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Preface

This dissertation consists of three essays in the field of uncertainty and financial frictions.

The first chapter, titled Uncertainty Shocks and Term Premia Dynamics, contributes to

the existing macro-finance literature by studying the effects of uncertainty shocks on a

term structure. By now, is fairly well accepted in the literature that dynamic stochastic

general equilibrium (DSGE) models have problems in generating the term premia that

are sizeable and volatile enough. Within these models with homoscedastic shocks, the

literature has documented that productivity and monetary policy shocks are the most

important shocks for the dynamics of the term premium. However, none of the existent

literature focuses on the role of uncertainty and its effects on the term premia.

The data, on the other hand, show that in periods of economics downturns, i.e. when

uncertainty increases, spreads between yields of securities with different maturities also

increase significantly. This, however, can be interpreted as an indication that uncertainty

shocks are at work and that they have a significant importance. In this respect, this

chapter fills this gap in the literature by quantifying the importance of uncertainty shocks

for the term premium.

In order for risk to play a role, the model has to allow for the heteroscedasticity of the

shocks. The shocks to volatility of the standard shocks are interpreted as uncertainty

shocks. From a computational point of view, the standard approach, i.e. log-linearization

around the steady state, removes the risk due to the certainty equivalence at work. There-
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fore, the choice of an appropriate perturbation method is of the utmost importance.

The results of the simulation show that the uncertainty regarding monetary policy is

the main determinant of the term premium. In particular, the uncertainty shock to the

volatility of monetary policy shock affects the term premia by 100 times more than the

real uncertainty shocks, the effects of which are fairly small. Varying habit persistence

significantly affects the relative importance of both real and nominal uncertainty shock.

However, even when the habit persistence parameter is as high as 0.9, the uncertainty of

monetary policy remains the main determinant of the term premium.

The second chapter, titled Propagation of Uncertainty Shocks through Risk-Aversion and

Investment Costs, provides a mechanism through which uncertainty shocks have first-

order effects on the economy. In this respect, it is shown that allowing the risk-aversion

and investment adjustment costs to be related to the uncertainty level in the macroeco-

nomic environment implies a significant role for uncertainty shocks within an otherwise

standard dynamic stochastic general equilibrium model with stochastic volatility.

Variations in risk-aversion as a response to the change in the level of uncertainty are

shown to significantly amplify the effects of uncertainty shocks on macroeconomic vari-

ables. However, the mechanism that works through variation of risk-aversion alone pro-

duces a positive response of the investment to higher uncertainty, which is not consistent

with what we observe in the data. The model delivers a negative response of the invest-

ment to increase in uncertainty if the capital adjustment costs are related to the level of

uncertainty. As such, and in contrast with the standard macroeconomic model with het-

eroscedastic shocks and constant risk-aversion, for which the effects of uncertainty shocks

on the economy are fairly small, the model proposed here is able to account for large

drops in activity during economic crises.

The third chapter, titled Search Frictions on the Credit Market, focuses on credit market

frictions. It introduces search and matching frictions to the contractual relationship be-

tween productive agents, which are borrowing constrained, and financial intermediaries.
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The search frictions could be viewed as a reduced-form representation of a wide array of

resource and information frictions characterizing the lending relationship. In the present

work, however, the search frictions are interpreted as complementary to credit frictions

that might exist simultaneously with the frictions related to asymmetric information.

The financial shocks are modeled in two forms: (i) as a negative credit market efficiency

shock, and (ii) as a positive shock to a separation rate. In accordance to the data, both

shocks give rise to countercyclical spreads between deposit and lending rates, which in

periods of financial distress increase. Further, the model captures the fact that in the

downturn firms’ financing difficulties increase. The latter, together with the decrease in

the bank’s willingness to supply loans, has a direct consequence for variability of the credit

market liquidity.

The principal results of this chapter are as follows: (i) The economy is, after being hit

by the negative credit market efficiency shock, driven into a recession due to a signifi-

cant increase in the credit spread. At the same time, the liquidity of the credit market

increases. (ii) The separation shock increases the credit spread even more, while caus-

ing the liquidity of the credit market to decrease. (iii) Because following the separation

shock, the increase in the interest rate spread is accompanied by a decrease in the market

liquidity, the recession stemming from this shock is relatively stronger when compared to

the situation in which the economy is hit by a credit market efficiency shock of an equal

size.
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Chapter I
Uncertainty Shocks and
Term Premia Dynamics

Maja Ferjančič
Universitá Commerciale Luigi Bocconi

Abstract

The present paper focuses on the role of uncertainty shocks for the term structure
dynamics within the DSGE framework. While previous literature has documented
the importance of the first moment productivity and monetary policy shocks for
the term premium in the models with homoscedastic shocks, our results indicate
that, once allowing the uncertainty shocks to have a role, the volatility of monetary
policy is the main determinant of the term premium. Quantitatively, the results
show that, for the standard values of parameters, productivity uncertainty shock
has small impact on the term premia, while the nominal uncertainty shock seems
to affect the term premia by 100 times more than the real uncertainty shock.

Keywords: business cycles, uncertainty shocks, term premium, higher-order per-
turbation

JEL Classification: E32, E43, E44, G12
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1 Introduction

In the light of the recent economic crisis, uncertainty shocks have gained a large attention

among economists and policy makers. While recent literature focuses mainly on the effects

of uncertainty shocks on the macroeconomy, the present paper focuses on the effects of

uncertainty shocks on the term premium.

In modeling the term structure and macroeconomic variables simultaneously, the literature

records a number of so called puzzles (for discussions see for example Hördahl et al.

(2007), Ravenna and Seppala (2006), Rudebusch and Swanson (2008a), Rudebusch and

Swanson (2008b)). In macroeconomic applications it is common to use DSGE models

with homoscedastic macroeconomic shocks; this setup by construction does not allow for

analysis of the effects of uncertainty shocks on the term structure. The aim of the paper

is to fill this gap by merging three strands of literature: the literature analyzing the term

structure and macroeconomic implications within the DSGE framework, the literature on

stochastic volatility and the literature on uncertainty shocks. To this end, uncertainty

shocks are introduced through assuming heteroscedasticity of the macroeconomic shocks

and in particular, following Justiniano and Primiceri (2008) and Fernandez-Villaverde and

Rubio-Ramirez (2006) macroeconomic shocks are assumed to exhibit stochastic volatility

in the form of smooth changes in variances of the structural shocks. In other words, the

uncertainty shock is a shock into volatility of each macroeconomic shock.

The starting point for this analysis is by now a fairly accepted result in the literature that

DSGE models (with homoscedastic shocks) have problems in generating the term premia

that are sizable and volatile enough. Solutions that have been proposed to increase the

fit of the term premia are the following: (i) to use recursive preferences instead of power

utility preferences (Amisano and Tristani (2008), Rudebusch and Swanson (2008a))1; (ii)

1In the present paper, the standard power utility preferences are used in order to keep focus on the
changes of the basic implications of the standard DSGE model with stochastic volatility and uncertainty
shocks for the term structure. The extension with Epstein-Zin preference is in progress.
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to increase the size and/or persistence of the structural shocks in the model. For example

Hördahl et al. (2007) increase the persistence of consumption shocks, while Ravenna and

Seppala (2006), introduce a large taste shock. Such a solution seems appealing at a first

sight; however, there are at least two arguments against it: First, as discussed in Rude-

busch and Swanson (2008b), this implies a higher volatility of output and consumption

and therefore distorts the ability of such a model to fit the main macroeconomic variables.

Second, such assumption is in contrast with the literature that analyzes the volatility of

the US macroeconomic variables - the main result of which is that time-varying (decreas-

ing) volatility of shocks helps to explain the reduction in standard deviations of output

growth and other macro variables (Justiniano and Primiceri (2008)2, Fernandez-Villaverde

and Rubio-Ramirez (2006)).

Term premium depends on the amount of risk and the price of risk. In macroeconomic ap-

plications the amount of risk (typically represented by a combination of structural shocks

in the model) is related to real risks (uncertainty about future output or consumption)

and/or nominal risks (uncertainty about future monetary policy and inflation) and it is

allowed to be time-varying. However, these models typically embed the assumption of

homoscedastic shocks. This assumption intuitively implies a stationary term structure,

i.e. the average term spreads, premia and associated volatilities are assumed to be con-

stant over time. In this respect, the literature on stochastic volatility that documented

a decreasing volatility of shocks over the past decades provides another criticism for the

DSGE models commonly used to analyze the term structure also on a more general ba-

sis. Allowing for heteroscedasticity of shocks in the model seems to be a natural way to

further analyze the term structure; first, because it allows to analyze how the decreased

volatility in shocks after 1980’s contributed to the evolution of the term structure and

2Justiniano and Primiceri (2008) (using a DSGE model in which the variances of the structural
innovations are allowed to change over time) find that the exogenous structural disturbances hitting the
U.S. economy display substantial stochastic volatility. In particular, technology and investment shocks
exhibit substantial decline in volatility over the pat decades. Furthermore, they show that the decline
in the volatility of output, investment, hours and consumption in the early 1980s is largely driven by a
change in the variance of the shock specific to the equilibrium condition of investment.

4

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



second, because it allows for analysis of the contribution of uncertainty shocks to the term

premia which is particularly relevant in the recent period of financial crisis.

The present paper is the most closely related to Amisano and Tristani (2008) who also

build the model with heteroscedastic shocks. However, they model heteroscedasticity in

the form of switching regimes in variances of the shocks while in the present paper the

heteroscedasticity is modeled in the form of smooth changes in variances over time. This

choice is based first, on the results of Justiniano and Primiceri (2008) who show that

data prefer smooth changes in variances of the shocks as opposed to one-time switches

in variances; second, as discussed in detail below, the data show that the term structure

variables seem to change smoothly rather than jumping, third, the set up in the present

paper allows to introduce a role for uncertainty shocks.

While macroeconomic literature has documented the importance of the productivity and

monetary policy shocks for the term premium, it seems that once taking into account also

the uncertainty shocks, the volatility of monetary policy is the main determinant of the

term premium. The results show that productivity uncertainty shocks have small impact

on the term premia. On the other hand, the uncertainty shock to volatility of monetary

policy shock seems to affect the term premia by 100 times more than the real uncertainty

shocks.

The rest of the paper is organized as follows: Section 2 presents a short literature review,

while section 3 describes data on US securities yields. Section 4 describes the basic New

Keynesian model used in the analysis, section 5 discusses the assumptions on macroe-

conomics shocks and introduces uncertainty shocks, while section 6 provides the term

premium definitions. Section 7 discusses calibration, while section 8 shortly describes

computational aspects of solving the model presented in section 4. The results are pre-

sented and discussed in the section 9. Section 10 is devoted to sensitivity analysis, while

section 11 concludes.
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2 Helicopter Tour over the Literature

The expectations hypothesis, according to which the long bond yield is the average of

the expected short-term rates (or the expected returns from rolling over a series of short

bonds) ignores interest rate risk. Unless the bond is held until maturity, the nominal

return on a long term bond is uncertain and typical risk-averse investor requires a com-

pensation for this risk, the term premium.3 In modelling the term premium and macroe-

conomic variables simultaneously, the literature records a number of so called puzzles.

That is, DSGE models have difficulties in generating: Positive serial correlation in con-

sumption growth and a positive slope of the term structure; sufficiently high volatility in

long-term bond yields; sizable term premia and large volatility of excess holding period

returns (See Hördahl et al. (2007)).

Hördahl et al. (2007) claim that the puzzles with respect to features of bond yields arising

within DSGE models can be resolved once the model allows for habit persistence, ARMA

evolution of the consumption process and a high degree of interest rate smoothing in

the policy rule. In such a set-up, the key features regarding holding returns and bond

yields as well as key macroeconomic variables in the data can be matched reasonably

well. However, the only macroeconomic variables they consider are consumption growth,

inflation and short-term interest rates. Due to second-order approximation their setup

does not allow to draw any conclusions about the volatility of the term premium.

Rudebusch and Swanson (2008b) find that in the standard DSGE model the term premia

on long-term bonds is far too small and stable relative to data. The fit of the term premia

can be improved by introducing the long-memory habits as in Campbell and Cochrane

(1999) , however, this result comes only at cost of worsening the fit of macroeconomic

variables (they consider a larger specter of macroeconomic variables than Hördahl et al.

(2007)). Despite the success of the long-memory habits in endowment economy models,

3Kim and Orphanides (2007) define the “term premium” as reflecting such compensation for risk and
any other sources of deviation from the expectations hypothesis.

6

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



the bond premium puzzle in DSGE models remains even when these models include large

and persistent habits and real wage rigidities. The main mechanism behind the result

within the model with production is that households face endogenous labour-consumption

trade-off. Following a negative shock, household is able to self-insure by increasing the

labour supply.

Rudebusch and Swanson (2008a) show that introducing Epstein and Zin (1989) prefer-

ences into a DSGE model produces large and variable term premium without compromis-

ing the fit of key macroeconomic variables. Long-run productivity risk and inflation risk

further improve the model’s fit with a lower level of household risk aversion.

Amisano and Tristani (2008) estimate the model approximated up to the second-order,

i.e. shocks are assumed to be homoscedastic only able to generate a (non-zero) constant

premia. However, they introduce stochastic volatility in the form of regime switching.

Heteroscedasticity of the shocks induces a time-variation in risk premia which is entirely

due to time variation in the amount of risk. Their nonlinear model is capable to generate

variations in risk premia. In particular, the expected excess holding period returns vary

over time due to changes in regime and they tend to move countercyclically. Moreover,

they tend to be higher and more volatile over the 1980s.

None of the existent literature focuses on uncertainty and its spillovers to the term pre-

mium. The data show that in the periods of economics downturns, when uncertainty

increases, the spreads between yields of bonds with different maturities increase signifi-

cantly. This paper fills the gap by quantifying the importance of the uncertainty shocks

for the term premium.
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3 Data

To emphasize the importance of the heteroscedasticity in the model, we first present

the data for securities’ yields with different maturities, spreads between them and their

associated properties. All data are taken from Federal Reserve Board online database for

the period between January 1953 and December 2011.

Figure 1 presents the yields of the securities with maturity 1 quarter, 1 year, 5 years

and 10 years in the period between January 1980 and December 2011. Yields are highly

persistent, highly correlated and decreasing over time for all types of bonds. On average,

yields increase with maturity of the security.

Figure 1: Yields

*Comment: Yields -m3, -y1, -y5 and -y10 stand for the yields of the bonds with maturity 1 quarter, 1
year, 5 years and 10 years, respectively.
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Furthermore, in figure 1, we can observe that when economy is in prosperity, the yields are

close to each other, however, the difference between them appears to increase in periods of

distress. This feature of the data is even more clear in figure 2, which presents the spreads

between the yields of securities with maturity 1 year, 5 years, 10 years, respectively, and

the yields of securities with quarter 1 year. When the economy is in the downturn, the

yields of the securities with longer maturity seem to increase proportionally more than the

yields of securities with shorter maturity, thus the spreads exhibit significant increase.4

Figure 2: Spreads

*Comment: Spreads y1-m3, y5-m3 and y10-m3 stand for the spreads between the yields of the bonds
with maturity 1 year, 5 years and 10 years, respectively, and yield of the bond with maturity 1 quarter.

4The conclusions based on the spreads with respect to yield of the securities with maturity 1 quarter
are in line with those observed for the spreads with respect to yield of the bonds with maturity 1 year.
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Figure 3: Moving Standard Deviations of Spreads (Different Sizes of Rolling Window)

*Comment: mstd12, -24, -48 and -92 stand for the moving standard deviations calculated using the
rolling windows of 1 year (12 months), 2 years, 4 years and 7.5 years, respectively.

Figure 3 shows the volatilities of the spreads over the period between January 1983 and

December 2011. Each panel presents moving standard deviations computed using different

size of the rolling window for spreads between the yields of securities with maturity 1 year,

5 years, 10 years, respectively, and the yields of securities with maturity 1 quarter. All

three panels indicate the same conclusions. First, yields are highly volatile over the period

and the volatility varies smoothly over time. The longer rolling window to compute the

standard deviation of the yields is considered, the higher is associated volatility (which
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exhibits lower variation over the time). The standard deviation computed based on the

whole sample is for the most of the time above the moving standard deviations.

Figure 4 plots the moving standard deviations of the spreads for a shorter time span

computed using the rolling window of two years. It enables to see clearly, that the term-

structure of the spreads’ volatilities is upward-sloping.5

Figure 4: Moving Standard Deviations of Spreads (2 years Rolling Window)

*Comment: Spreads y1-m3, y5-m3 and y10-m3 stand for the spreads between the yields of the bonds
with maturity 1 year, 5 years and 10 years, respectively, and yield of the bond with maturity 1 quarter.

5The choice of the time span and the size of the rolling window in this figure is done for purely
expositional purposes and to a great extent arbitrary; however, the property that the term-structure of
the spreads’ volatilities is upward-sloping is robust to the choice of different periods and/or sizes of the
rolling window.
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Summing up:

• Levels of yields and spreads are highly correlated over sample period.

• Levels of yields and spreads are highly persistent and they do not exhibit station-

arity.

• Yields and their volatilities are in general higher with longer maturity. The yield

curve is on average positively sloped and the slope is slightly increasing over time.

• The term structure of yield volatilities and spreads volatilities appears on average

upward-sloping.

The implicit assumption in macroeconomics models with homoscedastic shocks is that the

yields and associated volatilities are constant over time. However, based on the data pre-

sented in this section, it seems that yields and spreads are subject to significant variation

in associated volatilities over time. Models with homoscedastic shocks therefore disregard

an important feature of the spreads that is clearly observed in the data. Furthermore,

assuming constant yields and associated volatilities seems to imply trying to match too

high second moments of the yields and the spreads, which is another fact that is common

by construction to all of existent analyses of the determinants of the term premium.
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4 Model

Households

The baseline model6 assumes a continuum of agents represented by a representative house-

hold. The representative household’s preferences are described by the standard power

utility specification that is separable in consumption good, Ct, and hours worked, Lt, and

exhibits external habit formation, that is, habits are determined by the average consump-

tion in previous period, Ct−1:

Et

∞∑
s=0

βs
[

(Ct+s − hCt+s−1)
1−γ − 1

1− γ
− ϕ

L1+τ
t+s

1 + τ

]
(1)

Where Et denotes mathematical expectations operator conditional on information set

available at time t, β ∈ (0, 1) denotes household’s subjective discount factor, h is habits

persistence parameter and γ is the risk-aversion parameter.

Let It be investment, Kt physical capital owned by the household, Bt an one-period state-

contingent government bond, Wt the nominal wage, Rk
t one-period nominal return on

capital, Rt gross nominal interest rate, Pt the aggregate price level, Πt the nominal lump-

sum profit that household receives from the ownership of the firms and Tt the lump-sum

taxes. The budget constraint of the household reads as following:

PtCt + PtIt +Bt ≤ WtLt +Rk
tKt +Rt−1Bt−1 + Πt + Tt (2)

Physical capital, Kt, accumulates according to the following law of motion:

Kt = (1− δ)Kt−1 +

[
1− S

(
It
It−1

)]
It (3)

Where δ represents depreciation rate and S (·) is the function that summarizes the tech-

nology which transforms current and past investment into installed capital for use in the

following period. This function captures a presence of the adjustment costs of investment.

6The specification of the model follows very closely Justiniano et al. (2010) and Justiniano and Prim-
iceri (2008).
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Capital adjustment costs are quadratic in deviation of investment from its level in the

previous period, that is:7

St

(
It
It−1

)
=
$

2

(
It
It−1
− 1

)2

(4)

The household chooses processes for {Ct} , {Lt} , {Bt} , {Kt} ,and {It} to maximize life-

time utility subject to the budget constraint and physical capital accumulation process.

The first order necessary conditions are:

Ptλt = (Ct − hCt−1)
−γt (5)

β
λt+1

λt

Rt

πt+1

= 1 (6)

ϕLνt = Wtλt (7)

1 = qt

[
1− St

(
It
It−1

)
− It
It−1

S ′t

(
It
It−1

)]
+ β

λt+1

λt
qt+1

(
It+1

It

)2

S ′t+1

(
It+1

It

)
(8)

qt = β
λt+1

λt
[rkt + qt+1 (1− δ)] (9)

where λt is the marginal utility of consumption, qt is the marginal value of capital in

terms of consumption good, that is Tobin’s q, and πt = Pt
Pt−1

is gross inflation.

Final goods producers

At each point in time t, perfectly competitive firms produce a final consumption good,

Yt, by combining a continuum of intermediate goods, Yt(i), according to the following

technology:

Yt =

[∫ 1

0

Yt(i)
ε−1
ε di

] ε
ε−1

(10)

where ε is the elasticity of demand. Profit maximization and the zero profit condition

imply that the price of the final good, Pt, is a CES aggregator of the prices of the inter-

mediate goods, Pt(i):

Pt =

[∫ 1

0

Pt(i)
1−εdi

] 1
1−ε

(11)

7In standard macroeconomic applications where models are log-linearized and solved by first order
approximation around the steady state, S (·) is restricted to satisfy the following properties: S (1) =
S′ (1) = 0, S′′ (1) > 0. In the present application the model is approximated up to the third-order and
therefore the functional form of S (·) has to be specified. See Schmitt-Grohe and Uribe (2006) for details.
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and that the demand function for the intermediate good i is:

Yt(i) =

[
Pt(i)

Pt

]−ε
Yt (12)

Intermediate goods producers

Each variety of good is produced by a monopolistically competitive firm i ∈ [0, 1] using

as factor inputs capital services, K(i)t−1, and labor services, L(i)t−1. The production

technology is given by:

Y (i)t = AtK (i)αt−1 L (i)1−αt − AtF (13)

Where At is a neutral technological progress and F denotes a fixed cost per unit of output

in each period. Cost minimization implies:

Wt = (1− α)MC (i)t
Y (i)t
L (i)t

rkt = αMC (i)t
Y (i)t
K (i)t−1

Because all the intermediate good producing firms face the same factor prices and they all

have access to the same production technology, the marginal costs, MC(i)t, are identical

across firms. Indeed, because the above first-order conditions hold for all firms indepen-

dently of whether they are allowed to reset prices optimally or not, the marginal costs are

identical across all firms in the economy. Therefore, we can obtain a common capital-labor

ratio and common marginal costs:

Kt−1

Lt
=
Wt

rkt

α

1− α
(14)

MCt =
1

αα (1− α)1−α
(
rkt
)α (Wt

At

)1−α

(15)
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Staggered prices

The model features staggered prices as in Calvo (1983). In each period only a fraction

of randomly picked intermediate firms, 1− ξp, can adjust the prices, with opportunity to

adjust in period t following an exogenous Poisson process. Re-optimizing firms set the

price that is consistent with maximizing the present value of the future profits subject to

demand for good i:

Et

∞∑
s=0

(βξp)
s λt+s
λt
{Yt+s(i) [Πt,t+sP

new
t (i)−MCt+s(i)]} (16)

subject to: Yt+s(i) =

[
Pt(i)

Pt

]−ε
Yt+s ; where Πt,t+s =

s∏
k=1

πt+k−1

The first-order condition for the price setting is:

Et

∞∑
k=0

(βξp)
k λt+k
λt

[
P new
t (i)

Pt

s∏
k=1

(βξp)
πt+k
πt+k−1

]−ε
Yt+s [P new

t (i)−mct+k(i)] = 0

Define P̃t as the relative optimal price, P̃t =
Pnewt

Pt
. Then, the first-order condition for the

price setting can be rewritten in the following recursive form:8

pprt = (1 + λp) prt (17)

prt = P̃−ε−1t Y tmct + β ξp
λt+1

λt

(
P̃t

P̃t+1

)−ε−1 (
πt
πt+1

)−ε
prt+1 (18)

pprt = Y t P̃
−ε
t + β ξp

λt+1

λt

(
P̃t

P̃t+1

)−ε (
πt
πt+1

)1−ε

pprt+1 (19)

The remaining firms set their prices following the full indexation rule:

Pt(i) = Pt−1(i)πt−1 (20)

where πt is the gross inflation. The aggregate price level evolves according to:

Pt =
[
ξPt(i)

1−ε + (1− ξ)P new
t (i)1−ε

] 1
1−ε (21)

8Since the model is solved up to third-order, the price setting equation is rewritten in recursive form.
See Schmitt-Grohe and Uribe (2006) for technical details.
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Monetary authority and government

Monetary authority sets the short term nominal interest rate following a Taylor rule that

exhibits interest rate smoothing, interest rate responses to deviations of inflation from

the steady state inflation, πss, and deviations of output, Yt, from its level in the previous

period:

Rt

Rss

=

(
Rt−1

Rss

)ρR [( πt
πss

)φπ ( Yt
Yt−1

)φx]1−ρR
εmpt (22)

where Rss is the steady state gross nominal interest rate and εmpt is the monetary policy

shock.

Aggregation

As shown by Schmitt-Grohe and Uribe (2006) when the model is solved up to the first-

order one can neglect resource costs induced by inefficient price dispersion. However,

when using higher-order approximation, one has to take care of proper aggregation. In

particular, inefficient price dispersion induces resource costs, st, which can be written in

the recursive form as follows:9

st = P̃
(−ε)
t (1− ξp) + ξp

(
πt
πt−1

)ε
st−1 (23)

The aggregate absorption, Y t, is:

Y t = Ct + It (24)

And the relationship between output and aggregate absorption is described through re-

source costs:

Yt = Y t st (25)

9Note that st is bounded below by 1.
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5 Macroeconomic and Uncertainty Shocks

5.1 Macroeconomic shocks

The processes of the macroeconomic shocks are standard. The productivity shock is

assumed to follow an exogenous stochastic AR(1) processes of the form:

log εat = (1− ρa) εat + ρa log εat−1 + eat

The monetary policy shock evolves as:

log εmpt = empt

with eat ∼ N(0, σ2
a,t) and empt ∼ N(0, σ2

mp,t).

5.2 Uncertainty shocks

Uncertainty shocks are introduced through assuming that the macroeconomic shocks are

heteroscedastic. In particular, following Justiniano and Primiceri (2008) and Fernandez-

Villaverde and Rubio-Ramirez (2006) the macroeconomic shocks are assumed to exhibit

stochastic volatility, that is, the standard deviations of the productivity and monetary

policy shock are allowed to change over time. As it is common in the stochastic volatil-

ity literature (see Justiniano and Primiceri (2008) and Kim et al. (1998)) the following

stochastic process for the evolution of each standard deviation, σj,t, is assumed:10

log σj,t = (1− λj) log σj + λj log σj,t−1 + τj,t

τj,t ∼ N(0, ω2
j ), where j = a,mp

The shock into volatility of each macroeconomic shock, τj,t, is interpreted as the uncer-

tainty shock. This type of uncertainty shocks are of Fernandez-Villaverde et al. (2009)

10Modeling logarithms (as opposed to σt) guarantees that the standard deviations of shocks are positive
in every point in time.

18

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



type as opposed to Bloom (2009) type of uncertainty shocks. The macroeconomic shocks

and uncertainty shocks are assumed to be uncorrelated among each other.11

6 Term Premium

In modeling the term premium we follow Rudebusch and Swanson (2008b). We consider

two measures of the term premium.

The first measure is defined as the difference between the observed yield to maturity on

the consol and the risk-neutral yield to maturity.

ntpt = log[
δcp̃nt
p̃nt − 1

]− log[
δcp̂nt
p̂nt − 1

] (26)

Where ntpt is the term premium on the consol, δc is the rate of decay of the coupon on

the consol, p̃nt is the nominal consols price per one dollar of coupon in period t and p̂nt

is the risk-neutral price of the consol in period t.

The second measure of the riskiness of long-term bonds is the excess one-period holding

return−i.e. the return of holding the bond for one period less the one-period risk-free

rate. For the case of an n-period zero-coupon bond, Rudebusch and Swanson show that

the excess holding return, ehrt, is given by

ehrt =
δcp̃nt + eit−1

p̃nt − 1
− eit−1 (27)

where δcp̃nt+e
it−1

p̃nt−1 is the gross return of holding the consol and includes the one-dollar

coupon in period t − 1 that can be invested in the one-period security. eit−1 is the gross

one period risk-free rate.

11If correlation was assumed to be non zero, it would be plausible to assume that it is positive, reflecting
that when the macroeconomic shocks are larger also the uncertainty is larger. Positive correlation between
macroeconomic and uncertainty shocks would result in amplification of the effects of the uncertainty
shocks.
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7 Calibration

Standard parameters not related to the shocks’ processes

The calibrated values of the parameters that are not related to the processes of the shocks

are set in line with the values that are standard in the macroeconomic literature that uses

the DSGE framework. The time unit is one quarter. The households quarterly subjective

discount factor, β, is assumed to be 0.99, which implies an annual steady state interest

rate of 4%; the habit persistence parameter, h, is set to 0.66. Risk aversion is assumed to

be 2. The latter is on higher end in terms of macroeconomic applications, but standard

in analyses of the term premium.

The capital share in the production function, α, is set to 0.33, which corresponds to a

steady-state share of capital income roughly equal to 33%, ν is set to imply a Frisch labor

supply elasticity equal to 1.5 and ϕ is set in order to have a steady state equal to 1.

The depreciation rate, δ, is set at 0.025 implying the annual rate of depreciation on capital

equal to 10%, while the investment adjustment cost parameter, ω, is set to be 2. The

parameter denoting the fixed cost per unit of output in each period, F , is set to guarantee

that profits are zero in steady state.

The parameter for interest rate smoothing is set to ρr = 0.8, the parameter for the

response of monetary authority to deviations of inflation from its steady state value is set

to φπ = 1.8 and the parameter for the response of monetary authority to deviations of

aggregate absorption from its level in the previous period is assumed to be φx = 0.5. The

price-elasticity of demand for a specific good variety is ε = 6, so that the steady-state

markup in the product markets is 20%. The fraction of firms setting the prices optimally

each quarter is 0.8. The remaining of the firms set prices following a full indexation rule.
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It is worth noting that the values of this block of parameters matter for the effects of the

macroeconomic shocks; however, except for the habit persistence parameter, the effects of

the uncertainty shocks are not sensitive to changes in the values of these parameters. As

it will become clear in the sensitivity analysis, the value of habit persistence parameter

is crucial for the relative importance of the effects of real and nominal uncertainty shock

on the premium.

Table 1 summarizes the calibrated values of the structural parameters not related to the

shocks’ processes.

Table 1: Calibration: Parameters not related to the shocks’ processes

Parameter Name Value

γ Risk-aversion parameter 2
α Capital share in production function 0.33
β Discount factor 0.99
δ Depreciation rate 0.025
ω Investment adjustment cost parameter 2
ν Disutility of labor 0.67
h Habit persistence parameter 0.66
ρr Monetary authority interest rate smoothing 0.8
φπ Monetary authority response to deviations of inflation 1.5
φx Monetary authority response to deviations output 0.5
ξp Fraction of firms not setting prices optimally 0.8
ε Elasticity of demand 6
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Calibration of the parameters related to the shocks’ processes

As previously determined in the literature, the productivity and monetary policy shocks

are the most relevant for the term structure. It is therefore reasonable to consider these

two shocks and the uncertainty related to their respective processes.

The calibration of the macroeconomics shocks is standard except that the variance is

allowed to be time-varying. The technology shock is assumed to be equal to 1 in the

steady state and it evolves according to an AR(1) process with persistence parameter set

to 0.95. Monetary policy is also equal to 1 in steady state, but not persistent. The steady

state standard deviations of the macroeconomic shocks is being set according to Gertler

et al. (2008) estimation results for the model that is very close to the model in the present

analysis; that is, the standard deviation of the the technology shock is 0.01 and 0.0023

for the monetary policy shock.12

The uncertainty shocks are more difficult to calibrate, since there is no direct evidence

neither the existent literature has a clear prior on what the relevant size of the uncertainty

shock is. The shock to the second moment of the productivity is calibrated following the

approach undertaken by Basu and Bundick (2011), while the shock into volatility of

monetary policy shock is calibrated based on the data of the spread between the yields

of the securities with longer maturities and the yield of security with maturity 1 quarter,

whose moving standard deviations have been reported in figure 3. Basu and Bundick

(2011) in the first step estimate the autoregressive process of VIX index to obtain the

parameters related to the uncertainty. In the second step, they construct VIX index

implied by the New Keynesian model and calibrate the shock into volatility of productivity

as the value that enables to match the model implied VIX index with the real time

VIX data.13 Turning to the nominal uncertainty shock, inspecting the moving standard

12See Table 1 in Gertler et al. (2008) for estimated parameters of SW model.
13The second shock they consider is the preference shock. Despite of the analysis of the effects of the

uncertainty shocks when the monetary policy faces the zero lower-bound constraint, they do not consider
the uncertainty of the monetary policy.
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deviations of the spreads in figure 3, one can see that regardless of which type of the spread

between yields of securities is considered the maximum values of the standard deviations

are about twice as large as the average of the standard deviations of the spreads. Based

on these data, it seems reasonable to assume that the uncertainty shock to the second

moment of the monetary policy shock is equal to 1 standard deviation. Table 2 gathers

the priors on the processes governing the shocks.

Table 2: Calibration: Parameters of the shocks’ processes

Parameter Name Value

ρa Persistence parameter of the productivity macro.shock 0.95
a Productivity macro.shock in steady state 0
σa Std.dev. of productivity macro.shock in steady state 0.01
λa Persistence parameter of the productivity uncertainty shock 0.83
τa Productivity uncertainty shock 0.4σa

ρmp Persistence parameter of the MP macro.shock 0
mp MP macro.shock in steady state 0
σmp Std.dev. of productivity macro.shock in steady state 0.0023
λmp Persistence parameter of the MP uncertainty shock 0.83
τmp MP uncertainty shock 1σmp

For the sake of transparency, figure 5 reproduces the model implied volatilities reported

by Justiniano and Primiceri (2008). Visual inspection of the model implied volatilities

they report reveals that the mean values of the volatilities are about 0.01 for productivity

shock and 0.002 for monetary policy shock, while the maximum values are 0.0125 and

0.005, respectively. Based on this values, the reasonable value of the uncertainty shock to

productivity process would amount to 0.25 standard deviation while the reasonable value

of the uncertainty shock to the second moment of the monetary policy shock process

would amount to 1.5 standard deviation.
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Figure 5: Implied Volatility of Justiniano and Primiceri (2008) model

Source: Figure 1 in Justiniano and Primiceri (2008)

8 Solution Method

The model is solved using perturbation AIM algorithm of Swanson et al. (2006)14 to

compute the third-order approximation solution around the deterministic steady state.15

The third-order approximation solution is considered for two reasons. First, the model

has to be solved up to third-order in order to have a role for uncertainty shocks. In the

case of the first-order approximation solution, there is no role for the effects of changing

the risk in the model. In the case of the second-order approximation solution, the risk

affects the values of the steady state but not the dynamics in the model. In order to

properly account for the dynamics induced by uncertainty shocks, the model has to be

approximated at least to the third-order. The second reason for using the third-order

approximation of the model is that it allows for time-variaton of the term premium.

The impulse responses of the variables induced by the shocks are computed following

Fernandez-Villaverde et al. (2009) approach. As they show, when variances of the shocks

14Available at Eric Swanson’s webpage http://www.ericswanson.us/perturbation.html.
15Dynare 4 of Adjemian et al. (2011) as of now does not yield proper effects of the uncertainty shocks.

24

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



in the model are allowed to be time-varying, the ergodic distribution moves away from the

steady state values of the variables. To take properly into account the effects of the shocks

in such a setup, the generalized impulse responses have to be computed with respect to

the ergodic distribution.

9 Results

Table 3 compares the ergodic values to the steady state values of term structure variables.

One can see, that once the risk is taken into account, the price of bond as well as the

neutral price of the bond increase. As the latter is relatively larger, the ergodic term

premium is positive even when the economy is in its steady state. Similarly, the yield

to maturity increases relatively more than the yield to maturity of the risk-neutral bond,

implying positive excess holding return in the equilibrium.

Table 3: Deterministic and ergodic values

Variable Det.SS Erg.SS

Bond price 0.40000 0.40396
Risk neutral bond price 0.40000 0.40463
Term premium 0.00000 1.71772
Holding returns 4.02000 3.91852
Risk neutral holding returns 4.02000 3.90134

Figures 6 and 7 show the effects of the first moment shocks while figures 8 and 9 present

the effects of the second moment shocks on the term premium.16 Since the macroeconomic

shocks and the uncertainty shocks are assumed to be uncorrelated among each other the

16For the sake of consistency the effects of all shocks on the macroeconomic variables are also shown;
however, since the focus of the analysis is on the term structure, we discuss only the variables of the
latter. For the detailed analysis of the effects of uncertainty shocks on the macroeconomic variables
within the New Keynesian model, see Basu and Brent (2011). The responses to productivity first and
second moment shocks in the present analysis are consistent with their findings; they, however, do not
consider monetary policy shocks.
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results presented below should be considered as lower bound on the effects that uncertainty

shocks have on the term premium.

Figure 6: Responses to the first moment productivity shock
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Figure 7: Responses to the first moment monetary policy shock

The term premium increases following the positive first-moment productivity shock as

well as following the positive first-moment monetary policy shock. The effects of the

productivity shock arefour times as large as the effect of the monetary policy first-moment

shock (see figures 6 and 7). The effects of the uncertainty shocks on the term premium

are in turn much larger. Figure 8 presents the responses of the term structure variables

to productivity second-moment shock while figure 9 presents the responses of the term

structure variables to monetary policy second-moment shock. After an increase in the

volatility of the productivity shock, the prices of the bonds decrease and term premium
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increases. Qualitatively similar response is obtained based on the second measure of term

premium, the excess holding return. Quantitatively, however, the excess holding return

reacts to increased volatility of the productivity shock by less than the theoretical term

premium.

Figure 8: Responses to the second moment productivity shock

Figure 9 shows the responses of the term structure variables to monetary policy second-

moment shock. Similarly, as in the case of the increase in the volatility of the productivity

shock, following an increase in the uncertainty about monetary policy, the prices of the

bonds decrease and the theoretical term premium as well as the excess holding return
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increase. Comparing these responses to the responses to productivity second moment

shocks, note, that the uncertainty of the monetary policy affects the term premium by

roughly 100 times more than uncertainty about productivity.

Figure 9: Responses to the second moment monetary policy shock

While macroeconomic literature has documented the importance of the productivity and

monetary policy shocks for the term premium, it seems that once taking into account also

the uncertainty shocks, the uncertainty of the monetary policy is the main determinant

of additional term premium volatility that standard macroeconomic applications have

difficulties to match.
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10 Sensitivity analysis

The literature has emphasized a great importance of habit persistence for the term pre-

mium. In particular, matching the properties of the term premium (and/or asset prices in

general) implied by the model with homoscedastic shocks requires employing high habit

persistence. Therefore, in the following we examine the implications for the term premium

for different values of the habit persistence parameter.

Table 4 gathers the ergodic values of the term structure variables for the different values of

the habit persistence parameter. The higher the value of the habit persistence parameter,

the higher are the ergodic values of the bond prices and of the term premium. Note, that

even when the model employs negligible habit persistence, the ergodic value of the term

premium is positive.

Table 4: Deterministic and ergodic values for different values of the habit persistence
parameter

Variable Det.SS Erg.SS Erg.SS Erg.SS
(h=0.01) (h=0.66) (h=0.90)

Bond price 0.40000 0.40398 0.40396 0.40397
Risk neutral bond price 0.40000 0.40446 0.40463 0.40539
Term premium 0.00000 1.23811 1.71772 3.63879
Holding returns 4.02000 3.91804 3.91852 3.91828
Risk neutral holding returns 4.02000 3.90566 3.90134 3.88189

Figure 10 compares the impulse responses of the term premium to the first and the

second moment shocks for the different values of habit persistence parameter. Panels 1

and 2 show the responses to macroeconomic shocks; that is, responses to the first moment

productivity shock and the first moment monetary policy shock. The lower is the habit

persistence the higher is the impact of the first moment productivity shock on the term

premium. However, the higher habit persistence, the longer lasting is the effect of the

productivity shock on the term premium (see panel 1). Habit persistence does not matter
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significantly for the responses of the term premium to the first moment monetary policy

shock (see panel 2).

Figure 10: Comparison of the responses to the first and the second moment shocks for
different values of the habit persistence parameter

Panels 3 and 4 show the responses to real and nominal uncertainty shocks; that is, the

responses to the second moment productivity shock and the second moment monetary

policy shock. While in the case of no habits, shock to the second moment of productivity

seems negligible for the term premium, the shock to the second moment of monetary

policy shock has a significant effect on the term premium. Increasing the habit persistence

seems to lower the importance of the effects of the uncertainty shocks in monetary policy
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and increase the effects of the productivity uncertainty shocks on the term premium.

Note, that even for the habit persistence parameter as high as 0.9, the uncertainty of the

monetary policy seems to be the main determinant of the term premium.

Given the unconventional monetary policy the central banks have conducted to counteract

the recent financial crisis that aimed at affecting expectations about inflation in the future

and given that inflation is expected to increase in the future, unless monetary policy is

conducted very carefully, the present results show that one can expect an increasing

volatility in the term premia in the future.

11 Conclusion

The present paper analyzes the effects of the uncertainty shocks on the term structure. To

this end, uncertainty shocks are introduced into a standard New Keynesian model through

assuming heteroscedasticity of the macroeconomic shocks and in particular, they are

assumed to exhibit stochastic volatility in the form of smooth changes in variances of the

structural shocks. The uncertainty shock is a shock into volatility of each macroeconomic

shock.

While macroeconomic literature has documented the importance of the productivity and

monetary policy shocks for the term premium, it seems that once taking into account also

the uncertainty shocks, the volatility of monetary policy is the main determinant of the

term premium. The results show that productivity uncertainty shocks have small impact

on the term premia, while the uncertainty shock to volatility of monetary policy shock

seems to affect the term premia by 100 times more than the real uncertainty shocks.

As widely known, habit persistence is of great importance for analysis of the term premia.

The results show, that the lower is the habit persistence the higher is the impact of

the first moment productivity shock on the term premium, while the habit persistence

does not seem to matter significantly for the responses of the term premium to the first

32

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



moment monetary policy shock. In the case of the uncertainty shocks; i.e. the responses

to the second moment productivity shock and to the second moment monetary policy

shock the habit persistence affects significantly the relative importance of the real and

nominal uncertainty shock. While in the case of no habits, shock to the second moment

of productivity seems negligible for the term premium, the shock to the second moment

of monetary policy shock has a significant effect on the term premium. Increasing the

habit persistence seems to lower the importance of the effects of the uncertainty shocks

of monetary policy and increase the effects of the productivity uncertainty shocks on

the term premium. Note, that even for the habit persistence parameter as high as 0.9,

the uncertainty of the monetary policy seems to be the main determinant of the term

premium.

Given the unconventional monetary policy the FED has conducted to counteract the

recent financial crisis that aimed at affecting expectations about inflation in the future

and given that inflation is expected to increase in the future, and based on the results

presented in the paper, one can expect an increasing volatility in the term premia in the

future.
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Chapter II
Propagation of Uncertainty Shocks through

Risk-Aversion and Investment Costs

Maja Ferjančič
Universitá Commerciale Luigi Bocconi

Abstract

We propose a mechanism through which uncertainty shocks have first-order effects
on the macroeconomic environment. In particular, when the agents observe in-
creased uncertainty in the economy, they do not only adjust their actions according
to the increased uncertainty but in fact also become more risk-averse. Furthermore,
the investment adjustment costs are discussed to be higher in periods when the un-
certainty is high. These two simple modifications of the otherwise standard model
bring about first-order effects of uncertainty shocks and therefore provide a large
amplification mechanism of the effects of uncertainty shocks on the macroeconomic
variables.

Keywords: uncertainty shocks, risk aversion, investment adjustment costs, eco-
nomic downturn

JEL Classification: E32, E43, E44, G12
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1 Introduction

In the light of the recent economic crisis, the uncertainty shocks gained a large attention

among economists and policy makers. The common wisdom is that larger uncertainty

has significant effects on the agents, however, the standard DSGE models cannot catch

this fact. The present paper proposes two simple modifications of the standard dynamic

stochastic general equilibrium model in order to account for large drops in economic

activity due to the uncertainty shocks as observed in the periods of economic distress.

The standard models that have been commonly used by economists and policy makers

prior to the recession assumed that macroeconomic shocks are homoscedastic and were

solved using the first-order approximation around the steady state. Along this line, the

uncertainty shocks by construction have no role. To be able to account for the effects of the

uncertainty shocks on the economy, first, the model has to exhibit heteroscedatic shocks

(in the present paper the heteroscedasticity is assumed to be in the form of smooth changes

in volatility); and second, since the uncertainty shocks do not have the first-order effects

on the economy, the model has to be solved using the higher-order approximation around

the steady state. However, the second- and the third-order terms in the approximated

solution of the model are fairly small for any reasonable calibration of the model and as

such induce negligible effects of the uncertainty shocks on the economy.

Crucial assumptions made in this paper that allow for significant role of uncertainty shocks

within otherwise standard dynamic stochastic general equilibrium model with stochastic

volatility are to allow the risk-aversion to be time-varying and investment adjustment cost

to depend on uncertainty. In particular, the risk-aversion is assumed to be correlated with

the uncertainty level in the macroeconomic environment. Allowing for small fluctuations

in the risk-aversion in response to the change in the level of uncertainty is shown to provide

a large amplification of the effects of uncertainty shocks on macroeconomic variables and

especially it generates a large drop in consumption due to uncertainty shock. The second

assumption that is crucial for the results is that the investment adjustment costs are not
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only quadratic in the deviation of investment from its steady state, but depend also on

uncertainty. The function that allows the adjustment costs to be related to the level

of uncertainty also delivers a drop to in macroeconomic variables (though small), but

more importantly provides a mechanism through which uncertainty has first-order (and

therefore significant) negative effect on investment. As such, the model is able to account

for large drops in consumption and investment activity during the economic crisis.

The present paper builds the bridge between macroeconomics, finance, behavioral and

experimental economics literature. However, in order to keep the introduction short, the

literature review is postponed until the following sections, where the idea and motivation

for time-varying risk-aversion and modified adjustment cost function are discussed in

details.

The rest of the paper is organized as following: Section 2 relates the paper with the

existent literature and motivates the use of the time-variation of the risk-aversion, while

section 3 motivates the use of our functional form of the investment adjustment costs.

In sections 4 and 5 the theoretical model and the calibration of the model are described,

respectively. The results are presented and discussed in the section 6. Section 7 concludes.
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2 Uncertainty and (Time-Varying) Risk-Aversion

Macroeconomic models do not distinguish between risk-aversion and risk-appetite. That

is, the two concepts are used interchangeably to refer to the sentiment in the asset mar-

kets.1 Both concepts usually rely on the microeconomics interpretation and as such they

embed as an inherent assumption that the risk-aversion is a structural parameter and

therefore constant. That is, for a given level of risk, a representative agent takes opti-

mal decisions given his attitude towards risk. The relative risk-aversion is, on the other

hand, allowed to vary over time. In particular, the common assumption by now is to

employ habit persistence in the utility function, in order to fit the consumption data

in the macroeconomic models and in order to fit the risk and/or the term premium in

the macro-finance models.2 While until recently these models had been considered to be

fairly good in explaining the business cycles fluctuations, it became clear in the recent

financial crisis that whether or not the habit persistence (or number of other frictions) is

introduced in the model, these models suffer from two shortcomings: first, they are not

able to replicate the large drops in the economic activity observed during the economic

crisis, and second, they are not able to replicate the facts about the risk and/or the term

structure during this economic downturn.

The issue how to explain large fluctuations of the macroeconomic variables during the

economic crisis is at the moment a subject to a lively and controversial debate among

economists. Part of this discussion is also ongoing research about what are the effects

of uncertainty shocks on the macroeconomic variables. See for example, Bloom (2009),

Fernandez-Villaverde et al. (2009b), Basu and Bundick (2011). By construction, the

canonical dynamic stochastic general equilibrium model of Smets and Wouters (2003,

2007) type that is nowadays widely used theoretically as well as in the policy making

1Other terms sometimes used are also risk-perception and risk-sentiment.
2To be more specific, the macro-finance literature has, in the attempt to bring the model closer to

the data with respect to the term structure properties, resorted to employing habit persistence within
complicated preference specifications, for example Epstein and Zin (1989).
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institutions, has to be approximated up to the third-order in order for uncertainty shocks

to have effects on macroeconomic variables. As the uncertainty shocks do not have first-

order effects on the economy and since for a reasonable parameterization of the model,

the higher order terms are relatively small (see Basu and Bundick (2011) and Ferjancic

(2012)); therefore, these models are not able to replicate significant economic fluctuations

during the crises when uncertainty increases significantly.

As stated in the introduction, allowing for the risk-aversion to be time-varying and in

particular, to be correlated with the level of macroeconomic uncertainty provides the

propagation mechanism through which the uncertainty shocks have the first-order effects

on the macroeconomy. This assumption is from macroeconomics view fairly controversial.

In particular, the current state of the art macroeconomic models do not take into account

that risk-aversion of the agents might vary, i.e. the curvature of the utility function might

change over time. To motivate the idea that this should be taken into account, let me

put forward that there is plenty of evidence in the finance, behavioral and experimental

literature (I return to this point below) about the time-variation of the risk-aversion and

that therefore such an assumption is from this point of view a reasonable one. While

the evidence shows that these variations are fairly small in normal times, they are im-

portant in the periods of distress. Bearing the latter in mind, the constant risk-aversion

parameter in the standard macroeconomic models might be a justified assumption for the

macroeconomic analyses in normal times, yet such models miss an important channel of

propagation mechanism of the shocks when the economy is in recession.

Turning to the macro-financial models focusing on the term premium3, the common as-

sumption is that the term premium is determined by the risk in the economy (represented

as a combination of model’s shocks) and price that agents in the model attach to the risk.

Further, the price of the risk is commonly assumed to be related to the constant risk-

aversion parameter and ’other factors’ that affect the term premium. As the price of the

3Recall that this group of model does not distinguish between the concept of risk-aversion and risk-
appetite and/or risk perception of the economic agents.

41

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



risk is usually extracted as a residual between the term premium and risk as represented

by shocks in the model, one can say little if anything about micro-foundations of the risk

pricing.4

In financial literature, however, the terms risk-appetite and risk-aversion are considered to

be different concepts. Gai and Vause (2004) make an attempt to draw a clearer distinction

between them: risk-appetite (or the willingness of investors to bear the risk) depends on

both the degree to which investors dislike uncertainty and the level of that uncertainty.

The level of uncertainty about consumption prospects depends on the macroeconomic

environment; that is, in adverse circumstances, an investor will require higher expected

excess returns to bear the risk and the risk-appetite will be low; and conversely, high risk-

appetite will be associated with low expected excess returns. Risk-appetite is according

to their interpretation a broader concept than the microeconomics interpretation of risk-

aversion that measures the degree to which investors dislike uncertainty described by the

underlying preferences. They further claim, that the risk-appetite is commonly assumed to

shift periodically as investors respond to episodes of financial distress and macroeconomic

uncertainty, while the risk-aversion is a parameter that should not change frequently over

time (note the similarly to the macroeconomics views about risk-aversion).

Further, Gai and Vause (2004) claim that the risk premium (or the expected excess return

required to compensate an investor for holding a risky asset) is determined partly by the

inherent riskiness of the asset, and partly by the level of risk-appetite. The higher the

appetite for risk, the lower the risk premium. Figure 1 illustrates how their concepts are

linked.

Focusing on the figure 1, it seems - given that the risk-aversion embedded in preferences is

assumed to be constant - as the variation of the risk-appetite is solely due to the changes

4This models further are also commonly subject to the criticism that by construction they do not
allow for the feedback from the term structure to economy. In this respect, the model presented here
provides a step in this direction by allowing for the feedback from uncertainty to economy. The term
structure properties are left aside in this model, however, this issue is considered in another paper in
progress.
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Figure 1: Summary of the Concepts

Source: Figure 1 in Gai and Vause (2004)

in the macroeconomic environment; and in particular, due to changes in the level of un-

certainty.5 It is straightforward to see that given the assumption of constant risk-aversion,

the risk-appetite can fluctuate over time solely due to the changes in the macroeconomic

environment. Therefore, despite the attempt to distinguish between the concepts on the

intuitive level; in terms of the risk-pricing, their model is from the analytical point of view

observationally equivalent to macro-finance class of models.

In figure 2 the global risk-aversion indicator constructed by ECB is presented.6 The

indicator exhibits large volatility over time with maximum risk-aversion being reached

in the period of the 2008-2009 financial crisis. As such, the indicator in its essence

corresponds to common wisdom, that the economic agents might be in certain periods

more risk-averse then in other periods. That is, the agents observing higher uncertainty

might become more risk-averse. Neither models with constant risk-aversion nor models

that allow for time-variation in uncertainty by construction cannot capture the variation

5The same conclusion can be drawn from their analytical expression for the term-premium in terms
of the risk-appetite and uncertainty in the economy.

6I woul like to thank to workers at ECB’s statistical office, who kindly provided the data so that figure
Chart S.52 (ECB (2011), Financial Stability Review December 2011, Statistical Annex, p.19) could be
reproduced. For the description of the methodology used to construct the indicator see ECB (2007),
Financial Stability Review December 2011.
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in the risk-aversion indicator as presented in figure 2. Therefore, the fact that the models

discussed so far are not able to capture the determinants of the risk-pricing might be,

at least to some extent, due to the fact that by construction they do not allow for the

variation in the risk-aversion.

Figure 2: Global Risk-Aversion Indicator

Figure 3 plots the VIX index7 as a measure of uncertainty, the spread between yields of

BAA and AAA corporate bonds and the spread between the yields of the government

securities with maturity 10 years and 1 quarter. The data for VIX, US corporate and

government bonds yields were obtained at the Federal Reserve Board online database. If

pricing of bonds was indeed based on the constant risk-aversion, the spreads should be

highly correlated with the VIX index. In the figure we can see that the spread between

corporate bonds is indeed highly correlated with the VIX, however, the spread between

7VIX is Chicago Board Options Exchange Market Volatility Index that measures implied volatility of
SP 500 index options.
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yields of government securities does not seem to follow the VIX index closely. It seems that

when the VIX index increases significantly, the spread between yields on the government

bonds increases but remains higher for a much longer time. Given that, it is reasonable

to think that among investors, those who invest in government bonds might be more risk

averse and their risk aversion might increase in recession times and remain higher for a

certain period.

Figure 3: VIX, Spread(baa-aaa), Spread(10y-1q) - Levels

Therefore, despite the fact that preferences are unlikely to vary over time significantly,

they might be subject to minor changes over time. This is a crucial assumption in the

present analysis. In particular, the risk-aversion of the representative agent is assumed to

be subject to a small variations due to the variations in the macroeconomics risks. When

the agents observe large increases in uncertainty, they do not only adjust their optimal

decisions according to the new level of uncertainty, but they also become more risk-averse.

The idea that agents’ preferences change over time is not new. However, the novelty in
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this paper is to relax the restriction of constant risk-aversion in the standard dynamic

stochastic general equilibrium model.

The changes in the risk-aversion are modeled as an AR(1) process that evolves around a

constant, but can be affected by uncertainty shock. The implied variations of the risk-

aversion are small, definitely smaller than the range of different calibrated values for this

parameter that is used in the literature. The way the changes in the risk-aversion are

modeled in the present paper is in its nature of the reduced form. More micro-founded

approach is certainly needed, however, this reduced form approach provides insights on

how the current dynamic stochastic general equilibrium models might be improved to

account for the periods of economic distress. While the models with time-varying relative

risk-aversion are certainly not able to explain the large drop of macroeconomic activity

observed in the recent economic crisis, the model that allows for the risk-aversion being

correlated with the economic uncertainty allows for the first-order effects of uncertainty

shocks on the economy and as such, can fill this gap.

The nature of modeling the fluctuations of the risk-aversion in the present paper can

be easily related to, for example Campbell and Cochrane (1999) and Brandt and Wang

(2003). Campbell and Cochrane (1999) model changes in the concept of relative risk-

aversion by assuming an exogenous law of motion for external habits. Their approach

yields almost constant relative risk-aversion, implication that is at odds with the data.

Brandt and Wang (2003) improve the model by assuming that the relative risk-aversion

fluctuates around a constant with respect to expected inflation and expected economic

growth. Their approach implies more cyclicality of the relative-risk aversion and helps

to bring the model closer to the data in terms of the term-structure. Note, however,

that for both models, the fluctuations of the relative risk-aversion can be interpreted as

coming from the time-varying risk-aversion. In fact, in both models, it is observationally

equivalent if the fluctuations in the relative risk-aversion are due to the fluctuations in

risk-aversion parameter or due to the other factors affecting relative risk-aversion or both.
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As standard macro models that embed endogenous variation in the relative risk-aversion

cannot explain neither the term structure properties nor the large drops in the economic

variables during the economic downturns, it is reasonable to think that there might be

additional cyclicality of the relative risk-aversion induced by the fluctuations in the risk-

aversion parameter.

To gain further motivation of the time-varying risk-aversion, we briefly review the empir-

ical finance literature, the behavior economics literature and the experimental economics

literature. In the empirical finance literature, the existence of the fluctuations in the

aggregate risk-aversion is a quite standard result. The usual interpretation is, that these

fluctuations can occur due to the changes in wealth and due to changes in expected con-

sumption path or consumption habits. The modeling of the risk-aversion in this paper

is perfectly consistent with these views. Common finance interpretation is that in the

recession the wealth decreases as well as the expected consumption decreases and there-

fore the risk-aversion increases, which is in the reduced form equivalent to the idea of

this paper. Scheicher (2003), for example, uses option prices in the German stock market

to explain daily movements in the risk-aversion of the investors. His findings are that

investors in the German equity market has become increasingly risk-averse since 1998. In

addition, their results show that the risk-aversion is strongly linked to the changes in US

volatility and to negative news with regard to the exchange rate. Smith and Whitelaw

(2009) also find that time-varying risk-aversion is the economic mechanism that appears

to match important features of equity return data at the market level. Consistent with

theoretical intuition, the price of risk varies over the business cycle, with risk-aversion in-

creasing substantially over the course of economic contractions. Interesting result of their

analysis is that it is variation in the price of risk, not in the quantity of risk, that is the

dominant component of the equity risk premium. They conclude that this phenomenon

may partially account for the puzzling results that often arise in estimating models with

the price of risk assumed to be constant.
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The standard models, in addition, do not incorporate the concept of perception of risk

while in the behavioral economics literature it is widely accepted that perception of risk

might vary, might be incomplete and in particular, it can be different from the true value

of the risk in the economy. Since the agents cannot fully observe the risk, they estimate

it or form their perceptions of risk due to some pre-specified rules. The assumption of the

time-varying risk-aversion used in this paper could be interpreted as reduced form of the

varying perceptions of risk.

Drawing from the experimental economics literature, Guiso et al. (2011), for example,

claim that the fluctuations of the aggregate risk-aversion might be due to the changes

in the individual risk-aversion and/or due to the changes in the distribution of wealth

across individuals with different risk-aversion. Based on the experiment, they argue that

during the recent economic crisis there was a sharp increase in the individual risk-aversion

not attributed solely to a worsening of expectations about the distribution of future

investments as captured by the relative risk-aversion in macroeconomic models. Guiso and

Paiella (2008) use household survey data to construct a measure of risk-aversion, which

they relate to consumer’s endowments and to measures of the background risk. First,

they find that risk-aversion is decreasing function of endowment and thus reject CARA

preferences and second, they find that the consumer’s environment affects risk-aversion.

With respect to the latter finding, they claim that the individuals who are more likely

to face income uncertainty or to become liquidity constrained exhibit a higher degree of

risk-aversion.

The approach undertaken in the present analysis is from a technical point of view the

closest to the work of Gordon and St-Amour (2000), which develops a consumption based

asset pricing model in which attitudes towards risk are contingent upon the state of the

world. They study asset prices using the two-state Markow preference regimes where

the bull and the bear markets reflect alternating periods of low and high risk-aversion.

That is, the within-period utility is conditionally iso-elastic. These fluctuations affect the
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agent’s choice over risk-free and risky assets in hedging against IMRS risk. They show

that when risk-aversion is state dependent, low (high) level of consumption relative to a

subjective metric, counter-cyclical (pro-cyclical) risk-aversion implies that consumption

shocks generate larger fluctuations in the marginal utility, against what the agent hedge

by readjusting his optimal portfolio. Their estimated parameters point towards infre-

quent, moderate - but significant - and counter-cyclical shifts in curvature. In particular,

their estimation for the two risk-aversion parameters are 2.6513 and 2.2059, implying the

difference 0.4454.8

3 Uncertainty and Investment Adjustment Costs

The adjustment costs are introduced into the macroeconomic literature as a reduced form

that represents those frictions that: (i) dampen instantaneous response, and (ii) introduce

sluggish response of the investment to new information about its profitability. Justiniano

and Primiceri (2008) and Justiniano et al. (2010) attach to a function that represents

the adjustment costs an investment specific shock. They provide three interpretations of

the investment specific shocks. As for the model-based interpretation they interpret the

investment shocks as corresponding either to shocks to the relative price of investment

in terms of consumption goods or to investment specific technological disturbances. For

the former, following Greenwood et al. (1997) they construct a proxy and show that the

decline in the volatility of the investment shocks is in line with a decline in the variance of

the relative price of investment in terms of consumption goods. The latter interpretation

is based on Fisher (2006) as well as on their own estimates that lower variability of

investment shocks reflects a decline in the volatility of disturbances to investment specific

technology that can be observed in the data. The third interpretation of the investment

specific shocks is that, though in reduced form, they reflect financial costs related to

the purchase of durable and capital goods. As they argue, this theoretical hypothesis

8As will be clear later, this difference in the risk-aversion in the two regimes is much larger that the
fluctuations assumed in this paper.
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is consistent with the empirical and anecdotal evidence about the expanded access to

credit and borrowing for firms and households since the beginning of the 1980s. It seems

natural to think that the investment shocks are one of the crucial factors behind the recent

economic downturn.

Figure 4 presents the series of the real output growth, real investment growth, real con-

sumption growth and VIX index.9 There is a clear negative relationship between the

growth of real variables and uncertainty as represented by the VIX index and in partic-

ular the increase of uncertainty negatively affects the investment growth the most. This

is consistent with empirical studies which mostly conclude that the evidence seems to

support a negative investment-uncertainty relationship (see for example Bloom (2009),

Bloom et al. (2009) for more detailed literature review).

Figure 4: VIX, Output Growth, Consumption Growth and Investment Growth

9The data for the real macroeconomic variables are taken from St.Luis Federal Reserve on-line data
base.
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From a theoretical view, in the investment literature the impact of the effects of uncer-

tainty on investment works through the curvature of the marginal revenue product of

capital with respect to uncertainty. The relationship is positive (known as the Hartman-

Abel-Caballero effect) if the marginal revenue product of capital is convex in productivity

shocks, while the relationship is negative if investment is partially or fully irreversible and

the marginal revenue product of capital is concave in productivity shocks. However, in

standard macroeconomic applications where the model is approximated up to first-order

around the steady state, the uncertainty does not have a role for investment dynamics.

Basu and Bundick (2011) analyze in details the effects of the uncertainty on the macroe-

conomy that work through the third-order effects. While they show that investment

responses to increase of uncertainty are negative, the effects of uncertainty on investment

(as well as on the other macroeconomic variables) are fairly small. The relatively small

impact of uncertainty is clearly at odds with what we observed in the recent period.

In this analysis, the function describing the capital adjustment costs is modified to enable

the model to deliver a large negative response of the investment uncertainty increases. In

particular, the capital adjustment costs are assumed to have two sources: first, as stan-

dard, they are quadratic in deviation of investment from its level in the previous period,

and second, they are related to deviation of the macroeconomic uncertainty as represented

by the volatility of the productivity shocks from its steady state value. The investment

costs are higher when the economy is in recession (for example, because borrowing is more

costly when uncertainty is higher). Note that this assumption implies that the investment

adjustment costs are not symmetric with respect to the sign of the uncertainty change

and as such delivers a mechanism through which the investment responds asymmetrically

(and up to the first-order) to changes in the general real uncertainty. In particular, if the

uncertainty in the economy increases, the investment adjustment costs increase, while if

the uncertainty decreases the investment adjustment costs decrease. Intuition is straight

forward, when the uncertainty in the economy increases, it is more costly for the agents

to invest.
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4 Model

Households

The baseline model assumes a continuum of agents represented by a representative house-

hold. The representative household’s preferences are described by standard power utility

preference that is separable in consumption good, Ct, and hours worked, Lt and exhibits

internal habit formation, that is, habits are determined by consumption in previous period

Et

∞∑
s=0

βs

[
C

1−γt+s
t+s − 1

1− γt+s
− ϕ

L1+τ
t+s

1 + τ

]
(1)

Where Et denotes mathematical expectations operator conditional on information set

available at time t. β ∈ (0, 1) denotes household’s subjective discount factor and γt is

time-varying risk-aversion.

Time-Varying Risk-Aversion

The risk-aversion of the representative agent is assumed to be subject to a small variation

due to the variations in the macroeconomics risks. When the agents observe large increases

in uncertainty, they do not only adjust their optimal decisions according to the new level

of uncertainty, but they also become more risk-averse. That is, the risk-aversion is related

to macroeconomic uncertainty or equivalently, the changes in the risk-aversion are related

to uncertainty shocks. It is assumed to follow AR(1) process.

log γt = (1− ργ) log γ + ργ log γt−1 + χωaτt (2)

where τt ∼ N(0, 1) is the real uncertainty shock, that is, the shock into the second moment

of volatility of productivity shock. ωa is the standard deviation of the uncertainty shock,

while χ is the scaling parameter.

Let It be investment, Kt physical capital owned by the household, Bt an one-period

state-contingent government bond, Wt the nominal wage, Rk
t one-period nominal return
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on capital, Rt gross nominal interest rate, Pt the aggregate price level, Πt the nominal

lump-sum profit that household receives from ownership of the firms and Tt the lump-sum

taxes. The budget constraint of the household then reads as following

PtCt + PtIt +Bt ≤ WtLt +Rk
tKt +Rt−1Bt−1 + Πt + Tt (3)

Physical capital, Kt, accumulates according to the following law of motion

Kt = (1− δ)Kt−1 +

[
1− S

(
It
It−1

)]
It (4)

where δ represents depreciation rate and S (·) is the function that describes the investment

adjustment costs.

Investment Adjustment Costs

The function that summarizes the technology which transforms current and past invest-

ment into installed capital to be used in the following period, S (·), captures a presence of

the adjustment costs of investment. In standard macroeconomic applications where mod-

els are log-linearized and solved by first order approximation around the steady state,

S (·) is restricted to satisfy following properties: S (1) = S ′ (1) = 0, S ′′ (1) > 0, while in

the applications in which the model is approximated up to the higher-order the functional

form of S (·) has to be specified.

In the present analysis, it is assumed that capital adjustment costs have two sources: first,

as standard, they are quadratic in deviation of investment from its level in the previous

period, and second, they are related to deviation of the macroeconomic uncertainty as

represented by the volatility of the productivity shocks from its steady state value.

St

(
It
It−1

)
=
$

2

(
It
It−1
− 1

)2(
σa,t
σa,t−1

− 1

)
(5)

Note that the investment adjustment costs are not assumed to be symmetric with respect

to the sign of uncertainty change. This assumption delivers mechanism through which

the investment adjust asymmetrically to changes in real uncertainty. In particular, if the
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uncertainty in the economy increases, the investment adjustment costs increase while if

the uncertainty decreases the investment adjustment costs decrease. The intuition behind

this assumption is that when the uncertainty in the economy increases, it is more costly

for the agents to invest. This further implies that the investment costs are higher when the

economy is in recession (for example, because borrowing is more costly when uncertainty

is larger).

The household chooses process for {Ct} , {Lt} , {Bt} , {Kt} , and {It} to maximize lifetime

utility subject to the budget constraint and physical capital accumulation process. The

first order necessary conditions are standard:

Ptλt = C−γtt (6)

β
λt+1

λt

Rt

πt+1

= 1 (7)

ϕLνt = Wtλt (8)

1 = qt

[
1− St

(
It
It−1

)
− It
It−1

S ′t

(
It
It−1

)]
+ β

λt+1

λt
qt+1

(
It+1

It

)2

S ′t+1

(
It+1

It

)
(9)

qt = β
λt+1

λt
[rkt + qt+1 (1− δ)] (10)

where λt is the marginal utility of consumption, qt is the marginal value of capital in

terms of consumption good, that is Tobin’s q and πt = Pt
Pt−1

denotes gross inflation.

Final goods producers

At each point in time t, perfectly competitive firms produce a final consumption good

Yt by combining a continuum of intermediate goods, Yt(i), according to the following

technology

Yt =

[∫ 1

0

Yt(i)
ε−1
ε di

] ε
ε−1

(11)

where ε is the elasticity of demand. Profit maximization and the zero profit condition im-

ply that the price of the final good, Pt, is a CES aggregate of the prices of the intermediate
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goods, Pt(i)

Pt =

[∫ 1

0

Pt(i)
1−εdi

] 1
1−ε

(12)

and that the demand function for the intermediate good i is

Yt(i) =

[
Pt(i)

Pt

]−ε
Yt (13)

Intermediate goods producers

Each variety of good is produced by a monopolistically competitive firm i ∈ [0, 1] using

as factor inputs capital services, K(i)t−1, and labor services, L(i)t−1. The production

technology is given by

Y (i)t = AtK (i)αt−1 L (i)1−αt − AtF (14)

Where At is a neutral technological progress and F denotes a fixed cost per unit of output

in each period. The productivity shock is assumed to follow the exogenous stochastic

AR(1) processes of the form

log εat = ρa log εat−1 + eat ; with eat ∼ N(0, σ2
a,t) (15)

Uncertainty shock is introduced through assuming that the productivity shocks are het-

eroscedastic. As it is common in the stochastic volatility literature (see Justiniano and

Primiceri (2008) and/or Kim et al. (1998)) the following stochastic process for the evolu-

tion of the standard deviation, σt, is assumed10

log σa,t = (1− λσa) log σa + λσa log σa,t−1 + ωaτt; with τt ∼ N(0, 1)) (16)

The shock into volatility of productivity shock, τt, is therefore interpreted as the uncer-

tainty shock. This type of uncertainty shocks are of Fernandez-Villaverde et al. (2009a)

type as opposed to Bloom (2009) type of uncertainty shocks. Note, that the macroeco-

nomic shocks and uncertainty shocks are assumed to be uncorrelated among each other

while risk-aversion variation, on the other hand, is correlated with uncertainty.

10Modeling logarithms (as opposed to σt) guarantees that the standard deviations of shocks are positive
in every point in time.
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Cost minimization implies

Wt = (1− α)MC (i)t
Y (i)t
L (i)t

rkt = αMC (i)t
Y (i)t
K (i)t−1

Because in the symmetric equilibrium the marginal costs, MC(i)t, are identical across

firms, we can obtain a common capital-labor ratio and common marginal costs

Kt−1

Lt
=
Wt

rkt

α

1− α
(17)

MCt =
1

αα (1− α)1−α
(
rkt
)α (Wt

At

)1−α

(18)

Staggered prices

The model features staggered prices as in Calvo (1983). In each period only a fraction

of randomly picked intermediate firms 1 − ξp can adjust the prices, with opportunity to

adjust in period t following an exogenous Poisson process. Re-optimizing firms set their

price that is consistent with maximizing the present value of the future profits subject to

the demand for variety i:

Et

∞∑
s=0

(βξp)
s λt+s
λt
{Yt+s(i) [Πt,t+sP

new
t (i)−MCt+s(i)]}

subject to: Yt+s(i) =

[
Pt(i)

Pt

]−ε
Yt+s ; whereΠt,t+s =

s∏
k=1

πt+k−1.

The first-order condition for the price setting is

Et

∞∑
k=0

(βξp)
k λt+k
λt

[
P new
t (i)

Pt

s∏
k=1

(βξp)
πt+k
πt+k−1

]−ε
Yt+s [P new

t (i)−mct+k(i)] = 0 (19)

The remaining firms set their prices following the full indexation rule

Pt(i) = Pt−1(i)πt−1 (20)

56

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



where πt is the gross inflation.

The aggregate price level evolves according to

Pt =
[
ξPt(i)

1−ε + (1− ξ)P new
t (i)1−ε

] 1
1−ε (21)

Monetary authority and government

Monetary authority sets the short term interest rate following the Taylor rule:

Rt

Rss

=

(
Rt−1

Rss

)ρR [( πt
πss

)φπ (Y
t
Yt−1

)φx]1−ρ
(22)

The Taylor rule exhibits interest rate smoothing, interest rate responses to deviations of

inflation from the steady state inflation, πss, and deviations of aggregate absorption, Yt,

from its level in the previous period. Rss is the steady state gross nominal interest rate.

Aggregation

The resource constraint implies that the aggregate absorption is equal to the aggregate

production:

Yt = Ct + It (23)

5 Calibration

The calibrated values of the parameters that are not related to the process of the shocks

are set in line with the values that are standard in the macroeconomic analyses within

dynamic stochastic general equilibrium framework. The time unit is one quarter. The

households quarterly subjective discount factor, β, is assumed to be 0.99, which implies

the annual steady state interest rate 4%.

The capital share in the production function, α, is set to 0.33, which corresponds to a

steady-state share of capital income roughly equal to 33%, ν is set to imply a Frisch labor

supply elasticity equal to 1 and ϕ set in order to have a steady state labor equal to 1.
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The depreciation rate, δ, is set at 0.025 implying the annual rate of depreciation on capital

equal to 10%, while the investment adjustment cost parameter ω = 2. The parameter

denoting the fixed cost per unit of output in each period, F , is set to guarantee that

profits are zero in steady state.

Parameter of the Taylor rule are: ρr = 0.8 for the interest rate smoothing, φπ = 1.5 for the

response of monetary authority to deviations of inflation from the steady state inflation

and φx = 0.5 for the response of monetary authority to deviations of output from its level

in the previous period. The price-elasticity of demand for a specific good variety ε = 6

implying the steady-state markup in the product market of 20%. The fraction of firms

not setting prices optimally each quarter ξp = 0.8. The remaining of the firms set prices

following a full indexation rule.

The calibration of the productivity shock is standard except that the variance is allowed to

be time-varying. The technology shock is assumed to be equal to 1 in steady state and it

evolves according toAR(1) process with persistence parameter set to 0.95. The persistence

parameter of the volatility of productivity is set to 0.99, while the real uncertainty shock,

is calibrated following the approach undertaken by Basu and Bundick (2011), that is,

equal to 0.4 standard deviation of volatility.

The risk-aversion parameter in the steady state is assumed to be 1 and persistence param-

eter is set to 0.95. The scaling parameter through uncertainty shock affects risk-aversion,

κ is set equal to 0.1. κ was chosen is such a way that response of consumption to un-

certainty shock is equivalent to response of the consumption to preference shock that is

usually used in macroeconomic applications.

Table 1 summarizes the calibrated values of the structural parameters.
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Table 1: Calibration of the Parameters
Parameter Name Assumed value

α Capital share in production function 0.33
β Discount factor 0.99
δ Depreciation rate 0.025
ω Investment adjustment cost parameter 2
ν Disutility of labor 1
ρr Monetary authority interest rate smoothing 0.8
φπ Monetary authority response to deviations of inflation 1.5
φx Monetary authority response to deviations output 0.5
ξp Fraction of firms not setting prices optimally 0.8
ε Elasticity of demand 6
γ Risk-aversion in the steady state 1
ργ Persistence parameter of the risk-aversion 0.95
κ Scaling parameter 0.1
ρa Persistence parameter of the productivity macro.shock 0.95
σa Std.dev. of productivity macro.shock in steady state 0.01
λa Persistence parameter of the productivity uncertainty shock 0.83
τa Productivity uncertainty shock 0.4σa

6 Results

Figure 5 presents the responses of macroeconomic variables to uncertainty shocks that

work only through time varying risk-aversion, figure 6 presents the responses that occur

through time varying risk-aversion and investment adjustment costs at the same time,

while figure 7 present the responses of macroeconomic variables when the mechanism

works through investment adjustment costs only. As uncertainty is assumed to affect

the risk-aversion and investment adjustment costs, the effects of the uncertainty on the

macroeconomic variables are of the first-order and as such enable the model to qualita-

tively reproduce the economic crunch.

Figure 5 presents the impulse responses of the macroeconomic variables to real uncer-

tainty shock, once the risk-aversion is allowed to be time-varying and in particular to be
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correlated with the level of economic uncertainty. The mechanism is working through

the variation of the risk-aversion. As households observe an increase in the uncertainty

level, they become more risk-averse and due to precautionary savings they decrease con-

sumption. As the correlation of the risk-aversion with the uncertainty shocks introduces

first-order effects of the uncertainty shocks on the macroeconomy, the effects are large.

0.4 standard deviation productivity uncertainty shock that increases the risk-aversion by

4% induces a significant decrease of output, consumption, employment and real wages

with respect to their steady state values.

Figure 5: Responses to Uncertainty Shock through the Varying Risk-Aversion
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Note, however, that due to uncertainty shock investment and therefore capital stock

increase. This is consistent with the model in which the uncertainty does not affect

investment adjustment costs, that is, if the adjustment costs are the same regardless of the

level of uncertainty in the economy. While households decrease consumption it becomes

more profitable to redirect their income into investment that becomes a productive capital

and as such allows for higher income in the next periods. However, as argued before, the

implication that uncertainty increases investment is contrary to what we observe in the

data. This seemingly puzzle is resolved once we allow for investment adjustment costs to

depend on uncertainty.

Figure 6 plots the impulse responses of the macroeconomic variables to uncertainty shocks

when the risk-aversion responds to the change in uncertainty and the investment adjust-

ment cost depends on the the level of economic uncertainty. Note that the investment

adjustment cost is not assumed to be symmetric with respect to the sign of uncertainty

change. In particular, if the uncertainty in the economy increases, the investment adjust-

ment costs increase; while if the uncertainty decreases, the investment adjustment costs

decrease. The intuition behind is that when the uncertainty in the economy increases it

is more costly for the agents to invest due to two reasons: first, the realization of the

return on investment can take on the larger set of possible values, with extreme returns

being more likely; and second, the investment costs are higher when the economy is in

recession simply because borrowing is more costly and agents face more difficulties to

access the finance when the uncertainty is higher. The notable difference with respect

to results presented in figure 5 is that once the investment adjustment costs depend on

the uncertainty also investment decreases due to the uncertainty shock and as such, the

model implies the negative relationship between investment and uncertainty as well as

the negative relationship between uncertainty and consumption, output and employment.

Thus, the model with two simple modifications delivers the effects of the uncertainty

shocks that are closer to what we observe in the data.
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Figure 6: Responses to Uncertainty Shock through the Varying Risk-Aversion with Un-
certainty affecting the Investment Adjustment Costs

Relating these results with in Basu and Bundick (2011) first note, that they analyze the

role of uncertainty in the standard model that is solved up to the third-order approxi-

mation around the steady state. As the second- and the third-order terms are small, the

uncertainty shocks have a little effects on the macroeconomy. Additional note, they use

the sticky price model in which the price setting is assumed to be of Rotenberg type.

At this point, it is relevant to emphasize, that the effects of uncertainty shocks in the

similar model with Calvo staggered prices are quantitatively smaller than those that they
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report within the model with Rotenberg pricing (see Ferjancic (2012)). Despite of this

observation, however, qualitatively the effects of uncertainty shocks in the present model

induce changes in the dynamics of macroeconomic variables that go in the same direction

as in the sticky-price model that is solved up to the third-order. The notable difference is

that in the present model the uncertainty has the first-order effects. Thus, the responses

of the macroeconomic variables to the uncertainty shocks are quantitatively much larger.

To relate the analysis here with Gordon and St-Amour (2000), note that this approach

can be seen as a more general case of the model with Markow switching regimes for

preferences. Further, if the fluctuations of the risk-aversion are indeed continuous, then

Markow switching model overestimates the risk-aversion in high states (that is when

economy is in the recession and the risk-aversion is high) and underestimates the risk-

aversion in low states (that is when economy is in prosperity and the risk-aversion is low).

If this is true then Markow switching model imply larger fluctuations in the risk-aversion,

though less frequently and vice versa. As the work of Gordon and St-Amour (2000) also

this paper is more descriptive than explanatory. While their study is agnostic about why

preferences might shift, in this paper a step forward is done by assuming that the the

risk-aversion is related to the level of uncertainty in the economy. Despite of this, further

work should be done in determining factors that underlie the movements in attitudes

towards risk as embedded in the preferences.

For expositional purposes, figure 7 presents the effects of the uncertainty shock if the

uncertainty shocks affects only investment adjustment costs while the risk-aversion is

kept constant. As before, higher investment adjustment costs due to increased uncertainty

induce a significant decrease of investment, but only a negligible decrease in consumption.

Further, an increase of the investment adjustment costs induces also the drop in other

macroeconomic variables, but to a much smaller extent. In the light of recent economic
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developments it is reasonable to assume that the uncertainty shocks worked through both

channels, the change in risk-aversion and the change in investment adjustment costs.

Figure 7: Responses to Uncertainty Shock through the Investment Adjustment Costs only

7 Conclusion

The paper provides a mechanism through which uncertainty shocks have first-order ef-

fects on the macroeconomic environment. In this respect, is shown that allowing the

risk-aversion and investment adjustment costs to be related to the uncertainty level in the

macroeconomic environment implies a significant role for uncertainty shocks within oth-

erwise standard dynamic stochastic general equilibrium model with stochastic volatility.

Allowing for small fluctuations in the risk-aversion in response to the change in the level
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of uncertainty is shown to provide a large amplification of the effects of uncertainty shocks

to macroeconomic variables. However, the mechanism that works through variation of

the risk-aversion alone produces a positive response of investment to higher uncertainty,

which is not consistent with what we observe in the data. The model, however, delivers

a negative response of the investment to increase in uncertainty if the capital adjustment

costs are related to the level of uncertainty. As such, and in contrast with the standard

macroeconomic model with heteroscedastic shocks and constant risk-aversion for which

the effects of the uncertainty shocks on the economy are fairly small, the model proposed

here is able to account for large drops in activity during the economic crisis.

This paper should be considered as an attempt to show in which direction the standard

model could be adapted in order to be able to explain the macroeconomic fluctuations

during the periods of the recession. Bringing the model to the data is left to a future

work.
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Search Frictions on the Credit Market

Maja Ferjančič
Universitá Commerciale Luigi Bocconi

Abstract
We propose a mechanism through which credit shocks are propagated

to the economy in a general equilibrium model. We introduce search and
matching frictions in the contractual relationship between productive agents,
which are borrowing constrained, and financial intermediaries. We model
financial shocks in two forms: (i) as a negative credit market efficiency
shock, and (ii) as a positive shock to the separation rate. In accordance to
the data, both shocks give rise to countercyclical spreads between deposit
and lending rates, which increase in periods of financial distress, and also
capture the fact that in the downturn, firms’ financing difficulties increase.
The latter, together with the decrease in the bank’s willingness to supply
loans, has a direct consequence on variations in the liquidity of the credit
market.

Results show that following both a negative credit market efficiency
shock and a positive shock to the separation rate, the credit spread in-
creases. In the case of a credit market efficiency shock, an increase in the
credit spread is accompanied by an increase in the liquidity of the credit
market, while in the case of the shock to the separation rate, the liquidity
of the credit market decreases. Thus, a recession stemming from a credit
market efficiency disturbance is relatively mild in comparison to a situation
in which the economy is hit by an equally large shock to the separation rate.

Keywords: business cycles, credit market, financial frictions, search and
matching frictions, banks, financial crisis
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1 Introduction

The present paper focuses on the banking sector, its role in financial intermedia-

tion, the equilibrium bank credit determination and the role of banking sector in

propagation mechanism of the shocks on the economy. In modeling the banking

sector we borrow from the search and matching frictions literature that has proved

to be useful in explaining fluctuations in the labour market. This choice was mo-

tivated by the evidence that it is more difficult for firms to find funds for financing

their production in the periods of financial distress. This quote from a speech of

J.C. Trichet, former governor of the ECB, provides an example of the mechanism

we have in mind:

”The firms reported that they were having difficulties in finding cus-

tomers, that their turnover and profits were falling and that: bank

loans were harder to come by...”1

As the banks play a crucial role in maintaining and extending credit to all other

sectors of the economy, and in particular to small and medium size firms, un-

derstanding search frictions on the credit market and the propagation mechanism

that stems from them is important from a theoretical point of view as well as from

a policy makers point of view when implementing the measures to stabilize the

credit market.

The fundamental feature of the model is the presence of search and matching

frictions on the banking market. These are introduced to capture the idea that

productive agents face difficulties in finding the funds. An entrepreneur has to

find a bank that provides him a loan to finance her business projects. Thus, the

entrepreneur has to spend her resources to find such a loan which will enable her

to produce.

1Speech by J.C. Trichet, October 15, 2009.
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Though in the present paper the asymmetric information is not modeled directly

as modeled in Bernanke et al. (1999) nor the frictions arise in the form of credit

constraints as in Kiyotaki and Moore (1997), the search frictions could be viewed

as reduced-form representation of a wide array of resource and information fric-

tions characterizing the lending relationship. In the present analysis, however,

the search frictions are interpreted as complementary credit frictions that might

exist simultaneously with the frictions related to the asymmetric information. In

order to keep the setup simple and tractable and in order to be able to draw

clear implications of the search frictions in the credit market for the rest of econ-

omy, the Bernanke-Gertler-Gilrichst and Kiyotaki-Moore type of credit frictions

are left aside. As such, the model in a simple and tractable setup gives rise to the

positive spread between deposit rates and lending rates, which are in the periods

of financial distress typically associated with lower levels of real expenditure and

employment 2. Further, the model captures the fact that in the downturn, firms’

financing difficulties increase amplifying the credit spread.

The contributions of the paper are three-fold. First, the paper provides an al-

ternative view on how the equilibrium on the credit market is determined. In

particular, the framework allows to construct a loans creation curve, which repre-

sents the supply side off the credit market.3 The demand side for loans is on the

other hand described by the lending interest rate schedule. In equilibrium, the two

curves determine the equilibrium lending interest rate and liquidity of the market.

2See for example Curdia, and Woodford (2009a)
3The loan creation curve can be seen as the analogue to the Job Creation curve in the labor

search and matching literature.
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Second, this framework has a direct implication for how the credit market imper-

fections matter for market liquidity4, as well as it is able to capture the fact that

in the equilibrium, there is a scope for credit rationing. That is, banks are not

willing to provide additional funds to borrowers at the prevailing market interest

rate.

Third, the framework in hand allows for alternative dynamic analysis of the mech-

anism through which the credit shocks propagate to real economy. We are con-

sidering two types of credit shocks: first, a shock that affects the efficiency of

the matching process one the credit market, and second, a shock that affects the

separation rate between the banks and the entrepreneurs.

The main results of our analysis can be illustrated as follows. First, after the

economy is hit by any of the two types of shocks that worsen credit market condi-

tions, the credit spread increases significantly. While the shock into credit market

efficiency induce an increase in the credit market liquidity, the separation shock

decreases the credit market liquidity. Second, following the first type of the shock,

the interest rate spread increases relatively by less and since it is accompanied by

the increase in the market liquidity, the recession stemming from the credit market

disturbance is relatively milder comparing to the situation when the economy is

hit by the second type of the shock of equal size.

The rest of the paper is organized as following: In section 2 is a highly selective

overview of the credit frictions literature, while section 3 presents data available

in Bank lending survey is presented. Section 4 introduces the model in details.

Section 5 is split to subsections: After calibration we introduce the shocks that

we consider within a model. This is followed by the explanation of the mechanism

4The credit market liquidity is defined as the ratio of vacant to unrealized loans. The concept
is discussed in details in the subsection 2.2.
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that transmits the shocks to economy. The last subsection presents simulation

results. Section 6 concludes.

2 Overview of the Credit Frictions Literature

Over the last decades a vast of literature has focused on the interaction between

the financial sector and the macroeconomic variables and on the role that financial

frictions have on the aggregate economic activity. There has been a number of

DSGE models with financial frictions proposed by now, however, they distinguish

themselves by the way they model financial frictions, in particular they distinguish

themselves by the way in which sector the financial friction is created. The other

crucial difference among the existing models with financial frictions is whether

they model financial intermediaries explicitly or not.

With respect to how and in which sectors the financial frictions are assumed, the

literature can be assigned in one of the two groups. One group of papers develops

the theory of financial frictions based on Bernanke et al. (1999) or Carlstrom and

Fuerst (87) and Faia and Monacelli (2007) ideas. In this group of models, frictions

steam from the agency problems, in particular, they arise because the lenders face

the monitoring costs due to imperfect information about the borrowers. Due to

this, the external finance premium defined as the difference between the lending

rate and the risk free rate evolves endogenously in the model. The second group

of papers follows Kiyotaki and Moore (1997), who introduce financial frictions

through collateral constraints. These models employ heterogeneous agents, lenders

and borrowers, the letter being more impatient and borrowing constrained. These

two groups have in common that the financial frictions are introduced on the

productive side of economy. Some recent papers based on Kiyotaki and Moore

(1997) introduce financial frictions through different assets that can be used as
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collateral. Such example are Iacoviellio (2005), Monacelli (2007), Monacelli (2009),

Calza et al. (2011) who introduced housing and durable goods as collateral.

Literature that incorporates the banking sector in the DSGE framework, model

the banks either as operating in the perfectly competitive markets (for example...),

as operating on the monopolistically competitive markets (see for example Gerali

et al. (2010) or facing the intermediation costs (see Curdia and Woodford (2010a),

Curdia and Woodford (2010b)). Among those papers that explicitly model fi-

nancial intermediaries, not many of them focus on banks, their role in financial

intermediation and interdependence with macroeconomy within the search and

matching framework.

To my knowledge, there are only some contributions in the literature, which also

model the credit market imperfections using the search and matching framework.

Dell’Ariccia and Garibaldi (2005) and Dell’Ariccia and Garibaldi (1998) use a

somewhat more complex model, which includes also inter-bank sector and possi-

bility that a fraction of borrowers default and therefore a fraction of loans is not

repaid. However, since the aim of their analysis is to match the variability of loans

and spreads observed on the banking market, they refrain from theoretical analysis

of the dynamic effects of the credit shocks and the propagation mechanism through

which they are transmitted to economy. Next, Weil and Wasmer (2004) construct

a sequential search and matching model. First, the entrepreneur is searching for

a bank that to obtain funds to finance the costs of posting vacancies. When she

obtains the funds, she searches for a worker. With respect to model characteris-

tics, these credit market imperfections are modeled completely symmetrically to

labor market imperfections. Their aim is to analyze how the presence of the credit

frictions amplify unemployment and its volatility through a financial accelerator.

Given the focus of the analysis, their setup is such, that the economy always adjusts
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through labor market, i.e. the labor market efficiency is allowed to be vary due

to the shocks, while the credit market remains equally efficient in all states of the

world. Beaubrun-Diant and Tripier (2009) use the search and matching frictions

to explain the countercyclical behavior of interest rate spreads and their response

to shocks in production technology and in the cost of banks’ resources. In terms of

modeling, they focus solely on the banking market. In contrast, the present paper

incorporates search frictions in a fully-fledged dynamic general equilibrium model.

3 The Model

3.1 Patient Households

The baseline model assumes continuum of agents represented by a representative

household. The representative household’s preference is described by standard

power utility preference that is separable in consumption good, ct, and hours

worked, nt:

E0

{
∞∑
t=0

βth

[
log ch,t −

n1+υ
t

1 + υ

]}
Where E0 denotes mathematical expectations operator conditional on information

set available at time t = 0 and βh ∈ (0, 1) denotes household’s subjective discount

factor.

Let dt be one-period deposit, wt the real wage, RD
t one-period gross return on

deposits and tt the lump-sum taxes. The budget constraint of the household then

reads as following:

ch,t + dt ≤ RD
t−1dt−1 + wtnt + tt

The household chooses process for {ct}, {nt} and {dt} to maximize lifetime utility

subject to the flow of funds constraint. The first order necessary conditions are
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standard
{
ch,t, nt, dt

}
:

(ch,t) : λh,t =
1

ch,t
(1)

(dt) : λh,t = βhEt
{
RD
t λh,t+1

}
(2)

(nt) : nυt = wtλh,t (3)

3.2 Unrealized Loans, Vacant Loans and Matching Func-
tion

Let the loan demand, LD = 1, be the sum of the unrealized borrowing, LU , and

the realized borrowing, L, from the entrepreneur’s point of view and let LV be the

vacant loans or supply of new loans determined by the bank. Define the rate of

unrealized loans, lU = LU

LD
, and rate of vacant loans lV = LV

LD
.

At time t, the bank posts vacant loans, lVt to attract new entrepreneurs to apply

for a loan and approves lt loans. The loan that is approved to entrepreneur is

used to finance business decisions in the same period. Rate of unrealized loans, lUt ,

is defined as the difference between 1 (total demand for loans) and the approved

loans at the end of period t− 1: lUt = 1− lt−1

The matching function on the credit market is described by a production function

that transforms inputs, that are rate of unrealized loans, lU , and rate of supplied

loans, lV , into matches, that is, M = m
(
lV , lU

)
. In particular, the matching

function is assumed to be of constant returns to scale:

mt = m
(
lVt , l

U
t

)
= σm

(
lVt
)σ (

lUt
)1−σ

(4)

where σm represents the efficiency of the matching function.

Let the measure of banking market liquidity be:

θt =
lVt
lUt

(5)
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Credit market liquidity in (5) is defined as the ratio of vacant to unrealized loans.

To rationalize the concept of liquidity, consider the credit market, in which the

supply of loans is relatively high for a given rate of unrealized loans, i.e. θt is high.

As there is an abundance of funds, it is relatively easy for the entrepreneurs to

obtain the funds. The market is liquid. On the other hand, if the supply of loans

is relatively low for a given rate of unrealized loans, i.e. θt is low, it will be difficult

for the entrepreneurs to borrow from the banks. 5

Then the probability that entrepreneur obtains the loan is:

pt = p (θt) =
m
(
lVt , l

U
t

)
lUt

= m (θt, 1) (6)

and the probability that supplied loan finds entrepreneur is:

qt = q (θt) =
m
(
lVt , l

U
t

)
lVt

= m

(
1

θt
, 1

)
(7)

pt is increasing in the banking market liquidity, p′ (θt) > 0, while qt is decreasing

in banking market liquidity q′ (θt) < 0. Note, that the bank knows the probability

of its loan approval rate qt.

Each period a fraction of the matches, s, exogenously separate. Entrepreneurs

loosing their loan as external funds are not allowed to search for a new loan until

the beginning of the next period. The total amount of outstanding loans of a bank,

5A reader who is familiar with labor search and matching models might notice the similarity
of the concept of credit market liquidity and the concept of labor market tightness. The latter is
typically defined as a ratio of vacancies to unemployment. The two concepts are indeed related,
however, there is a crucial difference in nature of the model. In the labor models, the firms
demand for labor. Therefore, posting the vacancies in order to attract workers, is a feature that
characterizes the demand side of the market. Unemployment, on the other hand, characterizes
the supply side of the labor market. In contrast, in the credit market searching model the
opposite is true. Banks supply funds to productive entrepreneurs. Thus the vacant loans are
characteristic of the supply side of the credit market, while unrealized loans are related to the
entrepreneur’s demand for borrowing. In other words, though from notational point of view the
two concepts look equivalent, in terms of the content, the market labor liquidity is equivalent to
the inverse of the labor market tightness.
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lt, is defined as the sum of the loans being rolled over from the previous period,

(1− s) lt−1 and newly approved loans, qtl
V
t :

lt = (1− s) lt−1 + qtl
V
t (8)

3.3 Banking Sector

3.3.1 Structure of the banking sector, timing and financial contract

There is one bank that is assumed to consist of two hierarchical type of units.

On the lower hierarchical level the bank consist of continuum of units that col-

lect deposits from households, while on the higher hierarchical level there is one

large unit that takes all lending decisions and provides loans to a large number of

entrepreneurs. That is, on the deposit side of the credit market the bank faces per-

fect competition, while on the lending side of the credit market, the bank is large

enough so that the marginal separation with the entrepreneur does not affect its

potential for operating in the following period. Bank’s deposit units in the fund

raising stage collect deposits from the households, dt, and transfer them to the

lending unit, which immediately after finding the match transforms deposits into

loans, lt, according to the loan production function lt = f(dt) = dφt with φ = 1.6

In producing loans, the bank’s lending unit suffers fixed operating cost per unit of

newly supplied loan, c.7

6φ = 1 is assumed for simplicity. φ > 1 would imply that in the bank’s balance sheet the loans
are larger than deposits, lt > dt, which could be interpreted as a reduced form representation of
intermediation technology that allows for multiplication of the deposits. The direct consequence
would be then that the bank has positive net worth. As of now, the capital of the bank does not
have role.

7Note that the operating cost, c, can be viewed as a special form of the resource costs faced
by the banks as modeled in Curdia and Woodford (2009a,b). From technical point of view
the operating cost increase the spread between lending and deposit interest rates, but are not
necessary for existence of the spread. The crucial feature that gives rise to the positive interest
rates spread in the model is that there exist search frictions on the credit market.
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The financial contract determines the interest rate at which the bank is willing

to lend the entrepreneur. In particular, the lending rate is bargained between

the bank’s lending unit and entrepreneur. The deposit rate is determined on

the financial market by patient household’s the supply of funds and demand for

deposit by the bank’s deposit units. At the end of the period, the entrepreneurial

household repays to the bank the amount RL
t lt,

8 as determined in the the financial

contract, while the bank repays deposits to the households, RD
t dt.

3.3.2 Bank

Given exogenous separation rate, s, the value function of the bank, BM
t , is the

following:

Bt(rt, lt−1) = rLt lt − rDt dt − clVt + βhEt
{

Λh
t,t+1Bt+1(rt+1, lt)

}
where c is the bank’s fixed operating cost per unit of newly supplied loan, βh is

household’s subjective stochastic discount factor and Λh
t,t+1 =

λh,t+1

λh,t
. Since the

bank consists of two independent types of units, the bank’s problem can be split

in two separate optimization problems. At time t, the deposit units maximize the

value of the bank by choosing deposits, dt, subject to loan production function,

taking the lending interest rate, rLt as given:

maxBt(rt, lt−1) = rLt lt − rDt dt − clVt + βhEt
{

Λh
t,t+1Bt+1(rt+1, lt)

}
subject to

lt = f(dt)

As the deposit side of the credit market bank is perfectly competitive, the first

order condition for deposits decision states that for the bank it is optimal to

8As will become clear in the next section, because the model assumes perfect risk-sharing
within entrepreneurial household, the entrpreneurs’ borrowing is always fully repaid.
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demand deposits so long that the marginal cost of deposit is equal to the marginal

product of deposit:

rDt = rLt f
′
(dt)

At the same time, t, the bank lending unit maximizes the bank’s value by choosing

newly supplied loans, lVt , given its outstanding amount of loans, lt−1, the proba-

bility of a vacant loan being approved to the entrepreneur, qt, and the current and

expected path of lending and deposit rates:

maxBt(rt, lt−1) = rLt lt − rDt dt − clVt + βhEt
{

Λh
t,t+1Bt+1(rt+1, lt)

}
subject to

lt = (1− s) lt−1 + qtl
V
t

The first order condition with respect to newly supplied loans, lVt , reads:

∂BM
t (rLt , lt−1)

∂lVt
= rLt −

c

qt
+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1, lt)

∂lt

}
= 0 (9)

Combining (9) with the envelope condition and forwarding the expression for 1

period yields:
∂BM

t+1(rt+1, lt)

∂lt
= (1− s) c

qt+1

(10)

Using (10), the first order condition (9) can be rewritten as:9

c

qt
= rLt + βh (1− s)Et

{
Λh
t,t+1

c

qt+1

}
(11)

Loan creation condition, LCC, in (11) represents the supply side of the loan mar-

ket. It states, that bank supplies new loans up to the point where the expected

operating cost per new loan (lhs) equals the sum of the profit from lending in the

current period and the discounted expected savings from creating the new loans

in the following period that stem from the fact that the match continues (rhs).

9See Appendix A1 for detailed derivation of the loan creation condition.
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The lending rate is determined by the bargaining between bank’s lending unit and

entrepreneur about the terms of the financial contract. For the purpose of lending

interest rate bargaining, define Jt(r
L
t ), the value for the bank of approving another

loan at time t after the operating costs are sunk. Differentiating BM
t

(
rLt , lt−1

)
with respect to lt, taking operating costs as given yields:

Jt(r
L
t ) = rLt + βh(1− s)Et

{
Λh
t,t+1Jt+1(rLt+1)

}
(12)

3.4 Entrepreneurial Household

Following Merz (1995), there is a representative entrepreneurial household with

a continuum of members of measure equal to unity. The household is assumed

to be impatient and productive, which gives rise to borrowing. In particular, the

members of the entrepreneurial family can either obtain loans, lt, and produce

or do not obtain loans and therefore do not produce, lUt . Realized loans, lt, are

determined through a search and matching process. There is no utility from leisure,

which in this framework amounts to not producing. Individuals currently not

producing are searching for loans at fixed cost per unrealized loan. Those members

who produce, produce homogeneous final good using capital and labor according

to the Cobb-Douglas production function yt = Atk
α
t−1n

1−α
t . The family pools

members’ incomes before choosing per capita consumption and other uses of funds.

In addition to income from production, the entrepreneurs obtain funds by selling

the undepreciated capital to capital producers and by borrowing from the banks.

The funds are then used to finance consumption, to buy new capital, to pay wages,

to repay their loans from the previous period and to find new loans. Therefore,

the representative entrepreneurial family provides perfect consumption insurance

for its members, implying first, that consumption is the same for each person,

regardless of whether the member produces in the current period or not, and

second, that previous borrowing is always repaid.
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The entrepreneurial household maximizes lifetime utility:

max E0

{
∞∑
t=0

βte log ce,t

}
βe < βh

subject to the following flow of funds constraint:

ce,t + (lt)qkt [kt]− qkt [(1− δ) kt−1] +RL
t−1lt−1 + (lt)wtnt + ce(1− lt) ≤ lt + (lt)yt

where qkt is the price of capital, ce represents the search cost of entrepreneur

per unit of unrealized loan, lt denotes one-period loans obtained from the bank,

for which at the end of the period, the entrepreneurial household pays a gross

interest rate RL
t lt. R

L
t is determined in a financial contract by bargaining between

entrepreneurs and banks to what I return below.

Note, that the budget constraint consistently with the assumption of the perfect

risk sharing within entrepreneurial household implies that all members, those who

obtain loans as well as those who do not obtain loans, contribute to the household’s

income by selling undepreciated capital to capital producers, qkt (1− δ) kt−1, that

only some members obtain loans, lt, and that only those who obtain loans, con-

tribute to the household’s income from production, ltyt. On the side of uses of

funds, all members of the household consume, ce,t, the entrepreneurial family ac-

quires new capital from capital producers, ltqktkt, and pays wages, ltwtnt, for those

members who produce. Members currently not producing are searching for loans

at costs, (1 − lt)ce; The searching costs are, however, effectively financed by pro-

ductive members. In addition, the family repays the borrowing from the previous

period, RL
t−1lt−1. The family always repays all debt from previous period, which

implies that the bank never faces losses due to badly performing loans that were

not repaid as a consequence of entrepreneurial default.10

10This is a simplifying assumption that allows to make the model more tractable without loss
of generality.
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Entrepreneurial family maximizes lifetime utility subject to the flow of funds con-

straint and production function by choosing optimal path for consumption, ce,t,

and capital, kt. The first order conditions are the following:

λe,t =
1

ce,t
(13)

qkt = βe
1

lt

λe,t+1

λe,t
[rkt+1 + qkt+1 (1− δ)] (14)

The first FOC is standard and defines the marginal utility of consumption for the

entrepreneurial household. The second FOC is optimality condition for capital.

Note, that takes into account also loans, that is, the more loans, the lower demand

for loans, the lower price for capital.

Since the inputs markets are assumed to be perfectly competitive, the wages and

return on capital, respectively, are determined by their marginal productivity:

wt = (1− α)
yt
nt

(15)

rkt = α
yt
kt−1

(16)

Note, that the household does not optimize with respect to loans. The treatment

of decision for borrowing and derivation of the demand for borrowing is subject of

the next subsections.

3.4.1 Entrepreneur’s value functions

If pt is the probability that entrepreneur obtains the loan (match with the bank)

and s is exogenous separation rate, the value functions describing the value for the

entrepreneur when being matched or non matched, respectively, are the following:

The value for the entrepreneur of obtaining the loan is:

EM
t = yt−wtnt−qkt [kt − (1− δ) kt−1]−rLt−1−ce+βeEt

{
Λe
t,t+1

[
(1− s)EM

t+1 + sEN
t+1

]}
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Note, −ce in the value function of the entrepreneur who is matched. This amounts

to assuming that despite that the entrepreneurs who are not matched and thus

not produce, are on the search for loans, the costs that arise when searching ce

are financed by those members of the family who are producing. The motivation

for such assumption is, that it is profitable for the producer to finance the costs of

searching in order to obtain loan and thus roll over or increase the debt.

The value for the entrepreneur if she is not matched is:

EN
t = qkt(1− δ)kt−1 − rLt−1 + βeEt

{
Λe
t,t+1

[
pt+1E

M
t+1 + (1− pt+1)EN

t+1

]}
Define entrepreneur’s surplus as SEt = EM

t − EN
t . Taking into account the en-

trepreneur’s value functions, her surplus can be rewritten as:

SEt = at − rLt lt − ce(1− lt) + βeEt
{

Λe
t,t+1 (1− s− pt+1) [St+1]

}
(17)

where at = yt − wtnt − qktkt.

3.5 Determination and Dynamics of the Lending Interest
Rate

In the bargaining process, the bank and the entrepreneur maximize the wighted

total surplus from the realized match by the choosing the value of the lending

interest rate, rLt . Let η be the bargaining power of the bank and (1 − η) the

bargaining power of the entrepreneur. In the solution, rLt must satisfy the following

condition:

(1− η)
[
SEt
]

= η [Jt] (18)

The equilibrium condition as described by (18) states, that in the equilibrium, the

bank and the entrepreneur split the total surplus according to their bargaining

powers.
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Solving for lending interest rate, we obtain the interest rate schedule:11

rLt = ηx+ η
c

σm
Et
{

Φt,t+1θ
1−σ
t+1

}
(19)

where Φt,t+1 = βeΛ
e
t,t+1 (1− s− pt+1)−βh (1− s)EtΛh

t,t+1.12 Treat x as unemploy-

ment benefit. In principle, x can be any value equal or larger then ce.

The interest rate schedule, IRS, describes the demand side of the credit market.

The entrepreneur is willing to pay higher lending interest rate the lower is liquidity

of the credit market.

3.6 Capital Producers

Following Christiano et al, the model assumes a representative perfectly compet-

itive capital producer. The capital producer produces new capital, kt, using as

inputs newly produced equipment at a unit price and the undepreciated physical

capital, kt−1, purchased from the entrepreneur at the end of period t− 1. Produc-

tion technology of the capital goods is:

kt = (1− δ)kt−1 + (1− S(it/it−1))it

Where δ represents depreciation rate and S (·) captures a presence of the ad-

justment costs of investment. As standard, S (·) is restricted to satisfy following

properties: S (1) = S ′ (1) = 0, S ′′ (1) > 0.

Capital producer’s profit in each period is:

Πk,t = qkt(kt − (1− δ)kt−1 − (1− S(it/it−1))it)− qktkt − it

And expected lifetime profit is:

E0

{
∞∑
t=0

βthΠk,t

}
11See Appendix A2 for details of the derivation.
12Note that Φt,t+1 is strictly negative.
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Maximization of the expected profit with respect to investment good, it, yields

optimality condition linking the price of installed capital, qk, to the price of in-

vestment goods.

qkt(1− S(it/it−1)− S ′(it/it−1)) + βe
λe,t+1

λe,t
qkt+1S

′(it+1/it) = 1 (20)

The aggregate stock of physical capital evolves according to:

kt = (1− δ)kt−1 + (1− S(it/it−1))it (21)

3.7 Aggregation

The resource constraint is:

yt = ch,t + ce,t + it + Costst (22)

where:

Costst = c ∗ lVt + ce ∗ (1− lt) (23)

The complete set of equilibrium conditions can be found in Appendix A3.

4 Dynamic Simulations

4.1 Calibration

Time is in quarters. The quarterly discount factors for patient household and

entrepreneurial household are set to βh = 0.99 and βh = 0.98, respectively. The

annual real interest rate is pinned down by the patient households discount rate

and is equal to 4%.

The capital share in entrepreneurial production function is set to 0.3 and capital

physical depreciation rate is equal to 0.025. The disutility of labor, ν, is set so

that Frisch elasticity is equal to 1.5.
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Parameter determining the efficiency of the matching function is set to 0.7 and

the share of vacant and unrealized loans in the matching function is set to be 0.5.

Bank’s cost per unit of vacant loan is cb = 0.05, entrepreneur’s search cost per

unrealized loan is ce = 0.15. Exogenous separation rate, s, is set to 0.2, which

implies that 20 percent of the matches are separated at the end of the period. The

bank’s bargaining power is equal to entrepreneur’s bargaining power, that is 0.5.

The choice of parameters relevant for the credit market deserves a few additional

comments. The value of the entrepreneur’s search cost per unrealized loan, ce,

affects directly credit market probabilities. In particular, the higher ce, the lower

probability that unrealized demand for loan gets realized, pt, and the higher prob-

ability that the vacant loan is approved to entrepreneur, qt. Further, the value ce

together with the value for exogenous separation rate, s, is crucial for the steady

value of the state spread. ce = 0.15 and s = 0.2 were chosen simultaneously such

that the steady state interest rate spread is equal to 2 percentage points.

Table 1 gathers the priors about structural parameters of the model, while table

2 gathers the steady state values implied by this parameterization.
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Table 1: Calibration of parameters

Parameter Name Value

βh Patient household discount rate 0.99
βe Entrepreneurial household discount rate 0.98
α Share of capital in Production function 0.3
δ Depreciation of capital 0.025
ν Disutility of labor 0.67

σm Efficiency of the matching function 0.7
σ Share of vacant loans in the matching function 0.5
cb Bank’s cost per unit of vacant loan 0.05
ce Entrepreneur’s search cost 0.15
s Exogenous separation rate 0.2
η Bargaining power of the bank 0.5

4.2 Shocks

There are three shocks in the model: neutral technology shock and two types of the

shock that affect the credit market. The first type of credit shock is the shock to

efficiency of the credit market and the second type of the credit shock is the shock

to the bank-entrepreneur relationship’s separation rate. All the processes for the

shocks are assumed to be AR(1) with persistence parameters 0.95 and normally

distributed exogenous disturbances with zero mean and unit variance, ∼ N(0, 1).
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Table 2: Steady state values

Parameter Name Value

y Output 2.25
ch Patient household’s consumption 1.6
ce Entrepreneurial household’s consumption 0.6
k Capital 14.9
i Investment 0.4
n Labor 1
pk Price of capital 1
w Wage 1.6
d Deposits 0.75

RL Lending interest rate 1.033
DL Deposit interest rate 1.010

Spread Interest rate spread 0.023
l Realized loans 0.72
lv Vacant loans 0.15
lu Unrealized loans 0.28
m Matches 0.14
q Probability that loan is approved 0.94
p Probability that unrealized loan is realized 0.52
θ Liquidity of the credit market 0.56

*Comment: Steady state values are rounded to 2 or 3 decimals.
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4.3 Transmission Mechanism

In this section we evaluate the transmission of the shocks. The aim of this exercise

is to provide qualitative insights into the mechanism through which the shocks

transmit to economy when the credit market is characterized by search frictions,

rather than quantitative characterization of the model that would fit the data.

To explain the mechanism that works through the credit market, it is useful to

have a closer look into the equilibrium conditions that determine the supply and

demand for loans on the credit market amended by the two credit market shocks.

As argued above, the supply side of the credit market is represented by the loan

creation condition, LCC, which can be rewritten in terms of liquidity as:13

θ1−σ
t = rLt

σmεm,t
c

+ βh (1− sεs,t)Et
{

Λh
t,t+1θ

1−σ
t+1

}
(24)

where εm,t is the shock to the credit market efficiency and εs,t is the shock to

separation rate.

The demand for loans by entrepreneurs is given by the aggregate lending interest

rate schedule:

rLt = (1− η)x+ η
c

σmεm,t
Et
{

Φt,t+1θ
1−σ
t+1

}
(25)

It is straight forward to show, that the two curves uniquely determine the equilib-

rium lending interest rate, rL, and the credit market liquidity, θ:

θ∗ =

[
σm

c(1− βh (1− s))
rL
] 1

1−σ

and rL∗ =
(1− η)x

1− η Φ
(1−βh(1−s))

where Φ = βe (1− s− p)− βh (1− s).

13This expression is equivalent to the one given by equation (11). See Appendix A2 for
derivation.
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Figure 1 graphically represents the supply and demand for loans and equilibrium

on the credit market:

Figure 1: Equilibrium on the credit market

We can see, that the current lending interest rate depends negatively on the ex-

pected future credit market liquidity. The effect of higher lending interest rate on

the current liquidity is, however, ambiguous. Plugging the interest rate schedule

into the loan creation condition reveals, that the current liquidity is determined by

the expected future prospects of the credit market. That is, by the expected credit

market liquidity. Call the term that causes expected liquidity to affect current liq-

uidity positively, PTt,t+1 = βh (1− sεs,t)Et
{

Λh
t,t+1

}
, and the term that causes ex-

pected liquidity to affect current liquidity negatively, NTt,t+1 =η c
σmεm,t

Et {Φt,t+1}.

It is now easy to see, that if the credit market liquidity is expected to increase in

the future, then the current liquidity increases if and only if PTt,t+1 is greater than
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NTt,t+1 in absolute value. If the reverse is true, the current liquidity decreases due

to expected increase in future liquidity.

Consider now the two types of the credit market shocks. Figure 2 graphically

represents the credit market adjustments within the period, when the credit market

is hit by negative credit market efficiency shock.

Figure 2: The effects of negative shock to credit market efficiency

Negative shock to the credit market efficiency, εm,t, means that the credit market

becomes less efficient. That is, for any given rate of vacant and unrealized loans,

less matches will be created. As a direct consequence of the shock, the current

lending interest rate increases. For any given current and expected future liquidity,

the entrepreneurs are willing to pay higher interest rate because the credit market

is less efficient. Thus, the interest rate schedule shifts upwards. If the supply
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of vacant loans depended solely on the lending interest rate, the new equilibrium

would be in point A, where both the interest rate and current liquidity are higher.

However, the bank’s optimality condition states that the current liquidity depends

on the expected future liquidity as well. For the current set of structural parame-

ters, PTt,t+1 is in absolute value smaller than NTt,t+1.14 That is, the current credit

market liquidity depends negatively on the expected credit market liquidity imply-

ing that following the negative credit market efficiency shock, the current liquidity

increases. Thus, the loan creation curve shifts upwards too. The new equilibrium

on the credit market is in point E1, where the lending rate is higher and as the

rate of vacant loans increases by relatively more than the rate of unrealized loans

the liquidity is higher. This will indeed be the case in the simulations presented

below.

The second credit market shock that we consider is a positive shock to the sepa-

ration rate of the bank-entrepreneur relationship. It is interpreted as exogenous

disturbance causing more matches to default at the end of the period. Figure 3

graphically represents the credit market adjustments within the period when the

separation shock, εs,t, is at work.

Suppose the shock has hit the economy at the end of the period t−1. This implies

an increase in both the rate of vacant loans and the rate of unrealized loans.

Since the entrepreneurs face search costs, increase in the rate of unrealized loans is

relatively greater, therefore the liquidity in period t decrease. Given higher rate of

unrealized loans, the entrepreneurs are willing to pay higher interest rate. Thus,

the interest rate schedule shifts up-wards. Again, if the expected liquidity remained

14Note, that this shock does not affect neither the value of PTt,t+1 nor the value of NTt,t+1.
What happens to the liquidity is ambiguous and as discussed above depends on the relative abso-
lute value of PTt,t+1 is greater than NTt,t+1. Thus, whether the current liquidity decreases due
to expected decrease of future credit market liquidity depends solely on the structural parameters
of the model.
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Figure 3: The effects of the separation shock

at the same level, the equilibrium point would move along the loan creation curve,

as represented by the point B. However, due to lower current liquidity, the future

liquidity is expected to rise. Therefore, the bank adjusts its supply of vacant

loans, i.e. decreases the rate of vacant loans, so that its inter-temporal optimality

condition continues to hold.15 Loan creation condition shifts upwards. The final

15Whether the the expected liquidity affects current liquidity positively or negatively also in
this case depends on the relative absolute size of the PTt,t+1 and NTt,t+1. Note, however, that
in the case that PTt,t+1 ≤ NTt,t+1 in absolute value, so that the expected decrease in liquidity
reduces current liquidity, and since εs,t, directly decreases NTt,t+1, this hock will amplify the
decrease in liquidity. If, on the other hand, the expected decrease in liquidity decreases liquidity
already in the current period, the shock will reduce this effect. Theoretically, due to the shock
εs,t the effect could be even reversed, but this is highly unlikely and could be achieved only for
very limited set of parameters values which would imply that the difference between the two
terms is negligible and thus the expected liquidity would be almost irrelevant for the current
liquidity.
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equilibrium is in point E1, where the credit market is characterized by higher

lending interest rate and lower liquidity.

Comparing the final effects of the two credit market shocks, we can see that fol-

lowing both credit market shocks, the credit spread increases. Note, however, that

the increase in the spread is relatively larger in the case of separation shock. The

shocks on the other hand drive the credit market liquidity in the opposite direc-

tions. That is, the negative credit efficiency shock increases liquidity on impact,

while following the positive separation shock liquidity decreases. The absolute size

of the effect that the credit shock has on liquidity is relatively larger in the case

of credit market efficiency shock.

The productivity shock affects macroeconomy mainly through the real side of the

economy. As this is a standard shock, that all models have in common, we omit

the detailed analysis of the equilibrium conditions and defer the synthesis of the

effects untill the following subsection, where the simulation results are reported.
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4.4 Simulation Results

4.4.1 The effects of productivity shock

Having the mechanism above in mind, we continue describing general features of

the model by presenting the impulse responses to standard productivity shock.

Figure 4 describes the effect of one standard deviation productivity shock on the

real sector variables and on the credit market variables.16 The main channel of

the mechanism through which productivity shock works is through the real side

of economy. After positive shock output expands and consumption of both types

of households increase. The entrepreneurial household’s consumption, however,

responds relatively less. Since they are productive it is profitable to invest more in

production and increase consumption sluggishly. These responses are consistent

with a model with credit constraints as in Kiyotaki and More (1997).

Turning to the responses of the credit market variables to productivity shock,

we can see that after the economy is hit by positive productivity shock, demand

for credit increases and therefore the interest rate spread increases. At a higher

lending interest rate, the bank increases supply of new loans. As a result, the

entrepreneurs have easier excess to finance and the realized loans increase. The

credit market variables, however, do not react significantly after the economy is

hit by the productivity shock.

16Since there is no prices in the model, the term ’real side’ represents all the markets of economy
other than the credit market.
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Figure 4: Impulse Responses to Productivity Shock
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4.4.2 The effects of credit market efficiency shock

The second shock we consider is the shock to the matching function on the credit

market. We interpreted it as the credit market efficiency shock. That is, after

a negative shock the credit market becomes less efficient and as a result for a

given level of vacant and unrealized loans less matches are created. The direct

consequence is that less loans are approved.

Figure 5 presents the impulse responses of one standard deviation shock to credit

efficiency on the economy. The common wisdom is, that decreased amount of

outstanding credit triggers economic recession. This is indeed what happens in

the model, but as opposed to the transmission mechanism of productivity shock,

the main channel through which the credit efficiency shock is transmitted works

through the credit market. As the market becomes less efficient realized loans

decrease. From entrepreneurial side, increased rate of unrealized loans implies

relatively higher search costs and drop in production, which could induce large

drop in consumption of the entrepreneurial household. The entrepreneurs will be

in order to counteract potential reduction in production be willing to pay higher

interest rate on loans. At a higher lending interest rate for any given expected

liquidity, the banks supply relatively more vacant loans. But then, since the supply

of vacant loans increases relatively by more than the rate of unrealized loans, the

credit market becomes more liquid in the current period and liquidity is expected

to decrease in the future periods. Optimal behavior of the banks require weighting

the current and expected costs of approving another loan. Therefore, in order

to limit expected future fall in liquidity, increase of the supply of vacant loans

is lower than it would be if their optimal behavior would have been determined

period by period. The mechanism that works through the credit market therefore

implies increase of the credit market liquidity, though to the smaller extent, but
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further increase of the lending rate and thus the credit spread. The negative credit

market efficiency shock through the amplification of the credit spread (from 2 to

4 percentage points) induces the recession in the economy.

Figure 5: Impulse Responses to Shock to Credit Market Efficiency
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4.4.3 The effects of credit market separation shock

The third shock we consider is the shock to separation rate. Entrepreneurial

household at the end of the period repays the loans and applies for new loans.

For entrepreneur, it is therefore desirable that the match with the bank contin-

ues, since this enables him to continue producing without additional search costs.

Thus, rolling over the debt allows him to continue producing and consequently to

consume more in its life time. Recall that the entrepreneur whose match with the

bank defaults, cannot continue producing but has to search for a new loan.

Figure 6 presents the impulse responses of one standard deviation positive credit

market separation shock on the economy. As above, also in this case, decreased

amount of outstanding credit will drive economy into the recession. Though the

real economy variables, loan rates and interest rates qualitatively respond in the

same direction as in the case of market efficiency shock, the mechanism is some-

what different. In particular, when the separation shock hits the economy, there

will be relatively more separations at a given efficiency of the credit market. Con-

sequently, more entrepreneurs will be on the search for a new loan and less en-

trepreneurs will continue producing. Recall, that those members of the family who

produce are the ones who effectively finance search costs, which are now relatively

higher as a consequence of increased rate of unrealized loans. For a given rate of

vacant loans, more entrepreneurs will be on the search. As now the availability

of external financing is reduced, they will be willing to pay the higher interest

rates to obtain the loans. As before, at higher lending interest rates, the bank

is willing to supply more new loans. As both the rate of vacant loans and the

rate of realized loans increase, the rate of realized matches will increase. However,

due to the fact that the rate of unrealized loans increases relatively more than the

supply of new loans, the market liquidity decreases. Since the realization of this
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shock affects also the extent to which the expected liquidity affects bank’s deci-

sion about current liquidity, the mechanism induces amplified adjustments of the

credit market spread with respect tho those induced by the shock into efficiency

market. That is, after the increase in the separation rate, the rate of unrealized

loans increases significantly resulting in significant increase in credit spread (form

2 to 5 percentage points). More severe difficulties to access the external finance

together with external finances finances becoming more costly results in a credit

crunch that leads into greater recession as compared to the one that occurs when

the credit efficiency shock is at work.
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Figure 6: Impulse Responses to Shock to Credit Market Relationships

5 Conclusion

The present paper proposes a mechanism through which credit shocks are prop-

agated to economy in a general equilibrium model. The fundamental feature of

the model, namely, the presence of search and matching frictions on the banking

market, is introduced to capture the idea that productive agents face difficulties

in finding the funds.
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The model in a simple and tractable setup gives rise to the positive spread between

deposit rates and lending rates, which in periods of financial distress increases,

as well as it captures the fact that in the downturn firms’ financing difficulties

increase. The latter together with the decrease in the bank’s willingness to supply

loans, has a direct consequence for variations in the credit market liquidity.

Two types of credit market shocks, the shock into credit market efficiency and

separation shock, are considered. The results show that after the economy is hit

by the shocks that worsen credit market conditions, the credit spread increases

significantly. While the shock into credit market efficiency induces an increase

in the credit market liquidity, the separation shock decreases the credit market

liquidity. Therefore, following the first type of the credit shock, the interest rate

spread increases relatively by less and since it is accompanied by the increase in

the market liquidity, the recession stemming from the credit market disturbance

is relatively milder comparing to the situation when the economy is hit by the

second type of the shock of equal size.
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Technical Appendix

Equilibrium conditions

The realized loans:

lt = (1− s) lt−1 +mt (1)

Beveridge-type curve:

∆lu = s (1− lu)− plu = 0 (2)

Matching function:

mt = σm
(
lVt
)σ (

lUt
)1−σ

= σmθ
σ
t l
U
t (3)

Transition probabilities and panking market tightness:

qt =
mt

lVt
= σmθ

σ−1
t (4)

pt =
mt

lUt
= σmθ

σ
t (5)

θt =
lVt
lUt

=
pt
qt

(liquidity) (6)

Loan creation condition:

θ1−σ
t =

rLt − rDt
1− rDt

σm
c

+ βh (1− s)Et
{

Λh
t,t+1

1− rDt+1

1− rDt
θ1−σ
t+1

}
(7)

Aggregate lending interest rate:

rLt = ηrDt + η
c

σm
Et
{

Φt,t+1θ
1−σ
t+1

}
(8)

Production function:

yt = Atk
α
t−1n

1−α
t (9)

Marginal products of Labor and capital

wt = (1− α)
yt
nt

(10)
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rkt = α
yt
kt−1

(11)

Household’s and entrepreneurial first order conditions:

λh,t =
1

ch,t
(12)

λh,t = βhEt
{
RD
t λh,t+1

}
(13)

nυt = wtλh,t (14)

λe,t =
1

ce,t
(15)

qkt = βe
λe,t+1

λe,tlt
[rkt+1 + qkt+1 (1− δ)] (16)

Household’s and entrepreneurial budget constraints:

ch,t + dt ≤ RD
t−1dt−1 + wtnt + tt + Πt (17)

ce,t + qkt [kt − (1− δ) kt−1] +RL
t−1lt−1 + wtnt + ce ∗ lt ≤ lt + yt (18)

Capital producers:

qkt(1− S(it/it−1)− S ′(it/it−1)) + βe
λe,t+1

λe,t
qkt+1S

′(it+1/it) = 1 (19)

The aggregate stock of physical capital evolves as

kt = (1− δ)kt−1 + (1− S(it/it−1))it (20)

Clearing conditions:

RL
t lt = RD

t dt (21)

yt = ch,t + ce,t + it + Costst (22)

Costst = c ∗ lVt + ce ∗ (1− lt) (23)

108

Tesi di dottorato "“Essays on Uncertainty, Business cycles and Search Frictions on the Credit Market”"
di FERJANCIC MAJA
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2012
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Derivation of the Loan Creation Condition

maxBM
t (rLt ) = rLt lt − rDt dt − clVt + βhEt

{
Λh
t,t+1B

M
t+1(rt+1)

}
subject to

lt = (1− s) lt−1 + qtl
V
t

The first order condition is:

∂BM
t (rLt )

∂lVt
= rLt

[
∂lt
∂lVt

]
− c+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

∂lt
∂lVt

}
= 0

∂BM
t (rLt )

∂lVt
= rLt qt − c+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

∂lt
∂lVt

}
= 0

∂BM
t (rLt )

∂lVt
= rLt qt − c+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

}
qt = 0

∂BM
t (rLt )

∂lVt
= rLt −

c

qt
+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

}
= 0

(1− s) ∂B
M
t (rLt )

∂lVt
= (1− s) rLt − (1− s) c

qt
+ (1− s) βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

}
= 0

The envelope condition is:

∂BM
t (rLt )

∂lt−1

= rLt

[
∂lt
∂lt−1

]
+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

∂lt
∂lt−1

}
∂BM

t (rLt )

∂lt−1

= rLt (1− s) + βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

}
(1− s)

∂BM
t (rLt )

∂lt−1

= rLt (1− s)+(1− s) βhEt
{

Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

}
+(1− s) c

qt
− (1− s) c

qt

Using first order condition we obtain:

∂BM
t (rLt )

∂lt−1

= (1− s) c
qt
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Forwarding for 1 period:

∂BM
t+1(rt+1)

∂lt
= (1− s) c

qt+1

Replacing
∂BMt+1(rt+1)

∂lt
in the first order condition:

0 = rLt −
c

qt
+ βhEt

{
Λh
t,t+1

∂BM
t+1(rt+1)

∂lt

}

0 = rLt −
c

qt
+ βhEt

{
Λh
t,t+1 (1− s) c

qt+1

}

Finally, the loan creation condition is:

c

qt
= rLt + βh (1− s)Et

{
Λh
t,t+1

c

qt+1

}
(24)

It is useful to rewrite Loan creation condition in terms of liquidity.

Using 1
qt

= 1
σm
θ1−σ
t we can rewrite it as:

θ1−σ
t = rLt

σm
c

+ βh (1− s)Et
{

Λh
t,t+1θ

1−σ
t+1

}
(25)
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Derivation of the Lending Interest Rate Schedule

In the bargaining process, the first order condition is:

[St] =
η

(1− η)
[Jt]

Using the expressions for the entrepreneur’s and bank’s surpluses, Jt and SEt , we

obtain:[
−rLt + x+

βeEt
{

Λe
t,t+1 (1− s− pt+1) [St+1]

} ] =
η

(1− η)

[
rLt +

βh(1− s)Et
{

Λh
t,t+1Jt+1

} ]
[
−(1 + η

(1−η)
)rLt

]
=

[ η
(1−η)

βh(1− s)Et
{

Λh
t,t+1Jt+1

}
−βeEt

{
Λe
t,t+1 (1− s− pt+1) [St+1]

}
− x

]

Forwarding the first order conditions and replacing St+1 yields:

[
( 1

1−η )rLt
]

=

[
− η

(1−η)
βh(1− s)Et

{
Λh
t,t+1Jt+1

}
+βeEt

{
Λe
t,t+1 (1− s− pt+1) η

(1−η)
[Jt+1]

}
+ x

]

rLt = (1− η)x+ ηEt
{

(βeΛ
e
t,t+1 (1− s− pt+1)− βh(1− s)EtΛh

t,t+1)Jt+1

}

Using Jt = c
qt

and 1
qt

= 1
σm
θ1−σ
t we obtain the lending interest rate schedule is:

rLt = (1− η)x+ η
c

σm
Et
{

Φt,t+1θ
1−σ
t+1

}
where Φt,t+1 = βeΛ

e
t,t+1 (1− s− pt+1) − βh(1 − s)EtΛ

h
t,t+1. Note, that Φt,t+1 is

negative.
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