implied by the existence of credit frictions observed in the benchmark case.

Finally, turning to the specification with binding collateral constraints (Fig. 16-19; blue dashed lines)
we observe that owing to the resulting more limited borrower access to credit markets the immedi-
ate macroeconomic impact of, for example, adverse shocks to borrower riskiness (¢} ,) and (¢% ),
respectively) is more pronounced than when collateral constraints are not binding in the strict sense.
This comes about mainly via the more restrictive lending implied by borrowers being bound by their
collateral values.

6 Monetary policy stabilization under different regulatory frame-
works

6.1 Macroeconomic propagation under risk-sensitive capital requirements

Under the risk-sensitive Basel II-like capital requirement regime the static profit maximization problem
of the bank is as follows

wb wb wb pwb wb Xwb
max Ry, By, + R, Bg — RiDep,”” — 5

(RWCap; — 0.11)? Bankcap;
B, Depp
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where
Bankcap;

(af +a LEVEY + bPeq, ) B,
+(a6{H + a{IHLEVJZIU}bI,t + bHH&?{H,t)BI%i,t

and subject to the balance sheet identity

RWCapy =

Byh,  + BEY = Depl”® + Bankcap,

LEVYY and LEV}}, , are leverage ratios for the corporate and household sectors defined as debt over

collateralized assets. af’,al b¥ and ol o™ pHH represent coefficients in the linearized version of
the Basel II formula (see below for details). This formulation leads to the following lending spreads

conditioned on the risk-sensitive capital requirements.

Ry — R = —xw(RWCap; — 0.11) RW Capj (ag'™ + 2ai"" LEV; ,)
Ry — Ry = —Xuwp(RWCap, —0.11) RW Capj (af + 2a LEVEY)

In contrast to the lending spreads derived under the Basel I regulatory regime, the target capital ratio is
now dependent on the riskiness of the banks’ borrowers, which is dependent on the state of the economy
impinging on borrower net worth (via income and housing wealth on the side of households and via
the value of the capital stock on the side of corporations).

For calculating the steady state linear relationship between Basel II risk weights and leverage we take
as a starting point the Basel II risk-weight formulas and subsequently linearize the resulting risk curves
for entrepreneurs and households around their respective steady state leverage ratios.

As a first step, under the Basel II capital adequacy framework the risk weighted assets are derived using
the following formulas.*” The capital requirement formula for the corporate exposures is given by

E

— PDPLGD?
1—7F

CRF = LGDP®

0.5
(1-7%)""" & 'PDP + ( > o1 (0.999)

where PD¥ and LG DY refer to probability of default and loss-given-default on corporate exposures,
respectively. ® denotes the cumulative distribution function for a standard normal random variable.
7% denotes the asset-value correlation which parameterizes cross-borrower dependencies and being a

decreasing function of PD is equal to

(1 — exp (—5OPDE))
(1 —exp (—50))

E _
7 =0.12 l 0= oxp (=50)]

o2 [1 (-ew (—50PDE))]

As we assume a fixed LGD (equal to 0.45), the only time-varying component in the risk weighting is the
PD and the resulting risk curve has a concave nature.
For household exposures, we apply the following derivation of the capital requirement

HH 95
> &1 (0.999)| — PDHH LGDHH

—-0.5 - _
CR"M = LGD"M @ [(1 — T ot pp I 4 <71 —

32We focus here on the Foundation Internal Ratings Based approach and assume fixed LGD values provided by the supervisory
authority. For corporate exposures (i.e. entrepreneurs) we assume an LGD value of 0.45 and for household exposures we assume
an LGD value of 0.35 (retail mortgage exposures are presumably better collateralized, hence the lower LGD). We furthermore, for
simplicity, assume a one-year maturity. For more details on the Basel II formulas, see on Banking Supervision [2004].
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HH equals 0.15. Also in the case of household exposures the time-variation of the risk curve

DHH

where 7
is a function of PDs only (as LG is fixed at 0.35). The risk-weighted assets are subsequently de-
rived as RWAF = CRF %« 12.5 % 1.06 * EADF and RWAFH = CRHH 4« 12.5 « EAD"H where EAD
denotes exposure-at-default (i.e. Bgf’t and B}gl;“ for corporate exposures and household exposures,
respectively).” The time-varying correlation adjustment parameter and the assumed higher LGD for
corporate exposures results in higher risk weights and an initially steeper risk curve relative to the risk
function with respect to household exposures.

In the next step, the Basel II-based risk weight functions can be expressed in terms of borrower leverage,
(G(w)) for households and (G (wg)) for entrepreneurs. As can be seen from Figure 30 there is a positive
and concave relationship between required capital and the leverage of borrowers, which in turn is a
positive function of the probability of default, (Tg ) and (@g,:) for households and entrepreneurs,
respectively.

Mechanically, owing to the risk weight functions it can be conjectured that shocks to borrower credit risk
would give rise to higher capital requirements. As credit risk often deteriorates in economic downturns
and improves in upturns, it has been argued that the regulatory risk curves as formulated in Basel II
could have amplifying pro-cyclical effects on the business cycle (to the extent that bank capital constrains
bank lending which in turn may be an imperfect substitute to other financing sources).*

At the same time, if banks engage in active management of their loan portfolio, either as a response to or
in anticipation of cyclical requirements to their minimum capital levels, the overall effect on the business
cycle may not be as mechanical as what the simple transposition of the risk weighting to capital require-
ments and lending would prescribe.” In this respect, the first tentative evidence as to the cyclicality of
minimum required capital in the first 13 years of Basel Il provides some interesting, if still preliminary,
insights. Hence, whereas there does indeed seems to be some degree of cyclicality in the underlying risk
parameters (in the sense of higher PDs, and to a lesser extent higher LGDs, in situations with relatively
low economic activity), the impact is so far rather muted. Moreover, despite this observed cyclicality
in risk parameters the resulting minimum required capital until now has remained broadly unaffected
by the period’s economic slowdown. The main reason for the stability of minimum required capital ap-
pears to be that banks have actively engaged in reshuffling their portfolios towards less risky exposures,
which has mitigated the effect of the somewhat higher PDs™

Keeping these caveats in mind, we first conduct a simple counterfactual exercise. The DSGE model
has been estimated on euro area data, assuming constant capital requirements over the cycle, which is
interpreted as consistent with Basel I regulatory framework. Given the estimated sources of business
cycle fluctuations, we simulate a counterfactual economy where capital requirements are risk-sensitive
according to the Basel II risk weights formula. The model considers two types of risky assets: loans
to households for house purchase and loans to non-financial corporations. The counterfactual econ-
omy under Basel II turns out to be marginally more volatile overall, with unchanged monetary policy

rule. Compared with economic fluctuations under Basel I, risk-sensitive capital requirements imply 5%

33The scaling factor of 1.06 in the calculation of the risk weight function for corporate exposures aims at compensating for the
expected overall decline in capital requirements caused by the transition from Basel I to Basel II.

34Gee e.g. Danielsson et al. [2001], Catarineau-Rabell et al. [2005], Kashyap and Stein [2004].

35See e.g. Gordy and Howells [2006], ?, Jokivuolle et al. [2009] and Boissay and Kok Serensen [2009].

36 Apart from the portfolio reshuffling impact, a number of other factors may also have contributed to the relative stability of
capital requirements, such as infrequent recalibration of banks’ internal PD estimates, the fact that banks already operate with
so-called "stressed" LGDs and decreases in outstanding credit line commitments reducing the size of exposure at default.
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higher volatility in real GDP growth and 4% higher volatility in inflation.

This relatively limited impact on macroeconomic volatility masks more pronounced amplification mech-
anisms for specific sources of economic disturbances, and notably financial shocks. Figures 20-24 illus-
trate the impact of more risk-sensitive capital requirements on real and financial variables. Focusing
on the different shock amplifications in the benchmark model (i.e. Basel I; black plain lines) and the
Basel II-based benchmark model (blue dashed lines), we observe that for example a shock to borrower
riskiness (Fig. 21-22) has a more pronounced impact on lending spreads when banks are subject to risk-
sensitive capital requirements. In contrast to the benchmark case, bank lending rates increase allowing
banks to rebuild their capital in response to the higher (risk-weighted) leverage. In the case of a negative
shock to corporate riskiness, investment is more adversely affected under the Basel II framework and
the positive spill-over impact on consumption is more muted relative to the baseline (Basel I). Likewise,
in the case of an adverse shock to household default risk the need for banks to accumulate more capi-
tal results in a negative spill-over effect on the corporate sector (via higher corporate lending spreads).
Overall, we observe that changes in credit risk across time, especially in the case of a shock to corpo-
rate creditworthiness, amplifies the impact on output compared to the situation with flat-rate capital
requirements. This notwithstanding, it is notable that under risk-sensitive capital requirements banks
are found to more actively reshuffle their loan portfolio in response to credit risk shocks, as for example
illustrated by the stronger reaction of the volumes of corporate loans and mortgage loans to a shock to
household and corporate creditworthiness, respectively. This might hence exert a mitigating impact on
the pro-cyclical nature of the risk-sensitive capital requirements, although in our specification it is not
enough to completely eliminate the cyclical propagation mechanism of the Basel II framework.

The negative shock to bank capital (Figure 23) is furthermore found to be amplified with the introduction
of Basel Il rules. Its adverse impact on bank leverage and in turn on bank margins is amplified by the
reinforced negative feedback effect via time-varying risk weights. This induces banks to raise lending
spreads by more than in the benchmark case and to more aggressively lower their leverage. Overall, the
bank deleveraging needs are found to have a more substantial amplifying impact on the macroeconomic
variables under the Basel II framework relative to the benchmark case. A similar pattern is found with
respect to the monetary policy shock (Figure 29), although in this case the amplifying real economic
effects from the introduction of Basel II is much less pronounced. A similar observation can be made
with respect to most of the other efficiency and markup shocks. Whereas lending spreads and banks’
profit accumulation appear to react stronger to such shocks, the overall effects on the real side of the
economy is typically less severe.

6.2 Transitional dynamics towards higher capital requirements

Our model is also well-suited to investigate the macroeconomic implications of such changes to the reg-
ulatory framework. The reform of the financial regulatory landscape acted in end-2010 (so-called "Basel
I1I"), following the proposal of the Basel Committee on Banking Supervision (BCBS), will lead to higher
required capital for the banking sector.””. The simulations presented thereafter remain illustrative of the
transitional costs of introducing higher capital requirements but should not be interpreted as a quanti-

tative economic assessment of the introduction of Basel III. Indeed, the magnitude of the shock is not

37See BCBS (20010)
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related to the exact calibration of the reform and to the balance sheet structure of the euro area system.
Moreover, the more is silent on the steady-state and cyclical benefits of higher capital requirements.
The first set of simulations is conducted using the version of the model with endogenous defaults of
households and firms (Chart 31) whereas a second set of simulations is based on the model with bind-
ing collateral constraints (see Chart 32). Note that both models share to a large extent some common
specifications but they have been estimated on euro area data separately and therefore have different
deep parameter values. As regards the timing of the introduction of the higher capital requirements,
the experiments assume the implementation of higher capital requirements at different horizons (i.e.
immediate implementation, after two, four and six years, respectively). The model is run under per-
fect foresight and with endogenous monetary policy, following the estimated Taylor rule. Given the
specification of the bank capital frictions and the calibration strategy for the steady state, capital re-
quirements have no tangible impact on the real allocation over the long term. As described above, the
required bank balance sheet adjustments take place through higher loan-deposit margins, which curb
loan demand and support the internal capital accumulation through higher retained earnings.

The parameter driving the bank capital channel has been set at its highest value found across the various
estimation exercises (x.» = 50). We also experimented with simulations through unexpected capital
requirement shocks. This led to somewhat stronger effects which could even be more pronounced by
assuming unchanged monetary policy. On balance, the perfect foresight simulations presented below
may be seen as the mid-range effects given possible assumptions on expectations and monetary policy
reaction.

We analyze first the simulations from the model with endogenous defaults. In the case of immediate
implementation of higher capital requirements (blue lines in Chart 31), the maximum impact on real
GDP is obtained after several quarters. A 2 p.p. increase in capital requirements leads to a peak decline
in real GDP of 0.3 p.p., the negative effects being rapidly re-absorbed over the medium term. The down-
ward pressures on inflation are relatively short-lived, reaching -0.05 p.p. of quarterly inflation after few
quarters then reverting back to positive territory. As mentioned before, in the long-term, the transi-
tion towards higher capital requirements leave the real economy and the outstanding amount of loans
unchanged since the adjustment will be fully reflected in higher bank capital. The required increase
in bank profits depends on the magnitude of loan-deposit margins’ increase compared with loan vol-
ume contraction. Chart 13 shows the hump-shaped responses of spreads and loans with opposite signs.
Given the more gradual interest rate pass-through on mortgage lending rates, the price and volume
adjustments of household credit are more sluggish than in the case of non-financial corporations.
Considering now the announcement of higher capital requirements at distant horizons (other lines in
Charts 31), it turns out that the output cost of bank balance sheet consolidation becomes smaller, the
later the implementation date. For implementation in 2012, the peak negative impact on GDP is much
more moderate and materializes later than in the previous case. The transition path of GDP even turns
positive when higher capital requirements are expected to be implemented in 2014. In the latter case,
GDP only falls below baseline around the year of the implementation. The expansion of GDP in the first
years is notably supported by lower bank lending rate spreads. The more benign impact on activity the
further into the future the actual implementation of the new requirements is moved can be interpreted
as a “smoothing out” of the negative implications of the capital shock. If banks have more time to adjust

their activities and balance sheets to the new environment they will tend to smooth the impact of the

ECB

Working Paper Series No 1251
October 2010




ECB

shock. In other words, the tighter the implementation schedule, the more important will non-linearities
in credit frictions be.

The simulations conducted using the model with binding collateral constraints share some qualitative
similarities with the previous experiments. First, assuming an immediate implementation of higher
capital requirements (blue lines in Chart 32), the contraction of output reaches a peak effect of 0.35 p.p.
after more than one year. Compared with the model with endogenous defaults, the adverse impact
on activity is more persistent as GDP remains 0.15 p.p. below baseline at the end of the simulation
horizon. The negative effect on inflation peaks at less than 0.05 p.p. in the first year. Turning now to the
delayed implementation period (other lines in Chart 32), which is perfectly anticipated by all agents, the
simulations show that the adverse implications for the economy would be limited by putting forward
by few years and credibly communicating future regulatory changes. This result is common to both
model specifications.

Nonetheless, in the model with binding collateral constraints, the mitigation of the adverse transitional
effects due to the implementation delay is weaker than in the model with endogenous defaults. In
particular, the announcement of higher capital requirements in 2012 still implies a decline in real GDP
of around 0.25 p.p. at the peak in 2013. Another difference with the previous model regards the price
and volume adjustments in credit markets. The model with binding collateral constraints leads to a

more pronounced contraction in loans and to higher lending rates.

6.3 Accounting for counter cyclical macroprudential policies

A final application of the model is devoted to the interactions between monetary policy and macro-
prudential policy. In particular, we want to assess whether a counter-cyclical regulatory regime would
support macroeconomic stabilization. Recent papers like Kannan et al. [2009] or Angeloni and Faia
[2009] have investigated this issue with different formulation of the strategic interactions between mon-
etary policy and macro-prudential policy. Here we focus on the joint determination of the two policy
rules as to maximize an ad hoc loss function under credible commitment.

The intertemporal quadratic loss function penalizes deviations from steady state for consumer price
inflation, output growth and policy rate. Monetary policy conduct is described as an interest rate rule
while macro-prudential policy is assumed to follow a capital requirement rule. Both rules feature pol-
icy inertia and respond to level and first difference of consumer inflation, detrended output, and first
difference of loans to households, loans to entrepreneurs, real housing prices and real equity prices
5. We chose to limit the analysis to a stylized loss function instead of a welfare-based objective as the
"reduced-form" nature of the bank capital friction considered in this paper would weakly portray the
welfare trade-offs faced by macro-prudential policy in particular. Consequently, we preferred to abstract
from welfare calculations and gear the policy discussion towards general macroeconomic stabilization
without investigating how the micro-foundations of the model influence the policy objectives.

The loss function considered can be written as follows:

L= Aa2 4+ X, [Az)” + A\or2 + Moy [Leverage)? + BB L1

where A;, A, and A, are the coefficients weighting the respective costs of volatility in CPI inflation,

38real equity prices are defined as the average real price of fixed capital in the economy
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changes in output and nominal interest rate. Later on, we would consider introducing a penalty for
bank leverage volatility.

The weights in the loss function are selected in the following way. The monetary policy rule has the
same form as the estimated one. The exogenous processes for the structural shocks are taken from the
benchmark estimation. Then we search for the weighting scheme which delivers at the optimal rule, the
same volatility for inflation and policy rate as under the estimated rule. The optimal weights we obtain
are A\, = 1, \, = 4 and A\, = 0.75. Such a loss function constitutes an intuitive benchmark. Another
possibility would have been to consider the full efficiency curve in the inflation, output growth space.
But, for the sake of clarity, we kept only one specific loss function. The essence of the results presented
thereafter holds for any point of this efficiency curve.

A first exercise consists in optimizing the parameters of the monetary policy rule augmented with asset
prices and credit variables, keeping capital requirements constant. We concentrate on the following
formulation of the monetary policy rule.

re = pric1i+ (L= p) (ramio1 +ryYe1) +rar AT + 1, Ay
+7r0, Atp s + 1o Aq + 1R Abup g + T Abpy

We only consider financial shocks, as provided by the benchmark estimation: those disturbances re-
late to interest rate markups, borrowers ’ risk, bank capital and housing preference (also introduced its
contribution to housing prices). Focusing on economic disturbances at the core of credit intermediation
enables us to present more striking results on the role of credit and asset prices for monetary policy
conduct in interaction with a counter-cyclical regulatory framework. As sensitivity analysis (not pre-
sented here), we verified that the findings exposed thereafter were still holding when all shocks were
introduced.

Table 8 presents the macroeconomic volatilities associated with various optimized rules in the presence
of financial shocks (except for the first column). In the first two columns, the monetary policy rule
is specified as in the estimation and optimized under constant capital requirements. For the sake of
completeness, the exercise is conducted either with financial shocks or with the overall set of economic
disturbances. In both cases, the optimized monetary policy rule features a high level of interest rate
inertia, a strong long-term response to inflation, stronger reaction to changes in output than in its level,
and a specific role for housing prices. The restriction to financial shocks seems to increase the coefficient
on housing prices and output growth but does not change qualitatively the main properties on the
monetary policy rule. The macroeconomic variances generated by this monetary policy rule are taken
as benchmark to normalize the moments obtained with the other policy regimes in Table 8.

In the third column, we allow for monetary policy reaction to credit and equity prices. The augmented
optimal rule improves upon the previous one, reducing the loss function from 0.34 to 0.23. However,
the lower volatility obtained for output growth and the interest rate is counterbalanced by a higher
standard deviation for inflation. This optimal rule still displays a high degree of interest rate inertia, a
strong reaction to inflation and some specific role for housing prices. But in addition, the rule include
some positive response to household loans whereas the coefficients on loans to entrepreneurs and real
equity prices are close to zero. Even without introducing asset prices or credit in the objective function,
it turns out that the financial frictions on the household side vindicate some specific monetary policy

focus on credit and asset prices.
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With the augmented monetary policy rule specification, we also investigated the implications of risk-
sensitive capital requirements. In this case, the optimized coefficients remain very close to the ones
obtained with constant capital requirements (see column 4 in Table 8). At the margin, the monetary
policy response to housing prices and household loans turns out to be stronger.
In the last two columns of Table 8, we allow for time-varying capital requirements. We assume that the
target bank capital ratio follows a log-linear rule of the form

capy = p"eapi_y + iy + 1% Ay,

—i—rZ:hAbH;Lt + rZJGAbEﬂg + 7“2‘; Atp:+ rgcht

Keeping the same loss function as in the previous experiments, the joint optimal determination of policy
rules suggests that counter-cyclical regulation could provide a strong support to macroeconomic stabi-
lization. The optimized capital requirement rule features some inertia and a very high positive response
to output while the role for credit variables and asset prices seems negligible. The optimized monetary
policy rule is very much affected by the introduction of counter-cyclical regulation: in particular, all
coefficients on credit and asset prices become insignificant. Acting at the core of the financial system,
regulatory policy seems to be relatively more effective than monetary policy in addressing destabilizing
fluctuations in credit markets and intratemporal wedges between financial costs, therefore alleviating
somehow the need for monetary policy to "lean against the wind". The jointly determined policy rules
deliver a superior macroeconomic outcome. The loss function gets close to zero, with output growth
volatility at 16.5% of the benchmark, inflation volatility at 70% and interest rate at 30%. However, in the
model, the main transmission channel of regulatory policy on the economy works through the adjust-
ment of bank balance sheets and its impact on bank lending rates. Consequently, the macroeconomic
stabilization support from the optimized capital requirement rule implies an almost fivefold increase in
bank leverage volatility. Such a degree of counter-cyclical capital requirements would therefore be dif-
ficult to implement and lead to excessive volatility in bank balance sheets. As shown in the last column
of Table 8, if we constrain the regulatory framework by introducing a relatively small penalty for lever-
age volatility in the loss function, then the optimized capital requirement rule becomes only moderately
time-varying and the monetary policy rule is very similar to the one obtained under constant capital
requirements.

Overall, while some counter-cyclical regulation seems suitable as far as macroeconomic stabilization
is concerned, its design and magnitude should be carefully considered. The analysis presented here
remains illustrative and subject to clear limitations. Notably, a structural interpretation of systemic risk
(and in particular its cross-sectional dimension) is absent from the model. Such a concept is essential to

define a meaningful objective for macro-prudential policy.

7 Conclusions

The recent years” dramatic events which brought financial markets into turmoil highlighted the crucial
role of credit market frictions in the propagation of economic and financial shocks. However, the nature
of banking and the role of banks in amplifying macroeconomic fluctuations are elements have hith-
erto been largely neglected in the macroeconomic literature and, in particular, in the design of general
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equilibrium models. To reflect this, a number of recent papers try to correct this void by incorporating
banking sectors and other financial frictions into DSGE modeling frameworks. The model presented in
this paper contributes to this research by incorporating a number of demand and supply credit frictions
into an estimated DSGE model of the euro area.

Apart from documenting the potential amplifying effects of credit frictions, this setup allows us to
analyze changes in the regulatory regimes facing the financial sector, such as the introduction of risk
sensitive capital requirements or the transition towards more stringent regulatory regimes. Moreover,
reflecting the renewed focus on the nexus between monetary policy and macro-prudential (or financial
stability-oriented) policies, our results point to important complementarities.

Finally, a few caveats and directions for further research should be mentioned. First of all, the banking
sector in our setup is of a reduced form nature and can be further improved. For example, a more
complete description of the balance sheet composition of the banks taking into account issues such
as liquidity, wholesale funding and trading book valuations would enhance the specification and also
allow for analyzing the macroeconomic impact of money market disruptions, bank liquidity positions
and unconventional monetary policies. Likewise, a more micro-founded optimization of the policy rule

to study the interactions between macro-prudential and monetary policies could be pursued.
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A  Supplementary model description

A1 The borrower’s program

Let us define

H(w) = (1 — ./\/'Cdf(log(w)/aHH + 050'HH))W —l—./\/'cdf(log(w)/aHH — 050'HH) (1)
G(w) = (1 —Neg(log(w)/oun +0.50mm))w + (1 — pam)Neas(log(w)/oum — 0.50 1) )
V(@) = (1—-Neg(log(w)/onn +0.50um))/(1 — Negr(log(w)/onn +0.5011) — pan@f(@)) (3)

where N4y is the normal cumulative distribution, centered and standardized.
We denote A, and A,¥, the lagrange multipliers associated with the budget constraint of impatient

households and the participation constraints for the commercial lending branches

Ci + @D,tTD,tﬁt +H(@ )l —xar)Qp.iTp (1 — 5)DY_,

= (1-0)QpuTpyDi—1 + Bypy +TTy +We Ney + Wp Np, @)
. ~ ~ 1+ R _
G@unt) (1 —xan)Qp,«Tpi(1 —06)Diq = %BHHJ—I ®)
t
We also define
U/X,t = EtBXt_aC (6)
- 1 - —as o~ ~
Uie, = (1—ePwp)» (Ct . hBOH) DX Uryy
_ 1 1
a2 (C P 1—efwp)TP
— Bhp (1 — EtDWD) [ i E, - ( ~ ttlﬁ )~L ~ (7)
Xt (Ct+1 — hBCt) P thf)lz/{/x)t_,_l
. 1
~ 2 (D [EIS
Ulpy =ePwP = Uy 8)
X

The maximization of household welfare with respect to the default threshold @z, implies after some
manipulations
Vi = V(T hm,t) )

The first order condition related to non-residential consumption and residential stock are respectively,
Ay =Urc, (10)
and

/N\t@D,tTD,t - g/D,t —B(1—-9)E, {Kt-i-l@D,t-i-lTD,t—i-l}
= BA-9)E, {KtJrl@D.,tJrlTD,tJrl (1-=x)(G@aH+1)Vis1 — H(ﬁHH,tH))} (11)

Finally, the optimality condition regarding the loan decision gives a "modified" version of the standard

Euler equation
(1 + Ry H,t)

A, = BE, {KHl T y(ﬁHH,tJrl)} (12)
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Note that Y(@rm,:+1) plays the role of spread on the real interest rate which drives the intertemporal
consumption smoothing. The spread between the lending rate in the optimal credit contract and the

financing rate for the commercial lending banks is then given by

1+ RéH,t __ @HH:
1+ Rubai—1 G@wuHL)

>1 (13)
As regards the supply of labour services,

o
(1'Tw,t)

et LNy = (A} + (1= wr) A7) wy

A.2 The saver’s program

Let us denote
U, = el X,~7¢ (14)

1 1
Utcy = (1—ePuwp) 7 (Cr — hCy_1) 75 X P Uy,

_’Yh (1 —SDCUD)% (&>_UDIEt (1 _gtD-‘rle) El(‘)(t‘i’l)E (15)
' Xy (Cey1 — hCy) ™ Ulx 141

1 D “np
Ulp, =ePuwrp <yt) " Uik, (16)
t

The first order condition related to non-residential consumption and residential stock are respectively,
A =Ulcy (17)

and
MQpiTpe =UIpy +7(1 —0)E {A11Qp1+1TD 141} (18)

where A; is the multiplier associated with the budget constraint.

A.3 Labor supply and wage setting

The first-order condition for the wage setting program of agent ¢ in sector j can be written recursively

as follows: )

.. HPw =2

/\”7 WIT\ paw —1
70t Hl,t
P = | Hw iji

2.t

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

N H’;leil T w1
(W) e = (1= awji) (MW)

2.t

. 1 Ht 1—pw
+ i (Wi emn) (ﬁ) (19)
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where

Hw

3 - _Hw H Hw =1 ..
HYE =T (V)7 (W73 ™ + s BiE ( e ) i (20)
Lt J ( J7t) ( Js ,t> J t wa,i m]l_gwm 1,t+1

and )

wii i ro\ ity Il e wji
Hyy' = NaNjy (W) "t + awji B R ppp— Hait (21)
I, [I0] '
with 8; = gifi = Sand 8; = yifi = B. Also, W, ; denotes the real wage of type i in sector j and A
is the marginal utility of consumption of type i.

The dynamics of wage dispersion per sector j and per household type i can be written as:

Haw H;:Uiz _ﬁuil
Afi = (1= awji) (Warzt) R W s

" Hy
W\ et I T

+ w zAw7, — it - 22
S (W) (Hfi]‘f ] 5) )

A.4 Entrepreneurs

Let us denote

HE(’WE) = (1 - chf(log(wE)/UE + 050'E))’&UE +chf(log(wE)/aE - 0.5UE) (23)
GE(wE) = (1 — /\/'cdf(log(wE)/aE + 0.5UE))ZUE + (1 — /LE)./\/'cdf(log(wE)/aE - 0.50}5) (24)
yE(wE) e (1 — chf(log(wE)/aE + O.50’E))/(1 — chf(log(wE)/aE + 0.50’E) — ,uwa(wE)) (25)

where N4y is the normal cumulative distribution, centered and standardized.
We denote Ag and Ag Vg, the lagrange multipliers associated with the budget constraint of en-

trepreneurs and the participation constraints for the commercial lending branches
CF +QF (K — (1= )KL ) + QP (K — (1= 6x) K1) + H (@p ) Ap,
= BE,t + MCtZt + MCD7tZD7t — W67tLC,t — WB7tLD,t — plt[,t
@ (uf) K7 — @ (uP) K2, +TTF (26)

and
1+ Rgs—
GE(ﬁE,t)(l - XE)(l - 6K)(Q?K£1 + QtDKtD—l) = wBE,t—l (27)

The choice of capacity utilization rates lead to

LY .
acsf (oo )T = ) = RS (28)

4o (LP) 70 e

apeE
P WP )T

o'(uf) = RP (29)

We define R} and R;"” as the apparent return on fixed capital for sector C' and D.
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Cost minimizations implicit in the productive decisions would lead to the following input demand

relations:
WatL? _ 1—ac (30)
Rf’cuthﬁl ac
Wh LY _ l-oap-—or (31)
RFEPUPKP ap
e ly _ ar (32)
W]f,ytLtD l—ap —ag

In addition, the factor-price frontiers are given by

MC, = Wg’tl_aC) [Rf,c] ] 33
b efadf (1 — ag)t-oc) (33)

T —Qap—Q @D «
» om0 [B0] .
Dt = Ef‘DOéaDD(l —ap — aﬁ)(l—OLD—OLLAND) (aﬁ)aﬁ TD,t

We also define
Urg, =& (CE = hgCE ) 7" — Bghgk, {gf+1 (CE, - hECtE)_UCE} (35)
The first order condition related to non-residential consumption gives,
Apy=Ulcy (36)

The maximization of entrepreneur welfare with respect to the default threshold @ g ; implies after some
manipulations
Vit =Ve(@Et) (37)

The optimality condition regarding the loan decision implies another "modified" version of the standard

Euler equation
(I1+R E.t )

Ap; = BpE; <A
Et = PE t{ B+l [~

VE (EE,tH)} (38)

Note that Vg (@g,+1) plays the role of spread on the real interest rate which drives the intertemporal
consumption smoothing of entrepreneurs. The spread between the lending rate in the optimal credit
contract and the financing rate for the commercial lending banks is then given by

I+ Ré,t WE+

= >1 39
1+ Regi—1  Ge(@et) (39)

Finally, the choice of fixed capital stock for the sector C' and D implies

QC - E, 6}3% Q?H(l —0x) + Rf_ﬁug_l — o (ug_l) (40)
' Apy Q%1 (1—6k)(1 — x)(Ge(@Et+1)VE141 — HE(TE,i41))

oP = E, |8g Ap 41 QP (1—0k) + Rfﬁut’il -9 (u,) 41)
' Mg Qgrl(l — )1 = xE)(GE(@Et4+1)VE, 11 — HE(TEt11))
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A.5 Bank lending rate setting

The imperfect pass-through of market interest rates on bank lending and deposit rates is described in
the recursive formulation of the staggered interest rate setting on savers ” deposits and on funding costs
of the commercial lending banks.

The following equations determines the average interest rate Ry, applied to funds provided by the
wholesale branches to the commercial lending branches, specialized in household loans for house pur-

chase.
Rwb R ;;gH +1
> HHt+1 \ !
ZI}}Hl,t = ' MNBum + EEE (ﬁ) " ZI}}HLH-I (42)
R “gH
=~ HHt+1 \ #Ha—1
ng,t = 5§H,tAtBHH,t + R pE (m) " Z}}Hz,m (43)
1 1
R pB o1 zZR 1=l
1=¢Ry e (1- f§H> BEw ﬁHl’t (44)
Rumi—1 ZHH2,t

Similarly, the average interest rate charged to the commercial lending branches specialized in loans to
entrepreneurs R, is given by the following set of equations.

R

5] 1
R? Rp 411\ nE-1 *
Zire = g MiBra+ EEEy <R—; T ZHn (45)
g
Rg nB—1
Ziy = epMBpy + EEvE (ﬁ) = (46)
R ey ZR O\ TE
1= R Bt )“E‘ +(1— R R*“ELt 47
E <RE¢1 ( §E) HE Zl?lt (47)
Finally, the average deposit rate offered to patient households Rp ; is derived from
HR
R R, R RD,t—i—l “gfil o R
2Dt = Rp tAtDept + EpVEe Rot ZD1,t+1 (48)
“R
R R R Rp i1 B R
Zpar = epiMDep + EpyE: R, ZD214+1 (49)
R Rl ZR ﬁ
= ‘D
1= ¢R D,t>D1+1_R R “D1,t 50
D <RD,t1 ( §D) HD Zgu (50)
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Lending rate dispersion indexes are then given by

_ “II}H “II}H
ZR ni g1 RO ni g1
R R R “HH1t R AR HH,t
Afg:e = (1 —§HH> (NHH ZR ) +E&au Al -1 (Rb
HH2,t HH,t—1
_ HE b H
ZEB nE-1 R nf—1
R R RZELt RAR Bt
Ag, = (1-¢5) (HE—ZR > +EEAE 1 (Rb )
E2,t Ei—1
__H"D Mg
zZR nl—1 RD \ i1
R R RZD1t RAR t b
Ap, = (1 - fD) UD SR +&pAD 1 | 5o
ZDoy Ry~

A.6 Price setting in the retail and distribution sector

(51)

(52)

(53)

The price setting in the retail and distribution non-residential sector leads to the following recursive

formulation which implicitly determines the inflation rate II;:

I o
Zi1p = ANMCYs + EcvEy <t+1> Z1 41

Fl-C
Yo
IT)<11

1

Il o
Zop = el MYy + By %11_% 22441
il

and
1 1

e, o < Z t) 1=n
1 = I b _|_ 1 _ )
136, (H?flﬂl_wc > (1-&c) "z

where ¢/ represents a stationary cost-push shock.

Similarly the recursive form related the price setting in the residential sectors follows
“D

I mo
Zp1t =AMMCp+YpTpt + EpVE: (%) Zp1,t+1
P 11
Dt

I ot
Zp2s = MYp Tp i + EovEy Ep— py Zp2.t+1
I 11
Cit

and
( bt o Zp1\ D
l=¢p | ——=— +(1-¢p) (MD—’)
et
H}ft_ln D Zpa
Price dispersion indexes are then given by

K

- —1
Zig\ IT, .
A= s (15) e (nfﬁ“”)

)

D

__MD e
Z #p—T II "
Ap: = (1—¢p) (,UDﬂ> +E&pAp,i—1 (%)

Zpat 7, I
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A.7 Capital and Housing stock producers

Given the accumulation processes

D _1
KP = (1)KL, + |18 (45| 1P .
Dy =(1-0)Di—1 + [1 - Sp (IiD’;)} Ip
Di=(1—6)Di1 + [1 s ( ’fol)} In.
the first order conditions for the capital and housing stock producers are
The resulting first order conditions read
e [1-5((p) - ks () o [ (' () -
QtD [ Ilt;ef) . st S, ( Det )} _’_,yEt leA}\tl ( 1+151+1) S/ <1f+1€f+1) -1
) (63)

Q 1-§ Ip.t _ Ipg s’ Ip.+ F Q +1 (Ip,t41 2 Ip.t41
Dt D Ipt—1 Ipt—1 "D \Ipi—1 + e DH—l Ip¢ Ip¢

) s, ()]« o () (’?;Tl)
B Predetermined lending rates

We assume now that the commercial lending branches propose credit contract where the lending rate is
not contingent on the realization of aggregate uncertainty.

B.1 Entrepreneurs

As in the benchmark case, entrepreneurs’ fixed capital are subject to common multiplicative idiosyn-
cratic shocks wg ¢. As for households, these shocks are independent and identically distributed across
time and across entrepreneurs with E(wg ;) = 1, and a lognormal CDF FE (wg,). Here again, the
variance of the idiosyncratic shock o ; is time-varying.

As for borrowers, entrepreneurs only use debt contracts in which the loan rates can be made contingent
on aggregate shocks but not on the idiosyncratic shock wg ;. Entrepreneurs belong to a large family
that can diversify the idiosyncratic risk after loan contracts are settled, but cannot commit to sharing
the proceeds of this insurance with banks. Banks can seize collateral w E,tfl £, when the entrepreneur

refuses to pay at a cost of jipwp ¢ Ag ;. The value of the collateral that the bank can seize is
wrtAps = wra(l = xp)(1 - 0x)(QF Ky + Q7 K[2y)

Before the realization of aggregate uncertainty in period , there exists a cut-off point g ; on the realiza-
tion of the idiosyncratic shock below which the entrepreneur chooses to default. This threshold verifies
that the debt repayment is equal to the expected value of the collateral

(]. + Ré‘,t) BE,t = ﬁE,tEt {(ch_i_leC —+ QtD_i_thD) (]_ —+ 7Tt+1)}
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For the bank to participate in the credit contract, the ex ante profit must be positive
GP(@ps)(1— xp)(1 - 6x)E: { Q5 K + QP KP) 1+ m41)} > (14 Rey) Bey

with -
WE,t
GE(@pt)= (1 - FF(@p.))@e: + (1 — pp) / wdFF
0

Once the aggregate uncertainty resolves, the ex post cut-off point 7} , changes so that
(14 RE1) Bei = %5, (1 —xe)(1 = 6k) (QF Ky + QP K1) (1+ )

The spread between the lending rate and the financing rate for the commercial lending bank is

1+ Ré,t _ WEt (64)
1+ RE,t GE(EE,t)
Let us denote
FK _ log (@3 ;) _
Hg(wE,t—17w§,t) = (1 = Negr (TE; +0.50g, -1 | )WE,1-1 (65)
=
B {(QFKE, +QPER,) (14 m)}
(1 + 7Tt)
log(@F )
+ Near (Et 05051 | (QF K7, + QP KL ,)
OBt—1
TR _ log (@3 1) _
Hp(@pi1,%5,) = (1 — Negs (UEtElt +0.505 -1 | )TEi-1 (66)
log(w 2
+chf (M - 0~5UE,t—1>
OE,t—1
_ log(w ) _
Ge(@e:) = (1 — Negr (TE; +0.508—1 | )TEL (67)
-
log(@5. )
+ (1 - /'LE)chf <7E7t — 0‘50E,t—1
OE,t—1
—B
. 1 —chf (bfs'%;t) +0~50E,t—1)
Ve(@pi-1,T5,) = og(=5 ) (68)
1-— chf ( UE,tit + 0.5UE,t—1) — /iwa(EE,t—l)

Each entrepreneur maximizes its utility function with respectto (CF, K&, KP,uf ,uP, BE /% g4, Lo, Lp.t)
subject to an infinite sequence of budget constraints and participation constraints for the commercial
lending branches. We denote A, and SzAg ¥, the lagrange multipliers associated with the respec-
tive constraints

CP+QF (Kf — (1= 6k)K 1) + QP(KP — (1= 0k)KP ) + (1= x)(1 — 0k HE (wE -1, @F,,)
= BE,t +MCZy +MCp 1 Zp, — W&tlzc,t - WB,tLD,t — puele
~® (uf) Ky — @ (uf) KP4 + TTF (69)
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GF(@E) (1 — X)L - 0x)E {( QU KL + QP KP) 1+ my1)} =

substituting out for the ex post default threshold using

E i {(QFKZ, + QP KL, (L+m)}
(1+m)

(1 —|—RE¢)BE¢ (70)

Wg,t (QtCKtC—1 +QPKP ) =wpi

We focus thereafter on the first order conditions changing with respect to the benchmark case.
The maximization of entrepreneur welfare with respect to the default threshold @ ; implies after some

manipulations
= ~ A
¥ B { QK + QP KP) (14 1)} = B { T T ) e (QFKE +QPaKP) |
| 71)
The optimality condition regarding the loan decision implies
1= 0V (1+ Rg,) (72)
Finally, the choice of fixed capital stock for the sector C' and D implies
[ Qfa (1= 3c) + Ry Gufly = @ (ufl)
Ap,it +1 K t+1%i41 Uit
Qf = Epp| & Qm(l 5k)(1 = Xp)Hp(Fp.. T8 141)) (73)
L Q51 =0k)(1 = xp)Ge(@p) Ve (1+ Ti1) |
[ A 41 Qt+1(1 6K) + Rf—fl)zﬁD—i-l - (utD—i-l) |
Q? = Eife A Qt+1(1 6k )(1 — XE)HE(ﬁE,mﬁg,tH)) (74)
Q1 (1= 0k)(1 = xB)GE(@E ) Vet (1 + mi1)
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B.2 Impatient Households

Let us denote

~ )
HD(ﬁHH,tflvﬁgH,t) = (1 — Negy (i

+ 0~50HH,t1> VYT HH, -1 (75)
OHH,t—1

E;( {éD,tTD,tﬁtq 1+ 7Tt+1)}

(1 + 7Tt)

log(ﬁgﬂt)

- NCdf ( OHH,t—1

~ <log(ﬁIB{H,t)

- 0-5UE,t—1> @D,tTD,tﬁt—l

H(ﬁHH’t_l,ﬁgHJ) = (1 — Negy + 0-5UHH,t—1> VT HH -1 (76)

OHH,t—1

log(ﬁgﬂt)

OHH,t—1

+ Near ( - 0-5UHH,t—1>

log(ﬁgH,t)

OHH,t—1

G@ant) = (1 — Negy ( + 0-5UHH,t> VT HH (77)

log(@5 4 ,)
+ (1 - /JHH)chf (ﬁ - 0~5UHH,t

—B
1— Near (lof(wﬂ + 0-50'HH,t—1)

HH,t—1

V(@ Hm 1T ) =

(78)

log (T Hm,i— — —
1 — Neay (% + 0-5UHH,t—1) —bwHETHH -1 f(THH-1)

Each borrower maximizes its utility function with respect to (C;, Dy, By g @HHt Ny Np ) under
the infinite sequence of budget constraint for impatient households and the participation constraints for
the commercial lending branches. We denote /N\t and ﬂ]\t \Tlt the lagrange multipliers associated with the

respective constraints

Cy + @D,tTD,tﬁt + (1= xum)(1 - 5)ﬁD(ﬁHH,t—1,ﬁgH,t)
= (1-9) éD,tTD,tBtfl + Buns + TT: + WeNeyw +WpNpy (79)

G@ a1 = xun) (L = OB { Qo1 ToeDe (1 +7i41) b = (14 Ruarea) B (80)

substituting out for the ex post default threshold using

Ei1 {éD,tTD,tBt—l (1+ ’]Tt)}
(1 + 7Tt)

(81)

s~ _
g +Q@p.iTpiDi—1 = wHH -1

We focus thereafter on the first order conditions changing with respect to the benchmark case.
The maximization of entrepreneur welfare with respect to the default threshold @y ¢ implies after
some manipulations

5 Avi1 >

UK, {@D,t+1TD,t+1 (1+ 7Tt+1)} =K {y(ﬁHH,t,ﬁgH,tH)K—QD,tHTD,tH} (82)
¢
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The optimality condition regarding the loan decision implies
1=09,(1+ Rym.,) (83)
The first order condition related to non-residential consumption and residential stock are respectively,
Ay =Urey, (84)
and

MQpTp; —Urp ;s — (1 —0)E, {1~\t+1@D,t+1TD,t+1}

Kt@D,t+1TD,t+1G(EHH,t+1){Iv/t (1+mq1) }

AL ol o (85)
—Ne11Qp 11 Tp 1 H(@rHH wgmt“)

= ﬁ(1—5)(1—X)Et{

The spread between the lending rate and the financing rate for the commercial lending bank is

L _
1+ Rig, TWHH,

I+ Rpu: Gr(@wum:)

B.3 Profit accumulation in the banking system
With pre-determined lending rates, the difference between ex ante and ex post default rates has an impact
on the profits generated by the banking group as follows

Xwb ( Bankcap,

I’ = wRym+B +RgBp, — (1 —w)Rp Dep; — =2
t HHtDHHt EtDEt ( ) D, tL/EPt 5 .0.53%}1’15_’_3%}2

+WG(5§1H¢)(1 —xam)1=8)QpTp Dy (1+ )

—wG(@hH—1)(1 — xrH)(1 —0)E( {@D,tTD,tbtﬂ (1+ Wt)}
T5) (1= x8)(1 = 0x) QL KT + QA KP) (1 +7e41)

Tpi-1)(1— xe)(1 = 0x)E1 {(QY K + QP KL ) (1+m)}

— 0.11)* Bankcap;

+GE(wm
—GE(

C Binding collateral constraints

We consider a specification of the credit frictions which does not allow for strategic default and which
consists in constraining the amount of new loans by the value of the available collateral. The modelling

strategy using collateral constraints is similar to Gerali et al. [2009].

C.1 Entrepreneurs

We remove the presence of idiosyncratic risk on the assets of entrepreneurs and therefore we do not
consider the possibility of strategic default. Instead, we assume that all the entrepreneurs have limited
access to credit markets, as summarized by the following (nominal) collateral constraint:

(1 +7Tt+1)}

Be: <(1—xg)(1—90k)E; {(th-y-thc + Qt[fi—thD) (1+ Rpy)

Entrepreneurs do not default on their loans and in equilibrium the collateral constraint is binding.
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Compared with the benchmark case, there is no spread between the lending rate and the financing rate

for the commercial lending bank
RE, = Rp, (86)

Each entrepreneur maximizes its utility function with respect to (CF, K& KP ,u{, uP , BE, Lcy, Lp.t)
subject to an infinite sequence of budget constraints and collateral constraints. We denote Ag; and
OBl E,t‘T’ e, the lagrange multipliers associated with the respective constraints

(1+Rpi-1)

E,t—1

CF+Qf (Kf —(1-6x)K7 )+ QP(KP — (1 —6x)KP )+ ——""Bp
(14 m)

= Bp,+MCZ;+ MCp,Zpt—We Lo —Wp o Lpt — puly
@ (u) K7 — @ (u) K2, +TTF (87)

(1 +mt1)
(1 + Rgt)

We focus thereafter on the first order conditions changing with respect to the benchmark case.

Bpi=(1—xg)1—0x)E < (QF K + QP KP) (88)

The optimality condition regarding the loan decision implies

Apiy1 (1+ Rpy) }

89
Ap: (1+m41) (89)

Vg, =1-0gk, {

The choice of fixed capital stock for the sector C' and D implies

¢ _ 8 At (QE1(1—ox) + Rifuf, - @ (u52)
Q1 (1= 0k) (1 = xE) Vo1 (11 )
At (QD (1—6x) + Ry uly — ® (uf ))
QF = Efe Ap.: t+1 e o
QP (1= 0k) (1 = xE) Va1 (11 )

(90)

>
I

O1)

C.2 Impatient Households

Given the absence of idiosyncratic risks and defaults, each borrower maximizes its utility function
with respect to (Cy, Dy, By m.t»Nes Np,) under the infinite sequence of budget constraint for impa-
tient households and the participation constraints for the commercial lending branches. We denote A,
and BA, W, the lagrange multipliers associated with the respective constraints

-~ - ~ (14+Rgi-1)
Ci +QpiTpy (Dt - (1-9) Dt—l) + (1+m) HHt—1
= DBgp:+ TT, + We Ney +Wp Npy 92)
~ ~ (1+nx
Bupi=(1—xuwn)(l—90)E, {QD,t+1TD,t+1Dt7( t+1) } (93)
(1 + RHH,t)

Here again, there is no spread between the lending rate and the financing rate for the commercial lending
bank
Ry = Remy (94)
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We focus thereafter on the first order conditions changing with respect to the benchmark case.
The optimality condition regarding the loan decision implies

=~ /N\t+1 (14 Rumt)
U, =1-0E = ’ 95
! & t{ Ay (T4 7e4) ®9)
The first order condition related to residential stock is,
T\t@D,tTD,t - a/D,t —B(1—-06)E; {Kt-l—l@D,t-ﬁ-lTD,t-i-l}
= B(1-0)(1—x)UE, {@D,t+1TD,t+1 (1+ 7Tt+1)} (96)

D Data

Data for GDP, consumption, investment, employment, wages and consumption-deflator are taken from
Fagan et al (2001) and Eurostat. Employment numbers replace hours. Consequently, as in Smets and
Wouters [2005], hours are linked to the number of people employed e; with the following dynamics:

(1 _5)‘6) (1_)\6) * *
A, Iy —€7)

House prices for the euro area are based on national sources and taken from the ECB website®. Res-

e; = PEre; 1 +

idential investment is taken from Eurostat national accounts and is backdated using national sources.

Households’ debt for the euro area also comes from the ECB and Eurostat*’

The 3-month money market
rate is the 3-month Euribor taken from the ECB website and we use backdated series for the period
prior to 1999 based on national data sources. Household deposits are proxied using a backdated series
of M2 which is available from the ECB website and which represent the main part of deposits held with
MEFIs by euro area non-financial private sector residents (households primarily). Data on MFI loans
to households and non-financial corporations are likewise taken from the ECB website. Data prior to
September 1997 have been backdated based on national sources. Meanwhile, data on retail bank loan
and deposit rates are based on official ECB statistics from January 2003 onwards and on ECB internal es-
timates based on national sources in the period before. The lending rates refer to new business rates on
loans to households for house purchase and new business rates on loans to non-financial corporations,
excluding bank overdrafts. For the period prior to January 2003 the euro area aggregate series have been
weighted using corresponding loan volumes (outstanding amounts) by country. Deposit rates refer to
MFI interest rates on time deposits with agreed maturity taken from households. Similar to the deriva-
tion of the loan rates, from January 2003 deposit rates are based on official ECB statistics and prior to
this period are based on a volume-weighted average of country-based rates.

3we applied some statistical interpolation methods to generate quarterly series
40Gee ECB Monthly Bulletin, October 2007, for the description of the data used
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Tab. 1: PARAMETER ESTIMATES 1

State-contingent lending rates  pre-determined lending rates

Param A priori beliefs A posteriori beliefs A posteriori beliefs
Dist. Mean Std. | Mode Mean I, I Mode Mean I, I

el unif 5 2.89 | 049 050 042 0.58 0.51 054 044 0.64
el unif 5 2.89 | 0.26 027 020 034 0.29 030 020 040
el unif 5 2.89 | 0.17 0.18 0.13 0.23 0.19 0.19 016 022
& unif 5 2.89 1.85 1.87 164 212 1.93 196 172 220
el unif 5 2.89 1.44 1.50 124 177 1.54 177 131 221
ef‘D unif 5 2.89 | 2.09 215 152 275 0.80 0.83 071 095
el unif 5 2.89 | 2.04 247 121 372 0.95 1.00 073 127
el unif 5 2.89 | 0.28 030 025 035 0.23 024 020 027
egyt unif 5 2.89 | 0.06 0.06 0.04 0.08 0.07 0.07 0.04 0.09
5§H1t unif 5 2.89 | 0.06 0.06 0.05 0.07 0.07 0.08 0.06 0.09
egt unif 5 2.89 | 0.12 0.13 011 0.15 0.23 024 020 028
€U H unif 5 2.89 | 0.08 0.08 0.07 0.09 0.07 0.08 0.06 0.09
5o unif 5 2.89 | 0.06 0.06 0.05 0.07 0.08 0.08 0.07 0.10
gPomkear | ynif 5 2.89 | 232 237 206 2.66 2.44 251 218 2.83
el unif 5 2.89 | 0.10 0.11  0.09 012 0.12 0.13 0.10 0.16
pA beta 0.5 0.2 0.92 090 085 0.9 0.90 0.88 0.84 092
pI beta 0.5 0.2 0.68 0.68 058 0.78 0.75 072 0.60 0.84
ol beta 0.5 0.2 0.85 0.83 073 093 0.06 0.08 0.01 0.15
PG beta 0.5 0.2 0.91 0.88 079 097 0.99 098 096 0.99
pB beta 0.5 0.2 0.95 094 091 097 0.98 098 097 099
PAp beta 0.5 0.2 0.89 0.88 0.83 094 0.98 094 090 0.99
pPD beta 0.5 0.2 0.99 098 097 0.99 0.99 099 098 0.99
pgt beta 0.5 0.2 0.97 096 093 0.99 0.94 094 091 096
pf}H’t beta 0.5 0.2 0.26 026 0.13 038 0.17 0.17 0.06 0.28
pg,t beta 0.5 0.2 0.40 041 023 057 0.06 0.09 0.01 0.16
PHH beta 0.5 0.2 0.98 098 097 0.99 0.95 095 092 098
PE .t beta 0.5 0.2 0.98 098 096 0.99 0.98 098 096 0.99
plemkear | beta 05 02 | 071 070 061 079 | 060 058 049 0.68
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Tab. 2: PARAMETER ESTIMATES 2

State-contingent lending rates

pre-determined lending rates

Param A priori beliefs A posteriori beliefs A posteriori beliefs
Dist. Mean Std. | Mode Mean 7 o) Mode Mean I I

¢D gamm 1 0.5 0.23 023 015 031 0.01 0.01 0.01  0.01
¢ norm 4 1.5 7.72 7.71 563  9.74 7.89 792 573 991
@ beta 05 015 | 075 076  0.63  0.89 0.84 084 075 094
ox gamm 15 020 | 0.63 0.65 056 0.73 1.29 1.26 1.03 148
h beta 075 01 0.59 058 054 0.62 0.37 037 028 046
oL gamm 1.5 0.1 1.32 1.33 118 147 1.48 1.48 132 164
Qe beta 0.85 0.05 | 0.73 073  0.67 0.80 0.94 093 092 095
QwD beta 0.85 0.05 | 0.87 085 079 092 0.93 092 089 094
Y beta 05 015 | 0.24 028 010 044 0.17 020 0.07 0.33
o beta 075 005 0.83 083 079 086 0.90 090 087 092
ole; beta 05 015 | 058 0.61 045 0.78 0.06 0.07  0.02 012
ép beta 0.2 0.1 0.81 0.81 076  0.86 0.17 0.25 0.06 043

I3 beta 0.5 0.2 0.32 0.31 026  0.37 0.28 0.29 022 035
Efy beta 0.5 0.2 0.92 092 088 0.95 0.93 092 090 095

B beta 0.5 0.2 0.76 075 0.69 0.82 0.80 078 072 0.84
Xwb gamm 20 25 | 1858 1854 15.08 22.03 | 1791 1790 1434 21.34
p beta 075 01 0.84 084 082 0.87 0.89 090 087 093
T gamm 25 025 | 237 238 217 259 1.80 1.85 1.68 202
Ty gamm 0.2 0.1 0.03 0.03 0.01  0.05 0.05 0.07  0.02 012
TAx gamm 030 0.10 | 0.24 024 018 0.31 0.21 020 014 027
Tay gamm 012  0.05 | 0.07 0.08 0.05 0.11 0.17 017 013  0.21
Trp, norm 0.00 1.00 | 0.03 0.03  0.00 0.06 0.09 010 005 015
Ae beta 075 0.05 | 0.65 0.65 0.61  0.69 0.69 0.69 0.64 073
Py (Y) -432.1 -579.3
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Tab. 3: PARAMETER ESTIMATES: DSGE WITH BINDING COLLATERAL CONSTRAINTS

Param A priori beliefs A posteriori beliefs A priori beliefs A posteriori beliefs
Mean Dist. Std. | Mode T) I Mean Dist. Std. | Mode T) I
e unif 5 289 | 042 037 051 | ¢p | - - - - - -
el invg 5 289 | 019 017 024 | ¢ norm 4 1.5 | 618 472 7.89
ef unif 5 289 | 018 011 025 | ¢ beta 05 015 | 083 076 0.95
e¢ unif 5 289 | 195 169 217 | ox | gamm 15 020 | 085 057 092
el invg 5 289 | 112 083 148 | h beta 0.7 005 | 044 040 052
eftp unif 5 289 | 082 071 09 |or | gamm 15 01 | 140 125 156
eP invg 5 289 | 096 084 1.68 | awe | beta 085 0.05| 070 063 091
el unif 5 289 | 025 023 032 | awp | beta 085 0.05| 087 074 093
ep invg 5 289 | 006 004 008 | v, | beta 05 015 | 019 008 041
R invg 5 2.89 | 005 004 006 | & beta 075 005 | 085 081 088
ek, invg 5 289 | 006 005 008 |~c | beta 05 015 | 039 031 062
EHEA invg 5 289 | 087 078 1.04 | ¢p beta 02 01 | 013 004 0.29
ey’ invg 5 289 | 012 010 0.14 | £ | beta 05 01 | 030 026 036
gPamkear | ynif 5 289 | 249 223 287 | &, | beta 05 01 | 091 088 093
el unif 5 289 | 011 010 013 | €& | beta 05 01 | 053 047 062
Xwb | gamm 20 25 | 11.94 9.69 14.27
p beta 075 01 | 082 079 085
pa beta 05 02 095 090 097 | rx gamm 25 025 | 208 195 237
pr beta 05 02 039 032 057 | r, - - - - - -
oI beta 05 02 093 038 098 | rax | gamm 03 010 | 029 022 037
PG beta 05 02 099 092 100 |r,, |gamm 012 005 | 014 010 018
pB beta 05 02 096 093 097 | r, |- - - - - -
PAD beta 05 02 098 090 099 | A beta 075 0.05| 065 060 0.70
pD beta 05 0175 | 099 098 0.99
PDt beta 0.5 0.2 094 090 052
o beta 05 02 040 028 052
PR, beta 0.5 0.2 094 088 097
PHH ¢ beta 05 02 | 099 098 099
pEY beta 0.5 0.2 099 098 0.99
pPenkear | peta 0.5 0.2 065 055 097
Py(Y) -650.0
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Tab. 4: PARAMETER ESTIMATES: INTRODUCING CORRELATIONS WITH THE HOUSING SHOCK 1

State-contingent lending rates

pre-determined lending rates

Param A priori beliefs A posteriori beliefs A posteriori beliefs
Dist. Mean Std. | Mode Mean 1) To Mode Mean 73 To

el unif 5 2.89 0.45 046 039 0.53 0.60 0.60 048 0.73
el unif 5 2.89 0.26 028 020 0.35 0.28 029 021 037
ek unif 5 2.89 0.18 019 015 0.24 0.16 0.17 014 0.20
e unif 5 2.89 1.88 192 168 216 1.97 197 171 221
el unif 5 2.89 2.05 2.02 157 245 2.51 2.51 1.60 3.45
z—:fD unif 5 2.89 2.08 210 150 2.65 1.63 1.63 1.02 224
eP unif 5 2.89 2.77 295 172 410 1.79 1.79 088 274
ef unif 5 2.89 0.28 029 025 034 0.22 023 020 0.26
sg,t unif 5 2.89 0.07 0.07  0.05 0.09 0.04 0.04 0.03 0.05
5§H,t unif 5 2.89 0.06 0.06 0.05 0.07 0.09 0.09 0.07 0.10
sg,t unif 5 2.89 0.12 0.13 011 0.15 0.24 025 021 029
EHH unif 5 2.89 0.03 0.03 0.02 0.04 0.09 0.09 0.08 0.11
€%t unif 5 2.89 0.06 0.06 0.05 0.07 0.08 0.09 0.07 0.10
z—:f ankeap | ynif 5 2.89 2.30 235 206 2.65 2.64 264 229 298
el unif 5 2.89 0.11 0.11  0.10 0.13 0.10 0.10 0.09 0.12
PA beta 0.5 0.2 0.97 096 093 0.98 0.87 0.86 0.82 0.90
pI beta 0.5 0.2 0.69 0.68 058 0.79 0.69 0.69 057 0.80
ol beta 0.5 0.2 0.79 0.60 027 0.89 0.08 0.09 0.01 0.16
pa beta 0.5 0.2 0.99 098 097 0.99 0.97 095 090 099
PB beta 0.5 0.2 0.97 097 096 0.98 0.98 097 096 099
PAp beta 0.5 0.2 0.90 0.89 0.84 093 0.87 0.88 0.81 094
pD beta 0.5 0.2 0.97 097 096 0.99 0.98 098 096 099
pgyt beta 0.5 0.2 0.95 095 092 097 0.95 094 090 0.98
pf,H’t beta 0.5 0.2 0.25 025 0.14 037 0.11 0.11  0.02 0.19
pgt beta 0.5 0.2 0.37 0.37 022 052 0.08 0.09 0.01 0.16
PHH beta 0.5 0.2 0.99 0.99 098 0.99 0.98 098 096 0.99
PEt beta 0.5 0.2 0.98 097 096 0.99 0.97 097 096 099
pPemkeaP | 'beta 05 02 | 072 071 062 080 | 057 057 047 0.67
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Tab. 5: PARAMETER ESTIMATES: INTRODUCING CORRELATIONS WITH THE HOUSING SHOCK 2

State-contingent lending rates ~ pre-determined lending rates
Param A priori beliefs A posteriori beliefs A posteriori beliefs
Dist. Mean Std. | Mode Mean 1 I Mode Mean I I
035} gamm 1 0.5 0.23 0.22 0.15  0.30 0.14 0.11 0.05  0.17
o) norm 4 15 7.52 766 554 979 7.73 773 573  9.74
@ beta 05 015 | 0.77 076  0.64 0.89 0.79 079 067 091
ox gamm 1.5 020 | 071 0.72 0.66  0.79 0.94 094 078 110
h beta 075 01 0.53 0.51 045 0.58 0.17 018 011 024
oL gamm 15 0.1 1.32 1.32 118 146 1.48 1.48 133 164
Qwe beta 0.85 0.05| 0.83 0.79 0.68  0.89 0.94 094 092 095
QwD beta 0.85 0.05 | 0.88 0.86 0.81  0.92 0.89 0.88 084 093
Yaw beta 05 015 | 0.19 026  0.09 043 0.20 0.21 0.07  0.33
&o beta 075 0.05| 0.84 0.85 0.81  0.88 0.91 0.91 0.89 093
07e; beta 05 015 | 055 0.58 043 0.73 0.04 0.05  0.02 0.09
ép beta 0.2 0.1 0.81 0.79 075 0.84 0.76 074 062 0.86
£ beta 0.5 0.2 0.28 0.28 023 0.33 0.39 038 031 044
ERn beta 0.5 0.2 0.90 0.90 0.88  0.92 0.92 0.91 0.89  0.94
i beta 0.5 0.2 0.77 076 070 0.82 0.78 078 072 083
Xwb gamm 20 25 | 1907 1934 1590 2256 | 1838 18.38 15.02 21.93
p beta 075 0.1 0.81 0.81 078  0.84 0.92 0.91 0.88  0.95
T gamm 25 025 | 236 2.41 222 260 2.23 2.23 1.88 255
Ty gamm 0.2 0.1 0.04 0.04 0.02 0.06 0.23 024 010 0.38
TAx gamm 030 0.10 | 031 0.31 024 0.38 0.15 016 010 0.22
Tay gamm 012 0.05 | 0.09 0.10 0.06 0.13 0.13 013  0.09 017
Tr, norm 0.00 1.00 | 0.01 001 -0.02 0.04 0.02 0.03  0.00 0.07
Ae beta 075 0.05| 0.64 0.63 0.58  0.67 0.73 072 068 0.76
w beta 045 0.05 | 028 027 022 031 0.17 018 017  0.19
PB,D unif 0.00 289 | 0.89 091 053 1.26 0.93 093 031 151
PDoyy | gamm 100 050 | 1.78 1.76 120 233 113 113 032 189
P\(Y) -387.2 -553.1
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Tab. 6: SHOCKS DECOMPOSITION OF UNCONDITIONAL VARIANCES 1: HP Filtering

524]) & chne €hu €§H,t 5};,15 5}1:%),15 55(”““&? others

Estimation with state-contingent lending rates
Zy 31 191 149 35 12 01 82 0.7 49.1
(of 07 78 268 18 1.8 01 80 0.6 52.6
I 01 08 04 404 0.4 19 04 6.3 49.1
Zp,t 233 429 14 0.8 0.4 01 50 0.1 26.1
Tp: 36 365 13 3.0 0.0 01 12 0.5 53.9
Lot 25 176 132 37 1.1 01 72 0.8 53.9
wiet 05 43 160 12 1.1 00 69 0.4 69.7
I1; 02 12 7.6 3.6 0.4 01 83 0.8 77.9
Ry 01 109 126 85 0.9 02 134 1.8 51.7
Rp 0.0 30 44 196 0.6 358 6.6 7.1 23.0
Ryw: 02 85 246 27 429 08 59 2.6 11.9
Rp ¢ 01 116 144 105 0.9 03 47 2.2 55.4
Be 0.0 15 63 611 0.8 1.0 35 3.1 22.7
Byu: 03 179 539 09 3.9 03 11 3.2 18.7
Dep; 01 69 184 224 2.2 1.1 20 23.3 23.6
Estimation with pre-determined lending rates
Zy 19 19 1.7 268 0.2 08 71 0.7 58.9

fot 06 21 3.9 3.0 0.1 01 111 0.5 78.6
I 0.0 06 0.0 556 0.3 16 00 23 39.7
Zp.t 409 135 02 2.5 0.2 02 40 0.2 38.3
Tp,t 52 365 03 4.5 0.4 03 9.0 0.3 43.5
Lot 01 12 1.1 16.3 0.1 05 44 0.4 75.9
wiet 0.0 04 0.1 2.4 0.0 00 11 0.1 96.0
11, 0.0 08 0.0 0.7 0.0 00 25 0.0 95.9
R, 0.0 126 28 249 0.3 05 231 0.5 35.3
RE: 00 1.1 02 328 0.3 488 1.8 5.1 9.9
Rpm: 01 20 7.3 4.7 73.0 11 14 2.6 7.8
Rp: 0.0 122 24 353 0.3 06 14 0.7 47.0
Bg: 00 01 01 922 0.2 06 02 17 5.0
Byu: 08 119 622 28 10.2 02 16 1.7 8.6
Dep, 04 58 279 396 6.5 13 06 10.8 7.1
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Tab. 7: SHOCKS DECOMPOSITION OF UNCONDITIONAL VARIANCES 2: HP Filtering

R A T R
Estimation with binding collateral constraints
Zy 1.5 1.3 0.2 4.3 0.5 0.7 6.6 0.4 84.5
ciet 06 03 05 0.1 10 04 77 0.9 88.5
Iy 0.2 0.3 0.1 23.5 0.3 8.5 1.4 8.2 57.7
Zp 41.0 203 0.0 0.0 0.1 0.4 3.2 0.1 35.1
Tp,t 52 450 0.0 0.0 0.3 1.1 44 0.1 43.8
Lyt 0.1 1.2 0.2 4.4 0.5 07 56 0.4 87.0
Wit 0.3 0.6 0.3 0.8 0.7 0.1 59 0.1 91.3
I, 02 01 0.2 0.6 0.5 08 76 0.1 89.9
R 0.5 0.8 0.6 3.6 1.5 29 180 0.9 71.3
Rp: 0.1 1.0 1.1 3.1 1.0 159 154 14.5 48.1
Ryp: 0.0 0.1 0.1 0.3 78.9 4.1 3.1 2.0 11.5
Rp 0.4 0.8 0.7 3.7 2.0 4.1 45 1.2 82.6
Bp: 0.0 0.1 0.1 65.7 0.1 4.8 0.9 4.1 24.2
Bym: 38 322 369 0.6 3.9 0.2 5.8 1.1 15.6
Dep; 26 207 242 12.1 4.8 14 53 12.4 16.5

ECB
Working Paper Series No 1251
U U October 2010



18
161 [,
1.4] fi
12ff

0.8
0.6
0.4
0.2

o e @ o ot o @ o > o @ o o o
o
Z, t C + t Z D,t
0 0
~01 0.02
02 oot
03 o6
—0.06
o4y 0.0k
—0.5 -0,
01
0.6
- = ~012 _ _
Qx Q\\\t . o> Qo @ » & @ o o o
o
L t TD ,t t

0.3] [/

0.2

0.1

@ o

LEV?g?

o® Q> o o

Bankcapt

—0.01
—0.02
—0.03
~0.04
—0.05
—0.06
—0.07
~0.08

o o o @ o o @ o . o %\x & @ o o o
Depy Rp ¢ Spreadi’® x 10~ Ry

10

2

[ OSNON O @ o @ e @ o

Spreadk; ;; , x 1073

Rumt

Spreadk , x 1073

RE ¢

Fig. 1: Impulse Response Functions associated to a shock on &;'. Benchmark model (plain lines and shaded areas),
model with high bank capital channel (blue dotted lines with circle), model without imperfect interest rate pass-through (green
dotted lines), model with pre-determined lending rates (red dashed lines with cross).
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Fig. 12: Impulse Response Functions associated to a shock on &9, ;. Benchmark model (plain lines and shaded
areas), model with high bank capital channel (blue dotted lines with circle), model without imperfect interest rate pass-through
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(green dotted lines), model with pre-determined lending rates (red dashed lines with cross).
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Fig. 13: Impulse Response Functions associated to a shock on €%, ,. Benchmark model (plain lines and shaded
areas), model with high bank capital channel (blue dotted lines with circle), model without imperfect interest rate pass-through

(green dotted lines), model with pre-determined lending rates (red dashed lines with cross).
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Fig. 14: Impulse Response Functions associated to a shock on e2*"*“*. Benchmark model (plain lines and
shaded areas), model with high bank capital channel (blue dotted lines with circle), model without imperfect interest rate pass-
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Fig. 15: Impulse Response Functions associated to a shock on . Benchmark model (plain lines and shaded
areas), model with high bank capital channel (blue dotted lines with circle), model without imperfect interest rate pass-through
(green dotted lines), model with pre-determined lending rates (red dashed lines with cross).
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Fig. 16: Impulse Response Functions associated to a shock on . Without nominal and real rigidities in the

housing sector: benchmark (black plain lines), pre-determined lending rates (red dotted lines), binding collateral constraint
(blue dashed lines).
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Fig. 17: Impulse Response Functions associated to a shock on €, ,. Without nominal and real rigidities in
the housing sector: benchmark (black plain lines), pre-determined lending rates (red dotted lines), binding collateral constraint

(blue dashed lines).

ECB
Working Paper Series No 1251
October 2010




0 0.1 05 01
—0.1 0.05 0 0. nz
05
0.2 0 A ~0.05
. ~005 —0.1
03 -15 015
~0.1 15
—0.4 s -2 02
05 ’ 25 0.25
0.2 B 03
[ e e [ u\“t . R MO e @ o
o
Zi Ct I Zp
0.01
0 0.005
~0.1 0
~0.005
~02 0.01
~0.015
0.3 —0.02
0.025
—04 ~0.03
. ~0.035
05
—0.04
) Q\\\t , » o S ot > @ ® o o0 @ » @ 0
o Wito
Ly t Tp II;
0 —05 0
~01 ) s
B 05
—0:2
03 Lo o1
0.4 -2
—05 95 s -1s
~0.6 o )
0.7 2
Qe o o @ [ Q@ ® [ o . q%‘" o Qe @ o @
Bt Bg LEV}® Bankcapt

0.01
0.005

0
—0.005
0.01
—0.015
—0.02
—0.025
0.03
—0.035
—0.04

0.005

0.005
~0.01
—0.015
—0.02
—0.025

o,

0.01
0.02
—0.03
0.04
—0.05
—0.06

—23 - Z > ; G : G
@ o S > Q> P R o Q\fz o & @ oo o o
Dep: Rp ¢ Spread}’ t
0.01 015
0.005
0 0.1
0.05
I P S Q) 2 o o o { ) 5 s % o o 5 =Y
[ Q¥ Qv av3 [N Qv Q> Q [on %\ Q> @ Q¥ o (o
SpreadHH‘tXIO Ry SpreadE’t Et

Fig. 18: Impulse Response Functions associated to a shock on e%, ,. Without nominal and real rigidities in the
housing sector: benchmark (black plain lines), pre-determined lending rates (red dotted lines), binding collateral constraint
(blue dashed lines).
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Fig. 19: Impulse Response Functions associated to a shock on e. With nominal and real rigidities in the housing
sector: benchmark (black plain lines), pre-determined lending rates (red dotted lines), binding collateral constraint (blue dashed

lines).
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Fig. 20: Impulse Response Functions associated to a shock on e”. benchmark (black plain lines), pre-determined
lending rates (red dotted lines), benchmark Basle II (blue dashed lines), pre-determined lending rates Basle II (green cross lines).
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Fig. 21: Impulse Response Functions associated to a shock on €% ,.

benchmark (black plain lines), pre-

determined lending rates (red dotted lines), benchmark Basle II (blue dashed lines), pre-determined lending rates Basle 11

(green cross lines).
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Fig. 22: Impulse Response Functions associated to a shock on e, ,. benchmark (black plain lines), pre-determined
lending rates (red dotted lines), benchmark Basle II (blue dashed lines), pre- -determined lending rates Basle II (green cross lines).
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Fig. 23: Impulse Response Functions associated to a shock on e *"*“*? . benchmark (black plain lines), pre-

determined lending rates (red dotted lines), benchmark Basle 11 (blue dashed lines), pre-determined lending rates Basle II (green

cross lines).
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Fig. 24: Impulse Response Functions associated to a shock on ef*. benchmark (black plain lines), pre-determined
lending rates (red dotted lines), benchmark Basle II (blue dashed lines), pre-determined lending rates Basle 1I (green cross lines).
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Fig. 26: TRANSITIONAL DYNAMICS TO HIGHER CAPITAL REQUIREMENT FOR DIFFERENT IMPLEMENTA-
TION DATES: benchmark model
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Fig. 27: TRANSITIONAL DYNAMICS TO HIGHER CAPITAL REQUIREMENT FOR DIFFERENT IMPLEMENTA-
TION DATES: model with binding collateral constraints
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Tab. 8: OPTIMIZED MONETARY AND MACROPRUDENTIAL POLICY RULES

Loss function

A 1 1

Az 4 4

Ar 0.75 0.75
Alew 0 0.0001

Regulatory regime  BaselI  Basell Basell Baselll Counter-cyclical Counter-cyclical
all shocks ~ bench.

Optimized policy parameters

P 0.98 0.95 0.96 0.93 0.997 0.96
o 43.90 4390 5206  52.07 4391 4391
rax 0.53 0.75 1.12 1.13 -0.43 0.43
Ty 0.57 0.75 0.04 0.07 0.92 0.93
Ta, 0.56 1.74 2.30 2.24 1.61 1.99
ey 0.20 0.68 0.41 0.63 0.00 0.26
ran - - 0.45 0.63 0.00 0.36
To - - 0.01 0.07 0.00 0.00
TAe - - -0.08 -0.12 0.00 0.02
P - - - - 0.78 0.77
rbe - - - - 113.00 0.00
e - - - - 0.40 0.00
Y
rbe - - - - 0.03 0.13
D
5, - - - - -0.05 0.01
ey - - - - -1.91 -0.38
e, - - - - -0.43 -0.11

Relative STD to bench. (in %)

AZ; - 100.0 80.3 102.3 16.5 78.6
11, - 100.0 139.8 116.7 71.6 138.2

Ry - 100.0 72.0 91.9 29.7 65.1
Tp, - 100.0 100.0 96.1 104.6 100.6
Brm,: - 100.0 97.0 84.7 227.8 103.2
Bg - 100.0 99.9 80.4 136.8 94.4
Leveragey - 100.0 99.0 230.1 482.4 94.6
L - 0.34 0.23 0.40 0.03 0.32
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