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“There is no harm in being sometimes wrong,
especially if one is promptly found out”

(John Maynard Keynes, 1883 - 1946)
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“It is better to be vaguely right than exactly wrong’

(Carveth Read, 1848 - 1931)
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Preface

The behavior of banks and the determination of retail interest rates have taken a prominent
role after the recent financial crisis: high levels of the cost of credit and quantity rationing are
characterizing the actual economic environment. Monetary policy has sought to address the setting
of bank rates by continuous operations on the monetary policy rate. Nevertheless, the adjustment
of bank rates has not been complete.

The aim of this dissertation is to show that the incomplete pass-through of policy rate changes
on the loan rate may depend also on market frictions, in particular those existing in the credit
market. To this aim, we present three self-contained but highly correlated papers in which we
discuss the role of these frictions, and their interplay with those existing in the labor market, on
the size of the interest rate pass-through and its relevance in shaping business cycle dynamics. The
study of interest rate dynamics also allows us to focus on the cyclical behavior of the credit spread,
which is often used as a leading indicator of the economic activity. In order to shed light on these
issues, we employ a New Keynesian framework (Walsh, 2003) which offers a convenient setting for
monetary policy analysis. What is relevant in this model is the so-called “cost channel” that links
the current and the expected future real marginal costs of the productive sector of the economy
with inflation and then with the business cycle dynamics. If, as in this work, the loan interest rate
enters the definition of marginal costs, it can affect the dynamics of the main macroeconomic and
financial variables.

Theis dissertation is organized as follows.

In chapter 1, after reporting the empirical and theoretical literature on the interest rate pass-
through and the credit spread, we present a critical survey that uses Bayesian techniques to compare
models which explain the interest rate on loans on the basis of different theoretical mechanisms.
In particular, we propose a model - to be more detailed in chapter 2 - in which credit market
frictions are modeled by the search and matching technology. We conclude that the specification
which benefits from the most favorable evidence is one in which the banking lending rate depends
on its past value, as well as on credit market frictions.

In chapter 2 we describe a New Keynesian model with search and matching frictions in the
credit market and we derive a definition of the banking lending rate which depends on the aggregate
credit market tightness. We estimate and simulate the model with respect to monetary, technology
and credit shocks and we highlight both the incompleteness of the interest rate pass-through and
the countercyclical behavior of the credit spread. We also show the importance of the bargaining
power of banks to explain the degree of (in)completeness of the interest rate adjustment, as well
as the (more or less) countercyclical behavior of the credit spread.

In chapter 3 we study the interplay of search and matching frictions in the labor and in the
credit markets, focusing on monetary policy disturbances. We confirm that the incompleteness of
the interest rate pass-through depends on some deep parameters, such as the relative bargaining
powers and the search costs of agents. By comparing the model outcomes with those which
obtain with parameter values generating a complete pass-through, we show that the transmission
of monetary policy shocks to output and inflation is more relevant than suggested by the recent
literature, even though the presence of credit market frictions has a moderation effect on the main
macroeconomic dynamics.






Chapter 1

Incomplete Pass Through from
Policy to Retail Interest Rates:
a Critical Su]rveyJr

Empirical evidence highlights an incomplete pass-through from policy to retail interest rates. In
particular the phenomena is relevant by comparing the dynamics of the policy and banking lending
rates. Further, it is observable a countercyclical behavior of the credit spread. However, some
disagreement still exists about the theoretical mechanism by which the interest rate on loans
is derived. In this chapter we survey and compare these theoretical devices into a basic New
Keynesian DSGE model. Furthermore, we employ a Bayesian VAR analysis that confirms the low
adjustment of the banking lending retail rate when a positive policy interest rate shock hits the
economy.

1.1 Introduction

The study of the business cycle has always been one of the main focus in the economic litera-
ture. The labor market analysis, through the introduction of different kinds of imperfections and
rigidities into New Keynesian (NK) Dynamic Stochastic General Equilibrium (DSGE) models with
sticky prices and monopolistic competitive markets, is now a standard in this framework. Further,
in the recent years, the introduction of the banking sector in the basic model was growing. This
extension is receiving an increased attention since it helps to describe in a better way the dynamics
of the main financial variables and their relationships with the real economy. In particular, the
study of the (in)completeness of the banking (lending and deposit) interest rate pass-through to
change of the policy rate and the behavior of the credit spread over the cycle are two features on
which the literature is still facing.

Several empirical contributions which appeared before the recent financial crises provided con-
vincing evidence that shifts in policy rates were not completely passed through to retail (market)
banking lending rates.! However, despite the large empirical evidence on the interest rate pass-

TWe wish to thank P. Benigno, G. Ciccarone, F. Giuli, S. Neri, F. M. Signoretti and M. Tancioni. The views
expressed herein are solely those of the author and do not necessarily reflect the views of the Bank of Italy.
1See the next section.
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through some disagreement still exists about the theoretical mechanism by which the interest rate
on loans is derived. Several explanations for the stickiness of the retail rates are been provided
by the literature on subject. One of the most common explanations refers to the bank’s collusive
behavior and the concentration in the financial market (Sander and Kleimer, 2004). In particular
Van Leuvensteijn et al. (2008) show that the competitive pressure is greater in the loan market
than in the deposits market such that banks under competition compensate the reduction of the
revenues in the loan market by lowering the deposit rates. Explanations of the incompleteness of
the interest rate pass-through also rely to the presence in the credit market of agency costs a la
Stiglitz and Weiss (1981) and customer switching costs a la Klemperer (1987). The former which
derive from the imperfect information which characterizes the financial market can provide credit
rationing effects; the latter include learning and transactions costs or any type of cost imposed by
firms. Further, fixed adjustment costs or menu costs can explain the sluggishness of the retail rates
(Hannan and Berger, 1991; Hofmann and Mizen, 2004). Close customer relationships developed
over time (Berger and Udell, 1992; Gambacorta and Mistrulli, 2011) can be relevant: banks with
close relationships to their customers may hold interest rates relatively constant despite variations
of the policy rate. Hannan and Berger (1991) also propose the so-called customer reaction hy-
pothesis linked to different clients’ reaction with respect to an upward or downward price change
and to the degree of the bargaining power of borrowers. The previous arguments are often used to
justify, from the theoretical point of view, the countercyclical behavior of the credit spread.

The aim of this study is contributing to this literature by proposing a theoretical assessment of
the main devices allowing to determine the banking lending rate. In particular, after the study of
a simple economy in which banking lending and policy (deposit) rates coincide, we analyze a NK
DSGE model where the policy rate and interest rate on loans can be different for the presence of an
interest rate mark-up, for the adding of a smoothness factor, for monopolistic competition in the
banking sector and a Calvo’s adjustment for the interest rates, or for a credit market characterized
by search and matching frictions. Furthermore, we estimate and select the previous models by
using the Bayesian procedures. Hence, the main goal of the chapter is selecting the model with
more evidence consistent with the data.

The chapter is structured as follows. In the next section we report the empirical evidence
highlighting the existence of an incomplete interest rate pass-through and a countercyclical behav-
ior of the credit spread; we employ a Bayesian VAR analysis (BVAR) which confirms the limited
adjustment of the banking lending rate to variations of the policy rate. In section 1.3 we report
the main macroeconomic implications related to an incomplete interest rate pass-through and to
the countercyclical behavior of the credit spread. In section 1.4 we describe the model economy.
In section 1.5 we discuss our estimation and model selection strategy. In section 1.6 we present the
dynamic properties of the model and our results on interest rate pass-though and credit spread.
Section 1.7 concludes.

1.2 The Empirical Evidence

Figure 1.1 shows the dynamics of the quarterly policy rate and some quarterly retail rates of the
U.S. economy. In the top panel it is possible to observe that the bank prime loan rate (green
line) is shifted above the federal funds rate (blue line) over the whole sample. Further the spread
between the previous rates is increasing in recent years Conversely, the short (6 months’ duration)
dynamics of the deposit rates (certificate of deposit rate, treasury bill rate and Eurodollar deposit
rate, respectively red, sky-blue and violet lines) are very close to the policy rate. Hence, a low
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adjustment is mainly highlighted by the banking lending rates. The bottom panel of figure 1.1
provide for a more short sample period (1997:Q2 - 2011-Q4) the dynamics of the federal funds
rate (solid line), the bank prime loan rate (dashed line) and the weighted average effective loan
rate (dotted lines). We show that dynamics of the latter rate follows (and it is shifted) that of
(over) the federal funds rate but it is more volatile than the prime loan rate. In the following of
the chapter we will use the weighted average effective loan rate as the banking lending rate used
to estimate the model.?

Federal Funds Rate

ol : : . Bank Prime Loan rate

B-Month Certificate of Deposit Rate
B-Month Treasury Bill Rate
——— B-Month Eurodollar Deposit Rate

d 4
o y
1972-q1 1976-51 1980-q1 1984-q1 1988-q1 1992-1 1996-51 20001 2004-1 20081 20114

Federal Funds Rate
B I et N L \ : : m———— — —=Bank Prime Loan Rate
—s—Weighted-Average Effective Loan Rate

______________

i i 1 i i i T
1957 190504 200154 200304 200534 200744 200534 2011-g4

Figure 1.1: Interest rates dynamics.

Empirical evidence also show as significant differences existed in the degree of incompleteness
which was experienced across countries. The phenomenon was particularly sharp in the Euro Area.?
During the financial crisis, the transmission of policy rate changes to retail rates has become less
efficient in this Area (Cihéxk7 Harjes and Stavrev, 2009) where, however, the short-term rates has
been less affected than in the United States whereas the long-term rates has been heavily impaired
in both economies (IMF, 2008). The existence of an incomplete pass-through of policy rate changes
to the loan rates in the Euro Area and in the United States is confirmed by a recent study by
Karagiannis, Panagopoulos and Vlamis (2010).

The presence of several episodes of financial crisis may alter the speed and the degree of the
response of the banking lending rates to changes of the policy rate. Hence, nonlinearity in the
adjustment of the bank retail rates is tested by nonlinear VAR/VECM models that allow for
Markow switching regime. Fuertes, Hoffernan and Kalotychou (2010) focus on the speed, the
asymmetry and sign of the adjustment by employing a nonlinear ECM model for the U.K. by
using a broad disaggregated sample of credit and deposit products: they find that large changes in
the policy rate trigger faster bank retail rates responses than small variations and that for deposits
(banking lending) rates the adjustment is faster (slower) when the policy rate decreases (increases).

2The shape of the dynamics of the bank and intebank rates follow that of monetary policy whereas the behavior
of the corporate bonds rate is tied to the balance sheets and to the financial statements of the firms.

3See, e.g., De Bondt (2005); Angeloni, Kashyap and Mojon (2003); Gambacorta (2008); de Bondt, Mojon and
Valla (2005); Hofmann (2006).
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Further responses of the bank rates to a monetary policy change depends on the disequilibrium
gap of the models’ variables prevailing at the time of the policy action. Humala (2005) run a
Markov switching VAR model in order to analyze the Argentinian banking system. He shows that
under normal financial conditions the stickiness of the bank retail rates is larger for rates on loans
with higher credit risk whereas in a financial distress scenario characterized by high volatility the
transmission of impulses on money market rate to the retail rates increases. Banerjee, Bystrov and
Mizen (2010) examine the role of the forecasts of rates in determining the short and the long run
pass-through. After using a principal components method to extract the main factors explaining
market interest rate setting for European countries, they test different forecasting models. They
conclude that models which do not include forecasts of future rates are unspecified. Burgstaller
and Sharler (2010) examine the reaction of the banking lending rates to shifts in credit demand
by employing a Three Stage Least Squares estimation in the period 1999-2007 for the U.K. They
conclude that U.K. banks adjust their banking lending rates partially and accommodate variations
in credit demand by providing insurance to firms against liquidity shocks but potentially increasing
their overall riskiness as well as the business cycle volatility.

The literature on the credit spread is also relevant in order to explain business cycle dynamics
and volatility. Gilchrist, Yankov and Zakrajsek (2009) construct a credit spread portfolio by collect
information on senior unsecured corporate bonds treated in the secondary market issued by more
than 900 non financial firms in the sample 1990-2008: by employing a factor-augmented VAR
model they find that shocks to medium risk long maturity corporate credit spreads account for a
significant fraction of the variance in economic activity of the last 20 years. Similar evidence is
provided by Gilchrist, Ortiz and Zakrajsek (2009) by a Bayesian maximum likelihood estimation of
a DSGE model with the financial accelerator mechanism for the sample 1973-2008. Conversely, Lee
and Otsu (2011) estimate by the maximum likelihood method a DSGE model in which they show
that shocks to corporate credit spread are not too important in accounting for the U.S. business
cycle in the period 1990-2008. Chen (1991) and Fama and French (1989) show as the difference
between the average yields on BAA rated and AAA-rated corporate bonds rises during recessions
and fall during business cycle booms. Then, several authors argue that credit spread can be used
as leading indicator of the business cycle both in the short term (Stock and Watson, 1989) and
for long maturity (Guha and Hiris, 2002).

Furthermore, it is useful to note as movements in interest rate spreads can also be associated to
the literature concerning the banking markups. Hence, Dueker and Thornton (1997), by employing
a model with switching costs by which baking industry has some kind of market power, show
for the period 1973-1993 in U.S. a countercyclical behavior of the loan spread defined as the
difference between the commercial paper rate (prime lending rate) and the Treasury bill rate (180-
day certificates of deposit rate). Corvoisier and Gropp (2002), by using yearly data from 1995
and 1999 for 11 euro area countries finds a countercyclical movement of the difference between the
contractual loan and deposit rates. A recent contribution by Olivero (2010) proposes a two country,
two good RBC model with complete asset market and noncompetitive financial intermediation to
study the transmission of the productivity shock in an open economy. She finds a main role
of the countercyclical behavior of the loan margin in explaining the cross-country dynamics of
the principal macroeconomic variables. Moreover she confirms the countercyclical behavior of the
banking interest rate spread in U.S. by employing different methods. In particular after computing
raw correlations between the difference between the banking lending and deposit rate and the GDP
based on IFS data (for the period 1970-2008), she checks the result by employing a (bivariate and
multivariate) VAR analysis to study the cyclical behavior between banking margins and GDP
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at different business cycle frequencies. Finally she uses the VAR forecast errors to provide the
evidence on countercyclical credit spread.

In order to confirm the presence of incompleteness of the response of the banking lending
rate when a policy rate shock hits the economy we employ a BVAR model. For this scope we
use 6 observables for the U.S.: federal funds rate, weighted-average effective loan rate for all
commercial and industrial loans, real GDP, employment, real wage and inflation. We take raw
data: the implementation of the Bayesian techniques allow us to handle the over-fitting problem
and the nonstationarity due to possible unit roots of the macroeconomic series. We only consider a
seasonally adjustment. The optimal number of lags is chosen by the Bayesian information criteria:
we find p = 8. The sample period is 1997:Q2 - 2011:Q4.4

Consider the following matrix form of the VAR(p) model:

Y=XB+U
where
B
Y1 Yo e Yi1—p 1 . Ul
y — . X — . . . B— : U— .
p
yr yr—-1 ... Yr—p 1 ; ur
where t = 1...T is the time index, y; is a column vector of n endogenous variables, u; b (0,%,)
is a column vector of the residuals, 1, B2, ..., Bp are n x n autoregressive matrices and aisa 1 xn

matrix. Hence, Y and U have dimension T' x n, X is a T x k matrix whereas B has dimension
k x n where k = np + 1. Finally we can write U e N(0,%).

The implementation of the Bayesian procedures implies the use of prior distributions over the
parameters B and X.° In the following description we use the symbols p and P to indicate the
notations related to the priors and the posteriors respectively. We estimate the BVAR model by
using a prior which is a combination of a diffuse and dummy observation (Minnesota) priors:

(dfP+n+1)

1
p(B,X) |E|_Zexp{—2Tr(Z_ISp)}x

|E|’g exp{—;Tr(E1(B—Bp)/Xp/Xp(B_Bp))} (1.1)

where dfP, SP, BP and XP depend on the dummy observations.® From the prior (1.1) it is possible
to observe that (i) X is distributed according to an inverse-Wishart distribution, with dfP degrees
of freedom” and parameter SP and (ii) conditionally to ¥, matrix B is distributed according to a
matrix-normal distribution, with mean BP and variance-covariance parameters ¥ and (XP' XP)~1,

The likelihood of the VAR model and the marginal density are respectively:

4In order to obtain the optimal number of lags we employ the Schwartz Criterion. The same result is provided
by using the Akaike Information Criterion. The Bayesian VAR model is also simulated using the bank prime loan
rate for a longer period (1960:Q1-2011:Q4) with results qualitatively similar to those described in the text. In this
case the Bayesian information criteria provide p = 2.

5See Lubik and Schorfheide (2005).

6For a complete description of the BVAR construction see the technical appendix.

"The inverse-Wishart distribution requires the number of degrees of freedom to be greater or equal than the
number of variables, i.e. dfP > n. See the technical appendix for more details.
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p(Y|B, %, X) = (27)” 2|7 exp {—;Tr(Zl(Y — XB)(Y — XB))} (1.2)

p(Y|X) = /p(Y|B,2,X)p(B,2)dBd2 (1.3)

By using (1.1), (1.2) and (1.3) in the Bayes theorem it is possible to derive the posterior distribution:

P n 1
p(B,2lY,X) « |p exp{—QTr(z—ls"’)} x
. 1 R , .
Dok exp{—2Tr(E_1(B — BPYXP' XP(B - B”’))} (1.4)

where df”, S7, X¥ and B depend on prior observations. Similarly to the prior case, we can ob-
serve that the posterior density (1.4) is such that (i) ¥ is distributed according to an inverse-Wishart
distribution, with df” degrees of freedom and (ii) conditionally to ¥, matrix B is distributed ac-
cording to a matrix-normal distribution, with mean BP and variance-covariance parameters ¥ and
(XP' XP)-1,

Figure 1.2 plots the Bayesian posterior impulse response functions of BVAR model for the
policy and retail rates with respect to a shock to the policy rate.® We adopt the Cholesky’s
identification scheme: the order of the variables is that listed at beginning of this section. We ran
10,000 replications.

x10° Federal Funds Rate

) 10 15 20 25 30 k= 40

[_190% Confidence Interval — == Bayesian Poasterior Median IRF ——— Bayasian Posterior Mean IRF

Figure 1.2: Bayesian VAR impulse response functions.

Figure 1.2 confirms the low adjustment of the loan retail interest rates when a positive policy
interest rate shock hits the economy: for both median and mean posterior IRFs at the impact
the weighted average effective loan rate increases less than the federal funds rate. Moreover the

8The result holds for different orders of the variables. A complete description of the Bayesian IRFs is available
upon request from the author.
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response function of the loan rate is persistently lower than that of the policy rate over the whole
simulation’s period.

1.3 Macroeconomics, Credit Spread and Interest Rate Pass-
Through

Several works show the existence of frictions in financial markets but disagreement exists about
their significance in the transmission of exogenous shocks to the economy. Traditional channels by
which credit frictions work and affect the real economy are the banking lending and the balance
sheet channels.” Both mechanisms rely to the presence of asymmetric information in the credit
market: the former focuses on the different information between borrowers and lenders about
the characteristics of individual projects and the substitutability of the banks’ sources of funds;
the latter arises by the presence of financial frictions on the liability side of the bank’s balance
sheet. Furthermore, if the financial intermediaries hold capital, capital requirements may affect
the banks’ assets and hence the transmission of the monetary policy.'® Moreover, by focusing on
the borrowers’ balance sheet, we refer to the financial accelerator literature,!' where in presence
of asymmetric information, the amplification of the main macroeconomic variables depends on
firms’ ability to borrow linked to the market value of their net worth which is inversely related to
the external finance premium. It is useful to note that the definition of external finance premium
is different from that of corporate credit spread. The former is the wedge between the rate of
return on capital and the risk-free rate; the other one is the difference between the contractual
loan interest rate and the risk-free rate.!?

Many authors analyze the role of the credit spread. Curdia and Woodford (2009, 2010) intro-
duce financial frictions into a standard NK DSGE model. They consider different shocks in an
economy in which spreads - defined as the difference between the logarithmic deviations of banking
lending and policy rates from their steady states - exist. In line with Lown and Morgan (2002)
they find that the credit spread is compressed during monetary policy tightenings. So, differently
from the works cited in the previous section, this means that the loan spread has a procyclical
behavior even though the interest rate pass-through is incomplete. Furthermore, they find that a
modified interest rate rule that reacts to the contemporaneous variation of the credit spread can
improve upon the standard Taylor rule by reducing distortions caused by some kind of disturbances
as variations of the risk of bad loans. However, the optimal degree of adjustment is not the same
for all shocks. Further, it is smaller than that proposed by McCulley and Toloui (2008) (100%
of the spread’s change) and depends on the degree of persistence of the disturbances.!® Agénor,
Bratsiotis and Pfajfar (2011) examine the impact of a monetary policy shock on the loan spread.
Under asymmetric information, they endogenously derive a default probability of the borrowers
that drives the loan spread. Since in their model the interest rate on loans is a direct function of
the probability of the default and since an increase of the banking lending rate rises the default
probability, then a policy rate increase determines further and continuing increases of the previous
variables such that the loan spread is amplified and a countercyclical risk premium is highlighted.
In the present work we do not consider a bond market and we do not model a default risk. Hence,

9Surveys on the credit channel literature can be found in Bernanke and Gertler (1995) and Hubbard (1995).

10See Meh and Moran (2004) and Gerali et al. (2010).

HSee Bernanke, Gertler and Gilchrist (1996, 1999), Calstrom and Fuerst (1997, 1998) for more details on quan-
titative analysis in partial and general equilibrium frameworks.

123ee Levin, Natalucci and Zakrajsek (2004) for more details.

13See also Goodfriend and McCallum (2007).
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the interest rate spread we study is the simple difference between a banking lending interest rate
and a policy rate.!?

The cost channel may be affected by the degree of incompleteness of the interest rate pass-
through. The relevance of this issue for New Keynesian DSGE models is testified by the literature
on the cost channel of monetary policy (e.g., Christiano, Eichenbaum and Evans, 2005; Ravenna
and Walsh, 2006): if the cost channel exists any exogenous shock to the economy generates the
stabilization trade-off for the monetary policy. Hence a limited pass-through also has macroeco-
nomic implications: the dynamics of the retail rates by affecting the cost channel may amplify or
moderate of output and inflation fluctuations. Sharler (2008) investigates on the previous point
by using a New Keynesian DSGE model; she finds that a more incomplete pass-through in the
long run reduces the output volatility at the cost of higher inflation volatility with respect to
a cost push shock. Hence, the incompleteness exacerbates the typical trade-off of the monetary
policy that results inefficient. A recent investigation on optimal monetary policy under imperfect
interest rate pass-through in an economy where retail banking lending rates are different across
regions because loan markets are geographically segmented and individual firms can borrow funds
only from the corresponding regional banks, which set loan rates according to a Calvo-type rule is
proposed by Kobayashi (2008). In this case the incompleteness of the interest rate pass-through
creates fluctuations in the average loan rate which, by the cost channel, determines an inefficient
allocation of worked hours. Hence, a Central Bank has to stabilize the loan rate when it determines
the optimal monetary policy. The previous stabilization involves in a more inertial response of the
policy rate in presence of technology and preference shock and in a more sharp response when an
exogenous shock directly push up the banking lending rates.

Hiilsewig, Mayer and Wollmershéuser (2009) also explore the effects of the cost channel on
inflation’s dynamics that arise from the presence of an incomplete pass-through. They employ the
Calvo’ setup for the banking lending rate which allow them to study both the short and the long
run pass-through of a monetary policy shock to a interest rate on loans: a larger fraction of banks
which charge the last period rate on loans and a less competitiveness in the banking sector imply
a more incompleteness of the interest rate pass-through. The cost channel of the monetary policy
contributes to reproduce a delayed and inertial dynamics of the price inflation; the incomplete
interest rate pass-through attenuates the cost channel effect. Gerali et al. (2010) propose a New
Keynesian DSGE model with financial frictions in order to study the role of credit supply factors
in explaining the business cycles dynamics and in which banks face quadratic costs for adjusting
retail rates. Among other results, they find a definition of the interest rate on loans which, similarly
to the Calvo’s frictions, depends on its future and past values and on the policy rate: the model
estimation suggests the presence of an incomplete interest rate pass-through of policy rates to
retail rates which together the imperfect market competition in the banking sector do not only
mitigate the amplification of the dynamics of the real variables depending on the cost channel
effect as in Hiilsewig, Mayer and Wollmershéuser (2009), but involve in an overall attenuator effect
of the real economy when a positive policy rate shock hits the economy.!® Giintner (2011) finds
that the degree of monopolistic competition affects the pass-through of policy rates to banking
lending rates in the short run. Specifically, when a monetary policy shock hits the economy, a less

MDjfferently from Curdia and Woodford (2009, 2010) our definition of credit spread also depends on the steady
states values of the banking lending and policy rate. See also the section (1.4.4).

15Goodfriend and McCallum (2007)’s model is able to highlight a banking attenuator effect if the monetary shock
has a very large volatility. Similarly to Gerali, Neri, Sessa and Signoretti (2010), the imperfect competition in the
financial intermediation sector produces attenuation in Andrés and Arce (2008) and Aslam and Santoro (2008)’s
models.
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competition among banks provides a financial accelerator effect by changes of deposit rates and an
attenuator effect by changes of the banking lending rates reducing the efficiency of the monetary
policy.

Finally, the interest rate pass-through can be relevant for the determinacy of the model’s
equilibrium. Kwapil and Sharler (2006) show that the standard Taylor principle is not sufficient
to avoid fluctuations due sunspot shocks: in presence of incomplete interest rate pass-through the
monetary policy rate have to rise more than the increase that would occur in the case of perfect
pass-through otherwise a no determinate equilibrium may be possible. Further, they also show
as a limited pass-through can help to stabilize the fluctuations arising from fundamental shocks.
This is especially true when the interest rate pass-through is incomplete in the long run and in
bank-based financial systems (Kwapil and Sharler, 2010).

1.4 The Basic NK Model

In this section we consider the basic NK model in which we nest five different ways to describe the
banking sector in line with the literature on the subject matter. Hence, after the basic assumption
that arbitrage condition holds (banking lending rate equal to deposit rate; Ravenna and Walsh,
2006), we compute the interest rate on loans as (i) a simple mark up of the policy rate (Chowdhury,
Hoffmann and Schabert, 2006), (ii) a value which depends on the policy rate as well as on a
persistence factor due to the past value of the loan rate (Kaufmann and Sharler, 2009), (iii)
the value set by banks when they maximize profits under monopolistic competition subject to a
Calvo’s rule (Hiilsewig, Mayer and Wollmershiuser, 2009), and (iv) the rate determined by the
profit maximization of banks facing search and matching friction in the credit market (Wasmar
and Weil, 2004; and Becsi and Li, 2005).

1.4.1 Households

There exists a continuum of households of mass one maximizing the expected discounted value
of their utility. The preferences of the representative household are defined over a composite
consumption good, consisting of the differentiated goods produced by retail firms, and leisure. The
household enters each period with a given amount of nominal cash holding M; and buy retail goods
using the money endowments and the wage income (Pyw;N;) net of nominal deposits with banks
D;. It follows that M; + Pyw;N; — D, is spent to purchase consumptaion goods from retail firms, of

e—1 —
value P,C;. As in Dixit and Stiglitz (1977), it is C; = (fol C.c di) ' , where Cy; = (%)’ECt and
€ > 1is the parameter governing the elasticity of individual goods, which are indexed by 4. The cost

of one unit of the consumption basket is given by the aggregation of the prices of the differentiated

products, P; = < fol Piltfedi)ﬁ. The purchase of consumption goods is subject to the cash in

advance (CIA) constraint: P,Cy < M, + Paw;Ny — Dy.*® At the end of the period households
receive retail firms’ and banks profits’ denoted by IIf" and I, and obtain the reimbursement of
their deposits plus the interest on them: RPD; = (1 + rP)D,.!" It follows that the amount of
money carried over to the following period is: M 1 = M;+ Pywy Ny — Dy — P,Cy +11F + 112 + RP D,
Substituting the CIA constraint into this equation we get: M;,; = III' + 117 + RP D;. Calculating

16The CIA constraint is always binding because the nominal interest rate is positive and agents choose their asset
(deposit) holdings after observing the current shock but before entering the good market (Lucas 1982).

17When we consider the model with search and matching frictions in the credit market, the firms’ profits include
both those of retail firms and of the specialized firm which post credit vacancies.
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this equation a period backward and substituting the result into the CIA constraint gives: P,C; =
PowyNy +TF ; +T1B | — Dy + RP Dy 1. Tt can be expressed in real terms as:

I, _|_HF—1 —&—FRD Dy
P, p, P "' P

Ct = tht + (15)

This equation states that consumption and savings are financed by real labor income w;/N¢, the

RP D,
sum generated by previous period deposits, %ﬂ, and profits from banks and retailers,
t
I, + 107, .
— 5 The representative household hence solves the problem:
t
JI = max [pU(Cy, Ny) + BEJ ]
s.t. (1.5)

where ( is the household’s subjective discount factor and ; is a preference shock on the wedge

. . . . P e i 9
between consumption and leisure whose stochastic process is ¢ = ¢}_,e% with ¢f '~ N (0, Ug,).

1—0o
t

— it
A CRRA specification for U(Cy, Ny) = H— — ﬂtﬁ% provides the first order conditions which
lead to the standard Euler equation of the baseline New Keynesian model and to the definition of
the real wage equal to the marginal rate of substitution between consumption and leisure:

P,
A = RtDﬁEtP—tAtH (1.6)
t+1
_N?
we = 19,5’[9 ja (17)
t
where \; = ¢;C; 7 is the marginal utility of consumption, 9 is a constant term and ¥; is a

) L
preference shock on leisure whose stochastic process is 9, = 07 e with ¢/ “%* N (0,02). The
unemployment is Uy = 1 — N;.

1.4.2 Wholesale firms

There exists a continuum of wholesale firms in the unit interval producing homogenous goods in a
competitive sector. The production function of the representative wholesale firm is:

Y = AN (1.8)

where A; is a productivity shock with unit mean, E;(A;) = 1, and whose stochastic stationary
a .

first-order autoregressive process is A; = AfﬁleEtA with € N (0,0%). The representative firm

must determines the labor demand. Its profit maximization problem is:

Y’UJ

max LfthtLNt
Mt

st. (1.8)

where p; is the is the mark up of the retail sector over the price of the wholesale good, P,/P}*,
and the costs depend on the repayment of the loans received by banks, equal to the wage bill to
grant to the households plus the interest on loans. The first order condition with respect to the
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employment yields:
1 _ wRp (1.9)
e mpl, .

where mpl, = ozAth“1 is the labor marginal productivity. Since the competitiveness of the
wholesale sector, the mark up i is equal to the real marginal cost paid by the retail firms to buy
the homogenous good. Then i = mc;. Hence, the real marginal cost of the firms is the usual
ratio between the labor cost, w; RF, and the labor marginal productivity, mpl,.

1.4.3 Retalil firms

Retail firms purchase the goods produced by the wholesale sector and transform them into the
differentiated products purchased by households. Hence, each firm is a monopolist of its sector.
Firms set prices according to the Calvo (1983) rule. Each period a firm can adjust its price with
probability 1 — w. Furthermore, it is Cj; = Yj; and the aggregate resource constraint is C; = Y;.18

Py
in the log linearization version of the model.'® Then, in a symmetric equilibrium all firms set the

—&
Moreover, we have Y, =Y, f;. where f, = [ (P“> di is a price dispersion factor which disappear
price, P} = Py, so as to maximize the expected lifetime profits subject to the demand:

o0

A P
max F Wt lm[( t )—mc ]Yi
¢ ; B X P 41| Yie

P\ ¢
s.t. }@F(”) Y,

This provides the price equation:

1>
* E > 2 wlBime (—Pt“) Cl=e
P, t 2.1=0 t+1 A l
t_g AV (1.10)

e—1
oo gl P 1—0
By Zow'B ( P, ) Cint

€

where: © = —=;. Under flexible prices, equation (1.10) reduces to the standard Blanchard and
Kiyotaki (1987) equation:

Py
P
From (1.10) the usual (log-linearized) New Keynesian Phillips curve (NKPC) is obtained:

= Omc; (1.11)

T = 6Et7rt+1 + :‘ﬂ’?l\ct + ’([Jt (112)

where k = % and 1/315 = P%&tﬂ +€§b with eff} bR N (07 Ji) is the log linearized version of

vy
the cost push shock process ¢; = 1/}57164 . The symbol "hat" denotes the percentage deviation of
a variable from its steady state value. The NKPC (1.12) can be expressed in terms of the output

gap T, = Y, — Yﬂf where Yﬂf = %ﬁt represents the quasi flexible equilibrium output:
Ty = ﬁEtﬂ't+1 + KJ(R,{I + ’l§t) + KTT: + ’(Z)t (113)

18For all models of section (1.4.4) the equilibrium condition C; = Y; holds.
198ee Gali (2008).
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— [1+¢+Z(U_l)]'

where

1.4.4 Banks

In this part of the work we assume five versions of the banking sector that lead to different

definitions of the interest rate on loans. In the following we define the interest rate credit spread
—  RV'RF — RPRP

as SP, = RF — RP and its log linearized version is SP; = . So, it is evident that

the dynamics of the credit spread depends on both dynamics and steady state values of the loan
and policy rates. Moreover the interest rate pass-through is defined as the percentage deviation
of the interest rate on loans from its steady state value, RF, minus that of the policy rate from

own steady state, R? . Hence we have a complete, incomplete or more than complete interest rate
.. ORE

pass-through if —%
ORD

is equal, less or greater than 1, respectively.

The pure credit economy a la Wicksell

In this section we consider the simplest modelling of the banking sector according to the Wicksell’s
(1936) pure credit economy. Then we assume that banks do not possess their own capital and
they do not hold reserve. Further we assume that each bank operates with no costs, no default
problems exist and whole deposits collected from the households are advanced to the firms. The
optimal value function of the representative bank is:
JP = max (Rff{ — Rf’% + ﬂEt)\Zlinl)
s.t. Lt = Dt + Xt

where L; and Xy = M1 — M; represent the amount of nominal loans (equal to the wage bill) and
the net position on the money market (cash injection), respectively. In all models of this work we
assume that deposits and money are perfect substitutes for the firms’ financing. The bank chooses
D;. Its decision yields the last condition of the Wickesellian pure credit economy, i.e., the rate of
interest on loans is equal to that on deposits:

RE =RP (1.14)

The latter condition is considered by Ravenna and Walsh (2006) which assume perfect pass-
through. Moreover, the steady state version of equation (1.14) is R* = RP. The log-linearized
version of the previous equation is:

RL = RP (1.15)

The price mark-up assumption

In order to show a simple way to insert a price mark up in the relationship between the interest
rate on loans and the policy rate, we follow Chowdhury et al. (2006). Instead of providing an
explicit microfoundation of the financial imperfection by which the effects of the policy rate on
the banking lending rate can be amplified, they consider a continuously differentiable function
U(RP) € (0,1), that summarizes the effects of the policy rate on the return of the loans. Then,



1.4. The Basic NK Model 21

the optimal value function of the representative bank is:

L A
JP = max (Rf [1- \I/(RtD)] ! RD + BE, 2L Jt+1>
s.t. Lt Dt + Xt
Its decision yields:
Ri [1 = W(RP)] = R (1.16)

The steady state version of equation (1.16) is RF = RP: its log-linearized version is:

1-v
RL = (1+UR)RP + 0, (1.17)
where U = %. Hence, 1 + ¥R can be smaller or larger than one, depending on the sign of

the term ¥R.2° When we estimate the model we use the functional form ¥, = [1 — Uy (Rf))%]

with 0 < U < 1 and 5 > 0. Then ¥}, = —W¥gs¢ (RtD)%_1 whereas the steady state interest rate on

1 e A o
loans becomes RE = o (RD)1 . Then, ¥p = —» and RF = (1 — 5) RP + ©,. Furthermore we
0
append the exogenous shock ﬁt to the equation of the banking lending rate whose no log-linearized

7. ’L d.
stochastic process is vy = vl 1e€t with €} N (0,02).2

The interest rate smoothing assumption

In order to insert smoothness in the loan rate dynamics we follow Kaufmann and Sharler (2009)
by assuming that banks are able to create loans using deposits by a function depending on the
current and past values of the banking lending rate. In particular, financial intermediaries solve
the following problem:

A
JP = max (RL _ppDe L} BE, t“JtH)

tp,
e 1
st. Ly=%o | — | (Di+Xi)
(Rt—l)
where ¥y > 0 and {; > 0. Their decision yields:
1+¢ —Co¢
(R) " %o (Ri,) ™ =RP (1.18)

P3P}
1
The steady state version of equation (1.18) is R =%, (RD)22 where Y1 = (E) and Yo =
0
v
(14 (1 =<¢o) Gl

Furthermore, the log-linearized version of equation (1.18) provides:

- 1
Rl =
14+ G Y 1+

RE |+, (1.19)

20Chowdhury et al. (2006) insert in the profit function of the financial intermediaries a managing cost of the loans
that allows to obtain a negative value of the term Ug.
21The same shock is appended to the banking lending rate equation of the models reported in the next subsections.
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The previous equation states that the banking lending rate depends on the policy rate as well as
on the persistence factor due its past value. It is useful to note that when (; = 0 we obtain the
Chowdhury et al. (2006)’s version (1.17) whereas for (; = 0 we obtain the simple case with no
mark-up (1.15).

Monopolistic competition and Calvo’s rule

In this section, following Hiilsewig et al. (2009) we assume that each wholesale firm holds a loan
portfolio diversified over all types of loans k € [0, 1] offered by a banking sector which advances
loans under a monopolistic competition’s regime. They are aggregated in the following way:

1 51 %
L= [ / L, dk] (1.20)
0

where 17 > 1 represents the elasticity of substitution between the different types of loans k. Each
firm minimizes the reimbursement of the loans demanded to the each monopolist bank k, Ly, plus
the related banking lending rate RE,, subject to the demand for loans of the individual firm (1.20):

1
min / Lyt RY,
0

s.t. (1.20)

The first order condition with respect to Ly; yields:

R\
Ly = =% L 1.21
kt (RtL) t ( )

where the gross loan interest rate is given by the aggregation of the banking lending rates of loan
1

types k: RF = {fol (Rﬁt)k77 dk} """ Further in this setting we assume that banks face Calvo’s

frictions when they set their interest rate on loans. Hence, only a fraction of the banks, 1 — x, can

be adjust their prices each period ¢ whereas the fraction y maintain the gross banking lending rate
unchanged. Then the aggregate interest rate on loans can be rewritten as:

RE = [(1=0 (BE)' ™+ x (RE) ] (122)

Given each bank & holds the balance sheet Ly = Dyt + X, in a symmetric equilibrium all banks
set the price, RtL* = Rét, so as to maximize the expected lifetime profits subject to the loan
demand of the firms:

— At+l (L D\ Lktti
max F YBEE (REX — R

t; )\t ( t tJrl) Pt+l
st (1.21)

This provides the gross interest rate on loans equation identical for all banks:

By 320 XA RE ((RE) (List / Pil)
By 372 XA (RE ) (L / Pryt)

Lx*
t

—_
=
fln

(1.23)
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where: = = % Under flexible prices equation (1.23) implies that the optimal interest rate on
loans is a mark-up over the policy rate as already seen in the previous section:

Rf* = ERP (1.24)

Furthermore the steady state version of equation (1.23) is Rl = ZRP. By log linearizing the
equations (1.22) and (1.23) we obtain:??

RL — BXx

F= e BiRf + r a5 i B 201 OF - P (1.25)

ﬂ 2 L+ Bx?

The previous condition states that the interest rate on loans depends on the its backward and
future values and on the policy rate. Moreover if x = 0 we obtain the equality between the
banking lending and the policy rates.

Search and matching frictions

In this set up in order to obtain a loan a credit relationship between firms and banks has to created.
Hence a credit relation arises by the matching between the number of credit vacancies chosen by
banks, V;®, and the demand for lines of credit, represented by the number of wholesale firms
searching for a bank, s = 1 — (1 —p®)LY |, where pP € [0, 1] represents the exogenous separation
rate between firms and banks in the credit market, and LY is the number of credit lines chosen by
banks. Then the number of new matches in the credit market, which are immediately transformed
into lines of credit, are determined by the matching function H; = ¢(V,;2)¢(sf)1=¢, which is
homogeneous of degree one and increasing in its arguments, where ¢ is the credit market efficiency
constant and ¢ is the elasticity of financial matches. Further p? = H;/s!" is the probability that a
firm matches with a credit vacancy posted by bank, and ¢” = H;/V,? is the probability for a bank
of filling a posted credit vacancy. Finally, 0 = sf'/V,P is the aggregate tightness in the credit
market from the viewpoint of the firm. The lines of credit financing firms evolve according to:

LN =1 -p®)LY | + H, (1.26)
Then, being L; = Dy + X, the problem of the representative bank is:

At+1 p

JP = max (R - Rt)Pt kPRPVE + R F+5Et T

s.t. (1.26)

where kP is the real posting credit vacancy cost. By maximizing with respect to V,Z, by remem-

Ly
bering that P = = w;N; LY and by using the envelope theorem with respect to LY ;2* we get what
t

22Gee the technical appendix for more details.
23The bank’s profit at time t is given by revenues minus costs. Revenues are given by the repayment of the real
loans ﬁnancing wages plus interest, Rf’ (thtLéV). Costs are equal to the repayment of deposits and money plus

X
interest, RD— + RD L. RtD (thtL,{V + k:BV;B). By using the bank’s balance sheet, stating that deposits and
Dy X L
money finance the loans prov1ded to firms and the repayment of the credit vacancies, ? + Ft == + kB V;B , the
t t

profit function of the bank is straightforwardly obtained.
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we interpret as the "credit creating condition":

kB RD A kB RP
~ 5t = (RF — RPYwN, + (1 — pP) B, 2L = L

1.27
q; At qt]:j—l ( )

The loan interest rate is determined by the maximization of the Nash product between the firm
and bank surplus:
max(S} ) (SP) (1.28)

where z represents the bargaining power of firms and S/ and S represent the surpluses of the
bank and of the firm respectively:

v A
S{ =~ —wR{N + (1= p")BE; :1 (1= pPa)SEa (1.29)
kP RP
SP =%t (1.30)
a;

The maximization of the Nash product yields the interest rate on loans bargained by banks and

firms: BD
1-2)YY z A1 KPR
f ( ) -t RtDtht _ (1 _ pB)ﬁEt t+1 t+1

Ao 0F,

weNe i w Ny (1.31)
The interest rate on loans turns out to be a weighted average of the firm’s revenues, on one side,
and the rate of interest on deposits net the banks’ future expected present saving from maintaining
a credit relation with a firm, on the other side. The weights are the relative bargaining powers of
the agents. If z = 1 firms are able to obtain a loan interest rate equal to deposit interest rate net
the banks’ saving; if z = 0 banks are able to set a loan interest equal to the firm’s marginal profit.
By using equations (1.6) and (1.9), the log linearized version of equation (1.31) can be written in
the following way:

Rf = AlRtD + A2 I:EtétC:I»I - EtEtD+1 + (’Lz}t + Nt - Etﬁ't+1)i| + ’LA)t (132)

The term A; =

{RD + (1—5;)173 1;72

} represents the direct pass-through from the pol-

az (1—p®)p”

az
RL(a—1+2)

icy rate, RtD , to the retail banking lending rate, RtL, whereas the coefficient Ay = 47 a-T77)  wN

represents the indirect pass-through due to the credit frictions depending on the expected credit
market tightness E,07; and the expected policy rate E;RP, |, and on the nominal value of the
loan (equal to the wage bill) lent to the generic wholesale firm. It is useful to note that the steady

B B
Z{1+ (-p2)0p }

—_(1—pB
state banking lending interest rate can be written as R* = YT RP where T = { o El (1(1 - ;fL =
1_ (=2 =0-pB)sp
E [1—(1—913)5}}

is the mark-up over the steady state policy rate.?* If k# = 0 then Ay = 0 and (1.32) reduces
to RL = ﬁﬁ? (mark-up assumption) whereas if k% = 0 and z = 1 then RF = RP

(complete pass-through).
Finally, following Becsi, Li and Wang (2005), we can provide a steady state equilibrium condi-

24See the technical appendix for the computation of the surplus of the agents, for the log linearization of the
interest rate on loans equation and for derivation of its steady state version.
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tion for endogenous entry of firms:

B _ E(l B /6)(1 B ﬁ + ﬂpB) (133)

T [(’; —wRLN) —(1- B -pP)e

where ¢ is the firms’ entry cost.

1.4.5 Monetary authorities

A central bank employs the following monetary rule to set the policy rate, which we assume for
simplicity equal to the rate on deposits:

R Pt (17PR)6‘N R
Ry = (RZ,)" (Pt—l) () 17y, (1.34)

where pft is the degree of interest rate smoothing and 6, and &, are the weights assigned to the

targets of inflation (P;/P;—1) and output gap, respectively. The stochastic term v; = z/fileer

denotes a stationary first-order autoregressive monetary policy shock with € N (O7 03).

1.5 Estimation and Model Comparison

In this section we provide the estimation of the models described above. In particular we use the
Bayesian Monte Carlo method which allows an empirical performance comparison of the models
according to the information arising from the marginal distributions of the models. The Bayes
rule allows to get the posterior distribution of the model parameters conditioning on the prior
assumptions on the vector parameters x € K, the model M; and the sample information Y; =
{yeizy:

P(K/YT,Mj) _ P(YT/"@ Mj)P(K”Mj)

P(Yr, M;)

(1.35)

where P(k, Mj) is the prior distribution, P(Y7/k, M;) represents the conditional distribution and
P(r/Yr, M;) is the posterior density. The latter distribution is computed by the numerical in-
tegration which, operationally, is obtained by the Kalman smother in order to approximate the
conditional distribution and by the Metropolis Hastings algorithm to implement the Monte Carlo
integration.

Furthermore, Bayesian procedures can be used in order to compare alternative models. This
aim is achieved by comparing the Bayes factor, i.e. the ratio between the probabilities of having
observed the data conditional to two different models. Hence, by considering the Bayes theorem,
assuming that the all alternative models are true, the posterior density in terms of two models is:

P(Yr/M;)P(M;)
(Yr/M;)P(M;)+ P(Yr/M)P(Ms)

P(M;, Yr) = (1.36)
P

where P(Yr/M;) = [ P(Yr/kj, Mj)P(k;, M;)dk; is the marginal density and j # s. By consid-

ering the ratio between the posterior distributions of two models we get the posterior odds ratio,

POj s, which coincides with the Bayes factor, B; s, when we have no prior model preferences, i.e.
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_ PWM;,Yr)  P(Yr/M;)
PO, = POLTe) — P ¥y /) = DBj (1.37)

The Bayes factor is an index which indicates both the acceptance (or not) of a model and its
relative evidence compared to another one. Following Schorfheide (2000) we compute the posterior
(marginal) log-likelihood of the models by employing the Laplace approximation method. In order
to select the model which is more supported by the empirical evidence we employ the Jeffrey’s
(1961) method which scale the evidences provided by the log-Bayes factors of different models.?

In the following we compare the models which can generate an incompleteness of the interest
rate pass-through. Hence, we do not consider the pure credit economy scenario where, given the
assumptions, the incompleteness in the transmission of the monetary policy cannot exist; instead
we study the other four scenarios and we denote the model with the mark-up assumption as model
A, the model with the smoothness factor as model B, the model in which there is monopolistic
competition in the banking sector and where the pricing is subject to a Calvo’s rule as model C,
and the model which incorporates search and matching frictions in the credit market as model D.

1.5.1 Sensitivity Analysis: Mapping Stability

The prior assumptions have a relevant role in the Bayesian estimation procedure. As a matter
of fact, it is possible that some parameter values which are plausible for a model may not be
for another alternative model. Then we employ a stability mapping analysis which identifies the
stability domain of the models as well as the values of the parameters driving in indeterminacy and
instability. This procedure is helpful in order to choice in a better way the priors. In particular a
Monte Carlo simulation is performed in order to detect what parameters mostly drive the model
into a specific region.

According to Ratto (2008) we consider two regions: an acceptable stable region G satisfying the
standard Blanchard-Kahn rank condition and an unacceptable region G caused by the instability
and indeterminacy. Hence, in order to explore all the prior space we sample uniformly from the prior
distributions defined above and we categorize each parameter into the two alternative regions. The
sample is generated using a Sobol’s quasi Monte Carlo sequence of dimension N = 2048. Hence,
we get two subsets, (ks/G) of size n and (k/G) of size T representing draws from the unknown
probability density functions f, (ks/G) and fz(ks/G) respectively, where k is the vector of the
parameters, s is the parameter’s index and n+7 = N. Finally the identification of the parameters
(and their relative values) driving in the (un)acceptable region is defined by the comparison of the
previous density functions by the two-sided Smirnov-Kolmogorov test:

dni = sup || Fy (r5/G) = Fr (r5/G) ||

where F, (ks/G) and Fg (ks/G) are the cumulative distribution functions (cdf) of the generic
parameter x5. Given the null hypothesis f,, (ks/G) = frz (ks/G) and the significance level at which
it is rejected, if for a parameter ks the two distributions are significantly different (a larger d, ),
it is possible define the parameter as a key driver of the model behavior as well as the values of
the parameter space leading in one region or in other one. Alternately, if the distance between the
distributions is not significant, k4 is not important for the model’s dynamics and its values can

25Model j is supported if Bj s > 1. On the other hand, there are a slight, moderate, decisive or strong evidence
1
against the model j if 1072 < B; o < 1,10~ < B; , <1072, 102 < B, , < 10~ ! and Bj,, < 102, respectively.



1.5. Estimation and Model Comparison 27

belong, indifferently, either to G or G.

[ Model A I Model B I Model C 11 Model D |

Par. |[ Stab Indet. Instab. [[ Stab Indet. Instab. [[ Stab Indet. Instab. [| Stab Indet. Instab. |
@ 0.1500 0.0783 --- 0.1610 0.0834 -- - 0.1510 0.0790 --- 0.1170 0.0492 0.1720
Sx 0.8620 0.4510 --- 0.8580 0.4440 --- 0.8650 0.4520 --- 0.5780 0.3040 0.4290
So 0.0620 0.0324 --- 0.0527 0.0272 --- 0.0469 0.0245 --- 0.0571 0.0292 0.0861
pR' 0.0499 0.0261 --- 0.0518 0.0268 --- 0.0398 0.0208 --- 0.0482 0.0344 0.2440
P 0.0136 0.0071 - - - - - - -
Yo 0.0110 0.0057 - - - -
<o - - - 0.0200 0.0103 - - - N
¢1 - - - 0.0128  0.0066 - -
=0 - - - 0.0216  0.0112 - - R -

X - - - - - - 0.0233 0.0122 -

n - - - - - - 0.0264 0.0138 - - -
pB - - 0.0711 0.0378 0.1380

I3 0.0264 0.0192 0.1630

z 0.0426 0.0549 0.7040
kB 0.0307 0.0141 0.0655
3 - - - - - - 0.1440 0.0936 0.4640
pA 0.0126 0.0066 --- 0.0096 0.0050 --- 0.0136 0.0071 --- 0.0247 0.0100 0.1130
pY 0.0118 0.0062 --- 0.0151 0.0078 --- 0.0107 0.0056 --- 0.0276 0.0125 0.1010
p? 0.0113 0.0059 --- 0.0145 0.0075 --- 0.0107 0.0056 --- 0.0262 0.0130 0.0882
p® 0.0101 0.0053 --- 0.0114 0.0059 --- 0.0091 0.0047 --- 0.0261 0.0151 0.0934
,')19 0.0130 0.0068 --- 0.0096 0.0050 --- 0.0148 0.0077 --- 0.0207 0.0121 0.1380
pw 0.0144 0.0075 - - - 0.0129 0.0066 - - - 0.0110 0.0057 - - - 0.0331 0.0137 0.0834

Table 1.1: Smirnov-Kolmogorov statistics in driving stability, indetrminacy and instability.

From the Monte Carlo filtering procedure we get that 52.3 percent, 51.7 percent, 52.2 percent
and 46 percent of the prior support is stable for model A, B, C' and D respectively. The remaining
part gives indeterminacy (47.7 percent, 48.3 percent, 47.8 percent and 51.2 percent) and instability
(zero, zero, zero and 2.8 per cent). By running the Smirnov-Kolmogorov test we can highlight that,
in models A, B, C and D, indeterminacy is essentially driven by d,. In particular, by comparing
the cdf of the sample producing indeterminacy with the cdf of the original prior sample we find that
small values of . drive to indeterminacy. Table 1.1 reports the detailed results of the Smirnov-
Kolmogorov tests.

1.5.2 Data

We use 6 observables for the U.S.: real GDP, employment, real wage, inflation, the federal funds
rate and the weighted average effective loan rate. For a description of the data, see the appendix.

The sample period is 1997:Q2 - 2011:Q4. We use the logarithmic transformation for the quarterly
j

r
interest rates, i.e. log(l + —=) where 5 = D, L whereas the inflation rate is computed as the
quarter on quarter logarithmic difference of nominal prices. All remaining data are transformed
by employing the logarithmic first difference operator. Figure 1.3 plots the transformed data.

1.5.3 Calibrated Parameters

In this section we set the values of the calibrated parameters of the model. Table 1.2 reports them.
Due to the large consensus on the quarterly value of the discount factor by the economic literature,
we impose 3 equal to 0.996 so as to obtain a quarterly real steady state rate on deposits RP =
1.0035 (de Walque, Pierrard and Rouabah, 2010). Further, we assume a logarithmic form for the
utility function over consumption (o = 1). As widely accepted by the literature on the subject
matter we calibrate the sticky price parameter w = 0.8. The previous impositions imply that the
coefficient attached to the real marginal costs into the equation (1.12) is k = M‘;& = 0.0507.
In line with the empirical observations we calibrate the elasticity of output to employment, «, equal
to 0.66. Finally, according to Ravenna and Walsh (2008) we set the steady state employment N
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Figure 1.3: Data.

equal to 0.95, and the elasticity of substitution of the individual goods ¢ equal to 6 such that the
mark-up of the retail sector over the price of the wholesale good is 20 per cent (u =1.2).

Calibrated Parameter 1) o w « N ¢
Value 099 1 0.8 0.66 095 6

Table 1.2: Calibrated Parameters.

1.5.4 Priors

In this section, based on the indications of the sensitivity analysis, we declare the prior distributions
of the remaining deep models’ parameters. The shape of the distributions is chosen according the
standard practise: for parameters defined in a [0 — 1] interval we assume the beta distribution
whereas for parameters which can take values over the whole support R we adopt the normal
distribution. For parameters assuming values over the [0 — oo] interval we assume the gamma
distribution. Finally, the reference distribution for the structural shocks is the inverted gamma
which is defined over the range R™.

For the monetary policy rule parameters we employ values widely used by the literature. Hence,
for the coeflicients attached to the expected inflation and output gap terms, d, and ¢, respectively,
we assume a normal distribution with prior mean 2.0 and 0.1 and a standard error equal to 1.00
and 0.05 respectively; for the autoregressive coefficient pf* defining the degree of the interest rate
smoothness we assume a beta distribution with prior mean 0.5 and standard error 0.25. For the all
persistence parameters of the autoregressive stochastic processes of the model exogenous shocks,
we assume a beta distribution with prior mean of 0.5 and standard deviation of 0.1. The inverse
labor supply Frish elasticity parameter ¢ is assumed normal distributed with prior mean equal to
0.5 and standard error equal to 0.25.
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Concerning the credit market parameters we have not many references on possible prior values.

1
Kaufmann and Sharler (2009) estimate for the U.S. I = 0.95 and 16-01—42 = 0.03 from which
1

1
it is possible to get (3 = 0.0526 and (s = 0.6, and by the steady state version of equation (1.18),
Yo = 0.98. Hence, we decide to use the previous estimates as prior means with {; and ¥y gamma
distributed with standard errors equal to 0.0263 and 0.49 respectively and (y normal distributed

with standard error equal to 0.3. Furthermore, by using the identity principle of polynomials2®
between the steady state versions of the banking lending rate by Kaufmann and Sharler (2009)
when (y = 0 and by Chowdhury et al. (2006), we are able to derive the values of the parameters
which we use as prior means for the functional form of ¥; when the price mark-up assumption
is done. In particular, we assume a gamma distribution for » and ¥, with prior mean equal
to 0.05 and 0.97 and standard error equal to 0.25 and 0.485, respectively. Under the scenario in
which there is monopolistic competition in the banking sector for the Calvo’s parameter describing
the share of banks that can adjust their banking lending rates, x, we assume a uninformative
position by employing a beta distribution with prior mean equal to 0.5 and standard error equal to
0.25. Furthermore, for the elasticity of substitution between different loans 7, we assume a gamma
distribution with mean 6 and standard error 3 subject to the requirement n > 1. Also for the
search and matching framework we have limited evidence. Hence, we adopt a gamma distribution
for the credit vacancy posting cost with mean value equal to its labor market counterpart, i.e.
kB = 0.1, and standard error equal to 0.05. The prior on the firm’s entry cost ¢ is harder to set, so
we assume a rather widespread gamma distribution with a mean of 25 and a standard deviation
of 12.5. For the matching function elasticity ¢ and for the firms’ bargaining power z we assume
an uninformative position by considering a beta distribution with prior mean equal to 0.5 and
standard error equal to 0.25 for both. Finally for the separation rate p” we adopt the strategy
of setting its value between the minimal (0.07) and maximal (0.02) values of the bankruptcy rate
calibrated by Dell’Ariccia and Garibaldi (1998). As a consequence, the separation rate in the credit
market is assumed beta distributed with prior mean 0.05 and standard error equal to 0.025.

Finally, for all standard deviation of the exogenous shocks we use the inverted gamma distri-
bution as prior distribution with mean equal to 0.01 with two degrees of freedom.?7

1.5.5 Posteriors Estimates

Table 1.3 summarizes the posterior mode and the posterior mean for the models’ parameters. The
panel also shows the 90 percent probability intervals for the models’ parameters and the relative
prior assumptions. Draws from the posterior distributions are obtained by running the random
walk version of the Metropolis-Hastings algorithm. We ran ten parallel chains, each with a length
of 100,000 replications.?®

The posterior mean estimates of the credit market parameters are generally close to the respec-
tive modal values with the some exceptions. The model A highlights values of the parameters s

26Gee the technical appendix.

27In order to simulate the model we add some measurement equations linking the log-levels of the variables with
their log-differences. We assume these equations contain a constant term that we estimate. Hence for these terms,
in the estimation phase, we assume a normal distribution and we adopt the strategy to set the prior mean equal
to the sample mean of the time series to which the constant refers, and a standard error which implies a prior
pseudo-t-value equal to 2. Table 1.3 does not report the constats’ estimates. More details are available from the
author upon request.

28The fraction of drops of the initial parameters vector is set at 20%. The calibration of the scale factor provides
acceptance rates between 30 and 45 percent for the ten blocks of the four models. For the application of the Bayesian
estimation and of the sensitivity analysis we employ the latest stable version (4.2.1) of the open-source software
Dynare.
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Post. Dist. Model D

Prior Dist. Post. Dist. Model A Post. Dist. Model B Post. Dist. Model C
Par. Dist. Mean, Mode Mean 5% 95% Mode Mean 5% 95% Mode Mean 5% 95% Mode Mean 5% 95%
(S. D.) (S.D.) (S.D.) (S.D.) (S.D.)
® N 0.500 0.5007 0.5486  0.3271  0.7701 0.4997 0.5609  0.3342  0.7895 0.5037 0.5614  0.3312  0.7863 0.5004 0.5419  0.3215  0.7539
(0:250) (0:1205) (0:1203) (0:1210) (0:1205)
S N 2.000 2.8014 3.0730  2.0601  4.0974 2.7981 3.1075  2.0395  4.1337 2.8141 3.1181  2.0726  4.1847 2.7820 3.0068  2.0293  4.0001
(1:000) (0.5768) (0.5735) (0.5782) (0:5715)
N 0.100 0.1775 0.1716  0.0909  0.2540 0.1773 0.1702  0.0867  0.2521 0.1771 0.1701  0.0879  0.2519 0.1772 0.1733  0.0907  0.2530
(0:050) (0.0494) (0:0493) (0:0494) (0:0493)
ol B 0.500 0.7977 0.7853  0.7146  0.8659 0.7975 0.7765  0.6905  0.8684 0.7980 0.7785  0.6972  0.8659 0.7958 0.7815  0.7080  0.8612
(0:250) (0:0404) (0:0403) (0.0402) (0.0407)
Pl g 0.050 0.0354 0.0433  0.0110  0.0748 - - - - - - - R - - - R
(0.025) (0.0198) ®) S (&)
v g 0.970 0.7319 0.9733  0.2226  1.6815 - - - - - - - - - - - -
(0.485) (0:4226) e (®) (&)
<o N 0.600 - - - - 0.7047 0.7261  0.2462  1.2216 - - - - - - - R
(0.300) =) (0.2994) ) )
31 g 0.0526 - - - - 0.0452 0.0591  0.0149  0.1015 - - - B - - - R
(0:0263) ) (0.0254) “) )
=0 g 0.980 - - - - 0.7456 0.9821  0.2325  1.7112 - - - - - - R R
(0.490) o) (0:4305) (&) (&)
X B 0.500 - - - - - - - - 0.1312 0.1590  0.0241  0.2794 - - - -
(0:250) &) &) (0:0904) &)
n g 6.000 - - - - - - - - 5.9404 6.0283  1.6201  10.339 - - - -
(3.000) ) ) (3.7053) -)
oB B 0.050 - - - - - - - - - - - - 0.0425 0.0588  0.0159  0.1001
(0.025) ) ) ) (0.0233)
13 B 0.500 - - - - - - - - - - - - 0.4997 0.4096  0.0357  0.7547
(0:250) ) ) ) (0.4626)
z B 0.500 - - - - - - - - - - - - 0.9856 0.9531  0.8999  0.9999
(0:250) ) ) ) (0.:0209)
kB G 0.100 - - - - - - - - - - - - 0.0750 0.1005  0.0247  0.1761
(0:050) ) ) ) (0.0433)
e g 25.00 - - - - - - - - - - - - 24.980 22.017 3.895 39.537
(12:50) ) ) -) (13:800)
pA B 0.500 0.8639 0.8601  0.8064  0.9143 0.8639 0.8592  0.8046  0.9153 0.8641 0.8593  0.8051  0.9148 0.8643 0.8604  0.8062  0.9153
(0:100) (0.0327) (0.0327) (0.0326) (0.0327)
oY B 0.500 0.5383 0.5795  0.4090  0.7253 0.5380 0.5985  0.4587  0.9022 0.5405 0.6003  0.4263  0.8530 0.5359 0.5683  0.4084  0.6987
(0:100) (0.0671) (0.0671) (0.0675) (0.0672)
oV B 0.500 0.9457 0.9376  0.9223  0.9529 0.9418 0.9333  0.9152  0.9529 0.9304 0.9193  0.8912  0.9528 0.9430 0.9322  0.9132  0.9529
(0:100) (0.0134) (0.0143) (0.0196) (0:1450)
p B 0.500 0.9000 0.8903  0.8508  0.9348 0.8999 0.8856  0.8342  0.9376 0.8994 0.8854  0.8366  0.9363 0.8993 0.8901  0.8508  0.9340
(0:100) (0.0201) (0.0201) (0.0202) (0.0201)
P B 0.500 0.6103 0.6273  0.5074  0.7474 0.6102 0.6305  0.5112  0.7525 0.6121 0.6303  0.5104  0.7526 0.6104 0.6262  0.5083  0.7461
(0:100) (0.0723) (0.0723) (0.0724) (0.0724)
p¥ B 0.500 0.6376 0.6284  0.5113  0.7438 0.6377 0.6258  0.5069  0.7431 0.6328 0.6217  0.5041  0.7394 0.6351 0.6231  0.5076  0.7385
(0:100) (0.0712) (0.0712) (0.0716) (0.0711)
oA Ig 0.010 0.0058 0.0060  0.0050  0.0070 0.0058 0.0060  0.0050  0.0069 0.0058 0.0060  0.0050  0.0070 0.0058 0.0060  0.0050  0.0070
(2) (0:0006) (0:0006) (0:0005) (0:0005)
e g 0.010 0.0056 0.0062  0.0044  0.0078 0.0056 0.0065  0.0042  0.0088 0.0056 0.0065  0.0043  0.0084 0.0056 0.0063  0.0044  0.0078
2) (0.:0008) (0.:0008) (0:0008) (0:0008)
v g 0.010 0.0028 0.0029  0.0025  0.0034 0.0028 0.0029  0.0024  0.0034 0.0025 0.0025  0.0020  0.0031 0.0038 0.0041  0.0026  0.0056
(2) (0.0003) (0.0003) (0:0003) (0:0011)
ad g 0.010 0.0653 0.0690  0.0499  0.0879 0.0652 0.0687  0.0495  0.0868 0.0654 0.0687  0.0496  0.0864 0.0647 0.0680  0.0484  0.0866
2) (0:0111) (0:0111) (0.:0110) (0:0110)
¥ g 0.010 0.098 0.0103  0.0086  0.0119 0.0098 0.0103  0.0086  0.0119 0.0098 0.0103  0.0086  0.0119 0.0098 0.0102  0.0086  0.0118
(2) (0.0009) (0.0009) (0:0009) (0-:0009)
o g 0.010 0.0039 0.0039  0.0029  0.0051 0.0039 0.0038  0.0021  0.0050 0.0039 0.0038  0.0024  0.0052 0.0039 0.0040  0.0029  0.0052
(2) (0.0006) (0.0006) (0.0006) (0.0006)

Table 1.3:

Posterior Estimates: Structural and Shock Process Parameters.
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and ¥ which are larger than their modal values. Further, s¢ is smaller than its prior. The model
B shows values of the parameters (y and ¢; which are smaller and larger than their prior means,
respectively. The model C' presents a value of the elasticity of substitution between the different
types of loans, 1, which is larger then its modal value but close to its prior mean. Moreover, the
fraction of banks which cannot adjust their loan rate, y, is very low. On other hand, the model D
gets a value of the entry cost ¢ whose posterior mean is lower than the relative modal and prior
values. The estimates of the credit market parameters imply low values of the matching elasticity
& and of the bargaining power of banks 1 — z. The estimates of the separation rate between firms
and banks p® and of the posting cost kP are in line with their prior and modal values. For all
four models the estimates of the monetary policy parameters and of the inverse labor supply Frish
elasticity parameter are in line with the literature on the subject matter.

1.6 Simulation

In this section we plot the impulse response functions of the interest rates with respect to the policy
and technology shocks of the models described in section 1.4.4 in order to compare the degree of
the (in)completeness of the pass-through of the policy rate to the banking lending rate (Figure
1.4), and the dynamics of the credit spread when a productivity shock hits the economy (Figure
1.5).

1.6.1 Monetary Shock

With nominal rigidities on good prices, a monetary tightening implies an increase of the policy
rate that produces a higher real interest rate. This rise determines a substitution effect between
current and future consumption: households decrease current spending and both the output and
the output gap fall. The decrease in the demand of goods implies a lower labor demand by firms:
employment and wages fall and the rise in the marginal product of labor leads to lower real marginal
costs. By the NKPC, inflation goes down.

In the mark-up scenario the dynamics of the banking lending rate crucially depends on the
value of the parameter W which reflects the competitiveness of the U.S. financial sector (system):
since its estimated value is close to 1 then the responses of the policy and banking lending rates are
almost identical. Only in the first three periods we can note a small difference between the interest
rates. The magnitude of the previous gap is basically the same if we add a persistence factor like

that of model B. Given the estimated value of the factor lcj)fl (0.03), in this case the banking
1

lending rate show a less reaction than that of the policy rate only in the first period. Of course,
the higher the value of the smoothness factor, the greater is the persistence of the dynamics of the
interest rate on loans.

Under the Calvo’s mechanism, by the nominal rigidities on the banking lending rates, only
a share of firms can modify the own interest rate on loans, and so the average interest banking
lending rate of the economy reacts less than the policy rate. Of course, the magnitude of these
reactions depends on the value of the fraction of banks y that maintains the gross banking lending
rate unchanged: the higher the value of y the greater the degree of incompleteness of the interest
rate pass through.

When search and matching frictions are present in the credit market, the decrease in the wage
bill attenuates the borrowing demand to the banks. The expected profits of banks decrease. Banks
try to reduce their vacancy posting activity such that the number of the new financial matches and
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of the lines of credit fall. Then the number of firms searching for a line of credit jumps up. As a
consequence a more congestion effect in the credit market is highlighted: the credit line finding rate
decreases, the credit vacancy filling rate increases and the credit market tightness goes up. The
latter dynamics, together the bargaining mechanism of the interest rate on loans affected by the
posting costs of the credit vacancies imply that the bargained banking lending rate rises slightly
less than the policy rate when a positive policy shock hits the economy. Hence, in the search and

B pD
t

B

matching model the values of the expected posting cost and of the banks’ bargaining power

t
(1 — z) affect the interest rate dynamics such that their larger values imply more incompleteness
of the interest rate pass-through.

%107 Model & PRl Model B

w10t Model © 0 Madel D

Policy Rate === Loan Rate

Figure 1.4: IRFs with respect to a monetary shock.

1.6.2 Technology Shock

Due to the sticky prices and to the weak accommodation of the policy rule to the TFP shock,
the increase of the productivity implies an increase of the output supplied by firms less than
proportional of the increase of the TFP level (Gali and Rabanal, 2004). Since the potential output
augments more than the actual output, then the output gap declines. This implies a less labor
demand by firms: employment decreases as well as the marginal costs. As a matter of fact only
a fraction of the firms can adjust their prices in line with the decline of the marginal costs: if
this fraction is sufficiently small and if monetary policy does not strongly accommodate the shock,
then the price level of the economy will decrease and the more demand for goods will be satisfied
with a less labor input in line with the finding by Gali (1999) (productivity employment puzzle).
Finally the positive response of the real wage, by equation (1.7), depends on the income effect
(which affect the demand for goods) and the substitution effect (which affects the labor demand)
influenced by the price dynamics and by the set of parameters used to simulate the models.
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Figure 1.5 highlights the response of credit spread with respect to the TFP shock. Similarly to
the case in which the economy is hit by a policy rate shock, the dynamics of the Bayesian impulse
response function of the credit spread of models A and B are almost identical: a very slight gap
is highlighted. A similar dynamics is observable when we simulate a model with monopolistic
competition in the banking sector: in this case we obtain a small cushioned dynamics of the
interest rate on loans compared to that of the policy rate which determines a less countercyclical
behavior of the credit spread than models A and B.

A different evidence is observable by considering the scenario in which the search and matching
frictions affect the credit market. In this scheme, since firms do not have their own capital, they
must match with a bank in order to obtain a line of credit. The rise in the supply of goods implies
an increase in the expected profits of banks: the interest rate on loans depends both on the revenues
and on the wage bill of firms, so the larger is the firms’ surplus the higher is the interest rate on
loans that banks are trying to obtain from firms. As a consequence, there is a more intensive
credit vacancy posting activity: financial matches and lines of credit boost. This increase forces
the fall of the number of firms searching for a line of credit. In the credit market there is a lower
congestion effect from the point of view of firms: the credit vacancy filling rate goes down, the
credit line finding rate goes up and the credit market tightness drops. This implies a decrease of
the banking lending rate. In this case the interest rate spread becomes more countercyclical than
all other models. As a matter of fact, put in other terms, and by referring to Beaubrun-Diant
and Tripier (2009), in this scenario when a TFP shock hits the economy, the procyclical effect
due to the increase of the banks’ profits is more than offset by the countercyclical effect - which is
not present in the other three models - due to the modification of the external opportunities (by
changes of the threat points and values of matches) of firms which implies more ease of finding a
loan or a lower expected time to obtain a line of credit. Furthermore in this scenario the steady
state effect encapsuled in the value of RY has a more weight than the other models in the definition
of the magnitude of the credit spread.?®

1.6.3 Bayesian Comparison

Finally, as anticipated in section (1.5), on the basis of the Bayesian model selection we are able to
compare the previous models. Considering the Laplace approximation, the posterior log-likelihoods
of models A, B, C and D are 1153.15, 1154.25, 1152.33 and 1150.29 respectively. The Bayes
factors are BA,B _ e[logP(YT/MA)—logP(YT/I\/IB)] — 6_1‘10, BA7C' _ e[logP(YT/MA)—logP(YT/MC)] _
60'82, BA,D — e[logP(YT/MA)—logP(YT/MD)] —_ 62'86, BB,C — e[logP(YT/J\/IB)—logP(YT/Mc)] — 61'92,
BB,D —_ e[logP(YT/MB)flogP(YT/JWD)] — 396 and BC,D — e[logP(YT/Mc)flogP(YT/MD)] — ¢2:04 This
indicates, according to Jeffrey’s (1961) scale of equivalence, an evidence in favor of Model B.
Hence, a model in which the banking lending rate depends on its past value as well as on the
policy rate seems to be more supported than other models emphasizing the role assumed by the
past value of the banking lending rate in shaping the interest rate dynamics. Then, we modify the
search and matching framework by introducing a backward looking social norm for the banking
lending rate in a fashion similar to Christoffel and Linzert (2005) and Hall (2005) for the real wage.
We assume that the actual loan rate is equal to a weighted average of its past loan rate and the
equilibrium (bargained) loan rate, RN defined by equation (1.32):

Rf = (1-oRIN + oRf,

29Beaubrun-Diant and Tripier (2009) show another countercyclical effect due to the modification of the idiosyn-
cratic productivity reservations of the agents. They conclude for an overall countercylical effect of the credit spread.
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Figure 1.5: IRFs with respect to a technology shock.

where ¢ denotes the degree of the loan rate rigidity. Then we estimate the new model that we label
as F by considering the same priors assumed for the model D and by employing a beta distribution
with prior mean 0.5 and standard error 0.25 for the degree of loan rate rigidity o.3°

The Bayesian estimation provides ¢ = 0.65 showing a discrete dependence of the actual loan
rate on its past value. Figure 1.6 shows the comparison of posterior IRFs of models D and FE.
In the top panel we can observe that when a positive interest rate shock hits the economy the
interest rate pass-through becomes more incomplete compared to the benchmark model whereas
the bottom panel shows that in presence of a positive TFP shock the credit spread is slightly
procyclical. The first result depends on the loan rate stickiness that adds persistence and on
the not optimal adjustment of the banking lending rate when search and matching frictions are
present in the credit market. The second finding is determined by a more weight of the procyclical
component due to the increase of the banks’ profits by the rise of the share of which banks can
appropriate given the more firms’ revenues.?! Furthermore, the posterior log-likelihood of model
E is 1156.98. Hence the new Bayes factors are: By p = ellog P(Yr/Ma)—log P(Yr/Mp)] — ¢—3.83
BB,E — e[logP(YT/MB)—logP(YT/ME)] — 6_2'73, BC’,E — e[logP(YT/Mc)—logP(YT/ME)] — 6_4'65 and
Bp. g = ellog P0r/Mp)—log P(Yr/ME)] — ¢=643 Finally, the Bayesian model selection analysis allow
us to highlight a decisive evidence in favor of a model in which the loan rate depends, on one hand,
on the price bargained by firms and banks on the basis of their bargaining powers, and on the
other hand, on its past value.

30GSimilar results are obtained by fixing o = 0.5. It is useful to note that the steady state version of the model
does not change because RY = RN,
31 A complete description of the estimate of model E is available upon request from the author.
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Figure 1.6: Interest rate pass-through (monetary shock) and credit spread (TFP shock) under loan
rate rigidity.

1.7 Conclusions

The recent crises has shown that the reduction of the monetary policy rate by major Central Banks
has not been completely transmitted to the bank retail rates. In particular, the incompleteness of
this pass-through was more prominent in the loan market. So, understanding the causes of this
phenomena becomes relevant in order to address the monetary policy strategy.

This chapter helps to clear out the theoretical devices that allow to highlight an imperfect
adjustment of the loan rates to variations of policy rate. In particular, after providing a broad
description of the theoretical and empirical literature of the phenomenon confirmed by a Bayesian
VAR analysis, we survey the main theoretical mechanisms reported by the literature on the subject
matter.

By using the Bayesian procedures we estimate and compare four different models: one in which
the banking lending rate is a mark-up of the policy rate, one in which it depends on the policy
rate as well as on its past value, one characterized by monopolistic competition in the banking
sector and another one in which search and matching frictions are present in the credit market. In
particular the search and matching frictions’ model shows a degree of the incompleteness of interest
rate pass-through similar to that of the Calvo’s model. The simulation with respect to technology
shock provides a larger countercyclical credit spread in the search and matching framework than
that of the Calvo’s model.

Finally, the Bayesian comparison provides a positive evidence in favor of the models in which
the banking lending rate depends on its past value and on policy rate. According to this evidence
we employ a model in which the interest rate on loans is a weighted average between its past value
and a bargained interest rate on loans depending on search and matching frictions in the credit
market. This specification has the greatest favorable evidence among the models presented in this
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survey.
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Chapter 2

An Estimated DSGE Model with
Search and Matching Frictions in
the Credit Market!

Financial frictions have become fundamental to study the business cycle and the dynamics of the
credit market. This chapter improves this literature by introducing a search and matching scheme
in the financial market into a cash in advance New Keynesian DSGE theoretical model. We provide
an alternative explanation of the degree of incompleteness in the pass-through from policy rate
to loan rates depending on the credit market tightness, on the search costs sustained by banks,
and on the relative powers of the agents in the loan interest rate bargaining. The model is able to
reproduce the empirical evidence of a positive response of the real wages and the countercyclical
behavior of the credit spread with respect to a positive technology shock without the use of real or
nominal wage rigidities. Finally a scenario in which a credit shock hits the economy is proposed.
The model is estimated by using the Bayesian procedures.

2.1 Introduction

The recent financial crises has contributed to increase the attention to the credit market. In
particular, several works show the existence of frictions in financial markets but their significance
in the transmission of exogenous shocks to the economy is controversial. In the financial accelerator
literature,! in presence of asymmetric information, the amplification of the main macroeconomic
variables depends on the firms’ ability to borrow, that is linked to a market value of their net
worth which is inversely related to the external finance premium.? Other recent contributions
argue instead that financial frictions - in a modeling set up where the banking sector plays an

active role in the determination of the price of credit or the supply of financial assets - produce

TWe wish to thank P. Benigno, G. Ciccarone, F. Giuli, S. Neri, F. M. Signoretti, M. Tancioni and the participants
in a seminar held at the Bank of Italy on 21st December 2011. The views expressed herein are solely those of the
author and do not necessarily reflect the views of the Bank of Italy.

1See Bernanke, Gertler and Gilchrist (1996, 1999), Calstrom and Fuerst (1997, 1998) for more details on quan-
titative analysis in partial and general equilibrium frameworks.

2The definition of external finance premium is different from that of corporate credit spread. The former is
the wedge between the rate of return on capital and the risk-free rate; the latter one is the difference between the
contractual loan interest rate and the risk-free rate. See Levin, Natalucci and Zakrajsek (2004) for more details.
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an attenuator effect, i.e., a moderation of the responses of the main macroeconomic variables to
expansionary shocks.? Further, the experience of the recent financial turmoil has confirmed what a
strand of literature had argued before the crises, i.e., that shifts in policy rates were not completely
passed through to retail (market) banking lending rates, even though significant differences existed
in the degree of incompleteness which was experienced across countries. The phenomenon was
particularly sharp in the Euro Area.* During the financial crisis, the transmission of policy rate
changes to retail rates has become less efficient in this Area (Cihak, Harjes and Stavrev, 2009).

The empirical literature also shows another important finding: the interest rate spread and the
banking markups are countercyclical and account for large fraction of the variance of the business
cycle fluctuations (Gilchrist, Yankov and Zakrajsek, 2009). Chen (1991) and Fama and French
(1989) show as the difference between the average yields on BAA rated and AAA-rated corporate
bonds rises during recessions and fall during business cycle booms. Corvoisier and Gropp (2002)
confirm the countercyclical movement of the credit spread for 11 European countries. The same
result is found by Olivero (2010) for the loan margin of many OECD and no OECD countries by
using different methods.?

By introducing search and matching frictions in the credit market into the standard New
Keynesian DSGE model without wage rigidities, the aim of this chapter is to better understand
the role of the financial frictions in shaping the business cycle. First of all we want to investigate
on the phenomenon of the interest rate pass-through. In particular we want to show how credit
matching frictions help to highlight the limited response of the loan rate charged by commercial
banks when a Central Bank modifies the policy rate. Second, we show how the search and matching
scheme is useful to study the cyclical behavior of the credit spread - that in this work we define
as the difference between the banking lending and the policy rates - with respect to a positive
technology shock.® Then, we focus on the dynamics of the main macroeconomic variables when
positive technology and credit efficiency shocks hit the economy. In particular, we analyze the
response of the real wages, employment and inflation. Finally, the use of the Bayesian techniques
allow us to estimate some deep market parameters that can be useful for the study of credit and
financial markets. As a matter of fact, as stressed by Dell’Ariccia and Garibaldi (1998), the role
of these parameters for the credit market is relevant: they show that the bargaining power of
banks and the speeds at which new loans become available and at which banks recall existing
loans are fundamental in explaining the dynamic relationship between aggregate banking lending
and interest rate changes in a model where search and matching between banks and investors are
present. In our work, a special attention must be made on the estimated value of the bargaining
power of banks which plays a crucial role for the limited response of the banking lending rate to
policy rate shock.

In the present economy, before production begins, wholesale competitive firms producing a
homogeneous good search for lines of credit posted by banks. The firms matching with a credit
vacancy posted by banks obtain from them the advances necessary to pay households for the wage

3Goodfriend and McCallum (2007)’s model is able to highlight a banking attenuator effect if the monetary shock
has a very large volatility. Gerali, Neri, Sessa and Signoretti (2010) find that the sluggishness of the adjustment
of bank retes moderates the amplification effect of the financial frictions of their model. Similarly, the imperfect
competition in the financial intermediation sector produces attenuation in Andrés and Arce (2008) and Aslam and
Santoro (2008)’s models.

4See, e.g., de Bondt (2005); Angeloni, Kashyap and Mojon (2003); Gambacorta (2008); de Bondt, Mojon and
Valla (2005); Hofmann (2006). More details are provided by the empirical survey by Kwapail and Scharler (2006).
A recent review of the literature on the loan rate pass-through in the euro area is in Kobayashi (2008).

5See also Dueker and Thornton (1997) for the U.S.

6Beaubrun-Diant and Tripier (2009) study the cyclical behavior of the credit spread by using search and matching
frictions in the credit market in a partial equilibrium analysis.
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bill. Production can then start. At the end of the period wholesale production is sold to retail
firms transforming the homogeneous good into differentiated goods bought by households. Loans
are then repaid and households receive profit income from banks and firms, and the principal plus
interest on deposits from banks. A fraction of the wholesale firms producing in a given period -
determined on the basis of a exogenous separation rate specifying the fraction of credit matches
which are destroyed at the end of the production period - obtain loans also in the next period.
The other firms have to go afresh into the process of search in the credit market.

We are not the first to analyze the role of search and matching technology in the credit market.”
Along the lines of Diamond (1990), Becsi, Li and Wang (2005, 2009) introduce search and matching
frictions in a credit market where borrowers and lenders try to establish a credit relationship and
bargain over the interest rate consistent with the optimal loan contract. De Haan, Ramey and
Watson (2003) study the lenders-borrowers relationships in a search and matching framework
where the agents contract the liquidity allocation along with the entrepreneur’s effort choice.
Vesala (2007) applies the matching frictions by an "urn ball" process® to the financial markets in
an economy with asymmetric information.’

This chapter differs from previous cited works on search and matching in the credit market
because we consider a general equilibrium model. Furthermore, differently from De Haan, Ramey
and Watson (2003), and Becsi, Li and Wang (2005) we disregard the heterogeneity of agents.
Moreover, in order to focus on the role of matching frictions, we do not consider the moral hazard
problem and the incentive frictions highlighted by Vesala (2007) and Becsi, Li and Wang (2005,
2009). We also depart from the previous contributions in other several aspects. First, whereas
in the De Haan, Ramey and Watson (2003)’s model the anticipation of the funds, in terms of
goods, is determined by a liquidity allocation rule, we adopt a cash in advance (CIA) setup which
requires banks to advance the funds necessary to pay for a variable wage bill depending on the real
wage and employment. Households choose consumption, employment and the level of deposits,
and the banking sector maximizes its profits with respect to the number of vacancies to post and
the lines of credit to offer.!9 As in Becsi, Li and Wang (2005) we improve on the standard pairwise
matching model by Diamond (1990) by allowing for the endogenous entry of firms in the steady
state equilibrium. Finally, differently from all previous works, in our model the bargained interest
rate on loans depends on the policy (deposit) rate: this allows us to study how the monetary

"The search and matching scheme is also used to model other markets. In particular, this technology is widely
used to study the dynamics of the labor market where firms and workers bargain over the wage rate after obtaining a
match (Pissarides, 2000; Shimer, 2005; Gertler, Sala and Trigari, 2008). In housing market matching models, sellers
and buyers meet to sell and buy an house, respectively; the housing market price is the result of a bargaining process
(Weathon, 1990; Albrecht et al., 2007; Genesove and Han, 2010). Mathé and Pierrard (2011) propose a search and
matching scheme for the product market between the wholesale firms offering their products by adversiting and
marketing, and retail firms asking for wholesale products in order to refill their stores and enlarge their selection.
The trade price is subject to the bargaining mechanism. A first attempt to model the good market by introducing
search and matching frictions is in Diamond (1982b). A recent review of the literature on the search and matching
theory is provided by the the Royal Swedish Academy of Sciences for the Prize in Economic Sciences 2010.

8 As compared to the pairwise matching framework of Mortensen and Pissarides (1994), the "urn ball" process
allows for the possibility that entrepreneurs have multiple simultaneous contacts with different financiers. The price
formation is hence provided by an auction rather than a bargaining mechanism.

9Recent works employ models embedding search and matching frictions in several interdipendent markets. In-
teractions between the good and the labor market are studied by Lehmann and Van der Linden (2010); search
frictions in both the credit and labor market are analyzed by Wasmer and Weil (2004), Nicoletti and Pierrard
(2006), Beaubrun-Diant and Tripier (2009), Ernst and Semmler (2010) and Petrosky-Nadeau and Wasmer (2010a);
a first attempt to study the simultaneos interdipendence of good, labor and credit market under search and matching
frictions is provided by Petrosky-Nadeau and Wasmer (2010b).

10Tn the De Haan, Ramey and Watson (2003)’s model there is only a good that can be consumed or invested
through lenders, whereas Becsi, Li and Wang (2005) assume lenders as a rudimetal moneyholders which are a fusion
of households and financial intermediaries.
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policy affects the determination of the banking lending rate and, by this rate, the dynamics of the
economic system.

This work contributes to highlight the effects of exogenous shocks on the economy by focusing on
the credit (liquidity) market. Our general conclusion is that financial frictions play an important
role in shaping the economy’s dynamics by the credit cost channel of monetary policy.!! As
compared to the previous work on search and matching frictions in the credit market, this chapter
also improves the literature of the degree of (in)completeness of the interest rate pass-through
of bank rates to changes of the policy rate. As a matter of fact the theoretical framework we
adopt proposes a new explanation of the sluggish adjustment of the banking lending rates to
modifications of the policy rate based on the search costs in the credit market and the bargaining
mechanism which determines the interest rate on loans.!? Second, we confirm the countercyclical
dynamics of the credit spread'® in presence of technology shocks depending on the modification
of the surplus of firms and banks which affects the bargained loan rate. Third, the response of
the model to a productivity shock reproduces the standard dynamics of the main macroeconomic
variables including the short run decline of the employment known as the productivity employment
puzzle. In particular a positive response of the real wage without the introduction of nominal or real
wage rigidities is highlighted.'® Further, we show that an exogenous credit efficiency shock - which
we can interpret as a cost push shock - hitting the economy determines, by the financial frictions,
a variation of the interest rate on loans such that the real marginal costs vary and then the real
activity is affected in a positive way. Finally, we are able to estimate some structural credit market
parameters, as the bargaining power of banks, the matching elasticity of the financial matching
function and posting cost of credit vacancies, which could help to better evaluate some credit
market dynamics and phenomena contributing to the literature on subject.

The chapter is structured as follows. In the next section we describe the model economy. In
section 2.3 we discuss the estimation methodology. In section 2.4 we present the dynamic properties
of the model. Section 2.5 concludes.

2.2 The Model Economy

We introduce search and matching frictions in the financial market into a cash in advance New
Keynesian DSGE model with sticky prices. The economy is composed by four sets of agents:
households, firms, banks and a monetary authority. In order to pay the wage bill and produce,
firms that do not possess capital must obtain loans from banks. Hence, before production begins,
wholesale competitive firms search for lines of credit posted by banks, V2, which also collect
deposits, Dy, from households. A bank can match with several firms. Each realized match provides
the firm with the funds necessary to pay wages to the workers whose nominal value is Pyw;N; where
P, is the price index of the economy, w; is the real wage and IV; represents the household members

HSee, e.g., Christiano, Eichenbaum and Evans (2005) and Ravenna and Walsh (2006).

12Traditional explanations refer to the banks’ collusive behavior and to concentration in the financial market
(Sander and Kleimeier, 2004; Van Leuvensteijn et al., 2008), agency costs & la Stiglitz and Weiss (1981), customer
switching costs 4 la Klemperer (1987), fixed adjustment and ment costs depending on the temporal or permanent
nature of the policy rate changes, or to the so-called customer reaction hypothesis linked to the degree of the
bargaining power of borrowers (Hannan and Berger, 1991).

131t is useful to clarify that the interest rate spread highlighted in this work is the difference between the interest
rate on loans, which is bargained between banks and firms, and the policy rate. Hence, the absence of asymmetric
information, default probabilities and bankruptcy costs implies that the definition of the interest rate spread used
here is different from those of external financial premium and of corporate credit spread.

14Gee Blanchard and Gali (2010) and Erceg, Henderson and Levin (2000). For a critical survey on the role of the
real and nominal wage rigidities in the New Keynesian models see Riggi (2009).
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employed. After wages are paid production occurs. Monopolistic competitive retail firms transform
wholesale homogeneous goods into differentiated retail goods which are sold to households. At the
end of the period, banks receive from firms the principal plus interest on loans; households receive
profit income from financial intermediaries and firms, and the principal plus interest on deposits.
A fraction of the existing financial relationships between wholesale firms and banks is separated
in each period according to an exogenous separation rate. The firms that do separate from banks
obtain loans also in the next period. The monetary authority sets the rate of interest according to
a rule to be specified below.

2.2.1 Matching

In the credit market search frictions prevent some firms from obtaining the lines of credit necessary
to borrow funds, and some banks from filling all their posted lines of credit vacancies. Banks choose
the number of credit vacancies, V,”, they want to post, whereas the demand for lines of credit is
represented by the number of wholesale firms searching for a bank, sf. The number of new
matches in the credit market is determined by the matching function H; = H(V;Z, sI'), which is
homogeneous of degree one and increasing in its arguments. It follows that p? = H(V;Z, sI")/sF is
the probability that a firm matches with a credit vacancy posted by bank (credit line finding rate),
and that ¢® = H(V,B,sI")/V,B is the probability for a bank of filling a posted credit vacancy (credit
vacancy filling rate). Then, in each period, it must be: H(V,2,sf') = V;BqP = sF'pP. As in existing
models with search and matching frictions, p? = pZ (), with pB (§€) < 0, is a function of the
aggregate tightness in the credit market (from the viewpoint of the firm), 6¢ = s /V,B. Tt follows
that the matching probability ¢” is also function of the credit market tightness: ¢Z = ¢Z(0°),
with ¢B(6€) > 0. Tt is possible to define the inverse of credit market tightness as an index of the
liquidity of the credit market (Wasmer and Weil, 2004).

In order to describe the matching process, we employ a Cobb-Douglas function for the matches
in the credit market: H; = ¢;(V,%)%(sf")!=¢, where ¢; represents a credit market efficiency shock
whose stochastic stationary first-order autoregressive process is ¢; = gt’ilefg with €; i N (O, cr?).
Hence, it is possible to specify the credit market probabilities as functions 8¢ in a form which
will be useful when analyzing steady states and log-linearizing the model: pZ = ¢;(1/0%)¢ or
pP =(ViP)5(s{) "% and ¢/ = (67)! % or ¢ = (V)" !(s{")! 7% Tt follows that: pf = ¢f /0}".
If credit market tightness increases (because the number of firms searching for a line of credit goes
up, or because the number of credit vacancies posted by banks falls), the probability that a firm
matches with a line of credit posted by a bank, p?, diminishes, whereas the probability that a
credit vacancy is filled, ¢P, increases.

As in the search and matching models in the labor market, the elasticities with respect to
searchers and vacancies in the credit market measure externality effects. In particular: £ represents
the positive externality (the liquidity market effect) caused by banks on searching firms; £ — 1 is
the negative effect of the banks on the other financial intermediaries; —€ represents the congestion
effect determined by the firms having a credit relationship with a bank on the firms which do not
have a financial relation; 1 — £ measures the positive externality from firms searching for a line of
credit to banks.

2.2.2 Households

There exists a continuum of households of mass one maximizing the expected discounted value
of their utility. The preferences of the representative household are defined over a composite
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consumption good, consisting of the differentiated goods produced by retail firms, and leisure. The
household enters each period with a given amount of nominal cash holding M; and buy retail goods
using the money endowments and the wage income (P;w;N;) net of nominal deposits with banks
D;. Tt follows that M; + Pywy Ny — Dy is spent to purchase consumption goods from retail firms,

e=1 N\ To7
of value P,C;. As in Dixit and Stiglitz (1977), it is Cy = (fol C® di) 1, where Cj; = (I;l‘:)_eCt
and € > 1 is the parameter governing the elasticity of individual goods, which are indexed by
i. The cost of one unit of the consumption basket is given by the aggregation of the prices of

1
the differentiated products, P; = ( fo P1 “di ) . Hence, the purchase of consumption goods is

subject to the CIA constraint: P.Cy < My + Paw,N; — D;.*® At the end of the period households
receive retail firms’ and banks’ profits, denoted by III" and I1Z, and obtain the reimbursement of
their deposits plus the interest on them: RP D, = (1+rP)D;. It follows that the amount of money
carried over to the following period is: Myyq = M; + Pyw; Ny — Dy — P.Cy + 1IF +TIP + RP D;.16 By
substituting the CIA constraint into this equation we get: M, = If' + 12 + RP D,. Calculating
this equation a period backward and substituting the result into the CIA constraint gives: P,C; =
Powy Ny + T, + 1B | — D, + RP 1 D;_1, which can be expressed in real terms as:

Hf—1+HtB—1 Dy +RP Diq
P P, P 'R

Ct = tht + (21)

This equation states that consumption and savings are financed by real labor income w; N, the

RP D,
sum generated by previous period deposits, %ﬂ, and profits from banks and retailers,
t
I, + 107, .
— 5 The representative household hence solves the problem:
t
JtH = max [QPtU(Ct, Nt) + ﬁEt‘Jt}il]
s.t. (2.1)

where ( is the household’s subjective discount factor and ¢, is a preference shock on the wedge
between consumption and leisure whose stochastic process is ¢y = @f_ 1est with €f BSENY (0 02).

- N1te
A CRRA specification for U(Cy, Ny) = Ctl 19H9 e provides the first order conditions which
lead to the standard Euler equation of the basehne NeW Keynesian model and to the definition of

the real wage equal to the marginal rate of substitution between consumption and leisure:

P,
P RtDﬁEt A1 (2.2)
+
_N?
wy = V) —+ 2.3
=055 (2.3)
where Ay = ¢,C; 7 is the marginal utility of consumption, 9 is a constant term, and ¥, is a

P -
preference shock on leisure whose stochastic process is ¥; = ﬂf_leef with €7 L N (0,0129). The
unemployment is Uy = 1 — N;.

15The CIA constraint is always binding because the nominal interest rate is positive and agents choose their asset
(deposit) holdings after observing the current shock but before entering the good market (Lucas 1982).
16The firms’ profits are the sum of those of retail and specialized firms. See section (2.2.8).
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2.2.3 Wholesale firms

There exists a continuum of wholesale firms in the unit interval producing homogenous goods in a
competitive sector. The production function of the representative wholesale firm is:

V¥ = AN® (2.4)

where A; is a productivity shock with unit mean, E;(A;) = 1, and whose stochastic stationary
A o

first-order autoregressive process is A; = Atp_leEtA with €! LN (O7 0124). The representative firm

must determine the labor demand. Its profit maximization problem is:

w

max — th,{‘Nt

Ht

st (2.4)

where p; is the is the mark-up of the retail sector over the price of the wholesale good, P;/P}",
and the costs depend on the repayment of the loans received by banks (the wage bill granted to
households plus the interest on loans). The first order condition with respect to the employment

yields:
1wy (2.5)
pe  mpl, '

where mpl, = aAtNto“1 is the labor marginal productivity. Given the competitiveness of the
wholesale sector, the mark-up i is equal to the real marginal cost paid by the retail firms to buy
the homogenous good. It is thus i = mcy, i.e., the firms’ real marginal cost is equal to the usual
ratio between the labor cost, w; RF, and the labor marginal productivity, mpl,.

2.2.4 Retail firms

Retail firms purchase the goods produced by the wholesale sector and transform them into the
differentiated products purchased by households. Each firm, which is a monopolist in its sector sets
prices according to the Calvo (1983) rule, adjusting its price with probability 1 — w. We assume
that credit vacancy posting is "produced" at no cost by a specialized firm. Vacancies are costs
for banks and proceeds for the specialized firm which enter aggregate profits that can be spent by
households on the basis of the consumption demand for the individual good. This allows us to
write Cy; = Yj;, or in aggregate terms, C; = Y;.17 Then, in a symmetric equilibrium, all firms set

the price P = Py, so as to maximize the expected lifetime profits subject to the demand:
o0
M [( P2

max Fj W'l == — mcitr | Yie

; N [\ P T

Py\~°
st. Yy=|(— Y;
1t < Pt > t

17See the section (2.2.8)
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This provides the price equation:

€
00 1l Piyy j
Py @Et > oW Bimey (T) Ciy

L 2.6)
P, o X e—1 Y (
k By W'l (%) Ctl+l

where: © = ;. Under flexible prices, equation (2.6) reduces to the standard Blanchard and
Kiyotaki (1987) equation:

P*

Ptt = Ome; (2.7)
From (2.6) the usual (log-linearized) New Keynesian Phillips curve (NKPC) is obtained:

Ty = BEtﬂ-t—i-l + /ﬁl?’/fl\(ﬁt + ’(/AJt (28)

where k = O_BMMM and ¥y = p¥4y_1 + €/ with € “E N (0, ai) is the log-linearized version

T
of the cost push shock process ¥; = wf_leej . The symbol "hat" denotes the percentage deviation
of a variable from its steady state value. The NKPC (2.8) can be expressed in terms of the output
gap 2, = V; — V¥ where YV = %At represents the quasi flexible equilibrium output:'®

Tt = 5Et77t+1 + K/(Rf + ’L§t) + KTT: + 1&,& (29)

[Ltotale—1)]

[e3%

where 7 =

2.2.5 Banks

Each match in the credit market provides firms with the funds necessary to pay the wage bill to
the households. Production then starts, the proceeds from sales allow firms to repay the loans
and to pay the charged interest to the bank. In the following period, if a separation does not
occur, each of these firms will continue to have their wage bill financed by banks. The exogenous
separation rate in the credit market is denoted p? € [0,1]. We make the timing assumption that
the new matches in the credit market are transformed into lines of credit immediately. Given these
assumptions, the lines of credit financing firms evolve according to:

Ly = (1 - p")LiLy + ¢’ VP (2.10)

Assuming that the atomistic wholesale firms have unit mass, the previous equation contributes to
determine the fraction of those searching for credit:

SF=1-(1-pP)Ll, (2.11)

18The detailed derivation of the model is provided in a technical appendix available from the authors upon request.
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The optimal value function of the representative bank is:'°

X A
JP = max |(RF — RPYw,N,LY — RPEPVE + Rf?t + 5Et;7“.]g3+1 (2.12)
t ¢
where k% is the real cost of posting a credit vacancy and X; = M;,; — M, is the cash injection
from the monetary authority. The bank chooses V;® by maximizing (2.12) subject to (2.10). Its
decision yields:

kB RP A1 OJE
— (RF — RPYw,N, = BB, ~= 141 2.13
pr (R ¢ )wiNy = BE, N OLN ( )
By using the envelope theorem we obtain:
aJP By(pL D By Att1 aJtEjd
=(1- Ry —R N, 1-— E 2.14
aLi\il ( P )( t t )wt t+ﬁ< P ) t )\t aLé\] ( )

Combining equations (2.13) and (2.14) we get what we interpret as the "credit creating condition":

kB RP

af

A1 KPRE

= (R} — R )w;N; + (1 - pP)BE, 3 5
t o Q3

(2.15)

The condition to offer a new line of credit depends on the bank’s discounted stream of earnings
and of savings on credit vacancy posting. In particular, the expected cost of financing a matched
firm, ’“Izi’,f?, is equal to the marginal profits that bank obtains from the loan advanced to a matched
firm plué the expected saving the following period of not having to create a new match. Note that

if k2 = 0, then it must be RF = RP.

2.2.6 Loan interest rate bargaining

The rate of interest on loans is negotiated by banks and firms through a Nash bargaining. The
value of an unfilled credit vacancy is:

A
Bf = —kPRY +af B + (1 = 4/ )OB =B (2.16)
The value of an unfilled credit vacancy is provided by the cost incurrence k2 RP and by the bank
current and (discounted) future values, B{" and By, ; which a bank gets if a credit match is obtained
(with probability ¢Z) or not (with probability 1 — ¢?), respectively. Banks open vacancies until
it is profitable to do so. Given the free entry condition B;* = 0 V t, the value of a filled credit
BRtD

. k .
vacancy is B" = —p and the bank’s surplus, SZ = BJ® — B, is:
t

_ KPRP

SB
t th

(2.17)

19The bank’s profit at time ¢ is given by revenues minus costs. Revenues are given by the repayment of the real
loans financing wages plus interest, RtL (thtL,{V ) Costs are equal to the repayment of deposits and money plus

D X
interest, RPFt + RtDFt = RtD (thtLiv + kBVtB)~ By using the bank’s balance sheet, stating that deposits and
t t
. . . Dy Xy L B, B
money finance the loans provided to firms and the repayment of the credit vacancies, B + B = P +k°V=, the
t t t

profit function of the bank is straightforwardly obtained. It is useful to note as the nominal cost of posting credit
vacancies is kB P;.
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Air1 kP RP

A¢ qEH '
The surplus of a firm is the difference between the value of the firm if a match is obtained, Fy™,
and if it is not obtained, F}*. Fy" is equal to the current profits of the firms plus the expected

value in the following period. In period ¢+ 1 the firm will have a value equal to F}}, if it does not
)

or, from condition (2.15), SZ = (RF — RP)w;N; + (1 — pP)BE;

experience a separation with the bank (1 — p?) or if a separation occurs and it finds a new match
in the credit market (p®pf ;). The firm’s value will be equal to F} ; if it does not realize a match
in the credit market after a separation, p?(1 — pﬁ_l). If a firm in period ¢ does not find a match
with a bank it does not obtain the funds necessary to start production, its current profits are zero
and its current value depends only on its expected value: if in the period ¢ + 1 it finds a match the

value will be F{; it will be F¥, | otherwise. So the values of the generic firm are:

w

)\t+1

m Y m u
F" = i — w R} Ny + BE, N (1= p" +pPpP ) FIH + 0P (1= pP) F (2.18)
u o >\t+1 B m B u
F' = ﬂEtTt [pt+1Ft+1 +(1— pt+1)Ft+1] (2.19)
and the firm’ surplus is:
YW A
SF=F" - F' = i — wREN, + (1 — pP)BE, Zl (1-pP )SE, (2.20)

The loan interest rate is determined by the maximization of the Nash product:
max(S{)*(S¢)' (2.21)

where z represents the bargaining power of firms. The optimal condition is:

(1—2)PSE+7FSE =0 (2.22)
B _ 9SE F _ 9SsF . .
where 77 = RE = w; Ny and ;" = RE = —w¢ Ny are the marginal effects of the loan interest

rate on the surplus of the agents. Then the optimal condition is reduced to (1 — 2)Sf = 2SP. By
using the definition of the bank’s surplus it is possible to write:

o z kBRP

S P

(2.23)

By using the credit creating condition (2.15) and the definitions of bank’ surplus (2.17) and of
firm’ surplus (2.20) it is possible to obtain the bargained loan interest rate:

1-2)YY z
Rin( —t RPw,N, — (1 — pP)BE
k welNy g +tht o e ( p )6 ‘

)\t—‘,—l kBRg_l

At 9t0+1

(2.24)

The interest rate on loans turns out to be a weighted average of the firm’s revenues, on one
side, and the rate of interest on deposits net of the banks’ future expected present saving from
maintaining a credit relation with a firm, on the other side. The weights are the relative bargaining
powers of the agents. If z = 1 firms are able to obtain a loan interest rate equal to to the deposit
interest rate net the bank’ saving; if z = 0 banks are able to set a loan interest equal to the firm’s
marginal profit.
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The interest rate pass-through is defined as the percentage deviation of the interest rate on

loans from its steady state value, RtL7 minus that of the policy rate from own steady state, RtD .
299

OR
Hence we have a complete, incomplete or more than complete interest rate pass-through if BR;

is equal, less or greater than 1, respectively. Hence, in order to highlight the degree of the interest
rate pass-through,?° by using equations (2.2) and (2.5), the log-linearized version of equation (2.24)
can be written in the following way:

RE = ARP + A, [Etégl —ERP, + (wt + N, - Etﬁtﬂ)] + oy (2.25)

where the stochastic term 0;= p¥0;_1+€; with €/ N (0,02) denotes the log-linearized version

. . . v v
of the stochastic stationary first-order autoregressive process of the exogenous shock v, = v e

appended to the bargained interest rate on loans equation to estimate the model. The term A; =

RD 4 (1—p?)p® kB

wN g B} represents the direct pass-through from the policy rate, R,{D , to the

~ B B
retail banking lending rate, R, whereas the coefficient Ay = RL(aa_Zl =) (175) N)p ’;—i represents the

indirect pass-through due to the credit frictions depending on the expected credit market tightness
Eﬂgrl and the expected policy rate EthDH, and on the nominal value of the loan (equal to the
wage bill) lent to the generic wholesale firm. It is useful to note that the steady state banking

14 =pP)ep? }

1 . . . L _ T D h T _ Z{ [17(17,,3)3]

ending interest rate can be written as R* = TR” where T = I
T2 2 mpem )PP
R TR Y

az
RL(a—1+2)

} is the mark-up

over the steady state policy rate.?!
By observing equation (2.25) we get the following points:

Proposition 1 If banks have no bargaining power, i.e. z =1, then Y = 1 and R* = RP, the direct
pass-through is more than complete, i.e. A1 > 1, and the degree of the interest rate pass-through
depends on the credit frictions measured by As.

When banks have no bargaining power, firms are able to obtain a banking lending interest rate which
differs from the policy rate only for the presence of the banks’ saving. Hence, in this case, the posting

costs are paid period by period from banks and they do not affect the steady state interest rate on loans.

Proposition 2 If the posting cost kP =0 theazgldirect pass-through is Ao = 0 and the pass-through
reduces to the direct pass-through Ay = ——— .
P g (a—14+2)7T

When the posting activity is free there are not expected saving in the following period of not creating a
new match: search and matching credit frictions do not matter and the banking lending rate is the result
of a more simplified weighted average of the current revenues of the firms and the policy rate. The degree

of the interest rate pass-through depends on the value of the bargaining power z.

Proposition 3 If the z = 1 and kZ = 0 then Y = 1, Ay = 0 and Ay = 1: the pass-through is
perfectly complete and RY = RP.

When the posting activity is free there and banks have no bargaining power credit frictions do not matter

and the firms are able to impose to the banks a lending rate equal to the policy rate both in the short run

20We refer to the short run interest rate pass-through.
21See the technical appendix for the log-linearization of the interest rate on loans equation and for derivation of
its steady state version.



54 An Estimated DSGE Model with Search and Matching Frictions in the Credit Market

and in the steady state. Hence the interest rate pass-through is perfectly complete.

The other measure we use in the following of the chapter is the interest rate credit spread
_ RLRL o RDRD
which we define as SP;, = RF — RP where its log linearized version is SP; = ———~————". So,
it is evident that the dynamics of the credit spread depends on both dynamics and steady state
values of the loan and policy rates.

Differently from the standard literature on search and matching with a bargaining mechanism,
and following Becsi, Li and Wang (2005), we assume a steady state equilibrium condition for the
endogenous entry of firms. We suppose that the unmatched value of firms is not zero, but that
it can be thought of as the firm’s reservation value which is associated to a flow entry cost. This
allows us to determine the endogenous credit line finding rate of firms.?? Firms will search for a
line of credit as long as their unmatched value exceeds their entry cost, ¢. By contrast, firms do
not enter the credit market if the entry cost is larger than the unmatched value. Hence, the entry
competition among the atomistic wholesale firms implies, in equilibrium, the steady state condition
F* =¢. By using the steady state version of equations (2.18) and (2.19), and by imposing F* = ¢,
we obtain the zero profit condition:

T [(i - wRLN) — (1= )1 - pP)e

Consistently with the Becsi, Li and Wang (2005) findings, this condition states that the credit
line finding rate satisfying the zero profit condition increases with the entry cost, ¢, the interest
rate on loans, R”, and the exogenous separation rate, p?, and decreases with the productivity
level, A.23 Given the inverse relationship between the net profits of firms and their probability
of obtaining a line of credit, it is possible to highlight the congestion effect in the credit market.
As the firms’ (expected) profits rise, more firms look for a line of credit in the financial market,
the probability to find a line of credit falls and the (extra)profits are reset. Furthermore we can
observe that:

B B LB
Proposition 4 If k2 — 0 then ¢® — 0 and k—“B = qu such that the expected posting cost —
b 0 q
is constant where a and b indicate two different scenarios. Then variations of the degree of the
kB
interest rate pass-through depend on changes of the expected posting cost, i.e. A <B>. Moreover
q
c EBRP (1 —2)(1 -
since the expected firms entry cost can be rewritten as — = 5 ( )(ﬂ ﬁ), variations of
p q z

c
kB do not modify the ratio -
p
kP RP[1 = (1= p)8]
(Rt — RP)wN
and since RY, RP and w are not affected by changes of k7, if in the scenario a k® = k2 yields ¢® = ¢Z,

Proof. The steady state version of equation (2.15) yields g% = . Given pZ, N and 3,

22In the present work this issue is implemented only to find a steady state version of the credit line finding rate,
pB, depending on the entry cost & As a matter of fact our firms’ population is normalized to 1 and the number of
firms searching for a relationship with a bank depends on the state variable Lé\’.

231t is useful to note that a larger separation rate increases the credit line finding rate if 3 (% — wRLN) >
(1—B)(1 — B+ B?)E holds.
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B B L D
. . . k (R* — R”)wN
and in the scenario b kZ = kZ yields ¢® = ¢Z, then we always get ~% = = = —— = /7" _ ¢op-
’ ’ ¢ @  RP[L-(1-p)s]
1-8¢
B p?

. By equating the previous two definitions we get

stant. Moreover, given I = ¢, the steady state version of the equation (2.19) provides S* =
z kBRP

whereas that of equation (2.23) is S¥' =
1—2 ¢58

< _ EPRP (1-2)1-5) o4
p? 4P z3 '

The previous propositions highlights as the bargaining power z and the expected posting cost
B
— are the determinants of the degree of the pass-through in the short run as well as of the value

q
of the steady state banking lending rate.

2.2.7 Monetary authorities

A central bank employs the following (log-linearized) monetary rule to set the policy rate, which
we assume for simplicity equal to the rate on deposits:

RP = pRP | + (1 — pB) [6x7ts + 6pe] + 11 (2.27)

where pf is the degree of interest rate smoothing and &, and &, are the weights assigned to the
inflation 7; and output gap x:, respectively. The stochastic term 2y = p"Dy_1 + €/ with € i
N (07 03) denotes the log-linearized version of the stochastic stationary first-order autoregressive

process of the monetary policy shock v; = thzleeg .

2.2.8 Market clearing

The aggregate resource constraint (ARC) is derived from the aggregate money carried over to the
following period in real terms. In particular, being the total labor demand [ L% Nydj = LY N; (the

labor demand of the LY financed firms which have a relationship with a bank) and the total firms’
R SP

I1 I1
profits the sum of those obtained by retail <Pt> and specialized firms ( ;7 ) the ARC becomes:
t t

X N Di pDy TF TP TP
— =wN Ly —— —-Cy+ R — + — + — 2.28
A T T A A (229)
’ . Dy Xy N By/B
The aggregate banks’ balance sheet and profit function are yon + = weNe Ly + kP V" and
t t
P X
?tt = RthtNtL,{V—RtDthtLiv—RtDkBVtB—i—RtDF: respectively. By replacing them into equation
HSP
(2.28) and by remembering that % = kBV,P we have:
t
HR
t

24For a complete explanation of the relationship between the expected entry cost and the expected posting cost
see the the technical appendix.
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w w Y’LUPU)
The total real aggregate wholesale production is [ L%Y;w%dj = th% J L%dj =LY tTtt
ke Y, PP
Then the real profits of retail firms are B = Y4 — LN =1 where Y,? is the aggregate demand
t t

for goods. Further the equilibrium in the good market implies Y,¢ = ¥;. Then the ARC becomes:

Y, P

Ci =Y, — LY 5+ REwN;LY (2.30)
t
. . o . N
Since its competitiveness the wholesale sector do zero profits. Then it must be: L; 5=
t
LY REw, Ny By replacing the latter condition into (2.30) we finally have:
C =Y (2.31)

Furthermore the wholesale production is linked to the aggregate demand by the following expres-
sion:

Y =Yifi (2.32)

where f; = [ (11331-:
to zero up to a first order approximation when we linearized the model in a neighborhood of zero
inflation steady state.

—€&
) di is a factor of price dispersion. As shown by Gali (2008) this factor is equal

2.3 Estimation

The model is estimated by Bayesian methods. In this section, we first discuss the data, the
calibrated parameters and the priors, and then we report the parameter estimates. In particular,
we estimate the structural credit market and agents’ preferences parameters driving the model
dynamics and allowing to compute the steady state version of the model. Further we employ a
sensitivity analysis in order to identify the stability domain of the model.

2.3.1 Data

We use 7 observables for the U.S.: real GDP, employment, real wage, inflation, the federal funds
rate, the weighted average effective loan rate and an index of the credit market tightness. For

a description of the data, see the technical appendix. The sample period is 1997:Q2 - 2011:Q4.
J
We use the logarithmic transformation for the quarterly interest rates, i.e. log(l + 1%0) where

7 = D, L whereas the credit market tightness index is demeaned and the inflation rate is computed
as the quarter on quarter log difference of nominal prices. All remaining data are transformed by
employing the logarithmic first difference operator. Figure 2.1 plots the transformed data.

2.3.2 Calibrated Parameters

In this section we set the values of the calibrated parameters of the model. Table 2.1 reports them.
Due to the large consensus on the quarterly value of the discount factor by the economic literature,
we impose 3 equal to 0.996 so as to obtain a quarterly real steady state rate on deposits RP =
1.0035 (de Walque, Pierrard and Rouabah, 2010). Further, we assume a logarithmic form for the
utility function over consumption (o = 1). As widely accepted by the literature on the subject
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Figure 2.1: Data

matter we calibrate the sticky price parameter w = 0.8. The previous impositions imply that the
coefficient attached to the real marginal costs into the equation (2.8) is k = (l_ﬂ“’w& = 0.0507.
In line with the empirical observations we calibrate the elasticity of output to employment, «, equal
to 0.66. Finally, according to Ravenna and Walsh (2008) we set the steady state employment N
equal to 0.95, and the elasticity of substitution of the individual goods € equal to 6 such that the
mark-up of the retail sector over the price of the wholesale good is 20 per cent (u =1.2).

Calibrated Parameter Jé] o w « N ¢
Value 099 1 0.8 0.66 095 6

Table 2.1: Calibrated Parameters.

2.3.3 Priors

In this section we declare the prior distributions of the remaining deep parameters of the model.
The shape of the distributions is chosen according to the standard practise: for parameters defined
in a [0 — 1] interval we assume the beta distribution whereas for parameters which can take values
over the whole support R we adopt the normal distribution. For parameters assuming values over
the [0 — oo] interval we assume the gamma distribution. Finally, the reference distribution for the
structural shocks is the inverted gamma which is defined over the range R*.

For the monetary policy rule parameters we employ values widely used by the literature. Hence,
for the coeflicients attached to the expected inflation and output gap terms, d, and ¢, respectively,
we assume a normal distribution with prior mean 2.0 and 0.1 and a standard error equal to 1.00
and 0.05 respectively; for the autoregressive coefficient p™ defining the degree of the interest rate
smoothness we assume a beta distribution with prior mean 0.5 and standard error 0.25. For the
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all persistence parameters of the autoregressive stochastic processes of the exogenous shocks, we
assume a beta distribution with prior mean of 0.5 and standard deviation of 0.1. The inverse labor
supply Frish elasticity parameter ¢ is assumed normal distributed with prior mean equal to 0.5
and standard error equal to 0.25.

Concerning the credit market parameters we have not references on possible prior values.?®
Then, we adopt a gamma distribution for the credit vacancy posting cost with mean value equal
to its labor market counterpart,?® i.e. k® = 0.1 and standard error equal to 0.05. The prior on
the firm’s entry cost ¢ is harder to set, so we assume a rather widespread gamma distribution
with a mean of 25 and a standard deviation of 12.5. For the matching function elasticity & and
for the firms’ bargaining power z we assume an uninformative position by considering a beta
distribution with prior mean equal to 0.5 and standard error equal to 0.25 for both. Finally, for
the separation rate p® we adopt the strategy of setting its value between the minimal (0.07) and
the maximum (0.02) values of the bankruptcy rate calibrated by Dell’Ariccia and Garibaldi (1998).
As a consequence the separation rate in the credit market is assumed beta distributed with prior
mean 0.05 and standard error equal to 0.025.

Finally, for all standard deviation of the exogenous shocks we use the inverted gamma distri-

bution as prior distribution with mean equal to 0.01 with two degrees of freedom.?”

2.3.4 Sensitivity Analysis: Mapping Stability

In this section we identify the stability domain of the model. A Monte Carlo simulation is performed
in order to detect what parameters mostly drive the model into a specific region.

According to Ratto (2008) we consider two regions: an acceptable stable region G satisfying the
standard Blanchard-Kahn rank condition and an unacceptable region G caused by the instability
and indeterminacy of the model. Hence, in order to explore all the prior space we sample uniformly
from the prior distributions defined above and we categorize each parameter into the two alternative
regions. The sample is generated using a Sobol’s quasi Monte Carlo sequence of dimension N =
2048. Hence, we get two subsets, (wws/G) of size n and (w,/G) of size 7, representing draws
from the unknown probability density functions f, (ws/G) and fg (ws/G) where w is the vector
of the parameters, s is the parameter’s index and n + 7 = N. Finally the identification of the
parameters (and relative values) driving in the (un)acceptable region is defined by the comparison
of the previous density functions by the two-sided Smirnov-Kolmogorov test:

v = sup || (ws/G) = Fr (ws/G) ||

where F,, (ws/G) and Fy (ws/G) are the cumulative distribution functions (cdf) of the generic
parameter ws. Given the null hypothesis f, (ws/G) = fz(ws/G) and the significance level at
which it is rejected, if for a parameter ws the two distributions are significantly different (a larger

25The only work reporting values for the search and matching credit market parameters is Petrosky-Nadeau and
Wasmer (2010a). They employ a trembling hand calibration method by an iterating perturbation of the set of
parameters by a random shock drawn from a normal distribution in the space of the parameters to calibrate. See
also the section (2.3.5).

26The values of posting cost employed by the literature on search and matching frictions in the labor market
range between 0.01 (Hairault, 2002; Walsh, 2005) and 0.213 (Shimer, 2005).

27In order to simulate the model we add some measurement equations linking the log-levels of the variables with
their differences. We assume these equations contain a constant term that we estimate. Hence for these terms,
in the estimation phase, we assume a normal distribution and we adopt the strategy to set the prior mean equal
to the sample mean of the time series to which the constant refers, and a standard error which implies a prior
pseudo-t-value (the ratio between the prior mean and the prior standard deviation) equal to 2. Table 2.3 does not
report the constants’ estimates. More details are available from the authors upon request.
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dnm), it is possible define the parameter as a key driver of the model behavior as well the values of
the parameter space leading in one region or in other one. Alternatively, if the distance between
the distributions is not significant, w, is not important for the model’s dynamics and its values
can belong, indifferently, either to G or G.

From the Monte Carlo filtering procedure we get that the 46 per cent of the prior support is
stable. The remaining part gives indeterminacy (51.3 percent) and instability (2.7 percent). By
running the Smirnov-Kolmogorov test we can highlight that indeterminacy is essentially driven by
0. In particular, by comparing the cdf of the sample producing indeterminacy with the cdf of the
original prior sample we find that small values of §, drive to indeterminacy. Table 2.2 reports the
detailed results of the Smirnov-Kolmogorov tests.

’ Parameter H Stab. Indet. Instab. H Parameter H Stab. Indet. Instab.

0] 0.1170 0.0504  0.1550 pF 0.0482 0.0333  0.2340
On 0.5780 0.3020  0.4290 pA 0.0247 0.0104  0.0841
0 0.0571 0.0295  0.0105 pY 0.0276 0.0126  0.1070
pB 0.0711  0.0368  0.1240 p° 0.0207 0.0102  0.1320
13 0.0264 0.0186  0.1620 p? 0.0262 0.0129  0.0912
z 0.0426 0.0543  0.7190 o’ 0.0261 0.0146  0.0878
KB 0.0307 0.0126  0.0856 p¥ 0.0331 0.0149  0.1520
c 0.1440 0.0935  0.4800 pY 0.0272 0.0177  0.0873

Table 2.2: Smirnov-Komlogorov statistics in driving stability, indeterminacy and instability.

2.3.5 Posteriors estimates

Table 2.3 summarizes the posterior mode and the posterior mean for the model’s parameters. The
panel also shows the 90 percent probability intervals for the model parameters and the relative
prior assumptions. Draws from the posterior distributions are obtained by running the random
walk version of the Metropolis-Hastings algorithm. We ran ten parallel chains, each with a length
of 100,000 replications.?®

The posterior mean estimates are generally close to the respective modal values. The estimates
of the credit market parameters imply low values of the matching elasticity £ and of the bargaining
power of banks 1 — z, and a large value of the separation rate between firms and banks p”. The
latter estimate confirms the high mismatch between the financial and productive sectors of the
economy experienced in the recent years. The importance of search and matching credit market
parameters is stressed by Dell’Ariccia and Garibaldi (1998). Moreover, the values assumed by
the bargaining power as well as by the matching elasticity and posting costs are relevant in the
credit market in a fashion similar to that assumed by the search and matching model in the labor
market (Cooley and Quadrini, 1999; Hagerdon and Manovskii, 2008). Our estimate of the banks’
bargaining power is 0.13, a low value similar to that found by Petrosky-Nadeau and Wasmer
(2010b) (0.27) in a model with good, labor and financial frictions to accommodate a targeted
share of the financial sector in GDP and lower than the value estimated by Petrosky-Nadeau and

28The fraction of drops of the initial parameters vector is set at 20%. The calibration of the scale factor provides
acceptance rates around 37 percent for the ten blocks. For the application of the Bayesian estimation and of the
sensitivity analysis we employ the latest stable version (4.2.1) of the open-source software Dynare.
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Prior Distribution

Posterior Distribution

arameter istribution ean ode ean 5% 95%

P Distributi (sl\él an | (Sl\c/ll g ) M % %
td. ev. td. ev.

10} N 0.500 0.4805 0.5231 0.3043 0.7380
(0.250) (0.1184)

On N 2.000 2.3170 2.5376 1.6024 3.4222
(1.000) (0.4779)

O N 0.100 0.1890 0.1852 0.1044 0.2674
(0.050) (0.0488)

pR B 0.500 0.7600 0.7482 0.6664 0.8353
(0.250) (0.0461)

pB B 0.050 0.0754 0.0996 0.0439 0.1538
(0.025) (0.0313)
13 B (%52)900) %(())ggg 0.1293 0.0016 0.2576
z B 0.500 0.9013 0.8663 0.8119 0.9221
(0.250) (0.0256)
kB g 0.100 0.0750 0.0984 0.0235 0.1699
(0.050) (0.0433)
c g (21%900) (21%'%95(3 15.820 3.643  27.250
pA B 0.500 0.8679 0.8643 0.8112 0.9185
(0.100) (0.0324)
Joid B 0.500 0.5022 0.5299 0.3837 0.6445
(0.100) (0.0638)
pS B 0.500 0.7983 0.7841 0.7099 0.8596
(0.100) (0.0469)
1 B 0.500 0.8931 0.8847 0.8477 0.9287
P , (0.100) (0.0207)

! B 0.500 0.6035 0.6218 0.5047 0.7441
P (0.100) (0.0719)

p¥ B 0.500 0.6394  0.6273 0.5137 0.7445
(0.100) (0.0712)

p* B 0.500 0.9329 0.9297 0.9093 0.9528
(0.100) (0.0176)

oA G 0.010 0.0058 0.0060 0.0050 0.0069
(2) (0.0005)

oy 76 0.010 0.0057 0.0063 0.0045 0.0079
(2) (0.0008)

O G 0.010 0.1101 0.1066 0.0829 0.1309
(2) (0.0139)

o 746 0.010 0.0569 0.0598 0.0429 0.0761
(2) (0.0098)

o) 76 0.010 0.0098 0.0102 0.0086 0.0118
(2) (0.0009)

oy 76 0.010 0.0039 0.0040 0.0030 0.0052
(2) (0.0006)

o 76 0.010 0.0033 0.0033 0.0026 0.0039
(2) (0.0005)

Table 2.3: Posterior Estimates: Structural and Shock Process Parameters.
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Wasmer (2010a) (0.92) by using a "trembling hand" calibration method in a model with search
and matching frictions in labor and credit markets.

The posting cost kP and the matching elasticity ¢ are larger and lower than the values found
by Petrosky-Nadeau and Wasmer (2010a) respectively. The estimates of the monetary policy
parameters and of the inverse labor supply Frish elasticity parameter are in line with the literature
on the subject matter.?®

2.4 Dynamic properties of the model

In order to focus on the issues of interest rate pass-though and credit spread as well as of the role
of the credit market frictions on the real economy, in this chapter we focus on the dynamics of
the model variables with respect to a negative interest rate shock and a positive technology shock.
Finally we propose an exercise in which the economy is hit by an exogenous credit market shock.

2.4.1 The monetary policy shock and the interest rate pass-through

Figure 2.2 shows the impulse response functions (IRFs) regarding the main macroeconomic and
credit market variables. With nominal rigidities (on good prices), a monetary easing implies a
decrease of the policy rate that produces a lower real interest rate. This reduction determines a
substitution effect between current and future consumption: households increase current spending
and both the output and the output gap rise. The increase in the demand of goods implies a greater
labor demand by firms: employment and wages increase and the fall in the marginal product of
labor leads to higher real marginal costs. By the NKPC, inflation goes up.

The increase in the wage bill expands the borrowing demand to the banks and their expected
profits rise. Banks try to increase the number of firms to finance by opening new lines of credit and
their vacancy posting jumps up. Then the new credit matches improve and lines of credit increase.
By equation (2.11) the number of firms searching for a line of credit falls starting from the next
period.3? As a consequence in the credit market there is a less congestion effect: the credit line
finding rate increases, the credit vacancy filling rate falls and the credit market tightness decreases.

In order to highlight the response of the banking lending rate we can observe equation (2.24)
which shows that banks aspire to capture a value equal to the marginal revenues of the firms,
whereas firms want set a loan rate lower than the policy rate by trying to appropriate of the banks’
saving. Then, the determination of the cost of credit depends on the dynamics and the steady state
effects of the model’s variables as well as on the distribution of the joint surplus by the relative
bargaining power of the agents. Hence, on one hand, the fall in the labor marginal productivity
and the increase in real wages contribute to the negative dynamics of the firms revenues and, on
the other hand, even though the decrease in the credit market tightness is milder than the increase
in the wage bill, by the steady state value of the banks’ saving, we obtain a decrease of the value
of which firms want seize. Furthermore, by considering the bargaining power of the agents it is
possible to observe a dampening effect (from the estimation we obtain that the banks’ bargaining
power, 1 — z = 0.13, is smaller than that of the firms, z = 0.87) such that the log-linearization

version of the term (1 — z)%% decreases less than z [RtD —(1-pP)BE, )‘3:1 ﬁ] Since
t4+1

29The estimation values reported in table 2.3 imply the following realistic and acceptable steady state values: p?
=0.03, ¢® = 0.30, RY = 1.07, w = 0.52 and LN = 0.21. For a description of the steady state version of the model
see the technical appendix.

30Since the number of searching of firms at time ¢ depends on the lines of credit at time ¢t — 1, the impact response
of sf" is always zero.
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Figure 2.2: TRFs with respect to a monetary shock

both the previous values fall less than the policy rate, the banking lending rate also drops less the
policy rate and firms are willing to accept a higher banking lending rate than they would like. This
is shown in figure 2.2. Put in other words, given the estimated values of the model’s parameters it
is possible to observe that the coefficient A; of equation (2.25) is greater than 1. This means that
the incompleteness of the pass-through depends on the term As which measures the indirect effect
due to the presence of credit frictions.

Bargaining power of banks and interest rate pass-through

In this section we analyze the scenario in which the banking sector has a different market power in
the negotiation of the loan interest rate. We simulate the model when z decreases whereas all other
deep parameters remain equal to their estimated values. The variations of the IRFs compared to
the benchmark model are minimal. Then we focus on the degree of the interest rate pass-through.

A lower bargaining power of firms (or a higher bargaining power of banks) produces a lower
fall of the banking lending rate due to the change of the steady state values of the variables and to
the distribution effect of the agents’ joint surplus. These effects imply a decrease of the linearized

version of the term (1 — z) (ul)t_]\i) %U which is relatively smaller than the fall of the linearized ver-
B pD
sion of the factor z [RtD — (1 - pP)BE, /\f\tl %@i}. As a matter of fact when banks have more

bargaining power they have more possibilities to appropriate of firms’ profits, so their expected
profits increase boosting the credit vacancy posting, the financial matches and the lines of credit.
Equation (2.11) determines a lower reduction in the number of firms searching for a line of credit.
Hence, the credit vacancy filling rate decreases more, the credit line finding rate rises more and
the credit market tightness from the firms point of view falls more than the benchmark model.
This changes feed back, by equation (2.24), on the determination of the loan interest rate, which
decreases less than the benchmark model implying a more incomplete interest rate pass-through
(figure 2.3). Further, the variation of the banking lending rate is such that it is not sufficient to
significantly influence the real marginal costs and inflation does not vary. Since the policy rate
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is set by the Taylor’s rule (2.27), the not significant variation of the inflation’s response implies a
very small variation of RP. No substitution effect between current and future households’ spend-
ing hence arises and output (and output gap) does not exhibits significant differences as compared
to the benchmark case. The constancy of the output gap and of inflation feed back, by equation
(2.27), on the policy rate. Finally it is possible to observe as small variations of z determines large
modifications of the loan rate response that may even lead to its overshooting. The opposite chain
of effects is produced by an increase in the firms’ bargaining power.

Proposition 5 When 0 < z < 1 and kP > 0, the greater is the banks’ bargaining power, (1 — z),
the more incomplete is the interest rate pass-through.

1 1 | | 1 1 1 1 |
2 4 B 8 10 12 14 18 13 20

— Policy Rate, Bench. Loan Rate, Bench. ——Policy Rate, z=0.7 —*— Loan Rate, 7=0.7 —==Policy Rate, z=06 — == Loan Rate, z=0 8 —&— Policy Rate, 7=05 —&— Loan Rate, 7=0.5

Figure 2.3: Interest rate pass-through with respect a monetary shock

2.4.2 The technology shock: credit spread and real wages’ dynamics

Figure 2.4 shows the IRFs of the main macroeconomic and credit market variables with respect to
a positive TFP shock. An increase in productivity implies an increase in the supply of goods by
firms. This implies a rise of the firms revenues: the larger is the firms’ surplus the higher is the
interest rate on loans that banks will try to obtain from firms. Then the banks’ expected profits
boost. As a matter of fact, as stressed by Gali and Rabanal (2004) in presence of staggered prices
and weak accommodation of the policy rule to the TFP shock, the potential output increases
more than the actual output.?’ This implies a less use of the labor input which determines a
first reduction of the firms marginal costs. However, only a share of firms can lower their prices
such that the aggregate price level decreases in a not optimal way. Then the increase in aggregate
demand is less than proportional to that of the productivity and hence it will be satisfied with
lower employment (productivity employment puzzle), in line with the evidence proposed by a recent

31They consider a model where the Taylor rule depends on the level of the output.
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strand of the literature (Basu, Fernald and Kimball 2006, Gali 1999). Moreover, they show that
the effect on the real wage is ambiguous because depends on the relative strength of the income and
substitution effects as well as on the set of model parameters. In this chapter by the households’
first order condition (2.3), the real wage increases. Thus, the characteristics of the present model
allow for a positive response of the real wages without making use of wage rigidities. Although
the fall of the employment, the increase in real wage is such that the wage bill soars as well as the
banks’ expected profits. As a consequence, there is a more intense credit vacancy posting activity:
financial matches and lines of credit boost. This increase, by equation (2.11), forces the number
of firms searching for a line of credit to fall. In the credit market there is a lower congestion effect
from the point of view of firms: the credit vacancy filling rate goes down, the credit line finding rate
goes up and the credit market tightness drops determining a diminishing of the banking lending
rate which together the increase of the labor marginal productivity further lower the real marginal
costs, and so the inflation. The latter decrease together the fall of the output gap lower the policy
rate by the NKPC.

The credit market frictions contribute to produce countercyclical dynamics of the spread be-
tween the banking lending rate and the policy (deposit) rate which are similarly to those observed
by the literature (see figure 2.5). Put in other terms, and by referring to Beaubrun-Diant and
Tripier (2009), in the previous scenario when a TFP shock hits the economy, the procyclical ef-
fect due to the increase of the banks’ profits is more than offset by the countercyclical effect due
to the modification of the external opportunities (by changes of the threat points and values of

32

matches) of firms which implies more ease of finding funding.’* In order to clarify the previous

considerations we can rewrite the credit spread by using equation (2.24):

(1-2)Y” p 2(1=p")8 X1 KPRE,
SP=—*——(1-2)Ry — E 2.33
t we Ny iy ( VR wi Ny ! At 9&1 ( )

The previous equation points out that the credit spread depends on three terms: the first two

are procyclical, the other one is countercyclical. As in Beaubrun-Diant and Tripier (2009) the

1—-2)YY”
%i increases when a positive TFP shock hits the economy: even though the wage
WelVe Mt
bill rises, the fall in real marginal costs and the increase of output improve the firms’ revenues.

term

Hence, for a given p?, when banks have a positive bargaining power (z < 1) they can obtain
a higher interest rate on loans such that the credit spread rises. Differently to Beaubrun-Diant
and Tripier (2009) we can observe another procyclical effect due to the term —(1 — 2)RP: in our
general equilibrium model an increase in productivity provokes a fall in output gap and inflation
such that, by the Taylor’s rule (2.27), the policy rate decreases by widening the credit spread.
Finally, as described above, a positive technological shock improves the expected profits of banks
causing a less congestion effect in the credit market for firms. Hence, by observing the term
21— PBWE Ayt KPRE
’LUtNt K )\t 678—1
the credit market tightness implies more external opportunities for firms and a lower expected time
to obtain a line of credit. Then firms can negotiate a lower banking lending rate tightening the
credit spread. Finally, it is useful to note that, as clarified in section (2.2.6), the magnitude of the

, even though the wage bill and the real interest rate rise the fall of

response of the percent deviation of the credit spread from its steady state crucially depends on

1
the steady state value of 3P The overall countercyclical dynamics of the credit spread indicates

32Beaubrun-Diant and Tripier (2009) show another countercyclical effect due to the modification of the idiosyn-
cratic productivity reservations of the agents. They conclude for an overall countercylical effect of the credit spread.
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that the countercyclical effect depending on the search and matching frictions is stronger than
those procyclical due to the profits of firms and to the policy rate.
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Figure 2.4: IRFs with respect to a technology shock

Bargaining power of banks and credit spread

As in section (2.4.1) we analyze the scenario in which the banking sector has a more bargaining
power in the negotiation of the loan interest rate in order to understand how changes the cyclical
behavior of the credit spread. Also in this case the magnitude of the IRFs of the main macroeco-
nomic and credit market variables do not change significantly Then modification of the behavior
of the credit spread is attributable to the variation of the sharing of the total surplus of the credit
match.

A more bargaining power of banks amplifies the magnitude of the procyclical effects analyzed
in the previous section by improving the share of firms’ revenues of which the lenders may ap-
propriate. Further it mitigates the countercyclical role of the credit market frictions. However,
all these effects are smaller than the benchmark model because a decrease of z, by augmenting

1
the steady state banking lending rate R, lowers the scale factor 5P Hence, as shown by figure

2.5 the final effect is a more diminishing of the credit spread compared to the benchmark model.
Moreover, it is useful to note as, differently to the policy rate shock case, small variations of z
implies small changes in the credit spread.

Proposition 6 When 0 < z < 1 and kB > 0, in presence of exogenous positive productivity shock,
the greater is the banks’ bargaining power, (1 — z), the more countercyclical is the credit spread.

2.4.3 The credit shock

In this section we study the IRFs produced by the model when a credit efficiency shock hits the
credit market (figure 2.6). An increase in the efficacy of the credit market can be thought as
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Figure 2.5: Credit spread with respect to a technology shock

an improvement of the structural and technology reforms of the financial market. As Becsi, Li
and Wang (2005) argue, a positive shock to ¢; may represents a better efficiency of the financial
intermediation arising from being to identify easier banking lending and borrowing opportunities.
At the same time this kind of shock can be interpreted as a cost push shock which affects the real
marginal costs, and so inflation, by the credit market tightness channel.

The first consequence of this shock is an increase in the number of financial matches. Then,
by equation (2.10), the number of lines of credit rises. This improvement determines a fall in the
number of firms searching for a line of credit (s!'): the credit line finding rate goes up. At the
same time, the increase of the lines of credit determines a rise in the banks’ expected profits (see
equation 2.12) and so a more intensive vacancy posting activity. This increases, however, less than
financial matches. As a consequence, the credit vacancy filling rate rises less than the credit line
finding rate so that the credit market tightness falls,3® the interest rate on loans decreases (see
equation 2.24), real marginal costs and inflation go down. Since the inverse of the credit market
tightness is an index of the liquidity of the credit market (Wasmer and Weil, 2004), according to
Becsi, Li and Wang (2005), we obtain that an improvement in the matching efficiency generates
more matches increasing the market liquidity. By the monetary rule, the policy rate decreases such
that the real interest rate falls: current and future spending (output and output gap) rises and
drops, respectively. The increase in the demand for goods requires more labor input: employment
and the real wages rise. Finally it is useful to note as the initial rise of the inflation due to the
increase of the financial matches is more than offset by the decrease of the inflation due to the fall
of the credit market tightness.

331t is useful to note that the usual dynamics of the matching probabilities which depend on the sign of the credit
market tightness change by the magnitude of the credit effciency shock and the value of the externality {. As a
matter of fact the matching probabilities can be rewritten as ﬁf =3¢ — §0tc and (th =&+ (1-¢) étc . In our case
since the increase of the & is greater than the decrease of (1 — &) étc the dynamics of the credit vacancy filling rate
is increasing and not decreasing.
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Figure 2.6: IRFs with respect to a credit shock

2.5 Conclusions

In this chapter we have introduced search and matching frictions in the credit market into a cash
in advance New Keynesian DSGE theoretical model with sticky prices. In this economy households
are depicted in a standard fashion, and so are retail firms producing under monopolistic competition
differentiated goods consumed by households. Before starting production, wholesale competitive
firms, producing a homogeneous good, search for credit offered by banks posting lines of credit. The
firms obtaining loans pay the wage to workers and production can start. At the end of the period
their production is sold to retail firms, loans are repaid and households receive profit income from
financial intermediaries and firms, and the principal plus interest on deposits. The interest rate on
loans is determined according to a Nash bargaining procedure. A fraction of the wholesale firms
producing in a given period - determined on the basis of an exogenous separation rate specifying
the fraction of credit matches which is destructed at the end of the production period - obtains
loans also in the next period.

The model is estimated by using the Bayesian methods. Given prior assumptions on the
model’s parameters in line with the empirical literature, in order to run the estimation we use
seven observed series in the sample 1997:Q2-2011:Q4. Further, we identify the stability domain of
the model by the two-sided Smirnov-Kolmogorov test.

The dynamic properties of our model are consistent with the main cyclical evidence reported
in the NK DSGE literature, but the model provides some main new findings. First, it is able to
highlight an incomplete pass-through of policy rate changes to the interest rate on loans. Second,
when the model is hit by a positive technology shock it provides a response of the real wages which
is in line with the empirical evidence, without having to rely on any real or nominal wage rigidity.
Furthermore the model confirms the countercyclical behavior of the credit spread with respect
positive technology shocks. All the previous findings depend on the search and matching frictions
in the credit market and on the bargaining mechanism over the loan interest rate, which affect the
responses of the main real macroeconomic variables to expansionary shocks. In particular a more
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banks’ bargaining power in the setting of the banking lending rate exacerbates the incompleteness
of the adjustment of the loan rate to variation of the policy rate and provides a more countercyclical
behavior of the credit spread with respect to a positive technology shock. Moreover, by using the
Bayesian techniques, we provide the estimated values of some structural parameters of the credit
market useful to the study of the financial markets. Finally, a simple exercise in which the economy
is hit by an exogenous credit shock confirms the importance of the channel represented by the credit
market tightness in the determination of a banking lending rate affecting the market liquidity and
the dynamics of the main real macroeconomic variables.
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Chapter 3

Incomplete interest rate pass-through
under credit and labor market
frictions’

By introducing search and matching frictions in both the labor and the credit markets into a
cash in advance New Keynesian DSGE model, we provide a novel explanation of the incomplete
pass-through from policy rates to loan rates. We show that this phenomenon is ineradicable if
banks possess some power in the bargaining over the loan rate of interest, if the cost of posting job
vacancies is positive and if firms and banks sustain costs when searching for lines of credit and when
posting credit vacancies, respectively. We also show that the presence of credit market frictions
moderates the reactions of output and wages to a monetary shock, and that the transmission
of monetary policy shocks to output and inflation is more relevant than suggested by the recent
literature.

3.1 Introduction

Several empirical contributions that appeared before the recent financial crises provided convincing
evidence that shifts in policy rates were not completely passed through to retail (market) banking
lending rates, even though significant differences existed in the degree of incompleteness which
was experienced across countries.! According to this evidence, the phenomenon was particularly
sharp in the Euro Area.?
retail rates has become less efficient in this Area (Cihék, Harjes and Stavrev, 2009). The interest
rate pass-through to the short-term rates has been however less affected than in the United States,

During the financial crisis, the transmission of policy rate changes to

TThis chapter is a joint work with Giuseppe Ciccarone (Sapienza University of Rome) and Francesco Giuli
(University of Rome 3). We wish to thank P. Benigno, E. Marchetti, M. Tancioni, R. Tilli, the participants in a
seminar held at the Bank of Italy on 14th December 2010 and an anonymus referee for comments and suggestions.
The views expressed herein are solely those of the author and do not necessarily reflect the views of the Bank of
Ttaly.

IThe literature is wide. Recent contributions are, e.g., Angeloni and Ehrmann, (2003); Sander and Kleimeier
(2004); Hofmann (2006); Egert, Crespo-Cuaresma and Reininger (2007); Fourcans and Vranceanu (2007).

2See, e.g., Mojon (2000); Angeloni, Kashyap and Mojon (2003); Gambacorta (2008); de Bondt, Mojon and Valla
(2005); Kok Sgrensen and Werner (2006); Gropp, Kok Sgrensen, and Lichtenberger (2007). A recent review of the
literature on the loan rate pass-through in the euro area is in Kobayashi (2008, section 2).
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whereas that to the long-term rates has been heavily impaired in both economies (IMF, 2008).
The existence of an incomplete pass-through of policy rate changes to the loan rates in the Euro
Area and in the United States is confirmed by a recent study by Karagiannis, Panagopoulos and
Vlamis (2010).

The theoretical relevance of the issue for New Keynesian DSGE models is demonstrated, e.g., by
the changes in the optimal monetary policy which are produced by the presence of an incomplete
interest rate pass-through (Chowdhury et al., 2006; Kobayashi, 2008). The relevance of this
incompleteness is however especially important from an empirical viewpoint in the presence of
a cost channel of monetary policy (e.g., Christiano, Eichenbaum and Evans, 2005; Ravenna and
Walsh, 2006). The existence of an incomplete interest rate pass-through may in fact mitigate
the strength of the cost channel as banks shelter firms from monetary policy shocks. Yet, while
confirming this intuition, recent contributions based on a not-fully microfounded model, suggest
that an incomplete loan interest rate pass-through produces limited effects on the transmission of
monetary policy shocks to output and inflation (Hilsewig et al. 2009; Kaufmann and Scharler,
2009).

The goal of this chapter is to understand whether an incomplete interest rate pass-through has
also limited effects on the transmission of monetary policy shocks in a fully microfounded New
Keynesian DSGE model economy with sticky prices and search and matching frictions in both the
labor and the credit market. This allows us to provide a novel explanation of the incomplete loan
rate pass-through in an economy where the main explanations of this phenomenon which have been
provided so far are ruled out by hypothesis. First of all, we do not rely either on exogenous cost
functions associated with changes in retail interest rates (Chowdhury et al., 2006; Scharler, 2008;
Kaufmann and Scharler, 2009), or on monopolistically competitive retail market where regional
banks set loan rates according to a Calvo-type rule (Kobayashi, 2008). Further, by assuming
perfect competition in the credit sector, we exclude the possibility of banks’ collusive behavior and
concentration in the financial market (Sander and Kleimeier, 2004; Van Leuvensteijn et al., 2008).
Finally, agency costs a la Stiglitz and Weiss (1981) and customer switching costs a la Klemperer
(1987) are absent, banks face no fixed costs when changing their loan rates and borrowers do not
strongly react to rate changes in the way suggested by the customer reaction hypothesis (Hannan
and Berger, 1991).

In our economy, before production begins, wholesale competitive firms producing a homoge-
neous good search for lines of credit posted by banks; the firms that have lines of credit granted
may then post vacancies in the labor market, where unemployed workers are searching for jobs.
The firms matching with workers obtain from banks the advances necessary to pay for the wage
bill. Those that obtain the loans financing job vacancy posting but that are unable to match
with workers cannot start production and cannot repay their debt with the banks. At the end of
the period, wholesale production is sold to retail firms transforming the homogeneous good into
differentiated goods bought by households. Loans are then repaid and households receive profit
income from banks and firms, and the principal plus interest on deposits from banks. A fraction of
the wholesale firms producing in a given period - determined on the basis of exogenous separation
rates specifying the fractions of labor matches and of credit matches which are destroyed at the
end of the production period - obtain loans also in the next period. The other firms have to go
afresh into the whole process of search, starting from the credit market.

This model economy shares similarities with some recent attempts that extended the labor

market matching framework to financial markets (e.g., Wasmer and Weil, 2004; Nicoletti and
Pierrard, 2006; Ernst and Semmler, 2010; Petrosky-Nadeau and Wasmer, 2010), but we depart
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from these contributions in several respects. First, our setting requires that banks advance the
funds necessary to pay for both the cost of the job vacancies and for the wage bill, whereas in
Nicoletti and Pierrard (2006), Wasmer and Weil (2004) and Petrosky-Nadeau and Wasmer (2010)
the wage bill is not borrowed from the banks but is paid post factum by the firms. Second, firms
demand a variable quantity of loans, rather than looking for a match with only one bank, as it is
instead assumed in those three contributions. Third, we assume that firms produce a quantity of
output which depends on total hours worked, while Nicoletti and Pierrard (2006) assume that firms
produce a unit of output with one worker and one unit of capital provided by banks, even though
capital plays a rather artificial role, as it is necessary to look for a worker but it does not enter
the production function. Ernst and Semmler (2010) assume that the firm needs external finance
to increase its capital stock, but the financial sector is represented by a bond market. Fourth,
the wage and the interest rate on loans are determined according to a sequential Nash bargaining
framework, a procedure which is present in Wasmer and Weil (2004), but it is absent in the more
recent modelling attempts.

Our main results can be summarized as follows. First, the transmission of monetary policy
shocks to output and inflation is more relevant than suggested by the recent literature, involving
significant reactions in labor and credit markets, the magnitudes of which depend on several
parameters’ values. Second, imperfection in the pass-through from policy rates to loan rates is an
inner and ineradicable feature of any economy where matching frictions exist in labor and credit
markets, as it depends on the endogenous reaction of several variables to the monetary policy
shock. A first group of variables is related to the amount of loans borrowed by firms; a second
group concerns the size of surplus generated by the existence of a productive credit relation, which
affects the bargaining between the firm and the bank over the loan interest rate. The degree of
incompleteness depends on the value of some key parameters such as the cost of posting labor
vacancies (which influences also the cost that banks sustain in order to finance producing firms),
the firm’s bargaining powers in the labor and in the credit markets, and the costs that firms have to
bear in order to look for lines of credit and that banks sustain in order to post their credit vacancies.
These conclusions contribute to better understand the effects produced in New Keynesian DSGE
models by the interplay of imperfections in several markets, a field where contributions are limited
and the joint effects of labor and financial markets imperfections remain a mostly unexplored
frontier of research.

The chapter is structured as follows. In the next section we describe the model economy. In
section 3.3 we discuss our calibration strategy. In section 3.4 we present the dynamic properties of
the benchmark model and we compare them with those which obtain when search and matching
frictions are present only in the labor market and the interest rate pass-through is complete.
In section 3.5 we discuss the effects on the model dynamics produced by changes in the main
parameters influencing the degree of the loan interest rate pass-through. Section 3.6 concludes.

3.2 The Model Economy

Building on the original intuition by Wasmer and Weil (2004), we introduce search and matching
frictions in both the labor and the credit markets into a cash in advance New Keynesian DSGE
model with sticky prices. The economy is composed of four sets of agents: households, firms,
banks and a monetary authority. Since firms do not possess their own cash, in order to produce
they must obtain loans from banks that allow them to pay for the cost of job vacancy posting and
for the wage bill. Before production begins, wholesale competitive firms, in order to finance their
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labor vacancy posting, hence search in the credit market for lines of credit vacancies (VtB ) posted
by banks. Each realized match between a firm and a bank provides the firm with one line of credit
of real value kf', which is also the cost that must be sustained in order to post one vacancy in the
labour market, where unemployed workers are searching for jobs. As a bank can provide several
lines of credit to a firm, in each period ¢, the total number of matched credit lines which finance
job vacancies (H;) is equal to the total number of job vacancies posted by firms (VtF ) If the firm
which has matched with a bank does not find a match in the labor market, it will be unable to
produce and it will have to start, in the next period, the searching process afresh. A job vacancy
which is not filled thus produces a default on the corresponding line of credit. We assume that the
cost of default is borne by the banks, which also collect deposits (D;) from households. Finally,
the producing firm obtains from the bank LY lines of credit which allow it to pay the nominal
wage Wih; to N; workers, where h; is the number of hours worked and W; is the nominal hourly
wage.

After wages are paid the wholesale production occurs. Monopolistic competitive retail firms
then transform the wholesale homogeneous goods into differentiated retail goods which are sold to
households. At the end of the period, banks receive from firms the principal plus interest on loans
and households receive profit income from financial intermediaries and firms, and the principal plus
interest on deposits. A fraction of the wholesale firms that produce in a given period obtain loans
also in the next period. This fraction is determined by exogenous separation rates specifying the
fraction of labor matches and of credit matches which are destroyed at the end of the production
period. The monetary authority sets the rate of interest according to a rule to be specified below.

3.2.1 Matching

In the labor market, the search for workers is costly and the existence of search frictions prevents
some workers from finding jobs and some posted job vacancies from being filled. Similarly, search
frictions in the credit market prevent some firms from obtaining lines of credit and some banks from
filling all their posted credit vacancies. Banks and wholesale firms choose the number of vacancies
they want to post (V;Z and V;¥', respectively). Denoting s and s}' the demand for lines of credit
by firms and the fraction of workers searching for jobs, respectively, the number of new matches
in the markets for labor and for lines of credit are determined by the Cobb-Douglas matching
functions M; = n(V,F)(sV)1=¢ and H; = v(V;B)S(sf)1=¢, where 1 and v are scale parameters.
pP = H, /sl is the probability that a line of credit demanded by a firm matches with a credit
vacancy posted by a bank, ¢/ = M,/V,f" is the probability that a firm matches with a worker.
By defining 0 = V,'/s!V and 6 = sI'/V,P as the aggregate labor and credit market tightnesses
(from the firm’s viewpoint), respectively, it follows that the probability that a worker matches
with a firm is pf" = 0F¢f" and that the probability for a bank of filling a posted credit vacancy is
qP = 0°pE. In each period it must hence be: M; = s\Vpl" = V'qf' and H, = V;BqP = sI'pP.
If 0F increases, ¢f" diminishes and p! increases. If ¢ increases, p? falls and ¢ increases. It is
worth noticing here that the four matching probabilities (the two markets) are interdependent, as
we shall obtain that V;/' = sf'pB.

3.2.2 Households

There exists a continuum of households of mass one maximizing the expected discounted value
of their utility. The preferences of the representative household are defined over leisure and a

€

1 25
composite consumption good C}; = { fol o dz} 1, consisting of the differentiated goods (Cjy)
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}ID;': )~¢C}, where ¢ > 1 is the parameter governing

produced by retail firms. As usual, it is Cy = (
the elasticity of substitution between differentiated goods, which are indexed by i. The cost of
one unit of the consumption basket is given by the aggregation of the prices of the differentiated

products, P, = [ fol Pilfsdi} ""°. Household members can be either employed (V) in a labor match

with wholesale firms, earning the efficiently bargained real wage w; = W;/P;, or unemployed
(1— N¢), enjoying a fixed amount of benefits, w*, paid by lump sum taxes on banks’ and retailers’
profits. The employed worker works h; hours (intensive margin), where h; is determined by the
efficient Nash bargaining to be described below. The separability of the utility function allows us
to make the usual assumption that consumption risks are fully pooled within the household. All
households hence solve the same problem:

Cl—a h1+¢
G, = max|— — 9t
Ci,D: |1—0 1+ ¢

+BE,Gi1

Iy, +Hf—1 +HtB—1 —&—i-RD Dy
P B P P =1 p

s.t. Ct = ’LUthtNt + (1 - Nt)w" +

The constraint is obtained by taking into account the CIA constraint, P,Cy; < By + Wihy Ny +
(1 — N})w“P, — Dy, where B, is nominal cash holding (“bank notes”), and the amount of money
carried over to the following period, Byy1 = By + WihiNy + (1 — N)w“ P, — Dy — P,Cy + 112 +
Hf + Hf + RtD D,.3 Consumption and savings are hence financed by: real labor income, w;hyN;
unemployment benefits, (1 — N;)w"; the sum generated by previous period deposits, R” ;D;_; =
(1+7rP,)D;_; , where rP is the rate of interest on deposits; profits from banks, the specialized
firm posting the wholesale firms’ vacancies and retailers, net of lump-sum government taxes used
to pay unemployment benefits, II", TI¥ and II1Z. 3 is the household’s subjective discount factor
and 1 is a scale parameter. The solution of this problem leads to the standard Euler equation:

P
\: = RPBE, Pt;ml (3.1)

where Ay = C; 7 is the marginal utility of consumption. The aggregate dynamics of employment

is described by:
Ny =(1—p)Ni_1 +p;f s)" (3.2)

where s}V =1 — (1 — p)N;_;. The exogenous separation rates relative to the firm-worker* and the
firm-bank relations are p" € [0,1] and p® € [0, 1], respectively. We assume that separation in one
market (labor or credit) implies also separation in the other one. If one separation occurs, the firm
will have to go once again through all the matching phases, starting from the demand for lines of
credit. It follows that p = pf + p® — p¥pB. The first term on the right hand side of equation (3.2)
hence represents the number of workers who have not separated from firms that were producing
in the previous period and that maintain the lines of credit allowing them to finance the wages to
be paid to those workers. The second term represents the new matches in the labor market, to be
further analyzed below. Unemployment is determined ez post as: Uy =1 — Ny.

3The constraint is obtained by substituting the CIA constraint into the equation for By 1, calculating it a period
backward and substituting the result back into the CIA constraint expressed in real terms. The detailed derivation
and the linearization of the model are provided in a technical appendix available from the authors upon request.
4Hall (2005) documented that the separation rate does not vary considerably along the business cycle.
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3.2.3 Wholesale firms

A continuum of competitive wholesale firms of mass one produce an homogenous good. The
production function of the representative firm is:

Y = AhY N, (3.3)
where A is the productivity factor.

The representative firm must determine the optimal number of job vacancies to post. Vacancies
are costs for producing firms and proceeds for a specialized firm “producing” posting at no costs.
These proceeds enter aggregate profits that can be spent by households. The number of job
vacancies posted by each firm at time ¢ is equal to the realized matches in the credit market. We
make the timing assumption that credit lines are transformed into job vacancies immediately (e.g.,
Ravenna and Walsh, 2008; Gertler, Sala and Trigari, 2008):

Vi =pPst (3.4)
The number of workers available for production in each firm at time ¢ is:
Nt = (1 — P)Nt—l + Mt (35)

where M; = ¢f'V,;F' are the labor matches, given by the vacancies posted by the firm (that has
obtained the necessary credit lines) multiplied by the probability that a vacancy is filled. The
value of the firm, F}, is:

Fy=—fes{ + % — Rfwihy Ny — REE  ¢f VI + 5Et%Ft+1 (3.6)

t t

where f; = f/A; denotes a utility unit cost born by the firm and k" is the financial cost (in real
terms) of posting a job vacancy financed after the credit match. As wholesale firms sell goods
at the competitive price P;”, the real value of a firm’s output expressed in terms of consumption
goods is P*Y /P, = Y /s, where u; = Pp/ P is the mark up of the retail sector over the price
of the wholesale good. Recalling that the representative wholesale firm borrows from the bank,
at the nominal interest rate factor on loans RF, the funds necessary to post its vacancies and to
hire workers, (RFw;h, Ny + REEF gF V,E) represents the firm’s real repayment to the bank. Finally,
ﬂEt)")‘\—:l is the firm’s discount rate.

At any time, the firm chooses V;" by setting s so as to maximize (3.6) subject to (3.3), (3.4)
and (3.5). By using the envelope theorem we get the firm’s job creating condition:

Ah¢ A
P:ftB +REES = =2 = Rfwyhy + (1= p)BE, = <Fff+; + Rf+1kF> (3.7)
q; Py Mt t Qi+1Pt31

Equation (3.7) shows that the condition to demand a new line of credit at time ¢ depends on the
firm’s stream of present earnings and of discounted future savings on job vacancy posting. The
term f;/ (qutB) represents the time it takes for a firm to become active (i.e., to find a match with
a bank as well as with a worker) and RFEY is the financial cost of the line of credit obtained for
job vacancy posting.
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3.2.4 Wage and hours bargaining

The real wage, determined by an efficient Nash bargaining between the firm and the worker, is
obtained by maximizing (SF)'~?(S}V)? with respect to w;, where d represents the bargaining
power of the worker and (1 — d) that of the firm, Sf is the firm’s surplus (the difference between
the firms’ values if a match is obtained and if a match is not obtained) and S}V is the worker’s
surplus (the value the worker enjoys when being matched relative to not being matched). The free
entry condition and equation (3.7) allow us to write:’

Tt L1.F
S = + Rfk (3.8)
boafof
The worker surplus is:
h u A
17 = (the = £02 w0t} 4 (1 0B (- g, (39)
and the optimality condition of the Nash bargaining is:
(1—d)sESy +as}¥ sk =0 (3.10)
p_ OSF 7 w OSY I .
where 6;" = S, —R;h; and 6;" = o ht. By substituting (3.8) and (3.9) into (3.10), and
[ Wt
using (3.7), we get the wage equation,
mrs;  w"
=(1-d + — 3.11
w= (- d) (P4 ) + (3.11)
d l 1-— A RE(1 —pF,
TR {mpt + ( P)ﬂEt t+1 < Fft+113 +RtL+1kF> (1 _ + ( . pt-i-l))]
Ry | oy hy At \G41Pi Ry
he DALY L
where mrs;, = 19>\—t is the worker’s marginal rate of substitution and mpl; = o t = Aahi™
t t

is the marginal product of labor (hours) per worker. Equation (3.11) depicts that real wage is a
weighted average of the worker’s disutility from supplying hours of work plus the foregone flow
benefit from unemployment, and the firm’s revenues plus the future expected net present value
when remaining in the match in the following period.

Hours worked are also determined by an efficient bargaining. The optimality condition is:
(1 —d)7f sy +dr)Vsf =0 (3.12)

Being 7/ = 0S5} /ohy = (mply /e — weRE) and 7V = S} /O, = (w,—mrs;), and using equation
(3.10), optimal hours are obtained from the condition mpl;/ (uthL) = mrs;, that is:

1
I RE\ T
hy = 1

¢ <aA/\t (3 3)

5Recall that the defaulting firm leaves the market at no cost.
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3.2.5 Retail firms

Retail firms purchase the goods produced by the wholesale sector and transform them by a one-
to-one technology, into the differentiated products purchased by households. Cost minimization
provides the condition that the retail firm’s nominal marginal cost (mc}) be equal to the price
charged by the wholesale firm for its product P,”. In this sector prices are adjusted according
to the Calvo rule, so that in each period a firm can adjust its price with probability 1 — w. In a
symmetric equilibrium all firms set the price so as to maximize the expected lifetime profits subject
to demand and this provides the standard New Keynesian price equation:

€
oo 1Al Py 1—0o
Pt* € Et E 1= W ﬂ mce4g (7Pt ) Ot+l

P e—1 00 P\t 1o
! Ep Y Zow's (%) Ct1+l

(3.14)

3.2.6 Banks

The representative bank, operating in a competitive market, collects deposits from households
at the interest rate on deposits r”, posts credit vacancies in the credit market sustaining the
utility unit cost b; = b/A; and provides wholesale firms with the loans upon which the interest
rate rl is charged. Each match in the credit market (their total number being equal to ¢ZV,?)
provides firms with the funds necessary to post one vacancy in the labor market (their total number
being equal to k'V,f") and matched credit lines are immediately transformed into lines of credit
financing labor vacancies, only a share of which finds a match with workers. Each of these realized
matches provides the lines of credit which allow the firm to pay the wage (w:h:) to be anticipated
to matched workers. The proceeds from sales allow the firm to repay the loans and to pay the
interest to the bank. In the following period, each of these firms will continue to have their wage bill
financed by banks, unless a separation occurs in at least one market. Given these assumptions, the
lines of credit financing vacancies (credit matches) and those financing wages evolve, respectively,
according to:

H; = quB‘/:tB (3.15)

LY = (1 =p)LiLy +af H, (3.16)

Recalling that the funded credit lines for labour vacancy posting that are not transformed into
labor matches are destroyed and that in this case the bank looses the anticipated funds and the

interest on this amount, the value of the representative bank, J;, can be written as:®
_(pL D N L F D\LF p Xt B At41
Ji = (Ry — Ry )wih+ Ly + (Ry'q; — Ry )k™ Hy + R; U b V" + BE, 3 Jit1 (3.17)
t t

Bii1— B

where X;/P; = LAt any time, the bank chooses H; by setting V;? in order to maximize

t
(3.17) subject to (3.15) and (3.16). By using the envelope theorem we get the bank’s “credit

6The bank’s profit at time ¢ is given by revenues minus costs. Revenues are given by the sum of: (i) the repayment
of the loans financing wages plus interest, RtL (wt htLiv); (ii) the repayment of the loans financing the posting of job
vacancies, which depends on the probability that the firm fills a labor vacancy, plus interest, RtL (qkoHt). Costs
are equal to the sum of: (a) the repayment of real deposits plus interest, RPDt/Pt; (b) the sweat cost related to the
posting of credit vacancies, bt VtB. By using the bank’s balance sheet, stating that real deposits and money growth,
X/ P finance the loans provided to firms, D¢/ P; + X /P = wthtL,{V + kEF Hy, equation (3.17) is straightforwardly
obtained.
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creating condition”

b EF
qF;B — (Ri'q) - RtD)qu = (R{ — R Jwih; + (3.18)
¢ 4 ¢
A1 [ biga RE,
+(1 = p)BE {F H— <Rf+1 L)
t 11951 qi11

Similar to the firm’s case, the condition to offer a new line of credit at time ¢ depends on the
bank’s stream of present earnings and of discounted future savings on credit vacancy posting and
on defaults.

3.2.7 Loan Rate Bargaining

In line with Wasmer and Weil (2004), we assume a sequential bargaining framework: the rate of
interest on loans is first negotiated by banks and firms; workers and firms then bargain over the
wage and hours. We hence solve the problem backward, taking into account the effect of RX on
w and on hy.

The bank’s surplus, SP = S¢ — SY B is equal to the value the bank enjoys if a match with the
firm is realized, S¢ = 0.J;/OLY, less the value which obtains if a match is not generated, which is

SYB =0 for the free entry condition. We hence obtain:

A b kY
¢ = (RE = RP)wehe + (1= p)BE S | g = (Rfagin — RP) (3.19)
t L4194 4i+1

The interest rate on loans is obtained by maximizing the Nash product (SP)'=*(SF)*. The
optimality condition is:
(1—27PSE +24FSE =0 (3.20)

where z and (1 — 2) are the bargaining powers of firms and of banks, respectively, vZ = 0SEZ /ORE
and v/ = 0SF JORE, and where both coefficients depend on €} = 2% and /! = 24 7 Substi-

oRE ORE
tuting (3.8) and (3.19) into (3.20) we get:
Uy [mplt (1—=p)B  Atg1 ( fra1 L F>:|
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where 1, = .
(1= 2)77 — 2]
The interest rate on loans is a weighted average of the firm’s revenues plus future expected net

present value from entering a credit relation, on the one side, and the rate of interest on deposits
plus the bank’s future expected net present value from entering a credit relation, on the other side.

"It is straightforward to compute:
B =wihi + (RE — RP) (eV he + eFwy)

mpl
,th — —Hptte{{ — wihe — RtL (efvht + eflwt)

where:
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The weights depend not only on the relative bargaining power z, but also on 7 and ', which
encapsulate wage relative allocational effect and the influence of worked hours h;.
Equation (3.21) allows us to write the interest rate spread in terms of the market tightnesses:

Py | mply b (1=p)B  Nga [ frr05 L LF
RE_RP =2 —w,RP + E L+ RL K +
K t Wy | Qg i hy At U(0?+1)1 ¢ t
T o)
(=) J (- P)ﬁEt At41 bet1 | rh, - R{ iF (3.22)
Wi hy At v (0?+1) ¢ (L) ¢
U oE, ) T\,

This equation clarifies that if k" = b = 0 and the firm has the maximum bargaining power (1; = 0,
i.e., z = 1) in our model the rate of interest on loans is equal to that on deposits (the interest rate
spread is zero) and the economy collapses to a standard frictionless cost channel model with labor
market frictions, as in Ravenna and Walsh (2006), where the banking system can be conceived
as a “veil”.® The interest rate pass-through, defined as the percentage deviation of the loan rate

of interest from its steady state value (#7) minus that of the rate on deposits from its steady

state (77), is in this case complete, i.e., OFF /OFP = 1, where the hatted variables denote percent
deviations from steady state values.

If there exist no search costs (k¥ = b = f = 0) but the bank has some bargaining power, the
loan rate of interest becomes equal to a weighted average depending on the firm’s revenues and
the interest rate on deposits: R = p,-"2% 4 (1 —¢),) RP. The interest rate spread, RY — RP =

Wt
Yo [ mply
wt 9227

firm’s revenue is exactly equal to the wage cost (wage plus interest to be paid to the bank). This

—w; RP ), can then be equal to zero, and the pass-through can be complete, only if the

implies that the wage is exactly equal to the minimum amount that can be accepted by the worker,

mrsy
1+¢
play any role. If the the firm’s revenue is greater than the wage cost, the intermediary can obtain

a rate of interest on loans greater than that on deposits according to its bargaining power. In this
case, the pass-through will not generally turn out to be complete, as the derivative 9fL/07p is
determined by a complicated convolution of steady state values which can be equal to one only
by chance. The conclusion is the same when costs are introduced into labor and credit markets.

wy = ( + %j), so that the bargaining powers in both the labor and the credit markets do not

The sharing rule now becomes more complex because search and matching creates surpluses to be
shared between the bank and the firm and the interest rate spread increases with the share of the
firm’s savings on future costs that the bank aspires to obtain and decreases with the bank’s savings
on future costs that the firm is not willing to correspond to the bank. The interest rate spread
can hence be equal to zero only if the share of the firm’s surplus of an existing match the bank is
capturing (net of the wage cost) is exactly equal to the share of the bank’s savings on future costs
that is appropriated by the firm. If this is not the case, the derivative 7F /7P, which is now
determined by an even more complicated convolution of steady state values, is generally different
from one.

Finally, equation (3.22) highlights that the interest rate spread depends on the interplay of the
existing imperfections in both markets, as it depends also on the relative values of the credit and

8This is Wicksell’s (1936, chapter 9, section B) pure credit economy, where the description of the banking system
is based on four fundamental assumptions: (a) banks do not possess their own capital; (b) they do not hold reserve
assets; (c) their operating costs are zero; (d) the rate of interest on loans is equal to that on deposits.
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the labour market tightness via their effects on the firm’s surplus that the bank aims to capture
(which increases with the credit and the labor market tightnesses), the bank’s savings on future
posting that the firm does not want to correspond to the bank (which decreases with the weighted
ratio of the credit market tightness to the labor market tightness) and the expected savings on
screening cost that the bank sustains in order to give credit to producing firms (which increases
with the labor market tightness).

3.2.8 Monetary authorities

As usual in the literature, we assume that the policy rate is equal to the rate on deposits and that
the central bank employs the following monetary rule:

Py
Py

(17PR)6‘N
RtD:(RtDl)pR< ) (Yp) I mPr)ov g, (3.23)

where p’ is the degree of interest rate smoothing; J, and dy are the weights assigned to the
targets of inflation (P;/P;—1) and output, respectively. The stochastic term v = ufjlegty denotes
a stationary first-order autoregressive monetary policy shock.

3.2.9 Market clearing

The aggregate resource constraint is derived from the aggregate money carried over to the fol-
lowing period in real terms, taking into account the government budget constraint. Substitut-
ing into this equation the profits of the specialized firm, of the retail firms and of the banks,
taking into account the bank balance sheet, it is straightforward to obtain: C; = Y; — %ﬂ +
RtL (wthtLiv + qkoHt) + (wehe) (Nt — Liv) Since wholesale firms make zero profits, it is possi-
ble to write %ﬂ = R} (why N, + ¢f K¥V,F"). Using this equation and recalling the good market

equilibrium, Y; = Y4, and that H; = V,', we obtain:

Using the lag operator I, equations (3.5) and (3.16) can be written as: Ny = [1 — (1 — p)T] ™' ¢FV,F
= 22,1 =p)igf Vil and LY = [1— (1= p)T) 7" ¢f' VI = 32,1 — p)igf,Vi",. This shows
that Ny = LY. It follows that the aggregate resource constraint is:

Cr=Y,

Furthermore the wholesale production is linked to the aggregate demand by the following expres-
sion:

Y =Y (3.24)
Py
Py
to zero up to a first order approximation when we linearized the model in a neighborhood of zero

inflation steady state.

—&
where v, = [ ( ) di is a factor of price dispersion. As shown by Gali (2008) this factor is equal
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3.3 Benchmark parametrization

In order to focus on the interest rate pass-through, we limit our attention to the response of the
model’s variables to a negative interest rate shock. We aim to show that the general dynamic
properties of the model are fully coherent with those of new Keynesian DSGE models with search
and matching frictions only in the labor market, and to highlight the role played by credit market
variables in influencing the economy’s dynamics. To this aim, we linearize the model’s equations
around the steady state values and assign to some model’s parameters the most recent values
employed in the literature. The other coefficients are obtained from steady state conditions (see
the technical appendix). In particular, since there exists very limited evidence on players’ relative
power in interest rate bargaining and on the (utility) cost borne by banks and by firms when
offering and demanding credit, we solve the system of steady state equations so as to endogenously
determine the values of z, f and b.

In the exercise we present here, we use the log version of the utility function by assuming o = 1.
In this model the elasticity of output to hours does not correspond to the labor share as it depends
on the outcome of the bargaining process. Then, in our benchmark calibration we choose to set
a = 0.75 such that the production function exhibits decreasing returns to scale with respect to
the intensive margin, and which is between the values 0.66 proposed by Christoffel, Kuester and
Linzert (2009) and 0.99 used by Christoffel et al. (2009). We set the quarterly discount factor
(8 = 0.996) so as to obtain a quarterly real steady state rate of interest on deposits R” = 1.0035
as in de Walque, Pierrard and Rouabah, (2010). The firm’s bargaining power over the rate of
interest (z = 0.92) is set so as to target a steady state value of the interest rate on loans equal to
RY = 1.016 (de Walque, Pierrard and Rouabah, 2010).

Steady state output is normalized to one (Y = 1) and the TFP steady state level is set
accordingly. The steady state employment rate IV is calibrated at 0.8, a value lower than in the
data because we interpret the unmatched workers as being both unemployed and partly out of the
labor force, in line with the abstraction we made from labor force participation decisions (Trigari,
2006). The elasticity of substitution between differentiated goods is conventionally set at € = 6,
which implies a 20 per cent retail mark-up on wholesale prices (e.g., Ravenna and Walsh, 2008).
We impose that the cost of posting a labor vacancy is k¥ = 0.07 (Ernst and Semmler, 2010). The
replacement rate is set at w = 0.54, which is between the values of 0.4 proposed by Shimer (2005)
and 0.85 used by Hall (2009), the latter being based on a broader interpretation that permits
utility from leisure and from home production. Firm’s probability of not adjusting prices is the
conventional value w = 0.75.

The elasticity of intertemporal substitution in the supply of hours is equal to 1/¢. In the
face of the existing controversy on the value of this coefficient, we follow the standard business
cycle literature and set ¢ equal to one. As for the policy rule, we set the interest rate smoothing
coefficient, p’t, equal to 0.65 and the parameters attached to inflation, é,, and to output, dy, equal
to 2.5 and to 0.25, respectively. As for the autoregressive coefficient of the monetary policy shock,
we set p, = 0.5. Finally, we normalize the value of the time spent working in the steady state, h,
to 1 and obtain the value of ¥ (the coefficient multiplying the CRRA equations for hours) which
is coherent with this normalization. Whereas the literature has usually adopted the conventional
value d = 0.5, we set d = 0.15, in line with the recent estimates suggesting a much lower value of
the workers’ bargaining power (e.g., Cooley and Quadrini, 1999; Hagerdon and Manovskii, 2008).

As for the credit parameters for which we have limited evidence, we set their values equal to
their labor market counterparts. We hence calibrate the separation rates in both the labor and the
credit market at 0.05, so as to obtain p = 0.097, which is close the value 0.1 chosen by Ravenna
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and Walsh (2008). We set the elasticity of matches to labor market searchers according to the
evidence provided by Hagerdon and Manovskii (2008), which is also the midpoint of the evidence
typically cited in the literature (Gertler, Sala and Trigari, 2008), and we do the same for credit
market matches, so as to calibrate £ = ( = 0.5. The steady state job vacancy filling rate is taken as
a summary from wide evidence, and the same value is used also for its credit market counterpart:
¢ = ¢® = 0.7. The steady state probability that a firm matches with a bank is also set at
pB =0.7.

The efficiency of matching in both markets (n and v) are endogenously determined so as to
assure coherence between the matches obtained using the given probabilities with those obtained
with the matching functions. With this baseline parameterization, we endogenously obtain the
steady state values of the real wage (w = 0.94) and the values of the utility costs borne in the
credit market by firms (f = 0.36) and banks (b = 0.04).

We discuss below the way the model dynamics change when the key exogenous parameters vary
and all the other ones remain constant, including f, b and z.°

3.4 Dynamic properties of the model and the interest rate
pass-through

3.4.1 The dynamic behavior of the benchmark model

Figure 3.1 shows that the main impulse response functions (IRFs) regarding the macroeconomic
variables which we obtain by employing the baseline calibration (solid lines) are in line with the
existing New Keynesian DSGE models with search and matching frictions in the labor market. An
expansionary monetary shock increases output, employment, hours worked, the wage, the marginal
cost and inflation.

Output wo®  Employment Worked hours Real wage

5 10 15 20 i 5 10 15 0 5 10 15 o 5 0 15 o

Labor searchers Job vacancy filling rate Job finding rate Labor market tightress

Benchmark model — —— Complete pass-through model

Figure 3.1: Impulse responses to a monetary policy shock.

9The new values which we obtain for the steady state variables are specified below, case by case.
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Figure 3.1 summarizes also the main IRFs regarding the matching processes. In the labor
market the dynamics of posted vacancies, labor matches (hiring), searchers, the job finding rate,
the job vacancy filling rate and the labor market tightness are also coherent with the existing New
Keynesian DSGE models with search and matching frictions. The explanation of labor market
dynamics is standard. With nominal rigidities a reduction in the policy interest rate produces a
lower real interest rate; this induces households to increase consumption. The consequent increase
in production requires additional labor input. The response of employment (the extensive margin)
is lower and more persistent than the response of hours worked per employee (the intensive margin)
because firms can immediately adjust hours without sustaining any cost in response to the increase
in the demand for output. Yet, the rise in demand also stimulates wholesale firms’ expected
profits and this boosts job vacancy posting. Since there is more hiring, the number of searchers
(determined by the dynamics of employment) falls. As a consequence, the job vacancy filling rate
decreases whereas the job finding rate and the labor market tightness go up. In anticipation of
a tighter labor market and higher profits the value of an existing match increases; together with
greater disutility from supplying hours of work, this allows workers to negotiate higher wages. The
raise in wages and the fall in the marginal product of labor lead to higher marginal costs and
inflation.

Policy rate 10 Loan rate Credit demand Credit vacancies

5 10 15 20 i 5 10 15 20 5 10 15 o 5 0 15 Fil

Financial matches Credit vacancy filling rate Credit line finding rate Credit market tighthess
3

Benchmark model — —— Complete pass-through model

Figure 3.2: Impulse responses to a monetary policy shock.

As for the credit market, in our model firms choose labor vacancies by setting the demand
for credit. It follows that the increase in job vacancy posting requires that firms expand their
demand for lines of credit, as shown in Figure 3.2. With our benchmark parametrization, banks’
supply of lines of credit increases.!® The overall effect is an increase in credit matches, the credit
vacancy filling rate and the credit market tightness (from the point of view of firms), whereas the

10The two matching functions present an important difference. In the labor market the dynamics of searchers
is guided by a state variable (employment) and by the exogenous separation rate, whereas in the credit market
the state variable plays no role in determining credit vacancies which are chosen by banks by equalizing costs and
benefits of marginal posting. Depending on the model’s parametrization, and in particular on the utility cost b,
banks’ optimal reaction to an increase in credit demand can be to vary their (costly) vacancy posting more or less
than demand.
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credit line finding rate and the inverse of the tightness, what Wasmer and Weil (2004) define the
liquidity of the credit market, fall. The decrease in the policy (deposit) rate lowers the costs the
bank sustains, and is partly rewarded for, when supplying lines of credit, but the increase in credit
market tightness raises the firm’s surplus of an existing match (see equation 3.21) and the bank
(that wants to capture a share of this surplus) may aspire to negotiate an higher interest rate. The
latter effect contrasts the former one and this leads to an incomplete pass-through of the policy
rate to the interest rate on loans. This is shown in Figure 3.2, where the interest rate on loans
falls less than the deposit rate, with a response to the shock depicting an humped-shaped pattern.

3.4.2 Comparison with the complete pass-through model

We can now compare the dynamics generated by the benchmark model with those which obtain
when search and matching frictions are present only in the labor market and the interest rate pass-
through is complete, i.e., with no distinction between R” and RL (dashed lines). As described in
subsection 2.7, in this version of the model any source of surplus arising from a match between
firms and banks (the cost of posting credit vacancies, b, and the financial cost of a labor vacancy,
k) are eliminated and no banks’ bargaining power exists (z = 1). In order to keep a frictional
labor market, the search cost f is now interpreted as the entry cost to be sustained in order to
participate in the labor matching process.

As shown in Figure 3.1, the monetary policy shock is slightly more expansionary on output
(and consumption) in the complete pass-through model than in the benchmark model. Besides the
common effect developing through the demand channel and other things being equal, this depends
on the different reactions of the marginal costs which vary more in the benchmark model than
in the complete pass-through model because RF does not fall as much as RP does (incomplete
pass-through). The strength of the cost channel effect in the complete pass-through model hence
mitigates the increase of marginal cost and inflation. The implications of this argument on RP are
straightforward.

In the complete pass-through model the stronger increase in output asks for a sharper increase
in labor input. The complete pass-through and the absence of credit search frictions lower the
expected cost of filling a job vacancy (which is equal to ‘{T} instead of ff;? + REEY ) and induce
firms to meet this need by expanding the extensive margin with only negligible effects on the

intensive one.'! The job vacancy filling rate hence falls more, whereas the labor market tightness
and the value of an existing match increase more. The tighter labor market and the higher profits
increase the value of an existing match so much as to allow workers to negotiate a slightly higher
wage. The introduction of credit market frictions may hence help to moderate the reaction of
wages to an expansionary policy shock.

The exercise carried out in this subsection might suggest that an incomplete pass-through
generated by credit market frictions has a limited effect on the transmission of monetary policy
shocks to output and inflation, thus confirming the results obtained by Kaufmann and Scharler
(2009) in a model where the loan rate equation is not microfounded. This conclusion would not
however be completely accurate. Kaufmann and Scharler’s claim is in fact based on the examination
of the impact responses to a monetary policy shock, which in their model are indeed identical in the
presence of “high” or “low” degrees of incompleteness in the interest rate pass-though. If we perform
the same experiment with our benchmark and complete pass-through models, the differences which
obtain in terms of impact responses are however quite different, as summarized in the following

Remember that the production function exhibits constant (decreasing) returns to scale with respect to the
extensive (intensive) margin.
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table.
Furthermore, the values of the ratio of the standard deviations of inflation and output are also

Benchmark Complete pass-through
Output 1.738 1.853
Inflation 0.695 0.643

Table 3.1: Impact responses of output and inflation to a monetary policy shock. Percentage
deviations from steady states.

significantly different, being equal to 0.35 in the benchmark model and to 0.29 in the complete
pass-through model. Finally, our model allows us to highlight that the economic mechanism
transmitting monetary policy shocks to output and inflation is based on the reactions of several
labor and credit market variables. The magnitudes of these reactions depend on the values taken
up by some key parameters, as we now aim to show.

3.5 Determinants of the interest rate pass-through

In this section we summarize the effects on the model dynamics produced by the main parameters
influencing the degree of the loan interest rate pass-through. We focus, in particular, on the
bargaining powers of the worker over the wage (d) and of the bank over the loan rate (z), and on
the cost of posting labor and credit vacancies (k¥'and b, respectively).

3.5.1 Bargaining powers

The dotted lines in Figures 3.3 and 3.4 depict the dynamic behavior of the model when d =

12 Tn this case, due to the

0.05 (the median value proposed by Cooley and Quadrini, 1999).
reduced bargaining power of the worker, the contracted hourly wage increases less than in the
benchmark model following a negative shock on the policy rate, whereas the output increase
remains substantially unchanged. This is due to the sharper fall in the interest rate on loans (to
be discussed below) which, according to the optimal condition on hours, mpl;/ (uthL ) = mrsy,
asks for a sharper fall in the marginal product of labor. As a consequence, firms adjust more on
the intensive margin and less on the extensive one. The lower increase in hiring asks for a milder
reaction of labor vacancies and lowers the reaction of workers in search. The net effect is that
the probability that a worker finds a firm increases less, whereas the probability of filling a labor
vacancy falls less. As a consequence, the labor market tightness (from the point of view of firms)
and the labor matches increase less than in the benchmark model.

In the credit market, the milder reaction of labor vacancies generates a lower increase in the
demand for lines of credit and the same occurs to the supply of credit, and hence in the credit
matches. The probability that a firm finds a bank falls less and the probability of filling a credit
vacancy increases less than in the benchmark model, so that the credit market tightness (from
the point of view of firms) displays a less positive reaction. This effect on the tightness implies a
lower increase in the surplus of an existing credit match which, as explained above, counteracts

12Under this parametrization the new values of the matching probabilities are: ¢& = 0.9 and pZ = 0.54, ¢¥ = 0.57,
pf = 0.34. Further, the steady state rate of interest on loans and of the real wage are respectively RY = 1.019 and
w = 0.90.
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Figure 3.3: Impulse responses to a monetary policy shock: lower d and higher z.

the decrease in the policy rate lowering the costs the bank is rewarded for when supplying lines
of credit. When the worker’s bargaining power decreases, the milder reaction of the surplus hence
produces a sharper fall of the rate of interest on loans and the pass-though becomes less incomplete.
The opposite chain of effects is produced by an increase in d.

The dashed lines in Figures 3.3 and 3.4 show the behavior of the model when z = 0.95.13
The lower bargaining power of the bank allows the interest rate on loans to decreases more than
in the benchmark case even though the credit market tightness rises more. To understand this,
consider that the higher z produces two effects: (i) lower bank’s expected profits induce credit
vacancy posting and credit matches to increase less than in the benchmark model following an
expansionary monetary policy shock; (ii) as in the case of a lower d, the optimal condition on hours
implies a sharper fall in the marginal product of labor, a sharper reaction of worked hours and a
lower reaction of employment. This explains the lower reaction of labor vacancies and of workers in
search, together with the associated changes in the dynamics of the other labour market variables.
In the credit market the demand for lines of credit reacts slightly less than in the benchmark
model, whereas the positive reaction of the supply of credit is much less acute. It follows that
the credit line finding rate decreases more, whereas the credit vacancy filling rate and the credit
market tightness rise more than in the benchmark model. The firm’s surplus of an existing match
the bank aims at capturing is hence higher, but it is weighted by a lower (modified) bargaining
power, 1;. Furthermore, as clarified by equation (3.21), a greater role in the determination of RF
continues to be played by the cost sustained by the bank that the firm is willing to correspond in
the interest rate bargaining. The opposite chain of effects is produced by an increase in the bank’s
bargaining power.

The findings of this subsection can be summarized by stating that the degree of pass-through
from policy rates to loan rates increases with the firm’s bargaining powers in wage and in interest

13Under this parametrization the new values of the matching probabilities in the credit and labor market are:
qB =0.87, pP = 0.57, ¢ = 0.79, p¥' = 0.25. Further, the steady state rate of interest on loans and of the real wage
are respectively RY = 1.012 and w = 0.94.
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Figure 3.4: Impulse responses to a monetary policy shock: lower d and higher z.
rate bargaining.

3.5.2 Posting costs

In Figure 3.5, the dashed lines depict the dynamics of the model’s variables which react the most
when the cost of posting labor vacancies tends to zero (k= 0.0001).14 In this case the substantial
absence of a financial cost to be sustained when posting a labor vacancy induces firms, with respect
to the benchmark model, to expand more on the extensive margin. It follows that labor vacancies
increase more and searchers decrease more; the labor market tightness increase more. As for the
credit market, it should first be noted that in the benchmark model the term (RFgf" — RP)kF /qF
is negative. It can thus be interpreted as a screening cost that banks sustain in order to give credit
to producing firms. The elimination of k¥ hence reduces the cost that banks sustain to finance
producing firms and induces intermediaries to increase credit vacancy posting. A congestion effect
is produced: the probability for a bank to fill a credit vacancy increases less (it becomes more
difficult for the bank to fill a credit vacancy) and the probability that a firm finds a line of credit
falls less than in the benchmark model; the credit market tightness (from the point of view of firms)
increases by less. In the loan rate bargaining, the firm’s expected savings on labor vacancy posting
disappear and this mitigates the bank’s aspiration to negotiate a higher interest rate. Moreover,
the sharper decrease in the policy (deposit) rate and the vanishing of the bank’s screening costs!®
further reduces the bank’s reward for the costs it sustains when supplying lines of credit. All these
effects allow the loan interest rate to fall more than under the benchmark calibration and the
degree of incompleteness in the interest rate pass-through decreases.

The last results we describe here, without however presenting any figure due the limited changes

Under this parametrization the new values of the matching probabilities are: ¢® = 0.91 and pP = 0.54,
¢ = 0.82, pf" = 0.24. Further, the steady state rate of interest on loans and of the real wage are respectively
RE =1.017 and w = 0.93.

15In the benchmark model these costs positively react to a monetary easening due to the decrease in the job
vacancy filling rate.
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Figure 3.5: Impulse responses to a monetary policy shock: lower k.

which we obtain, are those produced by an increase in the cost to be sustained by the bank when
offering lines of credit. The greater the value of b the less banks increase credit vacancies as
compared to the benchmark model; as a consequence, credit matches, and hence labor matches
and employment, react the less. This implies that firms post less vacancies and hence ask for less
lines of credit. With our parametrization, and in particular with the chosen value for the cost
f, the reaction of firms in their attempt to mitigate their (costly) search in the credit market is
stronger than that of banks and the credit market tightness increases less than in the benchmark
case. A greater b also means greater bank’s savings on future costs and hence a sharper reaction,
as compared to the benchmark model, of this component that the firm is not willing to correspond
to the bank. Both effects contribute to generate a stronger reaction of the loan interest rate to an
expansionary monetary policy shock and thus to reduce the incompleteness of the pass-through.

3.6 Conclusions

In this chapter we have extended to a cash in advance New Keynesian DSGE theoretical model
with sticky prices Wasmer and Weil’s (2004) suggestion to introduce search and matching frictions
in both the labor and the financial markets. In this economy households are depicted in a standard
fashion, and so are retail firms producing under monopolistic competition the differentiated goods
consumed by households. Before starting production, wholesale competitive firms, producing a
homogeneous good, search for credit by banks posting loan offers; the firms that match with banks
may post vacancies in the labor market, where unemployed workers are searching for jobs. The
firms that have filled their vacancies obtain from banks the funds necessary to pay for the wage
bill. They then sell production to retail firms, loans are repaid and households receive profit
income from financial intermediaries and firms, and the principal plus interest on deposits. The
wage and the interest rate on loans are determined according to a sequential Nash bargaining
procedure. A fraction of the wholesale firms producing in a given period - determined on the basis
of a separation rate specifying the fraction of labor and credit matches which are destructed at
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the end of the production period - obtains loans also in the next period. The firms matching with
banks and obtaining the loans necessary to post vacancies in the labor market may not be able
to match with workers and so to start production. They hence cannot repay their debt with the
banks and default on the corresponding loans.

The dynamic properties of the macroeconomic variables of our model with respect to a mon-
etary shock are consistent with the main cyclical evidence reported in the New Keynesian DSGE
literature and the same holds for the other labor market variables. Yet, by comparing the bench-
mark model with the model where no distinction is made between RP and R (complete cost
channel model), we showed that the presence of credit market frictions moderates the reactions of
both output and wages to an expansionary policy shock. We also documented that the difference
between the impact responses of output and inflation which we obtain with the benchmark model
and with the complete cost channel model is more relevant than suggested by the recent literature.

The model also allows us to propose a novel explanation of the incomplete pass-through of
policy rate changes to bank loan rates in an economy where asymmetric informations are absent
and banks are perfectly competitive. In a model with search and matching frictions in labor and
credit markets, the interest rate pass-through is in fact necessarily incomplete if banks possess
some power in the bargaining over the loan rate of interest, if the cost of posting job vacancies
(which also influences the cost that bank have to bear before being able to finance producing firms)
is positive and if firms and bank sustain costs when searching for lines of credit and when posting
credit vacancies, respectively. Finally, as the interest rate spread increases with the share of the
firm’s savings on future costs that the bank aspires to obtain and decreases with the bank’s savings
on future costs that the firm is not willing to correspond to the bank, and since these magnitudes
depend also on the labor market tightness, the interplay of imperfections in labour and credit
markets plays an important role in determining the model’s behavior.

This conclusion might suggest that the less incomplete interest rate pass-through that empirical
investigations documented for the United States vis a vis the Euro Area before the recent financial
crisis could be explained by the lower bargaining power of banks (due to the relatively more
important role played by capital markets vis & vis banks) and the lower costs in the functioning
of the credit market which are present in the former economy. The recent financial crisis, by
disrupting credit markets and by increasing these costs more in the United States than in the Euro
Area, may have favoured the emergence of a similar degree of incompleteness of the interest bank
loan rate pass-through in the two economies.
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Appendix A

Appendix to Chapter 1

Data and Sources

Real GDP: Quarterly Real Gross Domestic Product, Seasonally Adjusted, U.S. Department of
Commerce: Bureau of Economic Analysis and Federal Reserve Economic Data of Saint Luis.

Employment: Monthly Employees, Seasonally Adjusted, U.S. Department of Labor: Bureau
of Labor Statistics and Federal Reserve Economic Data of Saint Luis.

Nominal Wages: Monthly wage and salary disbursements, Seasonally Adjusted, U.S. Depart-
ment of Commerce: Bureau of Economic Analysis and Federal Reserve Economic Data of Saint
Luis.

Price Index: Monthly Consumer Price Index for All Urban Consumers, Seasonally Adjusted,
U.S. Department of Labor: Bureau of Labor Statistics and Federal Reserve Economic Data of
Saint Luis.

Policy Rate: Monthly Effective Federal Funds Rate, U.S. Department of Labor: Bureau of
Labor Statistics and Federal Reserve Economic Data of Saint Luis.

Interest rate on loans: Quarterly Weighted-Average Effective Loan Rate for All C&I Loans, All
Commercial Banks, U.S. Department of Labor: Bureau of Labor Statistics and Federal Reserve
Economic Data of Saint Luis.

We compute the average of the monthly flows to transform the monthly time series into quar-
terly data. In line with Fernandez-Villaverde (2010) we compute the real wages by deflating the
relative nominal series by the consumer price index. The inflation rate is computed as the quarter
on quarter log differences in the Consumer Price Index. Finally, the series of the real GDP, the
employment and the real wages are made stationary by the first-difference transformation.
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BVAR Construction

Consider the VAR(p) model presented in section (1.2):
Y=XB+U

The prior of the BVAR model is obtained by combining two types of priors. The first component
is determined by a diffuse (or Jeffreys’ improper) prior necessary to insure the existence of the
prior expectation of X:

1 (2) o |7 (A1)

The second kind of prior relies on a set of TP dummy observations, (YP, XP), whose (normal)
likelihood is:
1
p2(YP|B, X, XP) x |Z|_¥ exp {—2T7“(E_1(Yp — XPB)'(YP — XPB))} (A.2)

According to Doan, Litterman and Sims (1984) and by following Lubik and Schorfheide (2005)
we employ the Minnesota approach for the coefficients of the lags of the BVAR model. The
implementation of the Minnesota prior requires to set values for parameters governing the overall
tightness of the prior (7) and the decay factor for scaling down the coefficients of lagged values
(d). Moreover we set the length of the presample Y in order to compute its mean and variance
(02).} In our case for n = 6 and p = 8. The coefficients of the matrix B are assumed to be a priori
independent and normally distributed. The generic autoregressive matrix at the lag h is:

ﬁh,ll cee e 5h,61

Bhet --- - Bres

The priors on the coefficients are set in order to reflect the following beliefs:

1 ifi=jand h=1

0 otherwise

E (Bh,ij) = {

Hence, on average, we impose the following dummies:

1. for the coefficients on the first lag:

01O 0 . 0 To1 0 ... 0
0 Stog . 0 709 ,
= 6x43 [ 19%6 } Tu
: . 0 : . .
0 . 0 Jd71og 0 oo 0 7106

where the shrinkage parameter § governing the relative importance of the lags of the variables
is set equal to 1;

1We employ the default calibration proposed by the Dynare BVAR toolbox. Hence we set 7 = 3, d = 0.5 and
the length of Y0 needed to initialize the lags of the VAR model equal to first 20 observations.
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2. for those on the second lag:

T012% 0 0
0 T0524 : /
{ 626 } =1 2 : . . 0 6057 [ 49Bxﬁ }Jru
0 0 T062¢
3. for those on the third lag:
T013% 0 0
0 Toe3% : /
[ 66 } = | ex12 : . . 0 o251 { 4£<6 }—ku
0 . 0 70634

4. and so on for the other five lags.

The previous dummies imply:

CPwii e j
_ 7.ZthO-l_Q
Var (Bh,;) = i
———22— otherwise
72h2d0i2

Furthermore, according to Lubik and Schorfheide (2005), we employ some additional dummies,
depending on the hyperparameters which control the tightness of the prior over ¥ and the degrees

of the co-persistence and persistence matrices.?

By combining (A.1) and (A.2) we obtain the final prior:

p(B, %) = pi(X)p2(YP|B, %, XP)

_ (dfP4ntitk)
o< [X] 2

exp {;TT(ZI(YP - XPB)(YP - XPB))} (A.3)

where dfP = TP — k. By defining BP = (XP' XP)~1XP XP and SP = (YP — XPBP)/(YP — XPBP),
after some computations we are able to write:

_ (dfP+n+1)
2

p(B,Y) x |¥| exp{;TT(EISp)}x

1 . , )
15|72 exp {—2Tr(21(3 — BP)YXP XP(B — Bp))}

2The hyperparameters w, A and u of the Dynare BVAR toolbox control the tightness of the prior over ¥ and the
degrees of the co-persistence and persistence prior dummies respectively; we set w = 1, A = 5 and p = 2. Then the
total number of dummies is TP = n(p+w + 1) + 1.
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which is equation (1.1) of the text. The previous prior density has a Normal inverted Wishart

form:?

¥ ~ W (SP, dfP)
L / -1
vec(B) X ~ N (vec (BP) 2 ® (Xp Xp) )
Now we consider the model augmented with the dummies:

Yy? = xP B + U”

TP xn TP xkkxn TPxn
p P p
Wheresz[);, },sz[}; },UP:[[{]]andTPZT—&—TP.

The posterior distribution is obtained by using the Bayes theorem:

p(Y[B, ¥, X)p(B,X)
p(YX)

p(B, XY, X) = < p(Y|B, %, X)p(B,X) (A4)

Then we get:

(dfP 4+nt1+k)
2

p(B,2|Y, X) x |Z]” exp {;Tr(zl(YP - X?B) (YT - XPB))}

or after some manipulations

(dfP4+n+1)

1
p(B,2Y,X) o X7 =  exp {QTT(ElSP)} X
1 . / .
15|72 exp {—2Tr(21(B — BPYXP?'XP(B - BP))}
which is equation (1.4) of the text, where BP? = (X' XP)~1XP' XP §P — (YP - XPBP) (YP —
X PBP) and df¥ = TP — k. The posterior density shows a Normal inverse Wishart distribution:
2~ W (57’, dfp)

vec(B)|X ~ N (vec <3P) , X ® (XP,XP)l)

The Lending Rate Equation

In the following the log-linearization and the steady state versions of the lending rate equation are
provided.

The mark-up case

The log-linearization of equation (1.16) provides:

3The inverse-Wishart distribution requirement on the number of degrees of freedom, dfP > n, is satisfied.
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R"R{ — R"W(R")R} — R*W'(RP)RPRP — RPRP =0
By rearranging we have:
RY[1 - W(RP)] RF = [RP + RYV'(RP)RP] RP
by remembering that R [1 — \II(RD)] = RP we finally have:
RF = (1+Wg)RP
v'R

where U p = 17;. The previous equation is the (1.17) of the text.

The persistence factor case
From equation (1.18) we have:
RE+ ¢ (RE - GREL) - RP =0
Then:
(1+G) RY — GGRl, = RP
Finally we have:

¢16o
1+

o 1 o o
RL — RD RL
t 1 + Cl t + t—1

which is (1.19) of the text.

The monopolistic competition case

From equation (1.22) we have:

RL* 1-7 ]_EL1 1-m
o) 5
Rf Ry

The log-linearization of the previous equation yields:

Lx L

o= -n (50) (A - w) - -o () (R - )

Since RY* = R”, by solving with respect to RtL we obtain:

AT 1 X N
RtL = _XRthl (A.5)

Rearranging equation (1.23) we have:

Lx lplv—o(pL tHl = L sl 5D L 4
fi b ZZ; X B G (R Py = szo X8 Ot—&-lRtH(Rt-H)n?H
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The log-linearization of the left side of the previous equation yields:

L (RL)1+170—G'

L L
P 1—xpg

e}
P(RL)H"C_J > X' (EtLt+l — EiPr +nERY — UEtCt-H)

=0

RE* +
By remembering that ZRP” = R” the right side provides:
%(RL)HWC_U i X6 (Etf/tJrl — E;Pyy +nERYy — 0B Copy + Etéﬁl)
1=0
By equating and simplifying the two sides we have:
Ri™ = (1-xB) i X'B'ERD, (A.6)
1=0

By iteration solution equation (A.6) can be written as:
RE* = (1= xB)RP + xBRE, (A7)
By using equation (A.5) into (A.6) we have:

I A X A A X84
——fRf———;Ril=u—me?+4——Rh1—

XZﬁRL
1—x 1-— 1—x

1—x t

By solving with respect to the RF we obtain:

A Bx 5L X AL (1—5X)(1—X) 5D
RL= X _pR _Ax A\ A S O )
(R IVl t“+1+,6’x2 =t 1+ Bx2 ’

which is equation (1.25) of the text.

The search and matching case

The first order condition and the envelope theorem of the bank’s problem in the search and
matching framework are:

kBRP Aey1 OJE
B, L D _ t+1 9Jiq1
fOr ‘/t : tht _ (Rt — Rt )tht = /BEt )\t aLiV (A.8)
oJFP Aey1 OJB
N _ L D B t+1 0J¢11
for Ly" ;: 8Li1 =(1-p)(Rf — RP)wiN; + B(1 — pP)E, N LY (A.9)
By replacing (A.8) into (A.9) we obtain:
aJf NG
=(1-p ' A.10
LY, ( ) e (A.10)

By updating equation (A.10) and then by replacing into (A.8), we then get:

kB RP

af

Nev1 KPRE

Ao dfy

= (RtL — RtD)tht + (1 — pB)ﬂEt



107

which is equation (1.27) of the text. The surpluses of a bank and of a firm are:

SE =B" - B! (A.11)
and
S =Fm - F® (A.12)
The value of a unfilled credit vacancy is:
A
BY = —KPRP + qF B + (1= g BB BE, (A13)
Since the free entry condition, By =0 V ¢, the value of a filled credit vacancy is equal to the bank
surplus:
BpD
B" =8P = i gt : (A.14)
qy
; : B _ (pL D B At41 kBRtDJrl
or by remembering the equation (1.27) S’ = (Ry — R )w: Ny + (1 — p°)BE; 3 -
t o Q4
The values of a filled and unfilled credit vacancy are respectively:
m w A 1 m “
F" = m - thtLNt + BE; ;: [(1 —pP+ powa+1)Ft+1 +p2(1 —pfil)FtH] (A.15)
u )‘t+1 m u
Fi' = ﬂEtTt [PC F + (1= pl) Fia] (A.16)
Then the surplus of the firm is:
SF—Fm — = X REN, 4 (1= pP)BE AL (1 — B VST AT
t_t_t_z_wttt+(_p)6t)\t(_pt+1)t+1 (A.17)
The optimal condition of the problem (1.28) of the text is:
(1—2)2SE+24FSE =0 (A.18)
p_ OSP r_ 05 . .
where 7" = —% = w; Ny and ;" = — = —w;N¢. From the previous equation we have:
OR; OR;
z kPRP
S = t (A.19)
P-4

By replacing equation (A.19) one period ahead in the firms’ surplus definition (A.17) we obtain:

Y z A EBRD
SE = i —thtLNt‘f'(1_PB)(1_Z)5Et;7+t1(1—p?+1) thH (A.20)
1

By replacing equations (A.20) and (A.14) into (A.18), and rearranging we obtain:

(1-2)Y" L B Aes1 KPRP B Aes1 KPRE kP RP
—— — (1—2)w Ry’ Ny + (1 — z2BFE —(1— zPE =z
L ( ) il AV ( P ) ﬁ t )\t thiH_ ( P ) ﬁ t >\t athrl th
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By using the the credit creating condition and by solving with respect to the interest rate on loans
we obtain:

1-2)YY

Mi+1 KPRP

Dy Ny — (1 — pP)BE.
Ry wi Ny ( P)ﬁt)\t 93_1

welNy g wy Ny

which is equation (1.31) of the text. By using equations (1.6) and (1.9) of the text, the previous
equation can be written in the following way:

1—2) Z(l—pB) 1 Pt+1 I{/’BRDI
RL _ ( RL RD _ . t+
t « ¢ T t tht RtD t Pt 0&1

Then, the log-linearization of the previos equation is:

A 1- - ;

RIRL — (aiz)RtLRtL-sztDRtD—i—
2(1 — pB) RD kB . 5 oA z )
_%ﬁﬁ |:EtPt+1 — P — i, — Ny — RP + Eth'l N Eteg'l}

By solving with respect to f%{‘ we have:

D (1_PB)ﬂPBkB D

az

RL(a—1+2)
az(1 - pP)pPkP

R (a—1+2)wNgB

RE =

+

{Etétc_i_l — Eth_l + (wt + N, — Etﬁt+1)]

which is equation (1.32) of the text.
From the steady state version of equation (A.15) we are able to obtain:
Y’Ll)
— —wREN - (1-3) F
m u M
F™—FY) = A21
e = A2

From he steady state version of equation equation (A.16) we have:

F = F =5

By equating equations (A.21) and (A.22), and by assuming that the unmatched value of firms, F**,

(A.22)

is equal to a no zero flow cost ¢, we have:

7—wRLN—(1—ﬁ)E
BpB  (1—5) + BB (1—pP)

By solving with respect to credit line finding rate we get:

Yw
(1-p)ec

o o(1-B)(1— 5+ 5p")
5 [(’; - wRLN) — (1= )1 - pB)e

which is equation (1.33) of the text.
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The identity principle of polynomials

1
1+
= 0.03 which implies (y = 0.6.

Kaufmann and Sharler (2009) estimate

GoC1

1
The steady state version of equation (1.18) is

1

[T+(1—<0)C1] 1

RL = ( ! ot (RD) T+ —Co)ca]
Yo

= 0.95 from which it is possible to get {; = 0.053.

Moreover, they estimate 1

RD
By computing the sample mean of RF and RP we can compute ¥y = w = 0.9807.
RL

Further, if we assume (y = 0 we obtain a formulation consistent with Chowdhury et al. (2006):

1
1 T+¢1 _1
= <2> | (RP)TE (A.23)
0
RD
In this case we are able to compute ¥y = <—L)71+C1 = 0.9792. Furthermore, equation (A.23) can
R
b 1 1+141 1
be rewritten as R = a (RD) where a = (E) and b = T
0 1
The steady state version of equation (1.16) is
L 1 Dy 1=

1
The previous equation can be rewritten as RY = ¢ (R” )d where ¢ = " and d =1 — s.
0

Equations (A.23) and (A.24) have the same form. Hence, by the identity principle of polynomials,
1
1\ ™a 1
it hastobea=cand b=d, or | — = — and
o LA 14+ ¢
Y and (; we are able to compute ¥y = 0.9717 and » = 0.05.

=1 — ». Hence, given the values of
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Appendix to Chapter 2

Data and Sources

Real GDP: Quarterly Real Gross Domestic Product, Seasonally Adjusted, U.S. Department of
Commerce: Bureau of Economic Analysis and Federal Reserve Economic Data of Saint Luis.

Employment: Monthly Employees, Seasonally Adjusted, U.S. Department of Labor: Bureau
of Labor Statistics and Federal Reserve Economic Data of Saint Luis.

Nominal Wages: Monthly wage and salary disbursements, Seasonally Adjusted, U.S. Depart-
ment of Commerce: Bureau of Economic Analysis and Federal Reserve Economic Data of Saint
Luis.

Price Index: Monthly Consumer Price Index for All Urban Consumers, Seasonally Adjusted,
U.S. Department of Labor: Bureau of Labor Statistics and Federal Reserve Economic Data of
Saint Luis.

Policy Rate: Monthly Effective Federal Funds Rate, U.S. Department of Labor: Bureau of
Labor Statistics and Federal Reserve Economic Data of Saint Luis.

Interest rate on loans: Quarterly Weighted-Average Effective Loan Rate for All C&I Loans, All
Commercial Banks, U.S. Department of Labor: Bureau of Labor Statistics and Federal Reserve
Economic Data of Saint Luis.

Credit market tightness: Quarterly Net Percentage of Domestic Respondents Tightening Stan-
dards for Commercial and Industrial Loans Small Firms, Board of Governors of the Federal Reserve
System and Federal Reserve Economic Data of Saint Luis.

The quarterly net percentage of Domestic Respondents Tightening Standards for commercial
and industrial loans small firms - the series that we interpret as the tightness index of the credit
market - is provided by the Senior Loan Officer Opinion Survey on Bank Lending Practices from
1990:QQ2. This index reports the evaluation of the U.S. banks about the conditions of the credit
market according to the more or less tight banks’ standards applied to the small firms. Hence the
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tightness of the credit market is evaluated from the point of view of the firms. The survey is based
on the responses from 57 domestic banks and 23 U.S. branches and agencies of foreign banks. The
small business’ definition by the U.S. Small Business Administration varies by industry, ranging
from fewer than 100 employees (e.g. for the wholesale trade) and fewer than 1500 workers (e.g. for
the telecommunications). Hence, even when considering only those with fewer than 100 employees
(including nonemployer firms)® we are able to represent about 99.5 % of the total U.S. firms. Then
the previous tightness index can be considered a good proxy of the thickness in the credit market
for all U.S. businesses.

We compute the average of the monthly flows to transform the monthly time series into quar-
terly data. In line with Fernandez-Villaverde (2010) we compute the real wages by deflating the
relative nominal series by the consumer price index. The inflation rate is computed as the quarter
on quarter log differences in the Consumer Price Index. Finally, the series of the real GDP, the
employment and the real wages are made stationary by the first-difference transformation.

Agents’ problems, first order conditions and bargaining on in-
terest rate on loans

Households

The CIA constraint is:
PtC't S Mt + thtNt - Dt (Bl)

The amount of money carried over to the following period is:
M1 = M; + Pawy Ny — Dy — P,.C, + TIF + 112 + RP D, (B.2)

Substituting the binding version of (B.1) into (B.2) we have: M, = I’ +1I8+ RP D,. Calculating
this equation a period backward and substituting the result into (B.1) we have the intertemporal
budget constraint that can be expressed in real terms in the following way:

mnr 2 D D,_
— wN. t—1 t—1 Mt D t-1 B.
Ct Wi IV + Pt + Pt Pt + Rt,1 Pt ( 3)
The household solves the problem:
JI = max [pU(Cy, Ny) + BE:J ]
s.t. (B.3)

. _ arl+o
where U(Cy, Ny) = Cfia — 19t191\1/f+ 5 The separability of the utility function allows us to make
the usual assumption that consumption risks are fully pooled within the household. All house-
holds hence solve the same problem by choosing the optimal levels of consumption, deposits and

employment. The first order conditions then are:

for Ctl At = gOtCt_U (B4)
D b
for Dtl )\t = Rt ﬂEti)\t_;_l (B5)
Py

1See the statistics about the business size from the U.S. Census Bureau.
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_N?
for NtZ wy = g0t19t'l9>\7t (BG)
t

The latter two conditions yield the Euler equation (2.2) and the definition of the real wage (2.3)
of the text respectively.

Wholesale firms

Wholesale firms solve the problem:

Yw
max (t — RthtNt>

Ht

s.t. Y, = ANS
The first order condition with respect to Ny is:

1 Wt Rf
=t B.7
pe  mply (B.7)

which is equation (2.5) of the text. Hence, the previous equation represents the real marginal costs,
mecyg, of firms.

Retail firms

The retail firms solve the following problem:

> A P,
max F, Z W' G j\:l KR&-L) - mCH_z} Yiip
1=0
Py\ °©
st. Yi=|— Y;
= (5)

In a symmetric equilibrium, the standard first order condition for P;; = P/ is:

Py o
e B0 MOm ( +) G (B.8)

P, e—1 Py - o
i Ey Z?io w' B! (%) Ct1+l

which is equation (2.6) of the text.

Banks

The bank solves the following problem:

pXt
t Pt

A
JP = max |(RF — RP)w,N,LY — kBRPV/® + RPZL 4 pE, Z4L t“ Jt+1

st LY = (1= p" LY, +¢/V,P
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The first order condition and the envelope theorem yield:

EBRP Ay1 OJE
B. ¢ L D _ t+1 0Ji41
for ‘/t : th - (Rt - Rt )U}tNt = 5Et )\t 6[4\[ (Bg)
0JB Ay1 OJE
N . t_ B\(pL D B t+1 0J¢
for Ly q: oLy, " (1=p") Ry — Ry )we Ny + B(1 — p° ) Ey N LY (B.10)
By replacing (B.9) into (B.10) we obtain:
0.8 o kPRD
—(1—pP) (B.11)
aLi\Ll af
By updating equation (B.11) and then by replacing into (B.9), we then get:
kB RP A1 KPRE
g = (RE = RY)uiN + (1= pP)BE ST =5t (B.12)
qy At Qi
which is equation (2.15) of the text.
Loan Interest Rate Bargaining
The loan interest rate Nash bargaining is:
max(SF)*(55)1~ (B.13)
where:
SB =B™ - B (B.14)
and
Sf=Fm— FY (B.15)
The value of a unfilled credit vacancy is:
A
BY = —kPRP +af B + (1 = a/)0B =By (B.16)

Since the free entry condition, Byt = 0V ¢, the value of a filled credit vacancy is equal to the bank
surplus:

kBRD
B =8P = —2-. (B.17)
a;
B pD
or by remembering the equation (B.12): SP = (RF — RP)w,N, + (1 — pP)BE, A;“ %.
t t+1
The values of a firm when it has, or not, a credit match are respectively:
_ At41 m u
F" =~ —wR{ Ny + BE, (1= pP + PPl ) F + P (1= pl) F] (B.18)

e At

At+1
B = BB —— s [pt+1F+1+( ptBﬂ)F&l] (B.19)
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Then the surplus of the firm is:

w

Y, A
SF=F"—F' = i — wREN, + (1 — pP)BE, :1 (1-pP )SE, (B.20)

The optimal condition of the problem (B.13) is:

(1—2)72SF +24FSE =0 (B.21)
where: e
S
B t
t T ORF
and: 05"
F t
Yi = = _tht (B23)
t T ORF
The the optimal condition becomes:
(1—2)SF =28P (B.24)
From the previous equation we have:
kBRD
§F = —— =3 (B.25)
(1-2) ¢

By replacing equation (B.25) one period ahead in the firms’ surplus definition (B.20) we obtain:

Y” z A kB RE,
F t L B t+1 B t+1
= — — N, 1- —fGF 1-— B.2
S e we RNy +(1—p )(1 — z)ﬁ Y (1 —pii1) qﬁ_l (B.26)
By replacing equations (B.26) and (B.17) into (B.24) we obtain:
Y P Aett kBRD_, kB RP
1—2) |2 —w,REN, + (1 — pP)—2 BB, 2L (1 — pB DY L
( ) I Ry Ny + ( P )(1 =) t by ( Pt+1) 5_1 th
Rearranging:
(1-2)Y" L B Aes1 KPR B Aes1 KPRE kP RP
——— (1 —2)wy RN+ (1 — zPBE —(1- zBE =
s ( Jwe Ry Ny + ( P)ﬁt)\t qtfil ( P)ﬂt/\t 9&1 o7

By using the the credit creating condition (B.12) we obtain:

1—2)YY M1 KB RE,
0 = 7( Z) Lo (1 — Z)thtLNt 4+ z (RtD — RtL) tht — (1 — pB)ZﬂEt 1 Ct+1
Mt At 9t+1

By solving with respect to the interest rate on loans we finally have:

Ai+1 KPRP

1-2)YY z
p_(-ayr U
At 0t+1

L= RPw,N, — (1 — pP)BE, (B.27)

weNy iy wi Ny

which is equation (2.24) of the text.
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Market Clearing

For each agent it must be:

Xit = WyNiyt — Diy — P,Ciyy + R Dy + 11}, + 11} (B.28)

where X;; = M1 — My and 1T, = 11 + Histp. By aggregating and by remembering that the
total labor demand [ thtdj = LV N; the ARC is:

X, n Dt ,D; TOE TE Ot
— = w;N,L —Cy+R — 4+ = B.29
P, we N Ly 7 s + tPt+Pt+Pt+Pt ( )
Dy X N By/B
The aggregate banks’ balance sheet and profit function are 7 + = = weN Ly + EPV,® and
t
mnz X
Pt = RthtNtLivatDthtLiVthDkBVtBJrRP?t respectively. By replacing them into equation
( (

SP

II
(B.29) and by remembering that —-— = kBV,? we have:

t

X D D,  1f
?{zwwNuﬁ’fé44L+RPF{+?§+J#wJWLN RPw N, LY — }#%BVB+RDi;+kBVB
D X 7
0=—Cy+ RPZL 4+ RPZL _ RDw,N,LY — RPEBV,E + —L 4 REw,N,LY
2 P, P,
HR
= _Ct —+ ? =+ RLthtLN
t

Finally we have:

HR
Ct = + Rt watL (B30)
Py
PN NywP” ;. w B _ NYwa
The total real aggregate wholesale production is [ LY, ?td] f L vdj = Ly iz
t
e Y, P

Then the real profits of retail firms are ?t =Yd - LN where Y, is the aggregate demand
( t

for goods. Further the equilibrium in the good market implies Y% = Y;. Then the ARC becomes:

N

Co=Yi— L' = + RFw N, LY (B.31)
t

Y, PY
Since its competitiveness the wholesale sector do zero profits. Then it must be: LY tPt =
t

LY REwyN;. By replacing the latter condition into (B.31) we finally have:

C, =Y, (B.32)
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Steady state model and endogenous entry condition

We report the steady state version of the model used in the estimation phase in order to rewrite
the model only in terms of parameters. The parameters o, 8, «, N, € are calibrated whereas ¢,
kB, z, pP and £ are estimated. The steady state system is here recursively derived.

1
From equation (B.5) we obtain the value of the discount factor: RP = =.

5

From the production function we get the steady state output Y = AN,

Since the price dispersion is f =1 then Y = Y. The aggregate resource constraint is: C =Y.
From equation (B.4) the marginal utility of consumption is: A = C~7.

From the steady state marginal product of labor we have: mpl = aAN*~1.

1 -1
From equation (B.7), the real marginal costs are me¢ = — = .
w

€
The steady state credit line finding rate and the steady state condition for the endogenous entry
of firms are derived as follows. From equation (B.18) we have:

w

Y
Fm = = —wREN + G [(1 = pP 4 pPpP)F™ 4 pP (1= pP) F]

(1= ) F™ = ==~ wREN = BoP (1= ) (F" ~ F*)

By subtracting in the both sides of the previous equation the term (1 — 3) F'“ we have:
re L B B
(l—ﬁ)(Fm_Fu):T_wR N —Bp (1—p)(Fm—F“)—(1—6)F“

Then we obtain:

%—wRLN—(l—ﬂ)Fu
(F™ —F") = A= 5) & 5% (1 pF) (B.33)

From equation (B.19) we have:
P = 3 [pPFm 4 (1 - pP)F*]
Fuv — ﬂFu — ﬂpBFm _ ﬂpBF“

Finally we have:

(1-p)F

F™ _ pu) =
( ) 5P

(B.34)
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By equating equations (B.33) and (B.34), and by assuming that the unmatched value of firms, F*,
is equal to a no zero flow cost ¢, we have:
w

Y
1-p)e T—wRLN—(l—ﬂ)E

ppP (1= B)+BpP (1 —pP)
By solving with respect to credit line finding rate we get:

(1-B)e[1-p)+8p" (1 —p")| + (1L -Besp” _vv
BpP I

wREN

[(1—0)+Bp” (1-pP) +0pP] (1-p)c= (}:} wRLN) BpB

(=8 +6(1=5) (° +” - p"p")] e = (i” - wRLN) BpP
(=84 50- 907 e= (20 uRAN) 507~ 51 ) (1= o) 0"
Finally being wR” = mc - mpl, we have:

o e(1- B)(1 - 5+ ")
s [(‘; e mpuv) (1= )1 - ph)e

(B.35)

which is equation (2.26) of the text. Furthermore, since S = F™ — F* from equations (B.25)

— el B pD - B - .
and (B.34) we have: (16 g)c = a z )k ];“ This yields: pB = cg” (1-2)(1-p) or
P —z) q

kBRD 23
n_ B (1=2)(1-5)
pPRP 23
There are three possibilities: ¢ = 0, ¢ = 0 or z = 1. We build the steady state system useful to
solve and estimate the log-linearized version of the model such that variations of £® modify the
values of ¢® whereas the deep parameters ¢ and z do not change. Hence, if k# — 0 then ¢® — 0
and we are able to evaluate the role of z and ¢ in affecting the bargained loan rate dynamics.

. If kB = 0 the left side of the previous equation must be equal to zero.

Moreover it is useful to note that the marginal effect of the separation rate on the credit line finding
rate is:

opr B0 =95 (L wRAN) = 51— )1 p7)e] —el1 - B)1 - 5+ 591 - By

op” 32 KY;U —wRLN> — (1—6)(1—p3)0}2
(B.36)

The denominator is always positive. Then, the marginal effect is positive if the numerator is also
positive:

w

B0 0 (L5~ wRAN ) = 521 P = ) (1= 975 - 51— B >0
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w

B*(1—p)e (}; - wRLN) - 21— p)* -1 -pB)*6>0

w

8- {5 (1~ wrn) - - g5 - (- 57} >0

w

8- 9e |5 (10 - wrtN ) - (1= pe( - 5+57)] >0

Then an increase of the quit rate rises the credit line finding rate if:

YU]
The steady state version of equation (B.27) is:

[ Ut h Sy Y

B
p
WN g oy (L= #7) BRERY .

By using the steady state version of equations (B.7) and (B.12) we are able to write:

z (RY = RP) (1-pP) ﬂpB'

L_(l_z) Ly 4D _
Re=—g Rtk (57

(1—p?)Bp”
z {1 + ==, } .
{1 =2 Z(lpr)BpB} ’

By solving with respect to R* we have: RV =

o [1-(1-pP)8]
- mpl
From equation (B.7), the real wage is w = mcR#
From equation (B.6), the constant attached to the CRRA specification of the utility function is
- wA

KPRP [1— (1—p®)p]
(R — RPYwN

From the steady state version of equation (B.12) we have: ¢ =

From the definitions of the searchers and of the dynamics of the lines of credit we get the steady

pB

(0" +pP = pBpP)’

state of the lines of credit: LN =

The steady state value of firms searching for credit is s =1 — (1 — pB)LV.

From the dynamics of the lines of credit we get the steady state of the number of credit vacancies
BTN
yo - 7L
5
q

S
The steady state credit market tightness is straightforwardly obtained as 8¢ = VB
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The Linearized Model

In this section we compute the aggregate log-linearized version of the symmetric equilibrium of the
model.

From equation (B.5), the log-linearized Euler equation is: A = RtD +P— Etpt—i-l + Etj\t-&-l- Since
7 = 0, we can write: Etf)t_H — 13,5 = F; (Pt_H — Pt) = 741 and so:

A = RP — Bty + Exha (B.37)
From equation (B.4), the log-linearized version of the marginal utility of consumption equation is:
5\t = Sbt - O'ét (B38)

From equation (B.6) we compute the log-linearized version equation of the real wage w = ¢ +
Yy + dNy — Ap or W = @ + V¢ + ¢Ny + 0Cy — 4. It yields:

W =0y + ¢N; + o Cy (B.39)

From the dynamics of the firms searching for a line of credit, s” =1 — (1 — pP)LY |, we compute:
st'8l' = —(1 — pB)LN LY . This implies that searchers are:

1—pB)LN .
§F = —%Lf_ ) (B.40)

Since ¢PV;2 = pPs H; the equations of the dynamics of the lines of credit reduce to LYY =

(1 — p)LY | + H;. Then by remembering the equation of the firms searching for credit, the log-

F _
P =

linearized version of the previous equation is:
LY = (1= p") LY+ pPH, (B.41)

The log-linearized version of the unemployment’s definition Uy = 1 — Ny is: U U, = —NN,. Being
U =1— N we can hence write it as:

N N .
=———N, B.42
0 = 2R (.42

Log-linearizing the production function Y, = A;Nf* we obtain:
Y = A, + aN, (B.43)
Considering the aggregate resource constraint Y; = Cy we straightforwardly derive:
Y, =C, (B.44)

As shown by Gali (2008) the price dispersion across firms in a neighborhood of zero inflation steady
state is equal to zero up to a first order approximation (f; = 0). Then we have:

VY=Y (B.45)

From equation mpl; = ozAtNto‘_l we may write the marginal productivity of labor as:



121

mpl, = A+ (a — 1) N, (B.46)
In order to describe the derivation of the flexible prices output we can note that when prices are
e—1
flexible the first order condition of retail firms reduce to m¢; = — = which is a constant
Ht €

term. Hence, from equations (B.6) and (B.7) by solving end equating with respect to the real
wage, and remembering log-linearizations (B.46) and (B.38) we have:

’l§t+¢)Nt+Uﬁf:At+(a_1)Nt—RtL

1§t+¢<%—%)+a§7tf:21t+(a_1)(%f_&>_RtL

[1+¢+a<a—1)] v/ = (@) A, — RE -9,

o 1+¢ A o AL 1 A

¥/ = | mateten ) A~ | maeseen | (RE+0)

where f/tf represents the flexible prices output. Finally the quasi flexible equilibrium output is:

a
l+o+a

V=3 | ) (R 9) (547

From equation (B.7) and by remembering equations (B.39), (B.43), (B.44) and (B.46) the real
marginal costs can be rewritten in the following way:

W/L\Ct:RtL—F'lgt-’—QSNt-'—UY/;—At—(OL—].)Nt
e = RE+ 00+ 6 (% - A) 4o — A - (a—1) (% - &)

me; = RtL + 0 + [ Ltotale—1)] Y, — (%) A,

(0%

~ A A [1+¢+a(c—1)] v 14+¢p+a(oc—1) 146 n
mCt—Rf+’L9t+_$_}/t7|: > ](1+¢+a(0_1))14t

ey = RE + 0, + [Frotale=b] (v, —yr)

[e3%

The latter equation can be rewritten in terms of output gap, x; = Y, — Ytqf , as:

. .1 —1
mcy :RtL+19t+ |: +¢+OZ(CT ):| Tt (B48)

(07

or also me; = —[ig.
*

P,
The derivation of the Phillips curve is standard (e.g., Walsh 2003). Define Q; = ?t and rewrite
b
equation (B.8) as:

> P, 1 et s 3 > P, 1 ¢ s
By () Clirai= SSm Y e () cl
=0 =0

The linearization of the left hand side of this equation yields
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1-0o

ﬁQt +C Y2, wtpt [(1 —0) Etét+l +(e-1) (pt-s-l — I:’t” and linearization of the right
—w

hand side gives:

C'oE Y 2 W' |:7’/TL\Ct+l +e (If’H_l — IE’t> +(1-o0) C’Hl} . Equating these two equations and sim-

plifying we get: Q; + P, = (1 — wf) B Sow's (Pf,H + W/L\Ct+l). By forward solution this equa-
tion can be rewritten as:

Qt = (1 —wpB)mey +wp (Qt+1 + ﬁt+1) (B.49)

The Calvo’s assumption that only the share (1—w) of firms can adjust their prices at time ¢ and the
Dixit-Stiglitz price aggregator lead to the economy’s average price index: 1 = (1 —w) (Qy)' ™ +

1—¢

P;_

w < ;D 1) . Approximating this equation around the steady state with zero inflation we obtain
t

A w

Q= -
—w

Phillips Curve:

7iy.  Substituting this equation into (B.49) we derive the standard New Keynesian

T = PE T + W«JMWQ + ’l[lt (B.50)

where 1@ represents a cost push shock.
The NKPC can be rewritten in terms output gap by using equation (B.48):
7A1't = /BEt’f('tJrl + kK (RtL + ’l§t) + kT2 + ’(/;t (B51)

1-wh)(1-w)

which is equation (2.9) of the text, where 7 = [H‘H+(U_l)] and Kk = (
w

Linearizing equation (B.12) we have:

kng (R? - th) = RFwN (Rf; :} + Nt) — RPwN (R,P o+ Nt) + -
k

R “ N - R
+(1- PBW /B (Et>\t+1 — At + EthD-'rl - tht}il)

By using equations (B.5) and (B.7) into (B.27) the lending rate can be written in the following

way:
1-2) (1-p%) 1 P kPRE,
RL — ( RL RD _ 77E 7{»
t t+Z t < tht RtD t Pt egl
Then, the log-linearization yields:
L L (1-2) 1 a1 D pD
R*R,; = " RyRy + 2Ry Ry +
(1-— pB) RP kB R . R N R . A
—ZwiNRiDeic |:Etpt+1 - Pt — Wy — Nt — RtD + EthEil — E,ﬁgl]

By solving with respect to IA%tL we have:
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RtL _ AlétD 1Ay [Etégr1 _ Et]:}tDJrl + (ﬁ}t -‘rNt —EthtJrl)} + Uy

_,.B\. B ;B _,B\,B ;.B
where Ay = 75— {RD + U e” £N)p %] and Ay = 7 @ pr)p l;—B.

From equation 8¢ = sI"/V,2 we may write the credit market tightness as:

From equation H; = ;(V,®)*(sf")!7¢ the credit matches are:
Hy=4+VP+ (1 -9
The log-linearized monetary policy rule is:

RP = prRP\ + (1 — pR) [0x7¢ + 6uw] + i1

(B.53)

(B.54)

(B.55)

(B.56)

The log-linearization of equation p? = H, /sl straightforwardly gives the credit line finding rate:

~B 2 ~F
Dy = Hy — 5

(B.57)

The log-linearization of equation ¢® = H;/V,P straightforwardly gives the credit vacancy filling

rate:
i =H, - VP

p

From equation v, = v Vleetu the process of the monetary policy shock is:

Dy =p"—1+€f

From equation A; = Afjleﬁg the process of the technology shock is:
At = pAAt—l + 624

From equation ¢, = <filefg the process of the credit market shock is:

G =pG-1+€

(B.58)

(B.59)

(B.60)

(B.61)

From equation ¢; = cpfjleef the process of the preference shock on the wedge between consumption

and leisure is:
Ot = pPPr_1 +€f

. 9 9 . .
From equation ¥; = 9)_ e the process of the preference shock on leisure is:

0y = Pﬂﬁt—l + Ef

»
From equation ¢; = 1/15_166? the process of the cost push shock on inflation dynamics is:

T/Ajt = Pwi}t—l + 61/)

(B.62)

(B.63)

(B.64)

. v v . . .
From equation vy = v ;e the process of the exogenous shock in interest rate on loans’ equation
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is:
{Jt = pv,ﬁt71 + E;) (B65)



Appendix C

Appendix to Chapter 3

Agents’ problems, first order conditions and bargainings

Households

The CIA constraint is:
PtCt S Bt —+ WthtNt + (]. — Nt)w“Pt — Dt (Cl)

The amount of money carried over to the following period is:
Biy1 = By + WihyNy + (1 — N)w"P, — D, — BC, + IF + 118 + 1P + RP D, (C.2)

Substituting the binding version of (C.1) into (C.2) we have: B,y = III' + II¥ + 1P + RP D;.

Calculating this equation a period backward and substituting the result into (C.1) gives the in-

tertemporal budget constraint that can be expressed in real terms in the following way:
oe, m, 1UZ, D p Dia

Cy = wihe N, “(1 - N, —— 4+ R
t = wihy Ny + w"( ¢) + Pt+Pt+Pt Pt+ =17 p,

(C.3)

The household solves the problem:

Gt = max [U(Ct, ht) + /BEthJrl]
s.t. (C.3)

1—0 1+¢
where U(Cy, hy) = % — 19];‘+ 5 The separability of the utility function allows us to make the
usual assumption that consumption risks are fully pooled within the household. All households
solve the same problem. The first order conditions then are:

for Cy: Ay =C;°

P,
for Dy: Ay = RtDﬁEtP—t)\tH
t+1

The latter condition yields the Euler equation (3.1) of the text.

125
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Wholesale firms

Wholesale firms solve the problem:

A
FY/ = max I Py M— — Rbw N, — REEF ¢FVE + BE, t“FtVH
t t
s.t. Y = AN,

F B _F
Vi =py s

Ny = (1= p)Ne1 + g V"

Denoting f; = )\%, the first order condition and the envelope theorem yield:

e L,p _ Ah{ L Aiv1 OF )
for s{: Ry k" = —L — R{wih, + BE C4
or Sy oFpB + 1 m cwihy + BE: N 9N, (C4)
OFY Ahg A1 OFY,
for Ny_q: t— = (1 - L — RFwh 1— p)BE, 2L L C.5
or Nocsi gt = (=) (A~ g ) + - pom R 2EL (o)
Replacing (C.4) into (C.5) we obtain:
8FtV ( It F)
=(1- 5 T REE C.6
aNt—l ( p) ; pt t ( )
Updating equation (C.6) and then replacing into (C.4), we then get:
Aho‘ A
ft =+ RFET = — RFwihy + (1 — p)BE, 22 (Fft“JrR lkF) (C.7)
qt pt He At qt+1pt+1

which is equation (3.7) of the text.

Real Wage and Hours Bargaining

In this and next sections we compute the bargainings on the real wage and on hours worked. The

real wage Nash bargaining is:
max(S{)! (5"

wy

where the surplus of the firm is:

StF = S,;J — S’Ly (C.8)
with: oFV 4
F h¢ A
Si] = al\tft = 11 Rt wihy + BB, ;\H [pSt-l—l + (1 P)Sil+1] (C.9)
and:

A A
S =—f +pt ( RLkF +SJ) +(1—gq )5Et t+1 St+1 +(1—p; )ﬁEt t+1 St+1 (C.10)
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From (C.9) and (C.10) and using the free-entry condition, S} = 0 V ¢t it is possible to obtain
equation (3.7) of the text. Further from (C.10) and the free-entry condition we have:

[
S+ REEF (C.11)
t Dt

s7 =

Then, replacing (C.11) and the free-entry condition into (C.8) we get that Sf' = S/, or, using
(C.7):

SF =

Ah¥ A
L — Rfwhy + (1 - p)BE~2 ( ftH

. » + REk > (C.12)

F
qt+1pt+1

The worker’s surplus is the difference between value the worker enjoys when being matched and
that when not being matched:
SV =sM _ gN (0.13)

SM is equal to the wage obtained in period ¢ net of labor (hours) disutility, g(h;) = 19 1+¢ ,
the expected values of the possible states of the worker entering the following period: the worker
can still be in a match with a firm which has not separated from a bank and enjoy the value S%l,
or be in search because at least one separation occurred. In the latter case, the worker obtains

plus

S%l if both matches (credit and labor) are generated and Sﬁl otherwise. Then we have:

g(h A
StM = wihy — ()\t J + B —— t+1 {(1 - P)Sﬁl + p[ptF-HSt]\-&/{l +(1- pt+1)St+1]}
where g(h:) = 19};%_:;.

SN is given by the sum of unemployment benefits (expressed in terms of consumption goods)
and the discounted value for a worker entering the following period without being employed in a
match:

A
Siv =w" + B —— t+1 [pt+15t+1 + (1 pt+1)St+1]

Using the last two equations in (C.13) we obtain:

h A
StVV = (wtht - g()\tt) - w“) + (1= p)BE; ;\—:1 (1- pt+1)5t+1 (C.14)

The optimality condition of the Nash bargaining is:

(1—d)sf's)Y +asl¥sf =0 (C.15)
where:
§f = %i{ = —RFhy (C.16)
and:
YV = %fiv =hy (C.17)

Further, the surplus of a worker in the next period is:

d d fi+1
SH = St = ( + RE kF) (C.18)
T (U -dRE, Y (L=dRE, \ofpB, T
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Replacing (C.12), (C.14), (C.16), (C.17) and (C.18) into (C.15) we obtain:

RE(1—d) [( ()\h:) +w" — wtht) — (1= p)BE )\;\—:1 (1 —pf+1)StVK1] +

Ahg L At41 Jt+1 FY| _
+d — Rt wtht + (1 — p)ﬁEt —+ B + RtJrlk’ =0 (Clg)
Mt At qt+1pt+1
Rearranging the previous equation we have:
d Ahy At+1 Jee
wihy = L rLwhy + (1 — p)BE + (—|—R kY
v d+ (1 —d)Rf [ fht cwehe+{ )BE: A \afapPa o
(1 — d)RtL g(ht) )\t+1 F w
“)—(1-p)pE 1- S,
d+(1—d)RL " tw (1—-p)BE; " (L= pi1)Sin
We denote R}V = rFw; is the interest paid by the firm on the real wage borrowed from a bank
d hy
and x; = FEaT—yoA Further mrs;, = 19)\—1. Then, using (C.18), we can write S}Y; =
t
ﬁé’ﬁrl. Finally, the bargained real wage is:
L= Xt41
mrs;  w"
= 1 — _
weo= o) (PR )+
l A oF
+Xt P RY +(1- )5 E, 7ft+]19 28 +RtL+1kaf+1 +
Qfbg hy At Pt
LA (i F Xe+1 (1 — xe)
+x:(1 = pF, [1—,06E (—i—R k 11—y o7
ol o) | ) he ' A 4P o "1 = xer1)xe

We hence obtain a variation of the conventional sharing rule (Trigari, 2006) where the relative
share x; depends not only on the bargaining power, but also on the effect of the wage on the
firms’s surplus (relative allocational effect). From (C.19) it is also possible to obtain:

h u A
REwhy = (1 — d)RE Kg()\tt) +w > — (1 —=p)BE; ;:1( pt+1)St+1:|
Ahg A
+d [ L1 (1—p)BE " (fH_l + Rt+1k’F)}
Mt At qt+1pt+l
. . h¢ a—1
Using (C.18) and recalling that mrs; = 19/\— and mply = oAby, we get:
¢
mrs;  w¥ (1 -p) A1 d(1 —pfiy) i
w(ld)< +) BE + R} +
‘ 1+¢ N Rha \afop, el
d [mply 1 At41 < ft+1 >]
+— +—(1-p)BE + Ry
RF { Qufiy ht( JAE: e \afapda ik
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Rearranging the previous equation we have:

we = (1 - d) (mrst +w) +

1+¢ Ay
d [mply 1 At4+1 ( frg1 L F) ( RtL(lpfﬂ)ﬂ
e 4 —(1- p)BE T pL ) (1 2 )
7 oy + 2y 9B PTG R

which is equation (3.11) of the text.

The hours Nash bargaining is:
max(S7)' (1)

The optimality condition is:

(1—d)rf'SY +dr}VSF =0 (C.20)
where: o5F
F t mply L
= = — 21
Tt 8ht ( Mt tht) (C )
and: W
™V = 8}; = (wy — mrsy) (C.22)
d

SF we obtain:

. . . wo_
Replacing (C.21) and (C.22) into (C.20) and recalling that S;¥ = m t

l d
- t

Simplifying this equation we have:
mply
MthL

Using the definitions of the labor marginal productivity and of the marginal rate of substitution
we obtain the condition on bargained hours:

hy =
OZA)\t

=mrs;

which is equation (3.13) of the text.

Retail firms

The retail firms solve the following problem:

oo

A Py
max E, Zwlﬂl;\—:l KP“:Z) Yitrr — meey 1 Yie
1=0

P\ ¢
st. Yy = (t) Y,
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In a symmetric equilibrium, the standard first order condition for P;; = P/ is:

oo gl Py 1-o
Pt* € Et leow 6 mci4 ( ) Ct-H

oo 14l [ Pt 1-0o
By Zgw'B ( P, ) Ci

Pt e—1

which is equation (3.14) of the text.

Banks
The bank solves the following problem:

X b
JU = max|(Rf = RPywih LY + (REq) = ROKTLY + RP 5 = = Vi¥ + BE, ==
t t
s.t. L,Y =q; Vt

LY = (= p)Liy + a4 a’Vi®
Denoting b, = /\%, the first order condition and the envelope theorem yield:

bt kF L D At-‘rl 8‘]2-/‘1-1
— (RL¢F — Ry Ry — R )w:hy = BE —_—
qg?th (R q t )Qt — (R i+ Jwihy = BE; A 3L£V

for VtB :

07Y
oL,

Aey1 0T

N .
for L;" ;: N LY

= (1= p)(Rf — R Ywihy + B(1 — p)Ey

By replacing (C.23) into (C.24) we obtain:

(1_p) FB_(R{JQF_RtD)

a1y by M}
8L£v—1 q; 4 qf

By updating equation (C.25) and then by replacing into (C.23), we then get:

by EF Aty1 bit1
g~ (Rial —RP) 5 = (RE —RP)wihy +(1-p)BE [J%(Rfﬂqil
af af af t L1941

which is equation (3.18) of the text.

Loan Interest Rate Bargaining

The loan interest rate Nash bargaining is:

max(S;)'7*(5])?
R{

where:
SP =S¢ —8)"

with:

077

oLy

A
= (R = Ry Jwihe + BE, - [(1 )St+1 + P5t+1]

5S¢ = "

/\t+1

At

Jt+1

(C.23)

(C.24)

(C.25)

(C.27)

(C.28)
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and:

A
StVB = —b + th {kFR? + th (RthF + Stc) +(1- )5Et Autt St+1} (1-gq )/6Et t+1 St+1
(C 29)
From (C.28) and (C.29) and using free-entry condition, S)? = 0 V ¢, it is possible to obtain
equation (3.18) of the text. Further, from (C.29) and the free-entry condition we have:
b EE
FtB — (Rfaf — R )F (C.30)

' qt

5S¢ =

Then, replacing (C.30) and the free-condition into (C.27) we get SZ = SE or, using (C.26):

A b kY
StB = (RtL _RtD)wtht+ (1 —P)ﬂEt Zl ﬁ (Rt+1qt+1 Rt+1)q ) (0-31)
t+19t+1 t+
The optimality condition is:
(1—2)2SE +24FSE =0 (C.32)
where: 95P
W = ORE = wih + (R — RY) (& he + €f'wy) (C.33)
and:
oS mpl
% = aRttL = Mtt e —wihy — RE (Vs + eMwy) (C.34)
with:
Oow d {mpl 1 At ( ft41 )]
w ¢ ¢ + + F
€ = =— +(1—-p)p—F 7+R k C.35
t aRtL (RtL)Q oty ( p) ht t )\t qt+1pt+1 —+1 ( )
and: 5 -
eH _ 8ht _ 1 19/14th a-1-¢ 19,U/t
P TORE T a—1—¢ \ ad) aA\
t
g (R L
! a—1—¢ \ adl RE
or:
m_ L M (C.36)
T a—1-¢RE '

Substituting (C.12), (C.31), (C.33), (C.34), (C.35) and (C.36) into (C.32) we obtain:

(1 =20 [AZt

A
~ Rwih + (1= p) 3B~ (qff+p1 + RtHkFﬂ +
t+17t+41
Pl pL _ pD Atr1 | b L F k"
+z9;  (Ry — Ry )wihe + (1 — p)BE, N |dfdB, (Rit 11 — Rt+1)q =0
t+19t+1 t+1
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Rearranging:

e}

(1 2P [Ahf (1= p)pE e <f+ R kF)] n

Mt At qt+1pt+1
A b kr
+27f {_RtDwtht + (1 - p)BE; R {F t+}9 (Rt+1qt+1 Rt+1) ] } =
AT VAR T qt+1

= Riw[(1 - 2)v — 2%/

Denoting ¢ = % the bargained loan interest rate is:
l 1-— A 6.
RE - @/Jt* {mp ¢ ( p)ﬁEt t+1 <ft+1 Ly RE k >] +
Cefhy hy At qt+1qt+1

(1—=p)B A1 bii1 L F k"
+(1 — ) — {w RP — E —(RE qF - R
( t)wt tLly ht t >\t qﬂ_lqg_l ( t+149¢4+1 t+1)qf+1

which is equation (3.21) of the text.

Market clearing

Considering the aggregate money carried over to the following period in real terms and writing
profits gross of taxes we have:

Xt = wih Ny — Cy + (1= Np)w® + ( TF) ( TB) ( Ts) Dy ppD

Taking into account the government budget constraint, 7' = T +T58 + T = (1— N;)w", it follows
that:

X — wih,N, - G+ - + 52 +—S——+R£§’,;
We recall that the bank balance sheet is: D;/P; = wih LY + k¥ H, — X/ P;. Hence:

Xt = wiheNy = Co+ o+ 5+ 5 — (wih LY + WP Hy = 5 ) + RP (wiho LY + K7 H, - %)
Or:

Cy = wehy Ny + M + 32 4 U0 (wyh LY + kP H,) + RP (wih LY + k¥ Hy) — RPX, /P,

We use the bank’s profits, (RF — RP) wihi Ly + (Rfqf” — RP) k" H, + RP (X, /P,), to get:

HF
Ct—’wthtNt-l-?t—‘,—(RL R )wthtLN (Rt qt RtD) kFHt+
HS
+?’; — (wehe LY + k¥ Hy) + RP (wihe L)Y + K H,y)

Substituting the profits of the specialized firm: ﬁ = kF'V,F and recalling that H; = V. we have:
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HF
Co= g+ (Ry — RY) wehe LY + (R{qf — RY) k" H, +
+wthtNt + kFHt - (U}thtLiv + k'FHt) + RtD (wthtLiV + kFHt)
By simplifying:
F
Cy = % + RtL (wthtL,{V + th]{}FHt) + (wthtNt — wthtLiv)

F
Ht
Py

Y, .
=Y? — = we obtain:
22

Substituting the profits of retail firms
Cr =Y~ % + (Rf) (wihe LY + qf K" Hy) + (wihe) (Ne — L)
Wholesale firms make zero profits. Hence:
Y — REqFRFVE = RFwihy Ny or Y= = RE (why Ny + of KFV/F)
Using this equation and recalling again that H; = V,F':
Cy =Y — Rf (wehy Ny + ¢f k" Hy) + (RE) (weho LY + qf k¥ Hy) + (wihy) (Ny — LYY)
Cy =Y+ (1 - RF) wihy (N — LY)
The dynamics of employment and of the lines of credit are:
Ne— (1= p)Nee1 = ¢f VI
LY = (1 =p) LYy =af H = qf V]I
Being (1 — p) < 1, we may use the lag operator T" to write:
[1—(1—pIN =g V¥
1= (@ =pI] LY =gV,

Or:
—1 00 i
Ny =[1—(1=pl ¢ VI =320 - p)gfViE,

1 .
LY =1-QQ-pl ¢V = Dol — Pl ViE,

It is hence: Ny = LY

It follows that the aggregate resurce constraint is:

Cy =Y
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Further the equilibrium in the good market, Y,¢ = Y;, implies:

The symmetric equilibrium of the model

Ci=Y;

The symmetric equilibrium of the model is provided by the following equations which, for the
reader’s convenience, are listed according to the sequence we follow, in the next section, in order

to recursively determine the steady state of the model.

Consumption Euler equation:

)\t:

Unemployment:

Employment dynamics:

Nt:

Job vacancies:

Credit line finding rate:

Credit vacancy filling rate:

Lines of credit financing wages:

Liv =(1- P)Liv—1 + QtFHt

Searchers:

by

REBE

At+1
U=1-N,;
(1= p)Ni—1 + M,
Vi =plst
pe = Hi/s{

qf = H)V,P

stV =1—(1—p)N;_y

Labor market tightness:

Job vacancy filling rate:

Job finding rate:

Credit market tightness:

Labor market matches:

of = V" /st"
af = M/ V"
pi = M/s}"

0 =si /V,"

My =n(V,F)s (V)¢

Financial matches:

Hy = v(V,7)%(s7)' ¢

(C.37)

(C.38)

(C.39)

(C.40)

(C.41)

(C.42)

(C.43)

(C.44)

(C.45)

(C.46)

(C.47)

(C.48)

(C.49)

(C.50)
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Production function:

V¥ = AhZ N, (C.51)
Aggregate resources constraint:
=C, (C.52)
Y;w = E’l}t (053)
Marginal utility of consumption:
=C;° (C.54)

Marginal effect of the loan rate of interest on hours worked:

oh 1 h
H t ¢
= = — C.55
“ T ORE  a—1-¢RE (€59
Condition on hours worked: .
I R\ T
hy = C.56
t < O[A)\t ( )
Marginal productivity of labor:
mpl; = a AR ™! (C.57)
Marginal rate of substitution:
@
mrs; = ﬁh—t (C.58)
At
Job creating condition:
Ahg A
Jt =+ RFE" = — RFwihy + (1 — p)BE, 2 (ft“ + Rt+1kF) (C.59)
af'p? Hi At qt+1pt+1
Bargained real wage:
mrs;  w®
=(1—-d v
we = (1-d) (1 e ) "
d [mply 1 At+1 ( ft+1 L F) ( Ri(1 Pf+1)>}
+—= + —(1—-p)BE + Ry K 1-— C.60
7 | o o= pom S (P )| o
Marginal effect of the loan interest rate on the real wage:
ow d {mpl 1A f
w t t t+1 t+1 F
V= =— +(1-p)B—E <+R k (C.61
t 8RfL (R{J)Q oty ( ) ht t )\t th_"—lthrl t+1 )

Credit creating condition:

by L poy k" L At big1 L _F k"
—(Ry/q, —R; ) = (R, _R Jwihi+(1—p) BE —— \ 7 B (Rt+1qt+1 Rt+1)
qt q qt t L9t+19t31 qt+1
(C.62)
Marginal effect of the loan interest rate on the banks’ surplus:
s _ 08P L Dy (W H
Vi =wihy + (Ry — RY) (€ hy + €' wy) (C.63)

8RL
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Marginal effect of the loan interest rate on the firms’ surplus:

F_ O0ST _ mply g4

_ _ L (W H
v = ORF ~ 1n el —wihy — Ry (€] hy + € wy) (C.64)
Bargained loan interest rate:
1 l 1- A 0%
RE = ¢— [mpt L L=p)B g A (f;“ Ll +Rf+1kF>] + (C.65)
we | ofig ht At Q11941
1 (L=p)B , As1 [ big L F p K"
+(1 - {wRD— E — (REqf, — RE ) ——
( t)wt ety Iy N b (R4 1y t+1 s
Modified relative bargaining power of banks:
(1—2)7
Wy = (C.66)
U —2nf =]
Price rule: e
Pr e E 32, W' Bime (Pf:fl) Ct1+_la (C.67)
P -1 , e—1 Y .
COET BYEWA () o
Real marginal costs:
1
meg = — (C.68)
Kt
Monetary rule:
Pt (1—pRr)ox
RtD = (Rﬂl)PR < ) (K)(lpr)éYyt (069)
Py
Monetary policy shock:
vy = v et (C.70)

Steady States

We fix the steady state values of the following variables (see setion 3 of the text): RP, RE N,
q", pP, ¢®, and h. The other steady state variables (and some parameters) are here recursively
derived.

1

Given RP| from equation (C.37) we obtain the value of the discount factor: 3 = D

Given N, from equation (C.38) we get that the steady state unemployment is: U =1 — N.

Given ¢ and equation (C.39), being M = V¢l we obtain the steady state value of the job
vacancies posted by firms: V¥ = pN/q".

We can then compute: M = V¢l = pN.

From equations (C.39) and (C.40) we have: pN = ¢fpPsf. From equations (C.43) and being

LN
H = ¢BVPB we have: pLYN = ¢F¢PV?E and hence VE = pF 5- Furthermore, since equations
qq
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H
(C.41) and (C.42) imply pPs* = ¢®VP = H, we also obtain s = — and N = L.
b

From equation (C.44) we obtain: s =1 — (1 — p) N.

VF
From equation (C.45) we have the steady state labor market tightness: 6% = -
s

From equation (C.39) and being M = p¥'s" = V¢

F _ gL, F

N
we get the job finding rate: p¥" = p—W (being
s

P , it can also be directly calculated once # is obtained).

The steady state credit market tightness is straightforwardly obtained from equation (C.48): ¢ =
F

s

VB’

e—1
From equations (C.46) and (C.49) we get the scale parameter 7 = ¢’ (%) = qF (o)==,

sF

¢—1 _
From equations (C.42) and (C.50) we get the scale parameter v = ¢ (W) =qP (GC)C '

Being N calibrated, and setting Y = 1, from the production function (C.51) we get the produc-

tivity factor A = .
ivity r Nhe

Since the price dispersion is v = 1 then ¥ = Y. The aggregate resource constraint (C.53) is:
Y =C.

From equation (C.54) the marginal utility of consumption is: A = C~7.

1 h

H__ t
a—1—¢RE

Given RE| from equation (C.55) we obtain: €

Given h we can solve the condition for optimal hours (C.56) with respect to the constant ¥ and
. aA)

obtain: ¥ = —H’M

REp(h)

From equation (C.57) we obtain the steady state marginal product of labor: mpl = aAh®~1.

ho
From equation (C.58) we obtain the steady state marginal rate of substitution: mrs = 197.

We calibrate the replacement rate w and write the steady state relationship w" = wwh (to be
determined below).

Solving the job creating condition (C.59) for f/\ we have:

— RE{[1-B(1 - p)| k' +wh}

i_ quB Ah“
N0 Lk
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We now insert this equation into the steady state version of the real wage (obtained from equation
mrs  w'\ _ d [mpl (1-p)B [ f RE(p
C.60), w = (1—d i I RERF ) (1 - 24720
)7w ( ) 1—|—¢+h>+RL[a,u+ h /\quB+ RL )
and use the definition of the reservation wage, w" = wwh, to obtain:

mrs wwh

w=0=d{ gt )T
d [mpl  (1-p)8 1 AR e LN
war [+ 2 (i [~ R 000 - e w7

Solving this equation with respect to the real wage we get:

w =

1 80— )] {(1—d) mrs | d {mpz+ (1 —p)Bp" Aha”

[1-801-p)][l - (1 —d)w] + (1 - p)Bdp" 1+¢  RE|ap " h[1=B(1-p)] p

F B Ah®
We can then compute w" = wwh and S = ap [
1

- R* - - Fiw .
TR T ) RE{[1= 601 = ) K -+ wh}

From equation (C.61) we have: "V = — (R(i)2 {721: +(1- p)ﬁ% (/\qzj«pr + RLkF>}

Given RE. we can solve the credit creating condition (C.62) with respect to b/A and obtain:

b ¢%¢"(R" — RP)

o _ B(pL.F _ pD\LF
N oy T RO

From equation (C.63) the marginal effect of the interest rate on loans on the surplus of the banks
is: 75 = wh + (R* — RP) (V' h + ¢fw)

Furthermore, from equation (C.64) the marginal effect of the interest rate on loans on the surplus

l
of the firms is: v = %e}[ —wh — RY (Wh + efw)

In order to obtain the relative bargaining power in the loan interest rate bargaining, first rewrite

1 1
equation (C.65) as R — X +(1—)T, where: X — ~ |™PL | A=p)B(_F o prpr)| ana
w | au h AgFpB

_ L F _ pD\LF
T = 1i{wRD _a hp)ﬂ )\ngB _ (B qFR L ]} Solving for ¢ we can then calculate:
_(BE-T)
YT
[(1 = 2)7"]

From equation (C.66) we have ¢ = . By solving with respect to z we obtain the

B —1)
(YB(p — 1) + ]

[(1 = 2)yB — 27F]

firm’s bargaining power in the loan interest rate bargaining: z =

1
From equation (C.68) we have: —.
me
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The Linearized Model

In this section we compute the aggregate log-linearized version of the model.

From equation (C.37), the log-linearized Euler equation is: ;\t = RtD + Pt — EthtH +Et5\t+1. Since
™= 0, we can write: Etpt—O—l - pt = Et (pt—i-l - pt) = 7ATt+1 and so:

At = RP — By + Exdiga (C.71)

From equation (C.54), the log-linearizing version equation of the marginal utility of consumption
is: A\ = —aC~?C;. We may then write the Lagrange multiplier as:

5\15 = —O'Ot (072)
From equation (C.40), the log-linearized version of the job vacancies is:
Vi =pf + 5] (C.73)

From equation (C.39) we get: NN; = (1 — p)NN;_1 + MM,. Being M = pN. The employment
dynamics is hence:

Nt = (1 — P)Nt—l + th (074)
From equation (C.44) we compute: sV 3V = —(1 — p)NN,_,. This implies that searchers are:
R 1—p)N .
g = —%NM (C.75)

The log-linearized version of equation (C.38) is: UU; = —NN,. Being U = 1 — N we can hence

write unemployment as:
A N

Log-linearizing equation (C.51) we obtain:
YA;w = OZ}Alt + Nt (C77)

*

P,
The derivation of the Phillips curve is standard (e.g., Walsh 2003). Define @, = ?t and rewrite
equation (C.67) as:

oS P e—1 c o) P €
} : 13l t+1 -0 Z 1 al t+1 —o
Et w ﬁ (R) Cifl+l Qt = o 1Et w /6 mce4g (B) Ct1+l

=0

The linearization of the left hand side of this equation yields
1-0o

T Qi +C oY W [(1 —0)ECiy + (e = 1) (PH_[ — Pt)} and linearization of the right
hand side gives:

C'YoE. Y 2 W' |:7’7’L\Ct+l +€ (PtH — Pt> +(1-o0) CA'H;} . Equating these two equations and sim-

plifying we get: Q; + P, = (1 — wp) B, Sow's (Pt+l + T/n\CtH)- By forward solution this equa-
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tion can be rewritten as:
Qi = (1 — wp) me; + wp3 (Qt+1 + ﬁ't-i-l) (C.78)

The Calvo’s assumption that only the share (1—w) of firms can adjust their prices at time ¢ and the
Dixit-Stiglitz price aggregator lead to the economy’s average price index: 1 = (1 —w) (Qy)' ™% +

1-¢

P;_

w ( Jt_j 1) . Approximating this equation around the steady state with zero inflation we obtain
t

A w
Q: = T 7. Substituting this equation into (C.78) we derive the standard New Keynesian

w
Phillips Curve:

Ty = BE 41 + Wﬁl\ct (C.79)

where, from equation (C.68), me; = —ji.
From equation (C.53) we straightforwardly derive the log-linearized aggregate resource constraint:
Y, =C, (C.80)

As shown by Gali (2008) the price dispersion across firms in a neighborhood of zero inflation steady
state is equal to zero up to a first order approximation (¢; = 0). Then we have:

VY =Y, (C.81)

The log-linearization of equation (C.59) provides:

[e%

f 3 ~F ~B FpLplL Ah
—W (At+qt +pt)+k R™"Ry =

f . R R . « .
7(1 — p)ﬂw </\t + EtQtF-‘l,-l + Etpg_l) + (1 — p)ﬂRLkF (Et>\t+l -\t + EtR£+1)

(aﬁt + ﬂt) — RLwh (Rf +y + ]:bt) +

Rearranging we get the job creating condition:

(e

. (aﬁt ¥ gt) — Rlwh (Rf b+ ht) — K RE [1%5 —(1-p)pB (Et&t+1 A EthLHﬂ +
fﬁ [(?\t +qf +13t’3) —(1-p)p (Xs + Bl + Et;ﬁil)] (C.82)

Linearizing equation (C.60) we have:

__ “s d [ (— 4 .
wwy = (1 — d) < mrs mrsy — wht> + ﬁ% (mplt — RtL — Ut) +

d1—-p)s f - PO R .
_ (RL}f) )\quB (RtL + ht + )\t + thtF+1 + Etpg»l) —+
d(l — N . . . R
+%w (Et)\tﬂ ~ M\ +ERE L~ RE - ht) +
a1 - A ) N Al o
+ (RL;/L))/B )\qug (EthLH +he + M+ B, + Etpffu)—%klJ (Et>\t+1 — At — h,:) +
d(1—p)3 fp"

_ RLh A\gFpB (EthLJrl + iLt + 5\1: + th,ﬂrl + EtﬁtBiH — Etﬁﬁrl) +
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d(1—p)p

M

kF (EtXFFl — S\t - ;Lt + Etﬁi:»l)

Rearranging we get:

A mrs __ w - d mpl /— S
wwy = (1 —d) (1 +¢mmt — hht) + ﬁa—u (mplt — Ry — ,ut) +
d(1—p)B f

h RLXNGFpB

+

+ kF) (EthL_,’_l - Rf) +

d(1—p)B fp" ; y + 3 j ) P

_ (RLli)) AgFpB (EthLH +he + X+ Bedfyy + Bl — Etpf“) *
d(1 - 3 e — h h

+%WPF (Et>\t+1 = A= T+ EtptFJrl)

The bargained real wage is hence:

N (1_d) mrs qu d mpl - . )
Wy = ” 1+¢m7”5t_7ht +wRLa7p<mplt_Rt _Mt)-i- (C.83)
N (e
“ar=pe ¥ X - ) A A
YR\ e | mogrr (B bk ot B+ Bl - Bidfia) +

—kF (Etj\t_t,q - ;\t - ilt + Etﬁf:i-l)

From equation (C.55) we obtain the log-linearized version of the marginal effect of the loan interest

1 h /s -
rate on worked hours: el = a—1-oRL (ht - RtL) We hence have:
el = h, — RF (C.84)

From equations (C.43) we obtain: LNLYN = (1 — p)LNLN | + ¢H ((jtF + I:It) Being pLYN = qH
the the log-linearized lines of credit financing wages are:

LY = (= p)Liy +p (af + 1) (C.85)

Linearizing equation (C.62) we have:

. - RPEF /.
(Ac+af +dP) — kP RERE 4 = 2 (BP —df) =

Y
= RLwh (RL + 4, + hy ) — RPwh ( RP + 1, + h 1 b (5, 4 EGE + EGE
= w ( t + Wi + t) - w ( + + Wi + t) _( _p)ﬂW t + tqt+1 + tqt+1 +

RDF

—(1 = p)BREEF (Xtﬂ — M+ Rtﬂl) +(1—-p)p (S\tﬂ ~ X +RE, q}ﬂl)
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Rearranging we get the log-linearized credit creating condition:

RquF [(RD - (jtF> - (1-p)p (XtJrl — M +RBF1 - qtfjﬂ)} =
wh |[RE (RE 41+ he) = RP (R + i+ I )| + (C.86)

bgre (e +al +2) = (1= 08 (Aot Budly + Buafly)] +

+kFRL |:RtL - (1 — p)ﬁ (5\154,_1 — j\t + RtL+1):|
The log-linearization of equation (C.65) provides:
- [
wR (Ibt + RtL) = 1,02:;]9 (wt + mpl - ,Ut) +

v -p)B 0°F (s iC 3 i j
+ U I : MFq (wt he + B0y = M = Bl — EtQtBﬂ) +
1 . R ~ .
+MRL]§F (d’t — ht + Edip1 — e + EthL.H) + wRP (wt + RtD) +
R e L A A
—wl(URD ()wt i+ RP) + TR (het e + Budli+ Brdfa) +
YA —p)B 5 i
L R VT (wt — Bl — thgl) +
1— «
+%RL/€F (Et)\tJrl_)‘t ht—l—EthJrl)‘i‘
RDkF ~
. ( h )ﬂ (Et>\t+1 At ht —+ Eth+1 thtlj,-l) +
1— . . «
_d)(ihp)ﬁRLkF (wt + Et)\t+1 - )\t ht + Eth+1) +
RDkF A
+w( 3 )IB qF (djt + Et>\t+1 )\t ht + Eth+1 thtF+1)

Rearranging we obtain the linearized loan interest rate:

L dmpl . —
Ry = apwRY (wt+mplt _'ut> +

C

0 f - A 2 N N
V1= 0)8 | 3oy 5 (= he + B0, — A — Byl — Bidf) +

- + (C.87)

L ~ ~ ~ ~ ~
hwR VA RLEF (wt Byt Bt — A+ EthLH)
b P . .
W (ht + A+ thﬂl + tht]il) +
L Lupe (a4 7P) + L2 LR (B~ A+ BiRE, ) + "
wRL ¢ h *

- (EtAt+1 — 5\t — }Alt + EthD_i_l — Et(jtF.‘l,-l)
1-— b RPLEF .
_ng {wRD - hp)ﬁ [/\quB - (RLkF S qF )”wt o

(1—-2 (%) | (L—2)B"
[(1—2)7P - ZA/FP%BJF [(1=2)7P - vaP%F+

The log-linearization of equation (C.66) gives: ihip; = —
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(1—2)7" (1—2)yB — oy F
[(1=2)7" — 297] (1= 2)yP = 29F] (1= 2)7yB + 277
that: 1, = —pA2 — (1 — ) 4F +4L. From this equation we derive the modified relative bargaining
power of the bank:

and 1—1 =

4B. Since it is 1 = , it follows

te=(1=9) (3 =3 (C.88)
Equation (C.63) is log-linearized in the following way:
BiB _ A7 LWy (pL W 5\ _ pD Wy (pD L W 7}
~B4] —wh(wt—&—ht)—&—R ¢ h(Rt tel +ht) RPe h(Rt . +ht)+
+REeHw (IA%tL +ef + 1I)t> — RPelly (RtD +ef + wt)

Rearranging we get:

VP3P = wh (i, + b)) + (RERE — RPRP) (W h+ Tw) +
+heV (RE — RP) (& 4 ) +welt (R~ RP) (eff + 1)

We can hence write the marginal effect of the loan interest rate on the bank’s surplus as:

(RERE - RPRP)

5 (ewh + eHw) +

. wh [ . N
o= WfB(wt-i-ht)-i-

+(RL7—;7D) (e (& 4 he) + we' (&7 + )| (C.89)

v

Equation (C.64) is log-linearized in the following way:

mpl — N
’YF'AYtF = TPGH (mplt — fig + éf) —wh (u% + ht) +

—RLWh (RtL +eV 4+ Bt) — REely (Rf +efl + u%)

Rearranging we obtain the marginal effect of the loan interest rate on the firm’s surplus:

e _ompl g\ who
Ve = vFue <mplt ut+6t) SF (wt—l—ht)—i— (C.90)
RL

_77 {RtL (ewh—i-eHu}) + [ewh (gZV +ﬁt) + ey (étH —&-u%)]}

From equation (C.61) we obtain :

R d mpl j— N N
€W€¥V = —WTM (mplt — MUt — 2RtL>
d A-pB [ (i 5 . . A
(RL)? : h  AgfpP (ht + A+ By + B + QRtL) *
d (1-p)8

—ﬁ h kF (Etj\t+1 - j\t + EthL+1 - 2RtL - iLt>
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Rearranging we derive the log-linearized version of the marginal effect of the loan interest rate on
the real wage:

f N ~ . . N
1 d — A A . !
P h —RLEF (EtAtH — M+ ERE, — 2RE — ht) (C.91)

mpl [ —— R .
— " (mpl, — i — 2RF)
o

The conditi ked hours (C.56) yields: hhy = —— P o (e + RE =)
e condition on worked hours (C.56) yields: = o190 Ve fit h ¢
1
,UJRL a-1-¢
Recalling that h = | 9—— we may write:
a AN
- 1 P
ht = m (Mt + Rt — At> (092)

From equation (C.57) we may write the marginal productivity of labor as:

mpl, = (o~ 1) hy (C.93)
From equation (C.58) we get the marginal rate of substitution:
mrs; = ¢hy — A (C.94)
From equation (C.68) we obtain the real marginal cost:
mep = —fi (C.95)
From equation (C.48) we may write the credit market tightness as:
0 =3F —vP (C.96)
From equation (C.45), the labor market tightness is:
oF = vF -3V (C.97)
From equation (C.50), the credit matches are:
He=CViE + (-5 (C.98)
From equation (C.49), the labor market matches are:
My =gV + (198" (C.99)
From equation (C.69) we may write the monetary rule as:

RP = prRPy + (1= pr) (07 + 0y Vi) +log (C100)
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The log-linearization of equation (C.46) straightforwardly gives the job vacancy filling rate:

if =M, - VF (C.101)
The log-linearization of equation (C.47) straightforwardly gives the job finding rate:

pF =M, — 3 (C.102)
The log-linearization of equation (C.41) straightforwardly gives the credit line finding rate:

pB = H, —3F (C.103)
The log-linearization of equation (C.42) straightforwardly gives the credit vacancy filling rate:

i = H, -V (C.104)
From equation (C.70) the monetary policy shock is:

loguvy = pylogue_1 +¢€f (C.105)






