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ABSTRACT

STAGGERED LOAN CONTRACT IN A NEW KEYNESIAN FRAMEWOR

Alp, Harun
M. S., Department of Economics
Supervisor : AssigofPDr. Ebru Voyvoda Temizsoy
Co-Supervisor : Assoc. Pif. Nadir Ocal

August 2009, 48 pages

This thesis aims to understand the role of interatst setting behavior of the banks
for the transmission of technology, monetary poloygl loan rate shocks into the real
economy. To this end, we introduce a monopolidicedmpetitive banking sector
into a New Keynesian model. Here, each bank camgghats loan rate only
infrequently in the fashion of Calvo type staggecedtract. This setting implies that
the adjustment of the aggregate loan rate is stielyich is consistent with the
empirical evidence. The results show that havingkgtadjustment in the loan
market changes the dynamics of the model signifigaRollowing each shock, the
sluggish adjustment of the loan rate affects thewrhof loan used by the borrowers
considerably. This is the main reason behind tliferdintials across the impulse
responses of the model with sticky loan rate aexilfle loan rate.

Keywords: Banking Sector, Sticky Loan Rates, Celialt Constraint.
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KATI BORC KONTRATLARININ YENI KEYNESYENO YAKLA SIM
CERCEVESNDE MODELLENMES

Alp, Harun
Yuksek Lisans]ktisat Bolum
Tez Yoneticisi Yrd. Dog. Dr. Ebru Voyvoda Temizsoy
Ortak Tez Yoneticisi : Ddgr. Nadir Ocal

Agustos 2009, 48 sayfa

Bu tezde, bankalarin faiz belirleme davsamn teknoloji, para politikasi ve kredi
faizi soklarinin ekononomiye aktarimi tzerindeki etkisiigamistir. Bu dgrultuda,

Yeni Keynesyenci bir modele monopolctu rekabetci Kaarik sektori dabhil
edilmistir. Bu yapida, her banka kredi faizini Calvo tiati kontrat mekanizmasi
cergevesinde dgstirmektedir. Yapilan bu varsayim kredi faizleriniampirik

calismalarla tutarh birsekilde kati olmasini ggamaktadir. Sonuglar kati kredi
faizinin, modelin dinamiklerini 6nemli bir bigcimddegistirdigini gostermektedir.
Yavas intibak eden kredi faizlerinin vagh, s6z konuswoklari takiben kullanilan
kredi miktarini etkilemektedir. Bu durum, esnekkag kredi faizi modellerinin ima

ettigi etki tepki fonksiyonlarinin arasindaki farkin tenkaynadir.

Anahtar Kelimeler: Bankacilik Sektort, Katl KrediiE Oranlari, Teminat Kisitl.
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CHAPTER 1

INTRODUCTION

In the last several decades, many sources ofdnisthave been introduced into the
theoretical models in order to explain economictikations in the business cycle.
Staggered price settings, sticky wage contractsadngstment cost of investment are
some of the mechanisms which have been analyzedutjoly in the literature and
become main ingredients of the workhorse generailiBqum models that are
employed in policy institutions or academia. In iéidd to these, financial frictions
are also considered as an important factor thgieshthe business cyciddowever,
the models with frictions in financial markets at#l in theoretical infancy and most
of the general equilibrium models employed to stdildg dynamics of the main
macroeconomic variables do not include any intewadbetween financial variables
and the rest of the economy. Moreover, frictionl§aancial market assumption
implies that the interest rate set by the centealkbexactly coincides with all the
other interest rates in the economy due to thdrag@ opportunities. That is to say,
once the policy rate is determined, all the ecowoagents become subject to the
same interest rate irrespective of whether theyoarsowers or are savers. However,
we know that in actual economies, there are diffenaterest rates relevant for the

borrowing and saving decisions and they do not nparéectly together.

Regarding the introduction of financial friction#é the dynamic stochastic general
equilibrium (DSGE) models, Carlstrom and Fuers®{)%and Bernanke et al. (1999)
are the most prominent studies which introduce iti@ad collateral requirements
and study how macroeconomic shocks are transnuttadplified in the presence of
these financial elements. Despite the importarg esdsigned to financial frictions,
these studies mainly assume that financial tramsecbccur through the market and

! See Christiano et al (2007) and Heideken (2008)U@. and euro area, Guajardo (2004) for the
evidence from developing countries.



they do not devote any specific role to the finah@ntermediaries, namely to the
banking sector. For instance, Bernanke et al. (L88htions the existence of capital
mutual funds, having the role of collecting res@srérom lenders and distributing
them to borrowers; these intermediaries, howevest perform a risk-pooling

activity by collecting savings from all householdsd lending them to all

entrepreneurs. However, for example in Turkey, manhythe transactions and
activities in both money and capital markets arei@a out by banks and the banking

sector constitutes the major part of the Turkislaficial system.

More recent contributions to the literature havedito provide more realistic and
complete models of the banking sector, where inteliaries have an active role in
determining the price or the supply of financiasets. An example is Christiano et
al. (2007), which extends the model in Bernankealet(1999) by introducing a
perfectly competitive banking sector offering a iggr of saving and liquidity
services and lending opportunities to households fams. However, this model,
still, lacks of realism in the sense that banksasstimed to operate under a perfectly
competitive environment; that is to say, no roldésoted to the banking sector as an

interest rate setter.

In this thesis, we introduce a monopolistically gatitive banking sector in a New
Keynesian model in order to understand the rolentefrest rate setting behavior of
banks in the dynamics of the economy and analyag diferent shocks are

transmitted to the real economy. With this typebahking sector, we allow for

another friction which is staggered loan contraetchanism. In order to introduce
staggered loan contract mechanism into the modeiks are assumed to extend
loans to consumers in an environment of monopolistimpetition by setting the

loan rate in the fashion of Calvo-type staggereattreat. In this setup, only a random
fraction of banks adjusts their loan rate to a ¢geain the policy rate that determines
the marginal costs, while the remaining fractioavies their loan rate unchanged,
which means that the adjustment of the aggregate tate to a monetary policy
change is sticky. This type of setting allows usctmsider the dynamics of the

economy in a more sensible financial sector enwremnt: while the presence of
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monopolistic competition among the banks creategraogenous spread between
the loan rate and policy rate, the introductionstitky adjustment of loan rate
enables us to obtain a time-varying and slowly stitjg mark-up for the loan rate
over the policy rate. With the recognition of theread between different interest
rates, it is no longer the case that the monetaligyp deciding on single interest

rate, has a direct influence on the economy.

Within this framework, this thesis analyzes the licgiions of the existence of
staggered loan contract mechanism by looking ainipellse-responses of the model
under technology, monetary policy and loan rateckboThe results show that the
introduction of sticky loan rates alters the trarssion of the shocks significantly.
Following each shock, the sluggish behavior of ltten rate affects the amount of
loan used by the borrowers significantly, whichttie main reason that creates the
differentials across the impulse responses of tleahnwith sticky loan rate and
flexible loan rate. For instance, under the techgwylshock to non-durable sector, the
presence of staggered loan contract mechanismesdraller reduction in the loan
rate, which results in smaller amount of loan usgdhe borrowers compared to the
flexible loan rate case. Following a contractionargnetary policy shock, stickiness
in the loan ratenoderateghe effects of the collateral constraints on Jaga. On the
other hand, the introduction of staggered loan re@htmechanism leads to very
persistent movements in all variables followingnoate shock and produces an
internal propagation mechanism that renders theceffof the shock amplified and

long-lasting.

The remainder of the thesis is organized as folidiws following chapter provides
some discussion on the related literature. Ch&ptetroduces the theoretical model.
Chapter 4 presents the calibration of the model simiilation outcomes. The last

chapter concludes.



CHAPTER 2

RELATED LITERATURE

This chapter presents a review of the literatueg ith relevant for this thesis in two
parts. The first section provides a brief summdrthe literature on DSGE modeling
which is the modeling approach employed in thissikieThen, section 2 briefly
describes the empirical literature on the estinmatibthe degree of interest rate pass-
through in the loan rate. This line of literaturaskrally motivates the usage of
staggered loan contract mechanism, the main ingmedif the theoretical model that

is explained in Chapter 3 in detail.

2.1 A Brief Summary of the Literature on DSGE Modeing

This section aims to provide an overview of therhture that has led to the
development of DSGE mod@lsThis type of approach to macroeconomic modeling,
a variant of which is employed in this thesis, pdeg the main reference framework
for the analysis of economic fluctuations in moderacroeconomic theory and has

started to be used by many policy-making institigias a modeling framework.

During the 1970s, the existing traditional quaritia macroeconomic models have
lost their popularity on both empirical and theara@tgrounds. The traditional macro
models, typically derived from the so-called Cowl@smmission Approach are

typically featured by a rich set of ad-hoc equatiaepicting the behavior of key
macroeconomic variables and generally estimated siogultaneous equations
techniques. Even though these macroeconometric Imedee used extensively in

policy institutions for policy making and forecamji purposes, many economists

2 This section dwells heavily on Kremer et al. (20@8/ouyi et al. (2007) and Gali (2008).

% See Fair (1992) for the details of Cowles Commisgipproach.



raised severe criticisms to these frameworks becatfigheir poor performance in
1970s. For example, some of the traditional modids,the Wharton Econometric
model and the Brookings Model, failed to predi@ stagflation, i.e. the combination
of high unemployment and high inflation occurredindg the 1970s. This failure was
mainly attributed to the inability of the traditi@hmodels to handle the short run
trade-off between inflation and unemployment, gitagrthe Phillips curve, properly.
On the theoretical front, Lucas (1976) criticized aibsence of an optimization-based
approach in the development of the structural egngain the traditional models and
forcefully argued that these models are not likelyoe useful for policy purposes.
Basically, the so-called Lucas Critique proposedt tteduced-form econometric
models could not provide useful information abolbeé tactual consequences of
alternative policies because the structure of dt@nemy will change when policy
changes, thereby rendering the estimated paramieteesiuced-form econometric
models nonconstant. This means that a macroecoriomeidel that is estimated by
using historical data cannot be a guide for acogstie effects of current policy
actions. Similarly, Sims (1980) proposed that theemce of convincing identifying
assumptions to sort out the vast simultaneity anmoagroeconomic variables meant
that one could have little confidence that the peater estimates would be stable
across different regimes. These powerful critigomesle clear why macroeconomet-
ric models fit largely on the relationships implibg the historical data did not

survive after the structural changes of 1970s.

2.1.1 The Emergence of the Real Business Cycle Theo

In response to these critiques, Lucas (1977) andlafygl and Prescott (1982) and
others initiated a new research program, often dédrms the real business cycle
(RBC) approach, where the models used for poli@fyss are immune to the Lucas
critigue because of their micro foundations. Thermaew of their approach was
that a model of a frictionless and perfectly contpet market economy, populated
by explicitly utility-maximizing rational agents dh are subject to budget constraints

and technological restrictions, could replicateusnber of stylized business cycle
5



facts when the economy is hit by exogenous prodttshocks. Although this so-

called RBC approach to macroeconomic modeling witisized on several aspects,
it is widely acknowledged that the RBC theory hadmimportant contributions to
the macroeconomic theory and established the uBSS&E models as a central tool
for macroeconomic analysis. Most of today's DSGEdem® adopt the general
structure of a RBC model, i.e. they feature an ilsg@uresponse structure built
around optimizing agents in a general equilibriuettisg. That is why main

contribution of the RBC literature to the DSGE mioue was considered to be
methodological, namely to propose a coherent wagejpict and solve a rational
expectation dynamic stochastic general equilibnmaodel.

Despite its essential contributions and initial @opl success, RBC theory was also
seriously evaluated on several fronts. From a #teml perspective, the RBC
approach was criticized for its use of perfect cetitjpn and frictionless markets
assumptions. Under these critical assumptions,RBE literature proposed that
cyclical fluctuations did not necessarily signaliaefficient allocation of resources.
That view implied that stabilization policies magtrbe necessary or desirable, and
they could even be counterproductive. This was allgtun contrast with the
conventional interpretation, tracing back to KeyfE336), of recessions as periods
with an inefficiently low utilization of resourceshich could be brought to an end

by means of economic policies aimed at expandiggeggte demand.

Another criticism to this approach concerns emplrproperties of the RBC models.
Although, the models belonging to this literatunecceeded in reproducing the
properties of the cyclical components of some meswsaomic variables, they are
unable to reproduce realistic fluctuations in houosked and real wages. Moreover,
RBC theory basically attempted to explain econofiictuations with no reference

to monetary factors, even abstracting from theterie of a monetary sector. That is
to say, RBC theory suggested an economic envirohmleere monetary policy does

not have any effect on real variables.

All these controversial points explain why the RB@proach had a very limited

impact on central banks and other policy institagioMany central banks continued
6



to rely on large-scale macroeconometric modelsadyrce forecasts of the economy
that assumed no structural change, but they dkhewing that these models could
not be used with any degree of confidence to gémdmecasts of the results of

policy changes.

2.1.2 The New Keynesian Theory

A vast literature has therefore been devoted tartiprovement of RBC models on
the theoretical as well as the empirical front. €mquently, modeling assumptions
regarding the real side of the economy have become diversified. At the same
time, the New Keynesian paradigm also arose as @empt to provide
microfoundations for key Keynesian concepts sucthasnefficiency of aggregate
fluctuations, nominal price stickiness, and the-nentrality of money (Mankiw and
Romer (1991)). The early models of New Keynesiégrdiure emerged in the late
1970s and 1980s were often static or used redwred équilibrium conditions that
were not derived from explicit dynamic optimizatigmoblems facing firms and
households. In contrast to the RBC approach, howvéve researchers following the
New Keynesian ideas considered market imperfectiasisthe key element to
understanding the real world. As the methodologicaiework introduced by the
RBC literature became more influential in macroexoic theory, the New
Keynesian school started to share with the RBC agghr the belief that
macroeconomics needed more rigorous microfoundstibhe emphasis of much of
the work in New Keynesian literature was, then,pooviding microfoundations of
New Keynesian ideas, namely nominal rigidities sashstickiness of prices, real
rigidities like labor market imperfections and fimtgal market imperfections. In the
following subsections, the key elements of the N&ynesian models and related

studies are presented.



2.1.2.1 Nominal rigidities

In the 1990s, several papers demonstrated howctoporate nominal rigidities into
dynamic general equilibrium frameworks (Calvo (1983airault and Portier (1993),
Yun (1996), King and Wolman (1996)). As with theasnKeynesian literature, the
initial emphasis was given to the nominal priceditiges. These models, which share
the same basic foundations, are essentially morstigotompetition versions of the
neoclassical growth model, modified to allow forrigale labor supply. In this
setting, monopolistically competitive firms are gdi to some constraints on the
frequency with which they can adjust the priceshef goods and services they sell.
Alternatively, firms may face some costs of adjustihose prices. As a consequence
of the presence of nominal rigidities, changeshiorsterm nominal interest rates are
not matched by one-for-one changes in expecteditiofi, thus leading to variations
in real interest rates. This brings about changehsumption and investment and,
as a result, on output and employment, since fifimg it optimal to adjust the
quantity of goods supplied to the new level of dechaffected by the real interest

rate.

As part of these developments, a vast body of reseamerged on what is now
known as the New Keynesian Phillips curve. Usingaified version of the model
devised by King and Wolman (1996), Gali and Ger{E999) showed that the
inflation dynamics equation is a forward lookingsien of the Phillips curve that

links inflation to its past value, its future valaed real marginal cost.

2.1.2.2 Real rigidities

Another line of the New Keynesian literature ret@dithe theoretical findings of Ball
and Romer (1990), which called for a combinatiomnofminal and real rigidities.
One line of research, summarized by Woodford (2088 done in order to explain
the slope of the Phillips curve without assumirrgre nominal rigidities. Woodford
stresses the notion of strategic complementariti@sere pricing decisions by

companies depend positively on their competitongices. When faced with a shock
8



that encourages it to revise prices upwards, aWilinbe tempted to make a partial
increase if it is afraid that its competitors witht put up their prices. At equilibrium,
all monopolistically competitive producers end umkimg small price changes,

which tends to make inflation insensitive to changereal marginal cost.

On the other hand, a series of work took the rafitexplaining the persistence of
real marginal cost (Dotsey and King (2001), Chaisti et al (2005)). Here, the most
commonly encountered mechanisms involve assumiag) ¢hpital utilization is
variable and that nominal wages are sticky. Whesaiites over time, the utilization
rate absorbs part of the shocks that increase difoacapital. This leads to modest

changes in the price of capital and hence in reabmal cost.

2.1.2.3 Financial Market Imperfections

Several studies incorporate financial market imgetibns within the New Keynesian
framework, with the aim of better understanding tb&e of financial factors in
business cycle. A reference framework combining inahrigidities and financial
frictions has been developed by Bernanke et aBL9n this paper, entrepreneurs,
who borrow funds to undertake investment projeétége an external finance
premium that rises when their leverage increasesgtfening in monetary policy,
for example, reduces the return on capital resylitna decline in the net worth of
firms. Declines in net worth increase firm levera@gading to further raising in
external financing costs and reducing the demanddpital. The drop in demand for
capital reinforces the decline in its value. Thigadmanism is often called an
“accelerator” effect, because the lower price dfitzd has a feedback effect, further
lowering the net worth of firms. Using this settinglibrated to postwar US data,
Bernanke et al. (1999) show that the financial kreéor mechanism amplifies the
impact of shocks and provides a quantitatively irtgo@t mechanism that propagates
shocks at business cycle frequencies.

Other recent papers have also explored the immitaitof the coexistence of

nominal rigidities with different type of crediti¢tions. For example Monacelli
9



(2006) and Campbell and Hercowitz (2005) introducetateral-based borrowing
constraint as a source of credit market imperfectibat is the private borrowing is
subject to a limit which is tied to the value oftldurable good stock. With the
introduction of collateral constraint, rising assetices allow the financially
constrained agents to expand their borrowing anttease consumption and
investment, thus stimulating real activity. Decee@sasset prices, on the other hand,
leads to collateral devaluations, which induce #&gy¢a additionally cut on their
expenditures. Note that this type of credit frinBaonstitutes the main starting point

of the modeling approach that is utilized in tliedis.

Monacelli (2006) studied the relevance of the @neg of collateral constraint for
optimal monetary policy and showed that optimaligyolin this context requires a
partial use of inflation volatility with a redisbutive motive. Moreover, the

introduction of collateral constraint makes thelation of asset prices relevant for
monetary policy. Campbell and Hercowitz (2005) alsed a very similar modeling
approach for introducing financial frictions. Thaper examined the contribution of
the financial reforms of the early 1980s which xel& collateral constraints on
household borrowing in U.S. to the macroeconomabibtzation that occurred

shortly thereafter. The model predicted that tHaxation of collateral constraints
can explain a large fraction of the actual volgtilecline in hours worked, output,

household debt, and household durable goods pwshas

Despite the important role assigned to creditifsitd, the models mentioned above
do not pay attention to the banking sector as anfiral intermediary. More recent
contributions to the literature have tried to pd®vimore realistic and complete
models of the banking sector, where intermediatiese an active role in
determining the price or the supply of financiasets. An example is Christiano et
al. (2007) which augmented a medium-scale DSGE maitle nominal rigidities to
include financial market which offers a varietysaving and liquidity services and
lending opportunities to the households and firDisferent from the early studies,
they introduced two types of financial intermediarinto the model. The first one

operates as a perfectly competitive bank; it intxtrates loans between households

10



and firms, and produces transactions services usipdal, labor and reserves. The
second one, on the other hand, replicates the diakraccelerator mechanism
proposed by Bernanke et al. (1999). The resulth@Bayesian estimation for euro
area showed that financial frictions may play apantant role in the propagation of
shocks and that financial factors can be usef@xgain past episodes of business

cycle fluctuations.

Recently, Gerali et al. (2009) extended the exjstinodels in the literature by
introducing a monopolistically competitive bankisgctor similar to our framework.
They extend the model in lacoviello (2005) by idwoing a banking sector with
imperfect competition and endogenous accumulatibnbank capital. Having
estimated the model for euro area, they found that shocks originating in the
banking sector explain the largest fraction of ik of output in 2008 in the euro
area, while macroeconomic shocks played a smadlier They also find that an
unexpected reduction in bank capital can have atanhbal impact on the real
economy and particularly on investment. Our framgwaiffers from this model in
three respects. Firstly, rather than the implicatiof the existence of stickiness in
loan rates, they focused on those of monopoligimopetition and accumulation of
banking capital. Secondly, while we assume staggle@n contract mechanism a la
Calvo in loan setting problem of private banksytpeesume that the private banks
face an adjustment cost of changing the loan fat®ally, instead of a constant
supply of durable goods as is the case in Gerali. ¢2009), we allow for production

in the durable good sector which is used as codhfer borrowing.

To sum up, the quantitative general equilibrium elsdthat were developed in
response to the Lucas critique have become sopdmisti over time. With the
methodological contribution of the RBC theory anttaduction of various types of
imperfections and rigidities in the markets for dgepfor factors of production into
the DSGE models, today, the DSGE modeling strategginates most of branches
of macroeconomics. Particularly important contribné are made in monetary
economics by Rotemberg and Woodford (1997), inrivatonal macroeconomics by
Obstfeld and Rogoff (1995), and in fiscal policyabsis by Chari, Christiano and

11



Kehoe (1994). The latest-generation models are unedized models that
incorporate virtually all the theoretical advanaesd many New Keynesian ideas
such as nominal rigidities in price and wage sgttireal rigidities, imperfect
competition, financial frictions and other typesimperfections. The two most often
cited ones are those developed by Smets and Wo{2@08) and Christiano et al
(2005). These models incorporate many theoreti@ihanisms and several shocks
and are generally well enough suited to the data.tfiis reason, central banks and
other policy institutions have become increasingiterested in developing full-

fledged DSGE models for policy analysis and foréngs

2.2 The Empirical Literature

The literature includes a huge number of empirgtatlies on the estimation of the
degree of interest rate pass-through in the lodasraDespite the diversity of
approaches and data sets, the majority of the efucthnclude that change in the
policy rate is only partially passed through torl@ates in the short run, although the
estimates of the degree of pass-through differ @pgindies. In one of the early
studies, Goldfeld (1966) tests the adjustment spemdcommercial loan rates
compared to open market rates and demonstrateththédan rates adjust relatively
slowly. Berger and Udell (1992) investigates ovee mnillion individual loans in the
U.S. from 1977 to 1988 and concludes that the &udjeist process of loan rates is
sticky. From the recent literature, by using harrmed ECB bank interest rate
statistics, Sgrensen and Werner (2006) investighgepass-through between market
interest rates and bank interest rates in the Brga and shows that shifts in money-
market rates, including the policy rate, are nanptetely passed through to retail
lending rates. Furthermore, Gropp et al. (2007hesghat interest rate pass-through
in the euro area is incomplete even after contrgllfor differences in bank

soundness, credit risk, and the slope of the yiatde?

4 Mojon (2000), Donnay and Degryse (2001), Sandet Kleimeier (2002), Espinosa-Vega and
Rebucci (2003), Hofmann (2004), Gambacorta (2086ndt et al (2005), are some of the other
studies confirming the same fact for different doigs.
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While all these studies confirm the presence ekgtloan rates as a well-established
fact, the literature may provide different explaoas$ for its roots. According to
some researchers, this type of financial markeenfigetions can be explained by the
existence of long-term relationships between baakd customers. For instance,
Fried and Howitt (1980) and Berger and Udell (198&jue that the benefit from
banker customer relationships that are predomiathtinuous arises from banks
offering an implicit interest rate insurance tckresverse customers by keeping loan
rates less variable than market rates. This mdwtddan rates are sticky with the
consequence that the pass through from changesneymmarket rates to loan rates
is incomplete. On the other hand, Gropp et al. T208rgues that the level of
competitiveness of the financial market is the Kagtor in understanding the
incomplete pass-through in loan rates. Bondt et (2005) also provides an
explanation that the loan rates are not completesponsive to policy or money
market rates because loan rates are also tiech¢ptérm market interest rates. Note
that, the theoretical model for banking sector ttgved in Chapter 3 embodies some
insight from these explanations. With the usag€alvo-type staggered contract in
the loan rate setting problem, it is shown that, abtimal loan rate set at time t is a
weighted average of current and future policy ratsich is consistent with the

explanation provided by Bondt et al. (2005).

13



CHAPTER 3

THE MODEL

This chapter presents the model that is used tdéyzndhe implications of the
existence of staggered loan contract mechanism. mbael builds on Monacelli
(2006) and Campbell and Hercowitz (2005). The eognoonsists of two types of
households, impatient (borrowers) and patient (&uJeouseholds; two production
sectors - durable and non-durable goods sectart gapulated by a large number of
monopolistic competitive intermediate good prodecand by perfectly competitive
final good producers; private banks which operatelem a monopolistically

competitive environment and a central bank.

3.1 The Households

Both types of households derive utility from congion of non-durable final goods
and from the stock of durable goods. The borrova#fifer from the savers in that
they exhibit a lower patience rate, which implieghler propensity to consume for
them? Note that, such an assumption allows for intergieral equilibrium trading of

debt between savers and borrowers. In other wdhds, type of heterogeneity
generates credit flow between two types of agestaraequilibrium phenomenon;
patient households hold a positive amount of dépegh no borrowing, whereas

impatient households borrow a positive amount @& Complementary to this

® Here, in order to differentiate the patience wftéwo types of households, the discount rate fier t
borrowers is set lower than discount rate of savémr the examples of the models with
heterogeneous agents, see Kiyotaki and Moore (19QTsell and Smith (1998) lacoviello (2005),
Campbell and Hercowitz (2005).

® That is why the impatient household is called wer and patience household is called saver.
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assumption, the borrowers face a collateral comstraith the borrowing limit tied

to the value of the stock of durable godds.

3.1.1 The Borrowers

A typical borrower consumes an index of durable @oa-durable final goods,
defined:

N
n-1

s =|@-a)(c)7 +a" (D)7 @)

where C, denotes the consumption of final non-durable gpdds denotes the

consumption of the stock of the final durable ggoagsis the share of the durable
goods in the consumption index ands the elasticity of substitution between non-

durable and durable goofls.

The problem of the borrower is set to maximizeftiwing lifetime utility:

= N k _L 1+9
U= E{;ﬁ [Iog(s+k) Trg N j} )
where £ stands for the discount rate of the borrowris the inverse elasticity of

labor supply and; is a scale parameter, determining the steady e&dte of labor

supply.

" In fact, if borrowers were free to borrow at tharket interest rate, they would exhibit a tendemocy
accumulate debt indefinitely, rendering the steathbte of the model indeterminate. For further
discussion, see Becker (1980).

8 The casei—0 implies that non-durable and durable consumpiienperfect complements, whereas
the case|—o implies that two consumption components are pedebstitutes.
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The utility maximization problem of the borrowerssbject to the following budget
constraint:

P°C +R*(D, -(1-8)D, )+ R, L, = L +WN, +T, 3)

In equation (3),R° and P? are the price of non-durables and durables reispégt
L, is the period t nominal debR' is the nominal borrowing rate on loan contract.

Moreover,W, is the nominal wageN, is the amount of total labor supply aid

is net of government transfers in period t. Lastlyrepresents the depreciation rate
for the durable goods. Here, for simplicity, lalmrassumed to be perfectly mobile
across sectors.

In real terms, the budget constraint of the bormsvean be represented as (in terms

of non-durables):

|
C.+a (D, ~(1- P, )+ Bt = 1w 4+, @
t

d

Re . . . .
where q, =§ is the relative price of durable goods with respgecnon-durable

t
goods,l, is the real debt of borrower in terms of non-dileajpods,7z; denotes the
gross inflation of non-durable at time t, amg denotes the real wage in terms of

non-durable goods.

In this model, the borrower is also assumed to &berrowing constraint, tied to the
value of durable good stock:

° This implies a uniform nominal wage rate acrbssgectors.
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L, <(1-¢)D,P’ (5)

where ¢ is the fraction of the value of durable goods tbahnot be used as a
collateral. From a microeconomic point of view, can be interpreted as the

proportional cost of collateral repossession fonksagiven default (Gerali et al.,
2009). In generall-¢ can be considered as loan-to-value ratio, a measiuthe

tightness of the credit mark#t.

In Monacelli (2009), it is shown that the collatenstraint is satisfied with
equality around the steady state under heterogsrdiscount rate assumption. Since
we focus on small fluctuations around the steadtestf the model; we assume that,
in the neighborhood of the steady state, the caimstis always satisfied with

equality**

In real terms, the collateral constraint can betemias;

|, =(1-¢)Dyg, (6)

Then, the complete problem of the borrower is aefias to choos{eNt,It, Dt,Ct} to

maximize the lifetime utility function, (2), subjeto the budget constraint, (4), and

the collateral constraint, (6). The first order dbions of the problem are:

U,
—bt =w

TRk ™

9 The existence of the collateral constraint cafjugfied by the limited enforcement problem. See
Kiyotaki and Moore (1997) and Rampini and Viswamath(2008) for the microfoundation of the
collateral constraint. For other forms of collatezanstraints, see and Kocherlakota (2000), Canhpbel
and Hercowitz (2005), lacoviello (2005), Calzale{2006) and Monacelli (2009).

' Therefore the standard local approximation tedmssqare applicable in order to analyze the
equilibrium dynamics of the model.
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Ugq =U¢ +B(1- O)E{U .+ A(-0)g, ®)
. _ c R
Ut _/11 +ﬂEtUt+l ]th+l (9)

whereU", US and U represents marginal disutility of labor, marginality of

non-durable consumption and marginal utility of ahle consumption,

respectivelyd, stands for the multiplier for the collateral coastt.

Here, equation (7) shows the standard efficiengyditmn linking the marginal rate
of substitution between consumption and labor supplthe real wage (in terms of
non-durable good). Equation (8) is an intertempa@idition driving the choice
between non-durable and durable goods, requirireg brrowers to equate the
marginal utility of current non-durable consumptigeft-hand side) to the marginal
gain of durable consumption (right-hand side). Téiehand side of the equation (8)
proposes three different types of gain from consigndurable goods: (i) the direct
utility gain from consuming an additional unit ofurdble goods,U‘; (i) the
expected discounted utility from the possibilityin€reasing the future consumption
by selling the remaining durable goods after daptamn, ,Bb(l—d)E[{Utiqul}; (iii)
the marginal value from relaxing the collateral stoaint, A, (1-¢)q, . The last term
implies that, durable good plays a dual role fer torrowers; as collateral for loans
and as an intrinsically valued good. Note that wleilateral constraint is not

binding, that is to sayl, is zero, this last term disappears. On the othedhwhen
the borrowing constraint binds more tightly, thete sayA, gets higher values, the

marginal value of relaxing the constraint beconaegdr. The last condition, equation
(9), is themodifiedversion of Euler equation which reduces to a stahdae when

A is zero™?

12" There is also one additional problem of the heep namely; choosing the loan types among
varieties. This problem will be introduced latepirivate banking sector part.
18



3.1.2 The Savers

This second category of households differs fronrdweers in three ways: (i) the
savers have higher patience rate, (ii) they ar@trger of the monopolistic firms and
banks and, (iii) for simplicity, they do not supphbor.

Under such assumptions, the problem of the sawrde described as maximizing a

discounted lifetime utility given by:

E {iyk log(S )} (10)

where y is the discount rate of the savers>£)."* The budget constraint of the

savers can be written as (in nominal terms);

Ptcét + Ptd (61 _(1_5)51—1)+ th—ll‘:t—l =L+ +ZFj,t (11)
j

where C~:t is the non-durable consumption of savel]%,is the stock of the durable
goods held by the saversl:t is the amount of deposits to the private bariRs, is

the deposit rate'j?t is the net transfer from the government and Ia@y:“ is the
i

nominal profit obtained from the monopolistic firmad banks.

Budget constraint in real terms become:

13 The variables with  refer to the variables of the savers.
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- - - L~

G, +(B, -(1-3)B,, )+ Rf;ct-l =i+ Y, (12)
t J

The problem of the representative saver is, therchbose{ét,ﬁt,ﬂ} in order to

maximize (10) subject to (12). The first order citiod of this problem yields:

- - th
e :yEt{u:il ﬂc} (13)
Ufq =U¢ +y(1- O)EJUC, 0.} (14)

Equation (13) represents a standard Euler equédiothe savers that relates current
and future marginal utilities from non-durable comption. Equation (14) shows the
efficiency condition which equates the marginallitytiof current non-durable

consumption to the marginal benefit of durable godgequation (14) corresponds to

the Equation (8) with no borrowing constraint.

3.2 Final Good Sectors

At time t, a final consumption good of sectgr (=c,d), Y,', is produced by a
representative perfectly competitive fiffh.The final good firm does so by
combining a continuum of differentiated intermediagjoods produced by a
continuum of monopolistically competitive intermatt firms for sectorj , indexed
by iD[O,]], using the technology defined as a Dixit-Stighiggregator as in Dixit
and Stiglitz (1977):

4 Notice thathd refers to the increase in the durable goods siftek depreciation. In other words,

it is the gross investment to the durable goodosedtherefore it should be considered as a flow
variable.
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£

Y =] [ () d j=cd (15)

0
whereY,’ (|) defines the quantity demanded of a particulaediftiated intermediate
goodi by final good producerj, and ¢; > lis the elasticity of substitution across
intermediate varieties in sectgr. Let P' and P'(i) denote the time t price of the

consumption goodj and the price of the intermediate goodfor sector j,

respectively. Then, the profit maximization problefrthe final good sector is:
maxt RIY,) = [ R (i)Y, ()di (16)
Yo 0

subject to equation (15). The first order conditdrthe profit maximization problem

yields the demand function for a typical intermeeligoodi in sector j, given by:

iy i BRI
m(n—x( =) j (17)

t

According to equation (17), the demand for interratd goodi is a decreasing

function of the relative price of that good andiacreasing function of aggregate
output of that sector,’. Imposing the zero profit condition to the problemd

substituting equation (17), the following relatibis between the price of final good
and the price of the intermediate good is obtained:
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1-¢;

R = U RIG) diJ ! (18)

3.3 Intermediate Good Firms

Intermediate good for sector j is assumed to be produced by a monopolist who

uses the following linear production technology:

Y/ (i) = AN () (19)

where A’ is the exogenous technology process followingworagressive schertte
and common to all intermediate good firms in sectorN/ (i) denotes the time t

labor supplied by the borrowers and used by intdrate good firmi in sector]j .

Intermediate firms rent labor in a perfectly conmpet factor market thus they take
the wages as given. Profits are assumed to bebdistd to the savers at the end of
each period. Each firm has monopolistic power in the production of itsnovariety
and therefore has the power to set its price. Heeeassume that, following
Rotemberg (1982), each firm faces a quadratic obstominal price adjustment,

measured in terms of the final good. The adjustrnest is given by:

i[——fy(” —1} Y (20)
2\ RL()

5t is given by
) P
exp(A’) = exp(Al) A v,
with v, = i.i.d.ando<,gAj <1..
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where ¢; 20 governs the size of the price adjustment coséatos j and 7 21is

the gross steady state inflation rate in seqtdf The higher the adjustment cost
parameter, the more sluggish is the adjustmenbofimal prices. In the special case
where ¢; = O the model collapses to a flexible price spectia@a Note that, the
guadratic cost of price adjustment scheme makeprtifé maximization problem of

a intermediate good firm dynamic; instead of maxing its profit period by period,
it seek to maximize its total (discounted) life-&rprofit.

Given the equations (17), (18) and (19) and wagethie labor market, an
intermediate firm chooses a sequence (i) to maximize the expected sum of

future discounted nominal profits:

. 2

e o . P o

E S 00| Pl )Y () W N, - S ) g pi v (21)
k=0 2 I:¥11+k(|)

where O,,, = yk@ is the stochastic discount factor of the saVeasd Et

—t+k
denotes the saver's marginal utility of nominalbime!® Note that labor is flexible
both across firms and across sectors, thereforevéige rate is common across firms

and across sectors.

In a symmetric equilibrium, all intermediate goaabghucing firms in sectoj make

identical decisions. That is to say, the optimaterP’ (i)” is same for all firms in

® We assume that gross steady state inflation islequl, therefore in the following analysis, the
term 7’ drops out from the equations.

7t is because of the assumption that all firms jariate banks are owned by the savers.

18 Marginal utility of nominal income correspondstte lagrange multiplier of the nominal budget
constraint in profit maximization problem of thesees.
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sector j, P'(i)”=P’, and all firms in sector employ the same amouniabbr in

each sectorj . The first order condition of the profit maximikat problem is:

W, - - 0., PLY, -
(og)+ ey piar = 6 07 -0 - B i 0 D, (22)
OmPL _ U
L S Ut+1 if j=c (23)

® R TUf

P Je L
G)t+1 t+jl = inzl qt+l |f J — d (24)
G)t Pt Ut qt

By rearranging the terms in equation (22), one ohtain the standard pricing

equation of the intermediate firms, so called Neay#esian Phillips curve (in non-

linear form). In flexible price case, whege =0, the pricing equation implies;

. W
] (25)

Equation (25) proposes that, in flexible price ¢gsieing decision of a monopolistic

. £ . . W,
firm is to put a constant mark-up,'—l, over its marginal costA—;.
£ -
J

3.4 Private Banking Sector

The private banking sector consists of a continwirmonopolistically competitive

small banks populated over [0,1] interval that Hasdhe job of financing the
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borrower. In order to justify the existence of thenopoly power of each bank, we
assume that; to obtain a total amount of ldgn the borrowers need to take a
continuum of loansL, i(,) from all existing small banksJi D[O,]] such that the

following condition is satisfied;

L = U L () diJa_l (26)

where g 21 is the elasticity of substitution between diffeiated loan varieties in
banking sector. Actually this type of modeling fmanking sector is very similar to
the one that we follow for the monopolistically coetitive production sector.
Although this assumption might seem unrealistiaraindividual leve] the resulting
interest rate setting equation can be considered sitable representation of the

aggregatebehavior of the loan market.

Let R (i) denotes the gross loan rate that is charged by bamd R denotes the

aggregate loan rate. Given equation (26), the lbamre choose their portfolio of

loans so as to minimize the total cost of borrowing

minj R ()L, (i)di (27)

This problem yields a downward-sloping demand cdaeed by each bank;

L. () L{Rﬂj (28)
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where the aggregate loan rai',, corresponds to;

R =UR:(i)1“’dijM (29)

3.4.1 The Problem of the Bank "

Each banki accepts deposit from the savers and extends exeliffiated loan to the
borrowers by using a simple linear production fisrct one unit of deposit is
converted into one unit of loan. In this model, exéss deposit constitutes the only
source of funds for banks. Here we assume thagpriliate banks are not required to
hold excess reserves, therefore they grant all theds as loans to the borrowers.
Loan rate stickiness is introduced to the probleinthe individual banki by
assuming that banks face nominal frictions in sgttheir loan rates similar to Calvo
(1983) and Yun (1996). In this setup, only a randoaction of banks adjust their
loan rate to a change in the deposit rate thatrmi@tes the marginal costs of the
banks while the remaining fraction leaves theimloate unchanged, which implies
that the adjustment of the aggregate loan ratéidkys Thus, when private banks
have the chance to reset their rates, they mustitdé account that the rates may be

fixed for many periods.

Under the downward-sloping loan demand curve ghyeequation (28), the problem

of the bank i is to maximize discounted future fisdt:

19 Note that in profit maximization problem, the ividiual bank takes the aggregate loan rzRJs,and

total loan demand,L,, as given. This means that banking sector abstriom any strategic

interactions between banks since in this modelh émmk cannot affect the loan market as a whole
and takes the market-wide developments as given.okgopolistic banking sector structure in a
DSGE environment, see Cetorelli and Peretto (2000).
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MaxE, > 00| R () Lys(i)~ Rlsbisl) (30)

R() so

Total Revenue Total Cost

where @ is the probability of not resetting the loan ratéjch is independent of the
time elapsed since the last adjustment. In othedsy@ shows the fraction of the

banks at each period t that cannot change their tates. Therefore, the average
duration of the loan rates is given §§-8)". As profits are redistributed to the
savers at the end of the each peri@d,is used also in this problem as a stochastic

discount factor. For simplicity, the deposit rate dssumed to be equal to the
monetary policy rate due to the arbitrage condgigRreixas and Rochet, 2006;

Huelsewig et al, 2006).

The maximization of the intertemporal profit furaeti subject to the borrower's loan

demand function, yields the following first ordemdition:

5070, RA) LR R |0 (31)

where R['D(i) is the new loan rate set optimally. Equation (@presents the optimal

loan rate setting decision of the of the privatakba that can change its loan rate at

time t. Whend = Q that is the flexible loan rate setting, equai{®h) reads:

R)=—2-R’ (32)

Equation (32) implies that in the flexible case thonopolistic private banks simply

put a constant markup over the deposit rate whatading on their loan rates.

27



The log-linearized version of the optimality comglit given by equation (31)

implies:

R'=(1-10)R +(1-10)3 (0) .. 33

The optimality condition implies that the newly sean rate,l%'u, depends on both

current policy rate and the expected future poliates. While the weight of the
current policy rate is given bfl- )@ , the weights on future policy rates sum up to
y@. Given that the long-term market rates can beesaprted as a function of the
forward policy rates, as proposed by the standssdtgpricing theory, the optimality
condition suggests that changes in long-term makets are taken into account in
the loan rate setting decision, meaning that chamgthe current policy rate may not
fully reflected in the loan rate. Therefore thisttisg can be considered as a
consistent framework with the explanation made bypd et al. (2005) regarding the

sources of stickiness in loan rate adjustment.

Note that, under Calvo pricing scheme, the aggestizin rate at time t given by

equation (29) can be re-writter’as

R =la-aR () el )} @

After log-linearizing the equations (31) and (3dhe can show that the aggregate

loan rate follows a process which is similar to@NKeynesian Phillips curve:

%0 Note that since all private banks are assumed thdmogenous, all the private banks that have the
oppurtunity to change their rates choose the saarerate,R (i) .
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L (1-6)1-16) .

— d 6 S yH
Rt_ 1+y62 Rt+l+y62Rt—1+

1+ 62

R.. (35)

where the hatted variables represent the percediagations of the variables from
their steady states. Equation (35) describes tlgreggte interest rate setting
behavior of the banking sector. In this settingewlall banks are allowed to set their
rates optimally at each period, that is to say wHenO, equation (35) implietull

pass-throughfrom the deposit rate (or monetary policy rate)the loan rates,
FA{' = Iitd. However, whend > Qindicating that some fraction of the banks cannot

change their loan rates at period t; the pricingagign of the banking sector implies
that the aggregate loan rates adjust graduallyrasponse to a change in the deposit
rate. That is to say, with positive calibration 6f one can get incomplete pass-
through of aggregate loan rate in the short runteddeer, asg takes higher values,

the adjustment process of the loan rates becomess| The lag value of the loan
rate at the right-hand side of the equatid%Ll, shows one of the important

implications of the modeling feature in this modehe adjustment of the loan rates
to a change in the deposit rate occurs with a $athh@ banks daot revise their loan

rates at each period. The same nature of the bguskictor also proposes that while
deciding on their loan rates, the banks also take account the expectations on
future financing conditions , which depend on teeel of the deposit rate. By
solving the equation (35) forward, it can be easkpwn that while setting the loan

rate, banking sector takes into account the exgddatere level of the deposit rates.

3.5 Central Bank

In this model, the central bank is assumed to msEystematically to the current

inflation and sets its policy rate in every pertmdfollowing simple Taylor rule:
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R = Ry ()" &, (36)

where R is the gross nominal policy rat& is the steady state level of nominal
policy rate and¢{, is the exogenous monetary policy shock which suesed to

evolve according to:

exp(&,) = exXpEL)” 1 (37)

with g, =i.id.and0< p< 1.

3.6 Market Clearing Conditions

To close the model, equilibrium in good marketequires that the production of the
final good j be equal to the sum of total consumption and tst associated with

the adjustment of prices:

R -
-~ ~ C 2
Ytd = Dt _(1_5)Dt—l + Dt _(1_5)Dt—1 +7d(n;d _1) Ytd (39)

Lastly, equilibrium in the labor market requireattfabor supply should be equal to

the total amount of labor demanded by the interatedjood firms:
N, = ZZth (i) (40)
i
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3.6 Equilibrium and Model Solution

Under plausible parameter calibration, which isaduced in the next chapter, the
model has unique stationary equilibrium in whicle tiepresentative borrower hits

the collateral constraint and gets a positive arhaifirioan. Given the exogenous

processes ford) and ¢, the competitive allocation is given by the seqefor

{Ct,ét,Dt,ﬁt,Nt,Lt,I:t,qt,zf,nf‘,vvt,R[,R[',/lt} satisfying the equations (4), (6),
(9), (13), (14), (23)-(25), (35), (36), (38)-(4As the first order conditions of the
model are typically nonlinear, it is generally difflt to solve these types of models
analytically. Therefore, following the standard gifee in the literature, the model
presented in this thesis is solved and analyzedtgining the first-order Taylor
approximation of the non-linear equations arourstibble steady state, which makes
the analysis locally valid. The approximated modgl then, solved by using

numerical computer algorithn3s.

1 To carry out the numerical procedure, the softweiéed Dynare is used in this thesis. Dynare is a
collection of Matlab and GNU Octave routines (fyeaVailable http://www.cepremap.cnrs.fr/dynare/)
which basically solve, simulate and estimate theef®with forward looking variables.
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CHAPTER 4

THE QUANTITATIVE RESULTS

To assess the quantitative implications of intradgcstaggered loan contract
mechanism, the model is solved and simulated uwifégrent shocks and the
quantitative importance of the sluggish adjustn@nthe loan rates is examined by
looking at the impulse-responses of the model. fAie €nd, this chapter mainly
focuses on an expansionary technology innovatiorthto non-durable sector, a
contractionary monetary policy shock and a shocthéloan rates setting given by
the equation (36). Before proceeding to the sinmtatesults, the calibration that is

employed in the quantitative analysis is introdutethe next section.

4.1 Calibration

In order to explore the quantitative implicatiorfstiee model robustly, the model is
calibrated on a quarterly basis. The calibratiosidaly uses the standard values
which are commonly employed in the literafreMost of the parameter values are
borrowed from Monacelli (2006), lacoviello (2005hdaCampbell and Hercowitz
(2005). In this regard, the savers' subjective alist factor is taken ag = 0.99
which produces an annual real interest rate orosiepf 4 percent. Following

lacovelli (2005), the discount rate for borroweckosen a3 = 0.9% The inverse

elasticity of labor supplys, is set equal to 1. The scale parameter for thetitity

22 Note that, in this thesis, we do not focus onithplications of staggered loan contract mechanism
for a specific country; therefore the model is calibrated to any particular economy. In other vgord
the model that is calibrated in this thesis cacdiesidered as representing a hypothetical economy.

2 There are some other studies, such as KrusellSaith (1998) and Campbell and Hercowitz
(2005), which use higher discount rate for the doars. Since in this model the lending rate is éigh
than the deposit rate, we choose a lower discaitet for the borrowers to ensure that the collateral
constraint is always binding around steady state.
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from working for the borrowersg, is calibrated such that the steady state level of
hours worked is equal to 1/3. The depreciation f@t¢he durable goods is assumed
to be set atd = 0.025Following Monacelli (2006), the parameter thateafs
tightness of the credit markef;, is set to be 0.25. The share of durable cons@mpti
in the aggregate spending index, is calibrated in such a way that, the steadestat
share of durable consumption spending in total @opdion spending, becomes 0.2.
The elasticity of substitution between varietieshioth durable sector and non-

durable sectok; is set equal to 8, which yields a steady state+aprof about 15%.

We set the elasticity of substitution between digratmd non-durable consumption
equal to 7= 1 implying a Cobb-Douglas specification of the aomption
aggregator. The parameter which determines the afoshanging price for non-

durable sector is set in a way that, given theevalus,, the implied slope of the log-

linearized Phillips curve takes the same value with one in Gali and Gertler
(1999). Regarding the durable goods, Bils and Khe@2004) document that prices
of durable goods are generally more flexible thaosé of non-durable goods.
Therefore, following lacoviello (2005) and Monace{R009), we assume that
durable good prices are flexible. Note that thelltsshowever, do not hinge on this
assumption. Regarding the monetary policy, thecggliarameters in Taylor rule are

set as¢, = 2 to satisfy determinacy. For the banking sectoageaater, no estimates

for the stickiness of the loan rat@, is available in the literature. Therefore, inerd
to show how the existence of monopolistic bankiecter with staggered loan setting
affects the transmission of various shocks in tbenemy, we simply assume two
cases for the stickiness parameter in the banlgotps In the first casef is set to
zero, implying a standard model with no stickingsthe loan setting. In the second
case,d= 0.5 implying that the average duration of the loate s two quarters.

Table 1 summarizes the parameter values that ¢singbe baseline calibration.
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4.2 Technology Shock to Non-durable Sector

We assume an unexpected 1% positive technologykstmeon-durable sector.
Figure 1 shows the simulation outcomes under tvierdint calibration of private
bank stickiness parameter. Following the technolsiggck, the firms in the non-
durable sector become more productive so theyteimtrease their production. On
the other hand, since the marginal cost of produoon-durable good decreases due
to the increase in the productivity, we also obsemvdecrease in the non-durable
prices. The extra profit earned under monopolistimpetition which is distributed
to the savers allows the savers to expand therduoable consumption. Moreover,
the increase in the real wages and the amountasf tbtained from the banking
sector enable the borrowers to enjoy more consempind leisure. Under this
situation, due to the wealth effect, demand foabie good also increases. Therefore
we observe an increase in both output and pricetitble good. As a response to

decrease in the prices of non-durables, nominatyohte and loan rate decreases

but the real ratesR —77°,,) remain higher so as to restore the equilibrium.

However, once the sticky loan rate mechanism i®dhiced, the transmission of the
shock is affected significantly. Under flexible toeates, as the policy rate starts to
decrease, loan rate decreases even more in absalueedue to the constant mark-
up, which creates a strong incentive to expandltla® demand. Therefore we
observe an increase in the level of loan used &ytirowers. This is another source
of fund for the borrowers to expand the consunmptad both type of goods.

However, under sticky loan rates, even if we obserwdecrease in the policy rate,
the loan rate which is relevant rate for the decisof the borrowers does not
decrease much. This implies a higher cost of obitgitoans. Thus the level of loan

extended to the borrowers is smaller compared ¢oflixible case. Due to the

smaller amount of loan, the increase in the borreWensumption of both durables

and non-durables becomes smaller. However, thein@myafunds which is not used
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by the borrowers as loan create an increase indhsumption of savers on durables

and non-durables due to the general equilibriuraceff

Note that the introduction of sticky loan rateseafs also the whole path of the
policy rate. Given the specification of the Taylote, the Central Bank needs to
decrease its policy rate more compared to flexiblee, since the transmission from
the policy rate to the loan rate is not completéhm short run under sticky loan rate
assumption. That is to say, the central bank shgdonse more aggressively to the

technology shock in order to set the inflation argét.

4.3 Monetary Policy Shock

In this section, the transmission of a contractipgnmonetary policy shock is
discussed by looking at the impulse responses ustiey and flexible loan rates.
Here we assume an unexpected 1% positive polieygiadck. Figure 2 shows the
impulse-responses of selected variables under basies. Under both cases, the
transmission of the shock shows similar qualitatimoperties. Basically, an
unexpected increase in policy rates (deposit rd&ézg)s to an increase in the loan
rates with a complete pass-through under flexibtes and with a imperfect pass-
through under stick loan rates. In both cases,ititiease induces the borrowers to
postpone their current consumption of both typegobds. The decrease in the
current consumption of the borrowers is furtheemsified by the presence of the
financial accelerator effect induced by the colaltteonstraint. On impact, the rise in
the interest rates reduces real value of duraldekstiue to the decrease in the
relative price of durable goods and this cause&d#mcut the amount of loans they
are willing to supply to the borrowers. Moreovdre tincrease in loan rates directly
increases the cost of borrowing. Overall, all afsh channels lead to a decrease in
the amount of loan used by the borrowers, whichcestzates the decrease in the

consumption. Regarding the savers, they also ®pdstpone their consumption and

%4 Note that in this model, the only instrument teaables the savers to postpone their consumption is
to deposit their savings on private banks.
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increase their savings due to the rise in the éstenate. However in equilibrium, due
to these channels, the amount of loan used by ohewers through the banking
sector decreases. Therefore the remaining fundshadme not extended as loans to
the borrowers have to be used by the saver in copi$on. The overall effect is,

then, an increase in the savers' consumption &f thatables and non-durables.

When the sticky loan rate is introduced into thedelpwhat we observe, compared
to the flexible case, on impact is that the new maeésm basically moderates the
reaction of the variables to the monetary policpcdh As seen from the impulse
responses, the Calvo pricing scheme used in the ra@ decision problem of the
banks prevents them to fully reflect the exogenoasease in the policy rate to the
loan rate. The smaller increase in the loan ragalt®in a smaller reduction in the
loan demand. This means that while the borrowevs Imave higher amount of funds
to finance their current consumption, the savesadse their current consumption
and have deposit on banking sector by a greateuamblote that the modification

of the model creates a significant incentive tocpase durable goods for the
borrowers and changes the response of durable gomlimption qualitatively since

smaller increase in the loan rates is enough taterbigher user value of durable
goods by relaxing the collateral constraint. Therefunder sticky adjustment of loan
rate mechanism, the whole dynamics of the modehaslified in a way that the

responses of the all variables to the monetarycpahock which is accelerated by
the presence of collateral constraint are supptdeasd we obtain smaller reductions

the consumption of the borrowers.

4.4 Loan Rate Shock

We finally focus on the effects of an unexpected @dsitive shock to the loan rate
setting behavior of the private banking sector ietblby the equation (35). The
responses of the selected variables to the sheckegorted in Figure 3. This shock
can be interpreted as a change in the bank's lgradtitude towards the borrowers,

which manifests itself as an exogenous changeeethding spread, or as a change
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in the competitiveness of the banking sector drivgthe parameteo .* Note that,
this shock represents an exogenous change intéresh rate which is not driven by
the monetary authority but takes its source sdialyn the private banking sector.
That is to say, from a policy analysis point ofwjehe framework introduced in this
thesis enables us to consider a pure monetaryypshiock and a loan rate shock
separately, which have different origins but bagids an exogenous increase in the

interest rates.

The responses reveal that the introduction of gtieites alters the transmission of
the shocks in a very significant way; under sticarl rates, we observe very
persistence behavior of the real and nominal viesahs response to the loan rate
shock. As mentioned before, the shock basicallglpres an exogenous increase in
the spread between policy rate and loan rate,tneguih an increase in the loan rates.
As a reaction to this, the borrowers immediatelf/tbeir amount of loans which is
used to finance their consumption of durables amutdurables. Overall, the shock
leads to a reduction in the consumption of borrewmar both type of goods, as well
as in the non-durable consumption. Due to the shorg in demand, we also
observe a decrease in the price of both goods. Asponse to this, the monetary
authority decreases its policy rate, which helps lttean rate to come back to its
steady state value and restore the equilibrium.tl@nother hand the amount of
deposit demanded by the private banking sector gdepeases, consistent with the
decrease in the amount of loan. Coupled with tleeese the profits of the banking
sector due to the increase in the interest rateasphithis leaves the savers with extra

funds, yielding an increase in the savers' consiomotf both goods.

Notice that as the sticky adjustment of the lodagds taken into account, the shock
process leads to very persistent movements inaaithles; although the direction of
the responses are the same under two alternatileat@ns of the banking sector,
under sticky loan rates their magnitudes becomeater and it takes much more

time to return to their steady states. Followihg introduction of sticky loan rates

% This is very similar to the cost-push shock intetation analogous to the framework in Smets and
Wouters (2003).
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mechanism, a given level of shock has a greaternam@ persistent effect on the
loan rate due to its internal sticky adjustmentcpss. Thus the path of the loan rate
under sticky rates mechanism becomes higher, waifdcts the dynamics of all
other variable significantly. Higher and persistédn rates result in greater and
persistent decreases in the amount of loan anddhsumption of borrowers. One
can also see the greater decreases in the produgftinon-durable goods and its
prices. In this environment, the Central Bank need®spond more aggressively to
this shock and reduce its policy rate in a verysigeent manner. Overall, even
though both model economies are hit by the samekshibe one with sticky rates
produces an internal propagation mechanism whiodenes the effects of the loan

rate shock amplified and long lasting.
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CHAPTER 5

CONCLUSION

The standard models of monetary transmission eredlay both academic literature
and central banks generally assume no role fonéi@ intermediation and a single
interest rate set by the central bank to existhmm ¢conomy. However, in actual
economies, we observe different interest ratesvaele for different decisions.
Moreover, these benchmark models lack the realisan financial intermediaries
determine the rates charged on loans as profitmiaixig agents. In this thesis, we
introduce monopolistically competitive banking sgdnto a New Keynesian model
in order to recognize the spread between differdgatest rates, namely the loan rate
and the policy rate. This framework also enables ifitroduction of sluggish

adjustment of the loan rates which is also consistéth the empirical evidence.

In the thesis, the implications of the existenceadban rate setting-banking sector
are analyzed by looking at the impulse-responseth@fmodel under technology,
monetary policy and the loan rate shocks. The stian results show that the
impulse responses of the variables under sticky laae differ significantly from
those implied by the model with a flexible loaneratn all cases, the sluggish
behavior of the loan rate affects the amount ofmlased by the borrowers
significantly, which is the main reason that creathe differentials across the
impulse responses of two models. Following the tetdgy shock, the presence of
staggered loan contract mechanism induces smallieiction in the loan rate, which
results in smaller amount of loan used by the weers compared to the flexible loan
rate case. Moreover, stickiness in the loan rafdi@® a more aggressive decrease in
the policy rate due to the decrease in the effoyeof the interest rate channel of
monetary policy transmission with the introductiof staggered loan contract
mechanism. Under a contractionary monetary pologck, stickiness in the loan rate

moderates the effects of the collateral constraorisvariables and we observe
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smaller reductions the consumption of the borrowés the other hand, the
introduction of staggered loan contract mechanisad$ to very persistent
movements in all variables following loan rate dhand produces an internal

propagation mechanism that renders the effecth@fshock amplified and long-
lasting.

40



REFERENCES

Avouyi, S., Matheron, J., Feve, P. (2007) DSGE Medmd Their Importance to
Central BanksQuarterly Selection of Article, Banque de FranWe, 9.

Ball, L., Romer, D. (1990) Real rigidities and then-neutrality of moneyReview
of Economic Studie$7, 183-203.

Becker R. (1980) On the Long-Run Steady State Binaple Dynamic Model of
Equilibrium with Heterogeneous Agentuarterly Journal of Economigcd/ol. 95,
No 2, 375-382.

Berger, A. N., Udell, G. F. (1992) Some Evidencetloen Empirical Significance of
Credit RationingJournal of Political EconomyUniversity of Chicago Press, vol.
100(5), 1047-77.

Bernanke, B. S., Gertler, M., Gilchrist, S. (1999)e Financial Accelerator in a
Quantitative Business Cycle FramewoHandbook of Macroeconomics, in: J. B.
Taylor and M. Woodford (ed.[Edition 1, volume 1, chapter 21, 1341-1393.

Bils, M., Klenow, P. J. 2004 Some Evidence on thmpdrtance of Sticky Prices,
Journal of Political EconomyUniversity of Chicago Press, vol. 112(5), 947-985

Bondt, G., Mojon, B., Valla, N. (2005) Term Struatiand the Sluggishness of Retail
Bank Interest Rates in Euro Area Countrid&rking Paper Series 518, European
Central Bank

Calza, A., Monacelli, T., Stracca, L. (2007) Morga Markets, Collateral
Constraints, and Monetary Policy: Do Institution&hactors Matter?, CEPR
Discussion Papers231.

Calvo, G. (1983) Staggered Prices in a Utility Maiing FrameworkJournal of
Monetary Economigsl2, 383-398.

Campbell, J. R., Hercowitz, Z. (2005) The Role ofl&teralized Household Debt in
Macroeconomic StabilizatiotNBER Working Paperd,1330.

Carlstrom, C. T., Fuerst, T. S. (1997) Agency Costet Worth, and Business
Fluctuations: A Computable General Equilibrium Arsad. The American Economic
Review vol 87, 893-910

Cetorelli, N., Peretto, P. F. (2000) Oligopoly Bamk and Capital Accumulation,
Working Paper Series, Federal Reserve Bank of GoickR.

41



Chari, V., Christiano, L., Kehoe, P. (1994) Optirkédcal policy in a Business Cycle
Model, Journal of Political Economy102, 617-652.

Christiano, L. J., Eichenbaum, M., Evans, C. L.O®0Nominal Rigidities and the
Dynamic Effects of a Shock to Monetary Polidpurnal of Political Economy113,
1-45.

Christiano, L.,Motto, R. and Rostagno, M. (2007hancial Factors in Business
Cycle, mimeo.

Cowling, M. (2007) The Role of Loan Guarantee Sciernn Alleviating Credit
Rationing in the UKMPRA Paper 1613, University Library of Munich, Germany.

Dixit, A. K., Stiglitz, J.E. 1977 Monopolistic Comafition and Optimum Product
Diversity, American Economic Reviewol. 67(3), 297-308.

Donnay, M., Degryse, H. (2001). Bank Lending Raas<Through and Differences
in the Transmission of a Single EMU Monetary PqliCgnter for Economic Studies,
Discussion Paper9117, Katholieke Universiteit Leuven.

Dotsey, M., King, R. G. (2001) Pricing, Productiand Persistenc& BER Working
Paper,8407.

Espinosa-Vega, M. A., Rebucci, A. 2003 Retail Bamterest Rate Pass-Through: Is
Chile Atypical? Working Papers Central Bank of Chi21, Central Bank of Chile.

Fair, R.C. (1992) The Cowles Commission ApproadtalMBusiness Cycle Theories,
and New Keynesian Economic§owles Foundation Discussion Papers004,
Cowles Foundation, Yale University.

Freixas, X., Rochet, J.C. (2008licroeconomics of Banking@'he MIT Press, edition
2, volume 1, number 0262062704.

Fried, Joel and Howitt, Peter, (1980) Credit Ratigrand Implicit Contract Theory,
Journal of Money, Credit and BankinBlackwell Publishing, vol. 12(3), 471-87.

Gropp, R., Sgrensen, C., Lichtenberger, J. D. (RU6@ Dynamics of Bank Spreads
and Financial Structund/orking Paper Series, European Central Barik4.

Hairault, J. O., Portier, F. (1993) Money, New-Kegian Macroeconomics and the
Business Cyclezuropean Economic Revie®7, 1533-15609.

Heideken, V. (2008) How Important are Financiackons in the U.S. and the Euro
Area? Working Paper Series 2283veriges Riksbank (Central Bank of Sweden)

42



Hofmann, B. (2004) Bank Lending and Property PricGe@me International
Evidence Money Macro and Finance (MMF) Research Group Caariee,2003 46,
Money Macro and Finance Research Group.

Hulsewig, O., Mayer, E., Wollmershaeuser, T. (20B&phk Behavior and the Cost
Channel of Monetary TransmissicdDESifo Working Paper SerieNp. 1813.

lacoviello, M. (2005) House Prices, Borrowing Coastts, and Monetary Policy in
the Business CycJéAmerican Economic Reviewol. 95(3), 739-764.

Gali, J. (2008)Monetary Policy, Inflation, and the Business CycRrinceton
University Press.

Gali, J., Gertler, M. (1999) Inflation DynamicsS&uctural Econometric Analysis”,
Journal of Monetary Economicd4, 195-222.

Gambacorta, L. (2004) How Do Banks Set Interese&BNBER Working Papers
10295.

Gerali, A., Neri, S., Sessa, L., Signoretti, F.J2p Credit and Bank in a DSGE
Model of the Euro AreaBanca d'ltalia, Research Department

Goldfeld, S. M. (1966), Commercial Bank BehaviourdaEconomic Activity.
Amsterdam. North Holland.

Guajardo, J. (2004) Financial Frictions and BussnéSycles in Developing
Countries,Econometric Society 2004 Latin American Meetir®%/, Econometric
Society.

Keynes, J.,M. (1936)The General Theory of Employment, Interest and Mone
Macmillan Cambridge University Press.

Kiyotaki, N., Moore, J. (1997) Credit Cycledournal of Political Economy
University of Chicago Press, vol 105(2), 211-48.

Kocherlakota, N. R. (2000) Creating Business Cytlesugh Credit Constraints,
Quarterly Review, Federal Reserve Bank of Minneap2t10.

King, R. G., Wolman, A. L. (1996) Inflation Targegj in a St. Louis Model of the
21st Century”Federal Reserve Bank of Saint-Louis Quarterly Revis, 83-107.

Kremer, J., Lombardo, G., Thadden, L., Werner, 2006) Dynamic Stochastic
General Equilibrium Models as a Tool for Policy Ayss, CESifo Economic
Studies, Oxford University Pressol. 52(4), 640-665.

43



Krusell, P., Smith, A. A. (1998) Income and Wealleterogeneity in the
Macroeconomy,Journal of Political EconomyUniversity of Chicago Press, vol
106(5), 867-896.

Mankiw, N. G., Romer, D. (1991New Keynesian EconomjcMIT Press;
Cambridge, MA.

Mojon, B. (2000) Financial Structure and the Ins¢ér&kate Channel of ECB
Monetary PolicyWorking Paper Series, European Central Bafik,

Monacelli, T. (2006) New Keynesian Models, DuralBoods and Collateral
ConstraintsCEPR Discussion Papers916.

Monacelli, T. (2009) New Keynesian Models, Duralgeods, and Collateral
Constraints,Journal of Monetary Economicsol. 56(2), 242-254

Obstfeld, M., Rogoff, K. (1995), Exchange Rate Dyies Redux,Journal of
Political Economy103(3), 624—660.

Rampini, A.A., Viswanathan, S. (2008) Collaterahdncial Intermediation, and the
Distribution of Debt Capacity, mimeo.

Rotemberg, J. J. (1982) A Monetary Equilibrium Mbdéth Transactions Costs,
NBER Working Paper§978.

Rotemberg, J., Woodford, M. (1997) An OptimizatiBased Econometric
Framework for the Evaluation of Monetary Polity8ER Macroeconomics Annual
297-346.

Sander, H., Kleimeier, S. (2006) Interest Rate Héseugh in the Common
Monetary Area of The Sacu Countri€douth African Journal of Economijcsol.
74(2), 215-229.

Smets, F., Wouters, R. (2003) An Estimated DynarBiochastic General
Equilibrium Model of the Euro AreaJournal of the European Economic
Association MIT Press, vol. 1(5), 1123-1175.

Sorensen, C., Werner, T. (2006) Bank Interest Rass-through in the Euro Area: a
Cross Country Comparisoworking Paper Series, European Central Beb0.

Yun, T. (1996) Nominal Price Rigidity, Money SuppBndogeneity and Business
Cycles,Journal of Monetary Economic87, 175-391.

Woodford, M. (2003)interest and Prices: Foundations of a Theory of Etany
Policy, Princeton University Press.

44



APPENDIX

Tables and Graphs

Table 1: Baseline Calibration

Parameter  Definition Value
Y Savers’ subjective discount factor 0.99
B Borrowers’ subjective discount factor 0.95
) Depreciation rate 0.025
o Share of durable consumption in the aggregatedspgindex 0.265
c Elasticity of substitution between loans 30
v Inverse elasticity of labour supply 1
v Tightness of the credit market 0.25
€ Elasticity of substitution between varieties 8
n Elasticity of substitution between durable and-dorable 1
c Disutility from working for borrowers 6
Ce Adjustment cost for non-durable 75
Gd Adjustment cost for durable 0
On Coefficient of inflation in Taylor rule 2
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