BC BANCO CENTRAL DE COSTA RICA
C’)j:ﬁ DIVISION ECONOMICA
DEPARTAMENTO DE INVESTIGACION ECONOMICA

POLICY RATE PASS-THROUGH: EVIDENCE FROM THE
COSTA RICAN ECONOMY

Rodolfo Duran-Viquez
Manfred Esquivel -Monge

Research Paper
DIE-05-2008DlI, June, 2008

Central Bank of Costa Ricaresearchpaper elaborated by the Research Department.

The ideas exposed in this paper are those of the authors and do not necessarily
represents the opinion of the Central Bank of Costa Rica



DIE05-2008-DI June, 2008
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ABSTRACT

This paper examindhe passthrough of the policy interest rate for the Costa Rican economy in the
period 19%-2007.By estimating anon-linear asymmetric vector error correction model we found
evidence supporting the hypothesis of a complete flasgugh in the long run. dults also show

that since the introduction of the administrated band exchange rate sy§@atober 2006panks

react fasterin the short runto movements of policy rate. Evidence does not favor the hypothesis
that in the short runbanks react differenyl to policy rate movements depending on whether such
changes are positive or negative, in other wottiere is no evidencef an asymmetric reaction of

retail interest rateso movements of policy rateOn average, loan and deposit rates take 9.4 and 5
months respectively to fully pass a shock of policy rate. These average times are reduced to 3.5 and
2 towards the end of the sample. Private Banks pass a larger portion of any given movement of
policy rate than State owned ones, but take more time to fidlyso. Such resultshy signaling a
smaother transmission mechanism of the monetary policéEs)ote an encouraging environment

to the process of migrating to an inflation targeting monetary regime.

JEL classification: E43, E44, E52.
Key words: Policy rate pasthrough, transmission mechanisms, vector error correction.
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1. Introduction

Monetary policy is a fundamental tool in macroeconomicnanagement. ts appropriate
implementation requires a detailed knowledge of the instruments that are available and an accurate
understanding of the channels thmgh whichthey operate

One of the mechanisms more frequently studied in literature is the interest rate channel. By this
means it is possible to explain how movements in the short run interest rate, which are indirectly
influenced by the monetarguthority, have an effect on aggregate demand and then over inflation
levels.

Mishkin, F. (1996) provides a very appropriate illustration of this mechanismaintmtext of an
economy with significant rigidities in which the long run interest rate is emed as a weighted
average of the expected short run interest ratedJnder those assumptionthe author shows how

an increase of the policy interest rate leads nominal short run interest rates to raisgiaed the
assumed price rigidities, such imrenent will rise short run real rates and long term real rates
according to theerm structure expectation hypothesis. Finally, higher long run real rates dampen
aggregate demand and so loosen up inflationary pressures.

It should be clear thenthat it is fundamental that the monetary authority has real capacity to
influences short run market nominal interest rates. The successfulness of monetary policy actions is
a direct function of the magnitude and velocity with which the financial system passesntsagg/
changeof policy interest rate.

Many of the theoretical models found in literature assume a complete an immediatetipassgh
of the policy raté, yet thereare also severaémpiricalworksthat do not support such assumptidn
by showing the exisince of dagged andricomplete passhroughthat alsodiffersacross countries.

Those are reasons why it is important to know the particular {lassugh interest rate mechanism
in the Costa Rican economy. The subject is chiefly relevant into thentgtege of a transition
from a monetaryaggregatesontrol regime towards an inflation targeting monetary regime in
which the main instrument to regulate inflationary pressures is the policy interest rate.

A first approach to the subject in Costa Rica imébin Madrigal, J Torres, Cand Villalobos, L.
(1999 where, by using graphic analysis, forward indicators and vector autoregressive techniques,
authors study whether the Central Bank reference rate is a guide to the rest of the financial system.
Their study concludes that both, loan and deposit ratesspond relatively fast to shocksd the 6
months yield of Monetary Stabilization Central Bank Bonds (BEMSB6), yet the sensibility declined
after the joint auction of the Central Bank and Finahtiristry started to work in 1996.

® Thisassumption is known asrm structure expectation hypothesis
* Seefor instanceBarnanke B. and Gertler, M. (1995)
®For exampleCottarelli, C. ad Kourelis, A(1994).
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Literature mentionsseveral reasonwhy the pasghrough of the policy interesrate might not be
complete. Among them, it is included the absenceadfilly competitive banking market and the
existence of costdue to asymmetric information InLaverde, Band Madrigal, J. (2008he degree

of competitiveness of the Costa RicamBiag system istudied by applying Bresnaharm. (1982)
model. In a nutshell, authors conclude that the Costa Rican banking market exhibit a not very high
level of monopoly power which is clustered basically on State owned banks.

Such characterizatiomight signal an incomplete pa$isrough of the policy interest rate.This
documentaims, among other things, to test such incompleteness hypoth€his.paper also tries to
find out which is the velocity of thpolicy interest rategpassthrough and whether loanand deposit
rates react differently when facing a shock of policy rdtds also tested if State owned banks react
differently from private bank both,the long and the short run, in adjusting their retail rates after
a movement of policy rate.

Additionally, two key issues are addressed, the possible asymmetry antinearity of the pass
through. We try to determine if retail rates react in a diffatevay depending on whethethe
shocks of the policy rate are positive or negative. On the other hand, the hypothesis-lifieanity

is tested by analyzing if the pagsough effectsignificantlyaccelerated after October 2006 when
the Central Bank offosta Rica switched from a crawling peg exchange rate regime to one of
administrated bands.

The study will try to add up to the analysis of the subject in several aspects in relation to what
Madrigal, J Torres, Cand Villalobos, L. (199®xposed. Fitly, accordingo the advice of using a
very short run policy interest ratewe used as a proxy of policy interest rat@ shorter run
reference rate (3@ays instead of #nonths BEMS rate). Secondly, the methodological approach is
previously chosen basl on stationary properties of the series. Last but not least, microfundations
of the equations subject to econometrical analysis are provided.

The organization of the paper is as follows, after this introduction, section 2 offers a short literature
review on the field Section 3 exposes a model that provides microfundations to the econometric
estimations. After that, in section 4 all methodological aspects regarding econometric approach,
data collection and interpretation of parameters are fully expd@in Following, main results are
shown and explained in section 5. Finadlgction 6 summarizkey conclusions.

® See Edwards, S. (2000).
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2. What Influences the Pass-Through of the Policy Rate in the Short and the
Long Run? A Short Literature Review.

What is showrbelow in sectiorB, that is, retail interest rates may adjusluggisky and not fully to
movements of the policy rate, is a phenomenon that literature assosiafth banking markets
where the information is not complete and, in general, with markets ths¢ not completely
competitive.

Many empirical works have found evidence of an incomplete ffasaigh of the policy rate even in

the long rurf. Such an output may arise, as Lahura, E. (2005) points out, as the consequence of
significant market power ofsome agents and/or the existence @bsts due toasymmetric
information.

Largebarriers to entrance, hidden casbr regulations that do not permit an easy entrance of new
banks are commonly mentioned as reasonstha existence of @on competitivebankingindustry.

If this is the case, those banks already into the system may well delay, not completely adjust, or even
keep their retail rates unchanged when there is an increase in their marginal cost (interbank rate).
This will erase profit opportuties that candidatego enter the industrymight have had otherwise.

On the other hand, costs for asymmetric information create adverse selection and moral hazard
problems when the market determines retail interest ratess it will be explained forwardstiglitz

J.and Weiss A. (1981) signals that banks may not fully react to an increase of the policy rate
because this can increase the risk of default of some of their current clients and persuadmesw

to choose higher risk projects.

Theliterature mentioned until now is dedicated to analyze the case of an incompletetbamgyh

of the policy rate. Yet there are empirical works that have found evidence of arr@seion of the
retail rates to movements of the policy rate. A model that genesaiech a reaction can be found in
De Bondt, G. (2002). The author assumes twoskiridorrowers, one with no risk of defautind

the otheronewith a probability of default that increases with the interest rate. This last assumption
eventuallymakesthe derivative of the equilibrium interest rate charged to the second group of
clients with respect to the interbank ratbigger than one. A hint of intuition about this result is that
banks should increase their rates more than what the interbank rateeédses in order to
compensate a higher probability of default.

If we move to the short run padlrough analysis, reasons for an incomplete adjustment are found
in the work of Heffernan, S. (1997) for instance. The author argues that banks cadvakeage of
consumer’s inertia by dynamically discrimingtprices. There are many reasofor clients to
behaveinertially, many of them usually get owlf-time information and are reluctant to switch
between banks du&o perceived, or real, high casassociated.

" See for exampl8rendin, D; Fitzpatrick , Tand O Reilly, G. (2001apil, Cand Scharler,.J2006; Balazs
E.;CrespeCuaresma,.indReiningerT. (2004);Lahura, E. (2005).
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Lahura, E. (2005) points out that the cost to switch between banks when there is a change in interest
rates are linked to the costs of analyze options, look for candidadegs, etc. Ais may explain, for
example, why clients do not chamgheir banks accounts oregosits when their banks reduce
deposit rates. Klemperer, P. (1987) shows an interesting approach where the existence of costs of
adjustment generates market segmentation and reduces demand elasticities.

Last but not least, the argument about the way a change in policy rate is perceived (transitory or
permanent) is well exposed in Brendin, et al. (2001). According to the authors, if a change in policy
rate is perceived as too small or transitory, then kawill not have enough incentive to change
their retail rates.

Regardinghe analysis about non linearities of the palhsough that is developed next in ¢épaper,
Lahura, E. (2005) develops an imperfect information and signal extraction short mateitohow
commercial banks may fix their retail rateBhe conclusion suggested this model is that the pass
through effect depends inversely on a noise/signal ratio in a way such that, the clearer the policy
signal sent along with a policy rate clgenthis is a small noise/signal ratio) , the bigger willthe
transmission to the specter of retail rates of the market.

In the case of Costa Rica, a kind of model likewoisld suggest that the pasthrough of the policy
rate mayhave increased aftee006 when Central Bankannounced itsintention to migrate to an
Inflation Targeting(IT) monetary egime The reason is that before 2005 financial intermediaries
probably perceived higher portion of noisevhen there was a&hangein the reference rate of th
CentralBank. TIs used to be the case becaude® monetary authority was not intensively using
such instrument to implement tiiemonetary policy.

The pasghrough mayhave notreacted immediately right after the IT announcementfinancial
intermediaries more likely waited until a firsbncretestep was taken. One of the hypotheses of
this paper is that the event that might have accelerated the gilassugh was the switch in the
exchange rate regim@ctober 200§, which carhave been taken as a real compromise to migrate

to a system in which the interest rate is much more intensively used as an instrument to regulate
aggregate expenditures drso short run inflation pressures.

® The Central Bank of Costa Rica changed the crawling peg exchange rate system to one of administrated bands
as a first step looking for a more flexible system, which is needed to adopt an IT monetary.regime
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3. A Model of Interest Rate Adjustment, Why Commercial Banks React to
Movements of Policy Rate?

Other things being equalhe interbank interest rate is commonly treated as the marginal tost
commercial banks. In this sense, literatusfers to it as a fundamental of the ratékat those
banks finally fixn dealing with the public. The following model givaicro-foundationsto such
behaviorby showing its implicit rationality ia partial equilibrium context and under the alternatives
assumptions of perfect and monopolistic competition

3.1 Behavior of Commercial Banks.
Assumptions:

i) The banking sectois integrated byN identical banks, each one receiving a particular level of
deposits QR Each bankariiesout loans of an amourit;, and owrs a net position in the interbank
marketM. AT MZH Z Xb

i) Each bank ia price taker meaning that the loan rate, the deposit raterp and the interbank
rater are all given.

iiiy Each bank faces an identical function of administrative Ce€ (R L)

iv) There is a compulsory shdreof deposit that must be kept as reserves < a < 1

Accordingto these assumptionsthe profit function of eactbank can be described as follo\ifsr
simplicity the subscripthas beeromitted):

n=rL+rM—r,D—-C(D,L) (3.1)

Notice also that thenet position in the interbank market can be written as:
M=(1-aD-L (32

Using(3.2), expressior{3.1) can bereformulated as:

n(D,L) =0y —7r)L+[r(1 —a)—1p,]D—C(D,L) (3.3)

Expressior(3.3) describes the profit of each bank as the summation of ititermediation margirs
on loans and deposits excluding administrative cost. If we further assumer¢hpis concaveand
by differentiating(3.3) with respect toL and D, first order conditions for the maximum profit are
obtained

T=(-r=5(DL) (34

on

T=lr(-w-mpl=50L) (35

°The model here exposed closely follows FreixaandRochet, JG1998)
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The intuition behindcconditions(3.4) and (3.5) is standard;each financial intermediary will select the
amount of deposits antbans that equal the intermediation margins to the respective administrative
marginalcost.

3.2 Competitive Equilibrium in the Banking Market.

In a context of perfect competition, conditior(8.4) and (3.5) determine, for each one of th&\
banks, a supply of loa8(r,, 1, r)and a demand for deposif¥' (r,, rp, 1).

If demand for funds for investing is nam#d); the supply of saves from householdsSi($) and the
amountin bonds placed by the governméfits B then the equilibrium in the banking market can be
described as follows:

I(r) = g=1 L"(ry,1p,7) (3.6)
S(rp) =B+ XN_1 D" (1, 1p,7) (3.7)

Zﬁ:l L"(ry,1mp,m) = (1 — ) Zﬁ=1 D™(ry,1p,7) (3.8)

Equation3.6), (3.7) and (3.8) describe respectively equilibrium in three marketsnew loans, saves
and interbankmarket Notice that equation(3.8) came up after imposing the condition that the
aggregate position of thil banksin the interbank markets zero.

Now if it is assumed that the Central Bank can contrfidy increasing or decreasing cash in the
interbank market), equatiofi3.8) simply disappears from the system.

Additionally, with constant marginal administrative cost, that is if we assCfre ®, and C}, = &)
it is possiblefrom expession(3.4) and(3.5), to characterize in &ery simple way the equilibrium:

p=r(1—a)—&p, (3.20)

dT‘D

dr:1—a>0

From(3.9) and(3.10) it is clear that% =1>0and

3.3 Equilibrium Under Monopolistic Competition

In an industry such a®aking, where there existportant barriers to entrance, the assumption of
perfect competition is probably not quite appropriate. This section is devoted to briefly draw a
model of monopolistic competition from which it can be derived similar conclusions to those
recently obtaired in section3.3. The exposition is worth because it more closely approaches the
reality of the banking industries, particularly the Costa Rican one.

Yror simplicityA i 6Aff 08 | aadzySR (i mankidepdtshfeNkiEc silisiuies fioty R &
0KS K2dzaSK2{t RThén inggullibfidim, tRek int@rasSteds dust be the same.
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It is assumed that a monopolistic bank faces the following inverse demand functions for loans and
supply of depositst (L)andrp(D). By using the same notations as in the two previous sections, the
profit of the representative bank will be:

m=mn(L,D)=[r,(L)—r]L+[r(1—a)—r,(D)|D —C(D,L) (3.11)

Differently from3.3), in (3.11) the bank considers the influencthat the loaned amountlL(or
depositedD) has underr(rp). First order conditions derived frof8.11) and from assuming that is
concave goes as follows:

g—’zz (L +71,—7—CL(D,L) =0 (3.12)
2 = —ry(D)D + (1 — ) —1p — Ch(D,1) = 0 (3.13)

Before continuing, it issefulto defineelasticitiesof loan demand¢;)and deposit supplygép)that a
monopolistic bank faces:

L'(ry)
& = —% >0 (3.14)
= ™) 3.15
ED - L(TD) > ( . )

Now by using equationg3.12) to (3.15), the optimal choie (r;, ;) of the bank can be draw as
follows:

rZ—(T+CD _ 1
T &) (316
r(l-a)-Ch-r5 1
N ) (3.17)

It is wath to study the intuition ofthose last twoexpressions; they say that as the market power of

a bank increases (which is reflected in a lower elasticity), the correspondent intermediation margins
will be greater.  The particular extreme case of a perfectly competitizeket will be the one in
which¢, — oo and &, — co.

Finally, in order to determiné'g—rz and ddrf , hotice thatboth, (3.16) and (3.17), implicitly defineL*
and D™ as functions of:

=)l =2 (D)) =0 318

aL T,‘r‘—aD r)r)= ( )

Then differentiating(3.18) yields the following:

9% dL 0%r

oz a, o =0 (3.19)
omdp | o'm _
Lz d, = apor

0 (3.20)
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0%

2
Given thatr(.) is concave, then bothgTZ (r/,r) and 352

(rp, 1), are negative.Sq in order to keep
. L . % . . db
(3.19), it must be the case thaé; has the same sign 35—, and in order to keeg3.20), then;

ought to have the same sign %agzalr. But note that from(3.12) and(3.13) it is possible to derive:

o%m . 9%m
—1<0 5%

Lo = =1—-a>0

dD*(r)
ar

Then, as a resuﬁ% <0 and > 0. Given that.(r;) y D(rp) are decreasin@nd increasing

functions respectively, then it is the case th%ff >0y %" > 0. In words, the model derives a

direct relation betwea the interbank rate and theptimal rates charged by banks for loans and paid
for deposits.

The nodel of perfect competition exposed in secti@®B and modified in sectior8.4 in order to

consider monopolistic competition gives robust microfundations for arguing that commercial banks

will fix their rates for loans and deposits as a direct functions of the interbank rate. This last rate can

0S RANBO(lte AyFtdsSyOSR o6& (GKS /SyidNrXt .Fyl IyR
L2t AO8 NI GSe 2N 2dzald aLRtAOE NIGS¢o

3.4 Disequilibrium in the Banking Market, Generating Sluggish Adjustment to Movements of the
Interbank Rate

Being the main objective of this paper quantifyihg passthrough of the policy rate to the specter
of interest rates of the market, as well its velocity sitiinportant to micro found not only the direct
relation among those variables, but also the incomplete and laggedtadgnt that is implicit in the
vector error correction model (CN) parameterizatiorthat will be exposed next in the paper.

As many empirical work shows, the direct relation between the interbank raterata market
rates fixed by bank&ends tohold mainlyin the long run. Several arguments have been exposed to
explain the stylizedlact that in the short runadjustmens of the interest ratein response to changes

in the interbank rate may be incomplete and the dynamic response may be slow.

Stiglitz J.and WeissA.(1981) point out the role that asymmetrinformation and credit rationing
may have in this non monotoni@lation betweenthe interbank andretail marketrates. In their
model, those asymmetries in information generate problems of adverse selesmidrmoral hazard
that impose restrictions to a complete and instant reaction of the retail rates.

In a nutshd, the authors argue that when there is a ftoge shock tathe interbank rate, a bank will

be reluctant to immediately adjust in the same direction their loan rate because this will reduce the
probability of success of some of their client’s projeeiducng the expected return of the banka
classical adverse selection stonOn the other handthe moral hazard issue ariseden there is a
negative shock to the interbantate; banks will react sluggishly adjusting their rates because that
may attractclients with high risk projects thauddenly found a higher probability of success.
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It is clear that the kind of models of sectio®8 - 3.4, also called Marginal Cost Pricing models (MCP)
and those inspired iStiglitz, J. and Weiss, A. (1984ayeimportant deficiencies. The former ignores
the fact that the reaction of retail banking rates may not be complete while the last one implicitly
suggest that the variance of the retail rates tends to zefdeither of this has found empirical
support in ral world. In addition neither explains the dynamic adjustmentretail rates. Scholnick
B.(1991)proposes a intertemporalmodel that mixes thse twokinds of models and seems to solve
their deficiencies By doing so the author generates appropriatemicrofundations for a VECM
approach to quantify the pass through of the policy rate.

To fully understand the intuition of wh&cholnick proposes, leisgo forward in two steps, firdby
analyzing lhe behavior of banks when setting the lending rate aftér that, the focus will switch to
deposit rates.

3.4.1 Sluggish Adjustment of the Loan Rate.

It has to be clear that banks face costs wisetting their loan ratesMCP models state that those
costs arise if banks do not shift their loan rates after a movement of the interbank rate. At the same
time, banks also face adverse selection costs if theghange their loan rataway fromr;. As in
section 3.4, if the banking system is not competitivbanks which first adjust their rates will bear
those adverse selection codiecause they will attrachigherrisk borrowers. It follows therthat

banks will find optimal delaying adjusting their loan rates and, asnaemjuence, the interbank rate

will be more volatile than the loan retail market rate, &ar(r) > Var(r;). These opposite
incentives arecaptured ina quadratic loss functiolike thefollowing:

min,, L= 4, [ree = (e + P + Prlrie — 1011 = 8 lree — ree—1llre — 1-4] (3.21)
Whered, is a constant mark up as (8.9).

Differently from(3.9) and (3.11), which are static problem&xpression3.21) formalizes a dynamic
optimization, and as suclt specifesa long run desiredariable(r;) and a choicevariable(r;;) for
which the agentmust choose a path in time that minimizes the lost function.

The lost function(3.21) has three components. The first oig(.), tells us that banks will haaeloss

as long asy; differs from the desired level plus a fixed mark up. This ensures that tdpimal

path of the choice variable wjlsome wayor another,follow the evolution ofthe target variable.
Notice that this is the long run implicit implication of MCP models. The second comppnent
punishes any fast movements of the choice variable. It must be clear that this reflects the adverse
selection problemraised by Stiglitz, J. and Weiss, A. (1981Finally, the third componend, (.)

states that banks will lower their lessif they move their rates in the same direction as the
interbank rate. This is where the error correction term of a VECM approach is implicit. Notice that
this third component ensures that the disequilibritgrror from a shock to the target variable wile
corrected in the same direction as the long run relation indicates.
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For the purpose of this paper, what is probably more important from equg8di) is that it clealy
ensures that in the long run the choice variable will always approach the target variable, at least
asymptotically. WNtice alsoin (3.21) that, while r;; will adjug slowly to movements of;, this last
variable is a market clearing rate, so it can be as volatile as neEdetthermore,there will always

be some dynamic responsef , thus(3.21) fits the observed fact thatar(r) > Var(r;) > 0.

3.4.2 Sluggish Adjustment of the Deposit Rate.

What about rates set for deposits3tiglitz, J. and Weiss, A. (198bmpletely omit dealing with it
because sice banks act as price settethen depositorsare who face the risk of default, so the
problem of adverse selection is absent in the market of deposits

In MCP models, deposit rates are treated equally as loan rates (see equ@it®sand (3.20)). In
this sense it is expected that in the long run both rates folloeymovements of the interbank rate.

ScholnickB.(1991) proposes thahe dynamics of short run response of both rates are similar but of

a different nature. He argues that even though there is no reason for the deposit rate to adjust
slowly to movements of the interbank rate due to adverse selection issues, banks face menu cost
that might induce them to limit and/or delay their responsAccording to this author, banks face a
similar minimization problemwhen deciding how to modifghe depositrates after a shock a
interbank rate

min, L= Ap[rpe — (e + ®p) 1% + Yplrpe — Tpe-11* = 8plrpe — Toe—allre — 1e1]  (3.22)
Whered,, is a constant mark up.

Theproblem(3.22), like the onan(3.21), has3 components.The fist onet, (.) tells us that there is a
constant mark up that establish the long rung relationship between the deposit rate and the
interbank rate. The second ong,(.) incorporates the menu costs that make banks try to less
adjust their deposit rates. The lasbmponents, (.) tells us that banks would want to movbkeir

rates in a way thatorrectany deviations of the deposit rate from its long run relation with the
interbank \te, this is a typical error correction scheme.

Up to this point in the papeit has been shown several arguments on which the methodological an
empirical section will be based. Tlearguments can be summarized as follows:
i There exist a long rurelation between both, loan and deposit rates and the interbank rate.
This last one can be directly influenced by the Central Bank.
ii.  This long run relationship keeps in a context of perfect competition and monopolistic
competition
iii.  Deviations from the longun relatiorship can be modeled in a way that fits a Vector Error
Corrections approach to carry out empirical test of what is proposed by the theory.

10
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4. Methodological Aspects
In order to analyze the paghrough of the policy ratea wide range of differentetail interestrates
were considered, yet the evidence presented in this paply tovesonly sixof them'":

e Average loan rate of the whole banking system

e Average deposit ratesf the whole banking system

e I PSNI IS f 20 K/SNNIIGGH RFA RS E¢ OKI NH
e ! ISNI IS £ 20 K/S NI MGG RGA GRS Babks OK | NH
e Average énonths deposit rate paid by State owned banks

e Average émonths deposit rate paid by private banks

68 {GFaS 2

R
R & LINRA GI G S

S
S

(@]}

As a proxy for monetary policy ratthe 30-days interest rate paid for Central Bank Instruméhts
was used The sample covers monthly observations for the periodél8a ¢ 2007 m12°.

In what follows in this section, different empirical approaches that has been used to explain the
passthrough of the policy rate are briefly exposed. Special focus is offerédeoddECM procedure
that is the one used in the empirical testhose results are the subject of the coming section.

Widely speaking, literature has approached the analysis of the interest ratethpasgh by using
three groups of methodologie&/ECM, VR in levels and First Differenésstimation The order of
integration and whether the series cointegrate or not, is the critéviaselecingamong them. The
following chart summarizesuchcriteria and offers some references for each case
Chart 1
Empirical Approaches to the Interest Rate Pass-Through.

Stationary Pro_per'ues Appropriate Empirical Reference
of the Series. Approach
Series 1(0) VAR irlevels e Bernstein, Sy Fuentes,R(2003).
e Hefferman, S. (1997)
e DeBont, G. (2002)
e Toolsema, L.A. et al (2002)
Series I(1) that VECM e EspinozaVega, M. and Rebucci, A
cointegrate (2003).
¢ Brendin, D. et al (2001).
e Sarno, L. and Thornton, D. (2003
¢ CrespeCuaresma et al. (2004)
Se_rles I(1) that do not First Difference estimation! ® Disyatat P. y Vongsinsirikul, P.
cointegrate (2003)

" Details of how these series are build can be accessed in:
http://indicadoreseconomicos.bccr.fi.cr/indicadoreseconomicos/

2 In February 2004he official monetary policyrate was definedas the 3@days rate paid in th&Short Run
Investment Systerof the Central Bankf Costa Rica (BCCR). In March 2006 tHaylrate paid in the BCCR
deposit facility became the official monetary policy rate. Even thougloés not belongs to our sample, in

June 2008 the policy rate was redefined as an active rate; it is currently the rate at which the BCCR loan money
to the commercial banks in the Money Interbank Market (MID by its Spanish abbreviation).

1 Average rates arenly available from January 1999 up to the present date.
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In order to determine the more suitable empirical approach for the Costa Rican interest rates series,
unit roots test were applied. In addition to the standard wgmented Dickeyruller test,the
procedures proposed ¥ivot, E.and AdrewsD.(1992) and Perron, P. (1997) that considers possible
break points in the serigsvere also carried out These last procedures were run by using RATS
software. Al remaining econometric calculations on this paper webgained byusing Econometric
Views 6.0.

As itwill be shown insection5, we find statistical evidence supporting the hypothesis that the
interest rates series are all integrated of order one and cointegrate with the policy rate series, which
it is worth to mention,is also I(1). Given this evidence, the right empirical approach for the Costa
Rican case would be a VECM omere the policy rate is assumed be exogenou¥'.

4.1 Measuring Long and Short Run Reaction of Retail Interest Rates, an Asymmetric Non-linear
VECM Approach

As in LahuraE.(2005) this paper uses an asymmetric rinear VECM instead of a standard VECM.
By doing spit is possible to test for the presence of asymmetries (different impactetail interest
ratesof positive or negative shocks the policy rate) and nofinearities (significat changesacross
time) of the passthrougheffect.

In section3.4 (see equations(3.16) and (3.17)) it was established a long run implicit direct
relationship betweenr and bothr, andr;, . If we generically cat; (retail loan or deposiinterest
rate), the long run relation carbe expressed as the following stochastic and econometrically
tractable equation:

Tre = B+ Ba1t + Ut (4.1)
Where the serieg, is independently and identically distributed witfi(u,) = 0 andVar(u,) = o

Now, if the series actually cointegrate, there must be a unique cointegration vgctor-8; —f,]
which represers the long run relation. If there is a shockamy of the variablesa deviation from
this long run relation will appear and can be written down as:

Ut-1 = Tre-1) — B1 — Ba2Tt-1 (4.2)

Notice that a positive deviation will take placeeither rz; goes up or if; goes down (or both of
them), and a negative deviation will came up if eithgy decreasesr if r; increases(or both of
them).

Additionally,Granger representation theoreailows us to represent the short run dynamics of these
two cointegrated variables as follows:

Arge =vyo + a(TR(t—1) —p1— ﬁzrt—1) + Z?:o oiAry_; + 2?21 O;ATR(t—i) + € (4.3

4 Joint Granger causality test are also provided in order to support this assumption. By such test it is shown
that the policy rate is not granger caused by the group of interestsateesconsicered.
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A standard interpretation of4.3) tells us that the long run paghrough is measured bg, while the
speed at which the adjustment happerill be given by the parameter. B, is the total portion of a
given Xpoint change in the polickate that is passed to the retail interest rasdter all adjustments
have took place On the other handg indicates how much of this total pafisrough happens every
period.

The completeness of the patwrough effect can then be evaluated by testing the null hypothesis
Ho:ﬂz = 1

A very useful measure that can be obtained from the VECM specification is the average number of

periods that aretail interest rate akesto fully accommodate a given change in policy rate. Such
B2—Y.0i

measure is givehy Boa
2

4.1.1 Measuring Non-Linearities

Furthermore, by analyzing the evolution across time of this paramsgt@mclusiorabout whether
some economicevents might have affected the agnitude of the pasthrough effect may be
reached.

For instanceas mentioned abovan 2005the Central Bank of Costa Rica announitgdhtention to
switch their monetaryaggregatescontrol economicpolicy regime tawvards an inflation targeting
scheme. Thigequiresa much more intensive use of the interest rate as an instrument of aggregate
expenditure control which might have produced an increment of the ptmsugh of the policy
interest rate. To test such hypotheghe following nodinear VECMmodel can be used:

Arge = yo + aqpe—q1 + az(depe—q) + Z?:o oAy + 2?21 OiATRe—i) + € (4.4)

Whered; is a dummy variable taking a value equal to zero if it belongs to the period before the
announcement, and one after it. In this case we tHgta, = 0. If H, is rejected then there is
statistical evidence that the paghrough effect is not constant across both periods. It is worth to
mention that if this is the case anadditionally a, < 0, the evidence will support a significant
increment of the passhrough.

4.1.2 Measuring asymmetries

On the other hand, in order to tegor asymmetiiesin the velocity of adjustment of the retail rates
(that is testing whether those rates equally respond to positive or negative deviations from the long
run relation established i(d.1) ) ageneralasymmetric VECM specification as the following is used:

Arge = Yo + Qope—1 + aipii—1 + axpz_q + Z?:o oiAry_; + 2?21 0;ATR(t—i) t € (4.5)
+_(Helf e >0
Whereu; = {Oifut <0

_ _(ueifpue <0
and iz = {4t e S
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Noticethat in any casei; = ui + p7. Also keep in mind that a positive deviatighis associated
with an increase img;, a decrease in; or both of them. A negative deviatiqef occurs whenrg,
decreasesy; increases or both of them.

Now, from the general cagd.5) it is possible to test the hypothesis of asymmetrg fand a, are
both statistically different from zero and if the ndl},: @; = a, is rejected in the following equation:

Arge = Yo + aipi—q + appe g + Zf:o oAre_; + Zle OiATg—iy + € (4.6)

If it is not possible to rejeat; = a5, then the daawill be telling a story of non asymmetric response
of retail rates I this case the relevant model will be one simila4®) . Notice thoughthat it is
not possible to concludsomethingabout the presence of asymmetries if any tbe a's is not
statisticallydifferent from zero.

The idea is thain the short run commercial bank mighttry to increase their margins between loan
and deposit rates byeacting asymmetricallywhen there is a shock on the policy rat€or instance,
if the policy rate increases, both loan and deposit rates will increase in the long run, butshdtte
run the margin can be increased through a faster reaction of the loan rates.

Then, ifit isexpeckd a faster reaction of loan rates when there is an increase of the policy rate (that
is a negative deviation from the long run relation) than when ¢isra decreasdrom the relevant
asymmetric VECMither of the following joint test hypothesehas to be non rejected:

.  a, #0and|a,| > |aq]

The same way, if it is suspected that the deposit rate will respond faster when there is positive
deviation from the long run relation (here this takes the form of a decrease in the policy rate) than
when there is a negative deviatiom the correspondent asymmetric VECM either of the following
joint null hypothesis needs to hold:

.  a; #0and|ay| > |a,]

Finally, both kind of hypothesisionlinearity and asymmetrycan be jointly tested by using the
following general model:

Arge = Yo + Qope—1 + oy (depte—1) + aaui_ g + azpi_q + ag(depf_1) + as(depi—q) 2?:0 oAre_; +
YL 0:A TR + € 4.7

All VECM for testing nonlinearities aml asymmetries ofalternatives retail interest rates were
carried out by using Engle and Granger (198%) steps methodology, yetgeneral conclusions
about the cointegration relatiomnd thelong andshort run adjustmenbetweenpolicy interest rate

and retail interest rates where reached by using Johansen, S. and JUus€l890) VECM approach.
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5. Results

5.1 Unit root test. Which is the right methodological approach for the Costa Rican interest rate
series?

In order tofollow what Chart 1 specifies as the more appropriatetmodological approach, unit
root testswere applied to the interest rate series.ooking for robustness and since the Augmented
DickeyFuller (ADF) test is not suitable when the series are statjomath some kind of break
Perron, P. (1997) and Ziyd. andAndrews D.(1992) tests were carried out as well.

Before showing some of the unit root test outputs, it is worth to mention that individual and joint
Granger causality test were previouglpplied to the series This wasni order to verify that retalil
interest rates are effectively grangeaused by the policynterest rate and not the other way
around. Results are shown appendixA. Accordingto the individual tests, it is not possibte
reject the null hypothesis that, individually, each retail interest rigtgranger causeldy the policy
rate series. On the other hand, the joint test examines the null hypothesis that the dflaaferest

rate series grangetauses the policy rateéThe evidence strongly rejects such a null.

Unit root test shown below includes only those that allow fmeaks in the series, standard
augmented Dickeyruller (B and Phillig-Perron(PP)test under alternatives assumptions about a
constant and trendare exposedn appendixB. Outputs show tess for the seveninterest rate series
considered forward in the VECM analysidgacriptionof those seven seriggoes as follows

PR: Policy interest rate.

ALR:  Average loan rate of the whole banking system

ADR: Average deposit rates of the whole banking system

ORS: ! SNI IS 21y NIGS 2y G204KSNJ I OOGADAGASEE OKI NI
ORP: ! @SNI IS t2Iy NIGS 2y G20KSNI I OOGAGAGASEE OKI NI
DR6_S: Average émonths deposit rate paid by State owshéanks

DR6_P: Average émonths deposit rate paid by private banks

Chart 2 contains Perron, P. (1997) tests for 3 alternative kindsealk (intercept, intercept and

slope and a transitory slope switch). For all 7 variables the null hypothesis of a unit root cannot be
rejected against an alternative of stationarity wittbeeakat 5% and 1% significance levels. Ciritical
values reported aréor infinite samples.
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Chart 2
Perron, P. (1997) Unit Root Test

Intercept Intercept and Slope Transitory Slope

Varaible tialpha=1) Ereakdate tialpha=1) Breakdate tialpha=1) EBEreakdate
PR -5.15 20060100 -5.15 20:04:05:00 454 20:06;01:00
ADR -3.78 20:06;11:00 -3.67 2006;12:00 -3.50
ALR 481 20:06; 0900 442 20050300 -4.27
OR_5 -4.30 20:06; 0800 -3.95 20:04:01:00 -4.13
DR:F 416 20:06;12:00 -3.96 20050300 4.0
DRE_S -4.50 20:06;11:00 478 20050300 -4.00 20:06; 0600
DRE:F 438 2006:08:00 412 2005:07:00 425 2007 06:00

Critical Values at: ;: z;; ::: E;i

Ho: The Varigbhke is 1), Ha: Thevariable isstationary with a bresk
* Hois rejected ata 5%, == Hoisrejected & 1%

In general, the I(1) hypothesis made over the interest rate series is robust to the application of Zivot,
E. and Andrews, D. (1992) unit root test which also alfww breaks in the series. Chart 3 shows
such tests assuming 2 kindslokaks in the alternative (intercept anihterceptand slope). Again,
critical values reported are those used for infinite samples.

Chart3
Zivot, E. and Andrews, D. Unit Root Test

Intercept Intecept and Slope
. Minimum Minimum
Variable T_statistic Break date T_Statistic Break date
PR T a9l 2006:02:00 T 515° 2004:07:00
ADR -3.36 2006:09:00 -3.80 2005:10:00
ALR -3.87 2006:08:00 -4.432 2005:05:00
OR_S -3.43 2006:03:00 -3.82 2002:01:00
OR_F -3.66 1298:10:00 -3.95 2005:05:00
DRG_S -4.15 2006:06:00 -4.78 2005:05:00
ORGP -3.29 2001:12:00 -4.19 2005:0%:00
. 1% -5.34 -5.57
Critical Values at: = 281 508

Ho: The Variable is (1), Ha: The variable is stationary with a break
* Hoisrejected at 3 5%, ** Holis rejected at 1%

The policy rate was found stationary withbeeak by the ZivotAndrews test at 5% level, but given
that at 1% the variable is 1(1) and so it is at all levels according to Perron, P. (1997) and the ADF test,
the variable was taken to be I(1) in any case.
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Given the above evidence, all 7 series can thetrésted as integrated of order one. The next step

is then investigating whether each of the retail interest rate series cointegrates with the policy rate.
Standard ADF unit root test were applied to the residuals of regressions in which the retadnates
explained by the policy rate and a zearean equalvariance stochastic error term, that is to the
residuals of an equation likét.1). Chart 4 exposes those tests. thde that residual series are
named by adding a U_ term before the corresponding name of the interest rate series.

Chart 4
Augmented Dickey-Fuller Test Statistic of Residuals
U_ALR U_ADR UDRG P UDRGES U ORP U OR_S§

t-Statistic -3. 268 -3.063 -3.920 -3.414 -2.742 -2.461
1% level -2.687 -2.587 -2.581 -2.581 -2.581 -2.581
5% level -1.044 -1.944 -1.943 -1.943 -1.043 -1.943
10% level -1.615 -1.615 -1.615 -1.615 -1.615 -1.615
Prob.* 0.0013 0.0025 0.0001 0.0008 0.0083 0.0139

*MacKinnon [1556) one-sided prvalues.
Ho: Resiguals are non stationary.

For all 6 series, and at all levels of significance, the data rejects the null hypothesis of non
stationarity of the residuals,giving us song evidence that there exists at least one linear
combination of the policy rate and each retail rate series that is stationary, in other wibrats

there is a cointegration relatia@hipamong those variables

According to the evidence and following what Chart 1 indicates the most appropriate
methodological approach for analyzing the p#s®ugh of the policy rate for the Costa Rican data is
a VECM one. In what follows, results of such analysis will be exposed.

5.2 VECM Results

In order toquantify long and short run pagerough effectsthe one stepJohansen, S. and Juselius,

K. (1990) methodology was used. Summarized outputs for the 6 retail rates analyzed are shown in
Chart 5which contains, in a nutshell, most of the key results aftpaper. Notice that with this
methodology, an equation lik@.3) is the one which is being estimated.

First of all, notice the information in the first two columns. eTlong run passhrough on the
averageloan rate (ALR) is 1.18 is important to mention thatit was not pasibleto reject a null
hypothesis of this coefficigt being statistically equal to onelhis leads us to consider an almost one

to one stable long run relation among the policy interest rate and the ALR. In other words, given
enough time, changes in the policy rate vad fully reflecied in the ALR of the Costa Rican banking
system.On the other hand, the long run coefficient of the average deposit rate (ADR) is 0.73. Even
though it is lower than the one associated to the ALR, it was not statistically different from one as
well.

By taking a look at the error correction coefficients asseci with the lagged series of error terms
(UFL)), it is possible to note that ADR reacts faster than ALR. Each period the ADR adjusts 0.2 of a
given 1 point deviation from the long run relation with the policy rate, while ALR adjust only 0.11 of
the same kind of deviation.
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chart 5
Short and Long Pum Pass-Through Effect of Policy Rate and Ave mge Velodty of Adjustment of Retaill Rates
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Then it is possible to sdkat, talking about total banking system, even though in the long run loan
rates more fuly passchanges in policy rates, deposit rates reacts fasthen going back to their
own long run equilibrium ration with the policy rate. On average, deposit ratakesalmost 5
months to fully pass a shock of policy rashereas loan ratetook roughly 9 months. This is shown
belowin the chart.

Columns from the 8 to the 8" of Chart 5 are exposed in order to contrast the long and short run
passthrough of State owned banks vs. Private banks, both in loan'rg&%and 4" columns) and in
deposit rate$® (5" and 6" columns).

Private Banks show a higher total palsmugh than State owned banks both in loan and deposit
rates. Notice though that State owned banks react faster when facing a policy rate shitek case

of loan rates Every period, State owned banks correct 0.06 of apgidt deviation from the long

run reltion of loan rates with the policy rate, while private banks adjust barely slower at a rate of
0.05 each period. The velocity of reaction of both kinds of bankgusallyas fast in the case of
deposit rates (0.11 each periad)

' Since an averagloan rate for State ownedbanks and private banks are not separately available, it was
RSOARSR (2 {118 NriadSa OKFNEHSR 2y (GKS OFGS3I2NE 2F da2icFk
kinds of banks. This categomcludes loans made to industries such as retail, services and personal
consumption. Historically the category accounts from 65% to 70% of the total loans made by the banking
system.

® As a representative deposit rate, thenonth deposit rate was taken iio for State owned and fvate

banks
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By combining long ruimodel and error correction coefficients, average number of moths that each
kind of bank takes to fully pass a shock of policy rate is obtained. It is possible to see that due to a
higher total pasghrough, private banks take a higher number of months ffeturning to the
equilibrium relation with the policy rate This is so in the case of loan rates (14.8 vs. 17.4 months)
and deposit rates as well (5.8 vs. 8.6 monfis)he total sample considered

Notice also that, the number of months that retail rates need to fully adjust to a shock of policy rate
decreases after October 2006. This reduction seems more sever in the case of private banks,
especiallyin loan rates. More about this will be said &l when dealing with notlinearitiesof the
passthrough.

Now we move to analyze some hypothesis dealing with asymmetries. In order to do that, we follow
the methodological approach exposedsection4.2.2.

According to theoretic literature review arftbm some evidence of lack of competitiveness of Costa
Rican banking systéf it is plausible that banks may try to increase their margins by reacting
differently when facing an increase or a decrease of the policy rate. The hypothesis is that when
thereis an increase in policy rate, banks will adjusire easily loan rates than deposit rates and, on

the other hand, when facing a decrease in policy rate, theyredlit fastedowering deposit rates.

In charts 6 and 7the main outputsfrom applying equatin (4.6) to average loan and deposit rates
are shown®.

Chart 6
Asymetric VECM. Average Loan Rate
Coefficient  t-Statistic Prob.

C -0.04 -0.681 0.498
U-{-1] -0.15 -2.188 0031
U+(-1) -0.04 -0.934 0.353
Diff. Policy Rate 0.02 1.022 0.309
Diff. ALR{-1) 0.157 2.450 0.016
Adjusted R=squared 052

Durhin-Wotson stat 1.72

Asit is possible to sea chart § whichtests asymmetries of loan rates, tleeefficient associated to
negative shocks is not statistically differérdm zero. Following the exposition séction4.2.2,that

is enough for not being able to conclude something about the existence of asymmetries when
talking about the reaction of average loan rates.

" Laverde, Band Madrigal, J. (2005).

8 Due to lack of flexibility of Johansen, S. and Juselius, K. (1990) methodology, the analysis dealing with
asymmetries and nofinearities where carried out by usirigngle, Rand Granger, C. (1987) two steps VECM
approach.
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On the dher hand, there exists statistic evidence to rejedtygpothesis ofasymmetric response of
deposit rates to movements of policy rates. From what it is possible to irder chart 7,both
coefficients, the one associated with positive aondhegativeshocks, are statistically different from
zero. Additionally, a Wald test applied to those coefficients fails to reject a null hypotbiebsth
coefficients being equal. This evidence combination tells, thahe short rundeposit rates equally
reactto positiveandnegative shocks of the policy interest rate.

Chart 7
Asymetric VECM. Average Deposti Rate

Coefficient t-Statistic Prab.
C -0.10 -3.440 0.001
U+-1) -0.12 -2.528 0.013
U-{-1) -0.10 -4.5588 0.000
Ciff. Policy Rate 0.07 3.294 0.001
Diff. ALR{-12) 0121 -1.804 0.073
Adjusted R-squored 066
Durbin-Wotson stot 161

Wald Test. Ho: ol = a2

Test Statistic Value df Probability
F-statistic 0.095151 {1, 88) 0.7585
Chi-square 0.055151 1 0.7577

Another hypothesis thats tested by using a notinear VECM is whether the pass through of the
policy rate has accelerated from some point forward in the sample. The methodology to thst suc
hypothesis was exposéd sectiord.2.1.

In what follows,it can be found the maimutputs from estimating equatioi@.4) with the dummy
variable build with dreakin October 2006. The hypothesis behind thisakpoint is that by taking

a first concrete step toward ainflation Targetingregimée”, the Central Bankjave a clear rad
credible signal that itivasready to start more intensively irg)their reference pdty rate as a tool to
regulate inflationary pressureAs a credible measure, commercial banks will then start to more
rapidly react to movements in such reference Central Bank rate.

Results folaverageloan ratesand average deposit ratege shown in chi 8 and9 respectively. In
either case the variable resulting from multiplying the dummythmyerror of the long run equation
(Dummy*U_ALR and Dummy*U_ADR) was statistically different from zero. According to what was
explained above, this constitutesreng evidence supporting the hypothesis that retail rates react
differently since October 2006 compared with the previous period. Additigriadith coefficients

are, as expected, negatilyesigned, which indicates that from the selectetakpoint up © the end

of the sample, the policy rate pasisrough has accelerated.

'%In this monh the Central Bank of Costa Rica switched to an administrated &agtthnge rate regime
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It is also possible to calculate the average number of months that those retail rates take to fully
adjust a deviation from the long run equilibrium relation with the policy interagt.r This is shown
in the lasts two rows on chart 5.

Chart 8
Mon-Linear VECM. Average Loan Rate
Coefficient  t-5tatistic Proh.

C -0.08 -2.045 0.044
U_ALR -0.07 -2.578 0.012
Dummy*U_ALR -0.20 -3.423 0.001
Oiff. Policy Rate 0.06 1.505 0.136
Diff. ALR{-1) 0.12 1.658 0.101
Adjusted R-squored 0.60

Durbin-Wotson stot 172

By combining long and short run parameters the conclusion is that thethemsgh of the policy
rate to averageloan rate accelerated from an averagé 10.5months before October 2006 t8.5
after that. On the other handaverage deposit ratalso pass shoslof policy rate faster after the
switch of the exchange rate regime. Before October 2006, average deposit rate took about
months to fully adjust to a change in policy rate, afteatththe reaction takes approximatey
months.

This acceleration of the pasisrough is also revealed by comparing the number of months that loan
NI §Sa OKFNBSR 2y a20KSNJ FOGAGAGASaE GF1Sa (2
that the reduction is more significa in the case of private banks which use to take more than 20
months before the break point and after that they take barely 3 months. The acceleration of the
passthrough is more or less equally considerable for State owanedi private banks in the case of
deposit rates, the former kind of banks reduces from 7.6 to 3.1 months while the last kind of banks
reduces the number of months from 8.5 to 2.6.

Chart 9
Mon-Linear VECM. Average Deposit Rate

Coefficient t-Statistic Prob.
C -0.05 -4.506 0.000
U_ADR -0.08 -5.986 0.000
Dummy*U_ADR -0.13 -3.358 0.001
Diff. Policy Rate 0.06 2.3584 0.019
Diff. ALR{-12) -0.11 -1.825 0.071
Adjusted R-squored 070
Durbin-Wotson stot 185
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The evidenceniplied by outputs in chart & 9 and last rows of chart & not trivial. It not only
implies that commercial banks now respond faster to movements in policy rate and so that the
mechanism of transmission of the monetary policy might have accelerated, but also that banks take
the information sent along with thee movements as credible. Such implication should be well
received by authorities who are looking forward to continue developing the necessary mechanism
to fully implement an inflation targeting monetary scheme.

We can sum up what data tells about asyniries and nordlinearities as follows: There is no
enough evidence to keep the hypothesis of an asymmetric response of either loan or deposit rates
and the reaction of those rates to policy rate shocks have incoeeseards the end of the sample
period.

6. Conclusions

Solong the aim of this paper was to investigate the ptssugh effect of the policy interest rate to
retail rates of the banking system in the Costa Rican economy in thed lgstrs. We were
interested in finding out whether in the longim retail interest rates fully reflect changes of the
policy rate or not. Additionally there washypothesis postulating that the first concrete stepthe
Central Banksowards andIT regime accelerated the pagkrough. Another hypothesis was
claiming that commercial banks might try to increase their spreads of interest rates by
asymmetrically reactintp shocks of policy rate.

After determining the right methodological approach given the stationary characteristics of Costa
Rican interest rates sede the application of a nelinear asymmetric VECM lead us to the
following conclusions:

e In the long run, average loamate passes almost 1.2 of anypbint change of policy rate while
deposit rate passes almost 0.75. Yet neither of those coefficierststistically different from one.
Then it is possible to say that there has been a complete-thasagh of the policy interest rate if
a sample starting idanuaryl999that goes up to December 200§ considered.

e Considering the full sample, averagan ratetakesalmost 9.5 months to fully accommodate a
policy rate shock. Average deposit is faster, it takes 5 months. After the introduction of the
administrated band exchange rate system, those velocities accelerat8cbtend 2 respectively.
This validates the hypothesis on a Alarear pasghrough.

e There is no evidence of asymmetries in the reaction of the average retail interest rates to
movements of policy rate. In the case of loan rates the tests did not allow us txeatry specific
conclusion while in the case of deposit rate the evidence rejit hypothesis of an asymmetric
reaction. That is, deposit rate equally react when facing an increase or a decrease of the policy
interest rate.
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e Generally speakinghe reaction of State Ownedbanks differs from the reaction ofripate
banksmostly in thelong run The last kind of banks pasdests retail rates a bigger portion ainy
given shock of policy interest rate than the formend. This is the case on botlahn and deposit
rates. The short run reaction differs betwetrose two groups obanks just in loan ratesState
ownedbankscorrect slightly faster than private ones. In what it refers to deposit rates, both kind
of banks correct equally faster any givdeviation from the long run relation with the policy rate.
Due to difference in magnitude of total pasthrough, State owned banks takes lesmé to fully
adjust a shock of policy rate both in loamdedeposit rate.

¢ Such a combination of resultaight suggest that private banks are behaving as followers in
dealing with decisions about whether and when adjust retail rates when facing a policy rate
change. This behavior is supported by literature mostly in the case of loan ratesit was
mentioned early in this paper, banks who adjust their loan ragagy to a policy rate shoakill

more likely face adverse selection problems than those who manage to delay the adjustment.

e The findings of this paper tend to signah ancouraging environment tdhe process of
migrating toan inflation targeting monetary regime. The proved acceleration of the ffasgigh
coefficientafter October 2008avors a sroother transmission mechanism of the monetary policies
that are implementedy movements othe poligy rate.
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Appendix A.

Abbreviations of the [nterest rates

June, 2008

ALR
ADP
OR_S
OR_P
DRE_S
DRE_P
agro_5
agro_P
const_5S
const_p
ganad_5
ganad_p
ind_5
ind_p
DR12 5
DR12 P
DR1_5
DR1_P
DR3_5
DR3_P

Average loan rate

Average deposit rate

Average loan rate charged on "other activities” by State owned banks
Average loan rate charged on “other activities” by private banks

Averape G-months deporsit e paid by Sate owned bank<

Average b-months deposit rate paid by private banks

Average loan rate charged on "agro industry” by State owned banks
Average loan rate charged on "agro industry” by Private banks

Average loan rate charged on "construction industry” by State owned banks
Average loan rate charged on "construction industry" by Private banks
Average loan rate charged on "livestock industry” by State owned banks
Average loan rate charged on "livestock industry” by private banks

Average loan rate charged on "manufacture industry” by State owned banks
Average loan rate charged on "manufacture industry” by private banks
Averape 12-monthe depost rate pasd by Siale owned bank<

Average 12-months deposit rate paid by private banks

Averape 1-manth deposit rate pad by State owned bank<

Average 1-month deposit rate paid by private banks

Averape 3I-months deporsit e paid by State owned bank<

Average 3-months deposit rate paid by private banks

Individual Granger Causality Test

Probability of not rejecting Ho

Interes rate Independent™ Dependent®™*
ALR 0.0027 0.8825
ADP 0.0000 0.1748
OR_5 0.0001 0.5472
OR_P 0.0010 0.9819
DR_S 0.0000 0.2403
DR_P 0.0000 0.0419
agro s 0.0000 0.5441
agro_P 0.3518 0.4693
const_5 0.0005 0.2866
const_p 0.0092 0.2079
ganad_S 0.0000 0.4166
ganad _p 0.0616 0.0435
ind_S 0.0026 0.1467
ind_p 0.0220 0.8904
DR12 S 0.0006 0.9052
DR12 P 0.0003 0.6881
DR1_5 0.0000 0.2712
DR1_P 0.0039 0.7935
DR3_S 0.0000 0.2564
DR3_P 0.0001 0.0106

* Ho: The policy rate does not Granger cause the respective interest rate series

**Ho: The respective interest rate does not Granger cause the policy rate
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Joint Granger Causality Test

Dependent variable: PR

Excluded Chi-sq df Frob.
agro_S 2085315 2 0.0000
agro_P 8200867 2 0.0166
const_S 40177649 2 0.1341
const_p 5851842 2 0.0536
ganad S 7288485 2 0.0261
ganad p 14.99933 2 0.0008
ind 5 1200543 2 0.5487
ind p 30 42756 2 0.0000
OR_ % 4187520 2 0123z
ORrR_F 4183722 2 01235
DR12 5 0950568 2 n.g217
DR12_FP 0293165 2 08637
DR1 5 4928511 2 0.0850
DR1_P 14 58407 2 0.0007
DR3 5 4 541882 2 01032
DR3P 4798731 2 0.0908
DRG S 0418245 2 08113
ORGP 0361881 2 0.8345
All* 464.9555 40 0.0000
* Ho: All interest rate series Granger cause FR

June, 2008
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Appendix B.

June, 2008

Unit Root Test Under Alternative Specification of Constant and Trend for a Wide Range of

Interest Rates Series 1/

Probability of Mot Rejecting Ho™

nterest Rate Ezpecification™™* ADFE PP
PR MCNT 0.0523 0.0545
CNT 0. 7202 07684
CT 07405 0.6714
ALR MCNT 00112 0.047
CINT 0586 0.5525
cT 0.9367 05571
ADP MCMNT 00062 0.010=
CINT 0.5214 02011
CT 0.6551 0.734
ORE_S MNCNT 00252 00577
CINT 0.5155 07111
CT 0.5735 0. 7025
DRE_P NCNT 0.0455 00271
CINT 0.8296 0.2402
cT 0.5624 02634
agro_5 MCNT 02064 02052
CNT 0.5778 0.5547
CT 0E12 05243
agro_FP MCNT 00111 00352
CINT 055253 0.5765
cT 05534 0.7515
const_5 MCMNT 0.2351 01875
CINT 0.2357 0.5837
CT 0.710& 02602
const_P MNCNT 0.0515 00553
CINT 05512 058272
CT 0. 7085 07288
ind_5S NCNT 00504 0.1555
CINT 0.99582 0.2233
cT 0.5e04 08877
ind_P MCNT o0.o002 00015
CNT 0.5546 055205
CT 05572 05258
OR_5S MCNT 01501 01501
CINT 0.5536 056555
cT 0.77599 Q.7787
OR_P MCMNT 0.0034 00074
CINT 0.5572 0.55739
CT 056632 0.2447
OR1Z_S MNCNT 01782 02458
CINT 05204 0.58555
CT 032658 05723
DR12 P NCNT 01552 0.1386
CINT 0.9525 0.95914
CT 0.7127 D.B666
DR1_S MCNT 00055 o.olz2
CNT 0.5855 0.8758
CT o.s002 05183
DOR1_P MCHNT 0.0154 00085
CINT 0.7387 08772
cT 0.5255 02032
DR3_S MCMNT 0008 0.0144
CMNT 0.53 66 059165
CT 0.8585 07238
*Ho: The serkes has @ untt root

HEMEMT: Mo constant no trend; CMNT: Constant and no trend; ©7: Constant and treand

29



