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Abstract

In this study we assess the monetary policy stance in Costa Rica during
the 2009-2018 period using an indicator of the real policy rate gap. We obtain
estimates of the real neutral interest rate by using six methodologies, whose
empirical consistency is evaluated in order to decide whether they are used
in the final estimation. The updated value for the real neutral interest rate
is 1.54%. The policy rate gap indicator shows appropriate empirical proper-
ties, among them a negative lead correlation with the output gap and core in-
Sflation. This suggests that the policy rate is successfully influencing the mar-
ginal cost of liquidity for financial intermediaries. Our analysis suggests that
monetary policy in Costa Rica has responded mainly to inflation movements
not related to temporary shocks, and that some policy adjustments could have
been swifter.
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1. INTRODUCTION

cept of the natural (or neutral) interest rate as “a certain rate
of interest on loans which is neutral in respect to commodity
prices, and tendsneithertoraise nor tolower them” (Wicksell, 1938,

I n 1898, the Swedish economist Knut Wicksell introduced the con-
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pp-106). Wicksell argued that as long as the interest rate was lower
thanthenaturalrate of return on capital, there would be anincentive
toborrowin order toaccumulate capital. Thisaccumulation process
would eventuallylead to anincreasein the general pricelevel due to
theincreaseinaggregate demand. Thus, for Wicksell price stability
would beachieved onlyif, all else constant, permanent discrepancies
could be avoided between the current interest rate and the natural
rate. Consequently, a discussion about the level of the interest rate
would onlymake sense whenitiscomparedtothelevel of the natural
rate. However, Wicksellacknowledged that the naturalrateis neither
observable nor constant, since it would depend on the evolution
of the factors that influence the return of capital.

The mostrelevant contribution to consolidate the concept of the
naturalinterest ratein modern macroeconomicswas made by Wood-
ford (2003), who demonstrated that it is possible to derive a natural
rate conceptually equivalent to that of Wicksell as afunction of fun-
damentalvariables (consumer preferences, shocks of productivity)
within the framework of aneo-Keynesian model, and that such rate
isthe one that would prevail in the absence of nominal rigidities.

Therefore, Woodford formulated the theoretical fundamentals
thatsupportthestrategyfollowed by many central banks to conduct
economic policy of price stabilization, by demonstrating that it is
feasible to perform monetary policy through a rule for the interest
rate without explicitly taking into account the money supply. This
is particularlyrelevant for central banks that followan inflation tar-
geting scheme.

The neutral real interest rate (NRIR) is a fundamental reference
tocharacterize, inrealtime and ex post, the monetary policystance:
contractive when the policyrate is higher than the NRIR, expansive
whenitislower. Therefore, itis veryuseful foracentralbankto have
reliable estimates of the gap between the monetary policyrate and the
NRRwhenfacing the monetarypolicy decision-making process. This
isachallenge because the NRIR is an unobservable variable.

The Central Bank of Costa Rica (BCCR) has made several es-
timates of the NRIR for Costa Rica. The first exercise, by Mufioz
and Tenorio (2007), used data for the period 1991-2006, under
a crawling peg exchange rate regime. The NRIR was estimated us-
ing four methodologies: a semi-structural model proposed by Lau-
bach and Williams (2003), the uncovered parity condition of interest,
the Hodrick-Prescottfilterto obtainalong-termtrend, and an ad-hoc
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approximation correspondingto the average of the effective realin-
terest rate under a period of stable inflation.

Seguraand Vindas (2012) used information for the period 2001-
2011, whichincludes two exchange rate regimes (a crawling pegand
acrawling band) and in addition to the methodologies used by Mu-
nozand Tenorio, theyincluded a VAR estimation proposed by Brzoza-
Brzezina (2003, 2006). Muniozy Rodriguez (2016) used data for the
period 2009-2015 under a more flexible exchange rateregime, along
with the methodologies used in previous studies, their estimations
incorporate Taylor rule state space models.

International organizations like the IMF (2016) and the OECD
(2016) also estimated the NRIR as part of their evaluations of the Costa
Rican economy. The IMFrelied on aneo-Keynesian semi-structural
model, a general equilibrium model, a monetary model and a Tay-
lor ruleaugmented by expectations. Thislast method isalso the one
used by the OECD.

A common feature of previous studies for Costa Ricais their em-
phasis on the estimation itself. The present investigation has the
objective of approximating an interest rate gap with coherent em-
pirical properties and then analyzing its relationship with the state
of the Costa Rican economy, which would allow us to make conclu-
sions about the stance of the BCCR monetary policy. For the estima-
tion of the NRIR we add two more methods to those used in Muiioz
and Rodriguez (2016).

This paperis organized as follows: the methodology description
ispresentedinsection 2. The mainresultsand the evaluation of the
policystand are discussed insection 3, finally the main conclusions
are presented in section 4.

2. DATA AND METHODOLOGY

2.1 Monetary policy rate

In2005, the BCCRbegan a process of modernization of its monetary
policyin ordertoimprove the compliance of the objective established
byits Organic Law of maintaining the internal stability of the nation-
al currency. This mandate is interpreted as the achievement of low
and stable inflation, in line with that of the main trading partners
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of the country. This process led to the adoption of an inflation tar-
geting monetary policy framework in January 2018.

Animportantdecisioninthis processwastheintroduction of the
monetary policy rate (MPR) as an instrument of monetary control,
in June 2011". The greater variability of the exchange rate resulting
fromtheadoption ofthe crawlingband exchangerateregimeatthe
end of 2006 and of the managed float atthe beginning of 2015 hasal-
lowed an increasing independence for the use of the MPR, after de-
cadesofacrawling pegschemethatrestricted the possibility of using
the interest rate asa monetary policy instrument?.

The MPRis defined as “...interest rate target of the Central Bank
of CostaRica. Thisindicator correspondstotheinterestrate the Cen-
tral Bank of Costa Ricausesasareferencein guidingthe cost of one-
day operations in the Integrated Liquidity Market into a corridor
determined bytheinterestrates of the permanentfacilities of credit
an deposit in that market.”

By changing this rate the BCCR aims to influence the marginal
cost of liquidity for the financial intermediaries to channel the de-
sired stance of monetary policy to the rest of interest rates in the fi-
nancial system.

Before having thisformal definition of the indicator, all empirical
researchrequiringamonetarypolicyratelacked acoherentmonetary
policyrate serieslong enough to allow quantitative analysis. For ex-
ample, Muiioz and Tenorio (2007) and Segura and Vindas (2012)
used the Deposit Basic Rate as an indicator of BCCR’s policy rate.

To overcome thisissue, Castroand Chaverri (2013) definesanin-
dicator that reflects the monetary policy stance the BCCR during
the period January 1999 - May 2011. The data series resulting from
linking the monetary policy rate indicator of Castro and Chaverri
(2013) with the data of the MPR as of June 2011 is shown in Figure 1.
This is the variable used as the rate of monetary policy throughout
the present investigation.

Since 2005, the legal reserve requirement is at the maximum level al-
lowed by the Organic Law.

The increasing exchange rate volatility associated to the adoption
of more flexible Exchange regimes was documented in BCCR (2018).
Monetary Policy Regulations, Title IV, Numeral 2, Literal D.
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Additionally, Table 1 presents the data used in this study, as well
as the corresponding source. The estimation period varies accord-
ingto each methodology, but for the analysis of the NRIR the period
2009Q1-2018Q4 is considered.

2.2 Estimation methods

The NRIR is an unobservable variable whose level can change de-
pending on the macroeconomic conditions, therefore ageneralized
practiceistouse aset of methodologies that provide the authorities
with arange of estimates. Thisresearch starts from the methodolo-
giesimplemented by Mufiozand Rodriguez (2016) and incorporates
two additional ones: a Bayesian SVARwith changing coefficientsanda
linearlocal trend model.

2.2.1 Bayesian SVAR with changing coefficients

This method follows the approach used by Lubik and Matthes (2015)
of estimating a system of structural autoregressive vectors (SVAR)
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with changing coefficients (Time-varying parameter VAR, TVP-VAR) with real
GDP growth rate, CPIinflation and the monetary policy rate as endogenous
variables. The SVAR corresponds to that proposed by Primiceri (2005), where
the variability of the system comes from the changing coefficients and sto-
chastic volatility in the covariance matrix of the shocks that enter the mod-
el. Primiceriarguesthat the changing coefficientsallow to capture possible
nonlinearities as well as temporal variation in the lag structure of the mod-
el. Lubik and Matthes argue that this makes the method particularlyapt to
capture both the secular changes in the NRIR and those associated to the
business cycle.
The model proposed by Primiceri (2005) is as follows

B Y,=¢+B Y _ +.+BY_ +u, t=1,..,T

where the variance covariance matrix € of the shocks ,given by

1 0 e 0 o, 0 -0
. , a ) S
E AtQtAt - tht’ At = Q.U . . Ez = 0 Tas
S | Lo )
anl,/ o ann—l,l 1 O e 0 ag

Therefore, the system can be rewritten as

' -1
Yz = Xsz + Az 2161 ’ V(gz ) = In
Xt = In ®(1’yt—1""’yt—k)
Where the right hand side coefficients in are stacked in the vector B,.

In our case, Y, = (j}t,wt,Rt). The dynamics of the time varying coefficients
vector is specified as follows:

B,=B,_,+v,
H o=, +¢,
log o,= log o, +n,

Inthismodelthe innovationsare jointlynormally distributed with the fol-
lowing assumptions on the variance covariance matrix:
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where Q, Sy Ware positive definite matrices.

The model is estimated by Bayesian methods. In particular,
the Gibbs sampler is used for the numerical evaluation of the poste-
rior distribution of all parameters. The estimate of the NRIR corre-
sponds to the average of the samples for the posterior density of the
constant parameter in the equation for the interest rate.

For estimation, the a priori distributions of Primiceri (2005)
were used:

B, ~N(B, .4 V(B

5 Bico))
Ay~ N<AMCO’4'V(AMCO))
E logo, ~N(loga,, .. 1,))
Q ~ IW (k3 -40-V(B, ,,),40)
W~ IW (K, 4-1,.4)
S, ~IW (ks -2-V(A, 00)-2)

82 ~ [W(kf '3'V(A2,Mco)’3>

The model was estimated with quarterly data, with a calibration
sample comprising 2002Q1-20080Q4, and an estimation method com-
prising 2009Q1 -2018Q4.

2.2.2 Local linear trend model

The basis for this method isthe decomposition formalized by the struc-
tural time series model by Harvey (1989), to express the real interest
rate r, asthesum of trend, cycle, seasonalityand irregular components:

[ =i+ 47, +e,

where /4, is the trend, ¥, is the cycley 7, is the seasonal compo-
nent. All components are stochastic and their perturbations are not
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correlated. The real rate is computed from the monetary policy rate
and the lead of the inflation rate.
Thetrend component (4, evolves followingalocallinear trend model

E H, :/111714‘6/714‘7][
/Bt:ﬁt—lJrgt

where 7,y ¢, are uncorrelated white-noise perturbations, with zero
means and variances O': y 0’?.

The 1), component is modeled as a cyclical function of time with
frequency A , that can be represented recursively as:

a [’QZJ[ iy cos\  sen\ [I/JH]_F[@]

—senA  cosA ||¥ ) |k
where k,and k: are uncorrelated and have common variance J;f,
and the modelis stationary if |p‘ <l.4

In this study, seasonality 7, is introduced through a group of bi-
naryseasonal variables, whose effect sums to zero for the entire year:

s—1
10 >, =,
70

where s=4and w, isazero-mean perturbation with variance oi.

Themodelis estimated initsstate-space representation with the Kal-
man filter using monthly data for the period January 2000- June
2018. In this case the NRIR estimate is the smoothed estimate of f,
inthe signal equation 8. For the analysis, we take the quarter average
of these values.

2.2.3 Semistructural macroeconomic model

with unobservable components
Thiswell-known approach pioneered by Laubach and Williams (2003)°
aproximates the NRIR for the US economy through a parsimonious

* The variables with a star result from the properties of the trigonometric

functions, but have no interpretation. See Harvey (1989).
See also Laubach and Williams (2015) and Holston, Laubach and Wil-
liams (2016).

ot
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state-space model with new Keynesian theoretical underpinnings,
inwhich changesintheinterestrate affect consumptionand invest-
mentdecisions. The twosignal equationsare: an IS curve to describe
equilibrium in the goods and services market (11); and a Phillips
curve to explain the evolution of inflation (12). Furthermore, it is
assumed that potential output grows at arate that evolves following
arandomwalk, likein equation (13), and thatthe NRIRisdetermined
by potential output growth, like in equation (14). The complete sys-
tem1s:

EESAED SU{ERES D LI I

] L .
(75 —WQW):;ﬁ;(WM —ﬂ;Mp)—s—ilﬁq’(yw —yf’fq)+xwﬁ+gl”
- p=

p_ab b b
yt _yt—1+yc—1+gt
r"zcj}"+z

t t t
where:

y, natural logarithm of GDP

3" natural logarithm of potential output

1, real monetary policy rate

7TtM inflation target

Xll,t other variables explaining the output gap

X,, other variables explaining

g]" white-noise process with zero mean and constant variance

3" potential output growth

P . . .
El’ zero-mean perturbation with constant variance

z other factors explaining the neutral real rate

46 E. Munoz, A. Rodriguez



The other factors explaining the NRIR, z,, are modeled as AR(1)
from the estimated OLS errors of equation (14):

15| z, =0z, +e¢,

Estimation is done with the Kalman filter, with quarterly data
for the 2009Q1- 2018Q2 period. Initial values for the parameters
and for the state variables come from the OLS estimation of the signal
equations. Initial values of unobservable variables (potential output
and real neutral rate) were obtained from applying the Hodrick-
Prescott filter to the GDP and real interest rate series.

2.2.4 Implicit common stochastic trend

Basdevant, Bjorksten and Karagedikli (2004) proposed a model
based ontheassumption that theyield curve can be informative about
the monetary policy stance. Theystate that there is astochastic com-
montrend inthe nominallong-run andshortruninterestrates, which
is expressed in state-space form in the following way:
o __n e 1
R, =" + Mg +Et
p__ n e 2
m R[ =" +7rz+12+az+€z
n__.mn 1
n=rnht,

a, = py+ e, +9;

Where the firsttwo are signal equationsand therest are transition
equations, with

R? shortrun nominal interest rate
R” long-run nominal interest rate
7m° 12-month inflation expectations
«, risk premium
The system indicates that the short-term nominal interest rate
equals the NRIR plus the 12-month inflation expectations and a sto-

chastic perturbation, while the long-run nominal interest rate equals
the short-run nominal rate plus a risk premium and a stochastic
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perturbation. The transition equations assume arandomwalk for the
NRIR and a stationary AR(1) for the risk premium. Perturbations
areassumed independentandidenticallydistributed with zero mean
and constant variance. The modelis estimated with the Kalman fil-
ter for the 2009Q1-2018Q2° period.

2.2.5 Dynamic Taylor rules

Magud and Tsounta (2012) estimate the NRIR using two versions of the
Taylorrule.Inthefirst one, the nominal neutralinterest rate comes
fromaformulationinwhich the nominal policyrate dependsonthe
deviations of inflation from the central bank target, and of output
with respect to its potential level, so that when both gaps are zero
theshortruninterestrate equalsthe nominalneutral rate. The mod-
elis expressed instate-space form with state equationsfor the short-
run nominalinterestrate Rt‘f' and two transition equations: one for
the nominal neutralrate (Rt") and the other forits variation rate gy

RY = R+ 3(7, ")+ 0] +<|
17 n__ pn
. Rt - Rt—l + 8

g =g+

where the transition process is a random walk for g,. All perturba-
tions are assumed independently and identically distributed with
zero mean and constant variance. The model is estimated using
the Kalman filter, with monthly data for the period January 2009-
February2018. The NRIRis obtained from the estimate for R, then
averaged by quarter.

The second specification is an expectations-augmented Taylor
rule, where the NRIR is estimated using a model that now includes
signal equations both for the short-termand long-term nominalinter-
estrates, withthe same transition dynamicsasinthe previous model:

R"=r"+7 ,+0B(x —7'")+0y +¢

t+12

I/ n e 2

R//):Tt +7Tz+12+a +Ez
L= TE L
_ 1
& _gt—l+19t

® This approach is also used by Magud and Tsounta (2012).
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Note that the nominal neutral interest rate now is given by the

NRIR (7" | plus the 12-month inflation expectation )

2.2.6 Structural VAR with long-run restrictions

Brzoza-Brzezina (2002) suggests estimating the NRIR using a struc-
tural VARwithlong-runrestrictionsalaBlanchard and Quah (1989).
The real interest rate is defined as the sum of the NRIR and the in-
terest rate gap:

_.n b
19) =147

Besides, it is assumed that the neutral real interest rate and the
interest rate gap follow stationary AR processes given by

T
20 ’

where EI<L) and EQ<L) are lag polynomials such that

EI(L):(Ifé(L)L)il. Thus, the interest rate can be expressed

in terms of the structural perturbations u;, and uy;:

n=E5 (L>u1t+52([‘)u2t

Brzoza-Brzezina assumes that changesininflation are afraction
W ofthe deviation fotheinterestratewithrespecttoitsneutrallevel:

22 A m, =0 )= V[E, (L),

With this, the change in inflation and in the interest rate can be
expressed from the structural perturbations:

ﬂ A,]Tt — Sll(L) SIQ<L) ull
r SQI(L) SQQ(L) u,,

i
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where S;(L) are lag polynomials.
Itisnecessarytorecoverthe structural perturbations ,. For that,
an unrestricted VAR is estimated

A, _ Ap(L) Ap@) | A, 4|
% Ay (L) Ay (L) US| €

whose moving-average representation is

A C (L) CuL) | e

25 e

" Cu(l) Cp(L) || &,

In which reduced-form perturbations ¢, are a function of the
structural perturbations:

m 1t _ ul/,

If the coefficients S;(0) were known it would be possible to recov-
er the structural perturbation from the residuals ¢, from the unre-
strictred VAR. To that end, Brzoza-Brzezina imposes the following
restrictions:

i) Thevariancesofthestructural perturbationsareallequalto 1.

i) Along-runrestrictionisimposedso that S;;(1)=0in the origi-
nalsystem, whichimplies that the perturbation u;,doesnotaf-
fect Am,.

1) Besides $12(0)=0, so that the interest rate gap has no contem-
poraneous effect on inflation, that is, monetary policy oper-
ateswithalag.

From the estimated variance-covariance matrix for perturba-
tions €, and restrictions (i)-(i4)it is possible to obtain the other coef-
ficients S;(0) according to:
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sn(O): i,/var(sn)

21(0): ng; var(e,,)
392(0)— —2521(0)

cov(g,,,€,,) + sfl (0)+var(e,,)
SH(O) ‘ B

Finally, the NRIR can be computed as the result solely of struc-
tural perturbations:

E rzn = S21(L) Uy,

Estimation is performed with monthly data for the period com-
prising January 2009 - June 2018. Monthly estimates of 7" are aver-
aged for analysis.

3. RESULTS

3.1 Estimates of the interest rate gap

The aim of this section is to assess the estimates of the interest rate
gap obtained byapplying the methodsdescribedin Section 2, in or-
der to select the most suitable to compute a single gap indicator
to characterize the BCCR’s monetary policy stance during the peri-
od of analysis (Figure 11 in the Appendix shows the estimates of the
neutral real interest rate). Figure 2 shows the estimates, computed
asthe percentage point differentialin the real monetary policyrate
and every NRIR estimate’. Most estimates show a similar behavior,
with periods of expansionary or contractionary monetary policy
that are relatively coincident.

The most notable differences occur in the estimates of the Tay-
lor rules and the stochastic common trend. In particular, the gap
estimated with the expectations-augmented Taylor rule remains

7 A one-year lead of inflation was used to compute the real interest rate.
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negative during almost all the period considered, and the gaps re-
sulting from the simple Taylor rule and the stochastic common trend
show comparativelylowvalues, stemming from NRIR estimates very
close to the effective real rate.

Inordertoselectthe gap estimates, three requisites have to be met.
First,whentherealinterestrateishigherthanthe NRIR, the monetary
policy stance is contractionary, so that if that positive gap persists
itisreasonableto expectareductioninaggregate demand and then
in the output gap and inflation. Thus, positive (negative) rate gaps
should precede reductions (increases) in the output and inflation.
Furthermore, even though monetary policyisforward-looking, itis
alsolikelythat policymakersrespond to the contemporaneous behav-
ior ofinflation. Thus, itisalso reasonable to assess whether the rate
gapis correlated with it.

Ontheotherhand, the evolution of eachinterest rate gap is com-
pared with that of a Financial Condition Index (FCI) for Costa Rica
obtained from the combination of 33 financialindicators using prin-
cipalcomponents. These indicatorsinclude creditand monetaryag-
gregates, prices, interest ratesand margins (including the monetary
policyrate), ratiosand indicators of the financial system, and factors
linked with the state of the global economy. For more details see Al-
varez (2016). Increases in the FCI point to less restrictive financial
conditions, while reductions in it indicate the opposite case. Since
the monetary policystance should be transmitted to the financial sec-
tor, itshould be expected thatincreasesin the interest rate gap pre-
cede or coincide with reductions in the FCI.

Ideally, an interest rate gap should meet these criteria, so for
computation of the final indicator estimates those that do not
are dropped. To verify compliance, we compute correlation coef-
ficients between the output gap, core inflation and the FCIwith sev-
erallagsand leads of each interest rate gap®.

Most of the correlationswith the output gap (Figure 3) show the ex-
pected pattern, that is, the highest correlation within the policy

8 The output gap isthe one used in the macroeconomic modelling by the
BCCR, which corresponds to an average of an estimate of potential out-
put using a production function (Alvarez, 2018) and an estimate using
aHodrick-Prescott filter (A=1800). Details on trimmed-mean measure
of core inflation can be found in Esquivel, Rodriguez and Visquez
(2011).
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Figure 2
REAL RATE GAP ESTIMATES 2009Q1-20180Q2

6 TIME-VARYING PARAMETER SVAR
5
4 -
3 |
9 |
1+
0 -
-1 —+
-9 |

Percentage

[ l l l [ l l l |
2009 2010 2011 2012 2013 2014 2015 2016 2017

SEMISTRUCTURAL, LAUBACH AND WILLIAMS (2003)

6 —

5

4 -

3

9

1 -

0 —

_l —
_2 —

Percentage

l l l l l l l l |
2009 2010 2011 2012 2013 2014 2015 2016 2017

TAYLOR RULE
6 —

5 —
4 —
3 |
9 |
1 -

()_l_l_l_l_l_l_-_l_l_._._._.__._._l_l_l_._._.—J
-1+
-9 |

Percentage

I l I l I l l I |
2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: Own elaboration.

Monetary Policy in Costa Rica 53



Figure 2 (cont.)
REAL RATE GAP ESTIMATES 2009Q1-2018Q2
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REAL RATE GAP ESTIMATES 2009Q1-20180Q2

STOCHASTIC COMMON TREND
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horizon is negative and precedes the output gap. This is the case
forboth SVAR models, the semi-structural model by Laubach and Wil-
liams (2003), thelocallinear trend model and the simple Taylor rule
model, where in most cases the highest correlation of the output
gap occurs with the interest rate gap of 1 to 3 quarters before.

On the other hand, in the case of the rate gap associated with
the expectations-augmented Taylor rule, the highest correlation
is positive and indicates that the output gap precedes the rate gap,
while in the case of the stochastic trend model, correlations are rel-
atively low and mostly positive.

Correlations with the trimmed-mean measure of core inflation
are shown in Figure 4. The rate gaps of most models show the ex-
pected pattern: high negative correlations between core inflation
and the rate gap about 4 quarters earlier (which are indicative of a
delayin the effect of monetary policy oninflation) and positive con-
temporaneous correlations (which suggest a reaction of monetary
policytothe current behavior ofinflation). This patternis not pres-
ent for the estimates based on the Taylor rules or in the stochastic
common trend.

Monetary Policy in Costa Rica 55



CROSS-CORRELATIONS OF RATE GAPS WITH OUTPUT GAP
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Correlation
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Note: Confidence intervals computed with Fisher’s ztransform, 5% significance.

CROSS-CORRELATIONS OF RATE GAPS WITH OUTPUT GAP
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CROSS-CORRELATIONS OF RATE GAPS WITH OUTPUT GAP
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Note: Confidence intervals computed with Fisher’s ztransform, 5% significance.
Source: Own elaboration.

Finally, theinterestrate gap resulting from both SVARmodels, from
the Laubach and Williams (2003) model and from the local linear
trend model show correlations with the FCI that exhibit the expect-
ed pattern: the highest correlations are positive and contempora-
neous or indicative of aslight lead in the correlation of the interest
rate gap and the FCI (Figure 5).
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CROSS-CORRELATIONS OF RATE GAPS WITH TRIMMED-MEAN INFLATION RATE
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Note: Confidence intervals computed with Fisher’s ztransform, 5% significance.
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CROSS-CORRELATIONS OF RATE GAPS WITH TRIMMED-MEAN INFLATION RATE

LOCAL LINEAR TREND
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Source: Own elaboration.
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CROSS-CORRELATIONS OF RATE GAPS WITH TRIMMED-MEAN INFLATION RATE
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The analysisin this section suggests that estimates from the Tay-
lorrulesand the stochastic common trend do not have desirable em-
pirical properties. Thus, the final NRIR indicator, which is shown
inFigure 6is computed asthe simple average of the rest of estimates.
During most of the period of study, the NRIR has fluctuated in the
0%-2% range, and its value at the end of the sample is 1.54%, which
sits in the reference range of recent studies like Mufioz and Rodri-
guez (2016) and OECD (2016).

From the NRIRindicatoraninterestrate gap was computed, shown
inFigure 7. Thisindicator shows anegative correlation with the out-
putgap 1 quarter later, anegativeand contemporaneous correlation
with the FCI, and sizable correlations both with future core inflation
(negative sign) and contemporaneous core inflation (positive sign).
See Figure 13 in the Appendix’.

Anoteworthy characteristic which can be inferred for all the pe-
riod of analysisis that policymakers seem to have responded mostly
to movements of inflation not associated with temporary shocks.

9 Besides, unit root tests suggest that the interest rate gap is stationary.
See table 3 in the Appendix.
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CROSS-CORRELATIONS OF RATE GAPS WITH FINANCIAL CONDITIONS INDEX

TIME-VARYING PARAMETER SVAR
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62 E.Muifoz, A. Rodriguez



CROSS-CORRELATIONS OF RATE GAPS WITH FINANCIAL CONDITIONS INDEX
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Note: Confidence intervals computed with Fisher’s ztransform, 5% significance.
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CROSS-CORRELATIONS OF RATE GAPS WITH FINANCIAL CONDITIONS INDEX
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Toseethis, first note thatthe interest rate gap showsits highest (positive)
contemporaneous correlation with coreinflation rather than CPIinfla-
tion (Figure 8). Furthermore, there seems not to be a sizable correla-
tion between the interest rate gap with movements of the CPIinflation
outside the target range when core inflation has been withinitsbounds
(Figure 12 in the Appendix).

3.2 Monetary policy in Costa Rica 2009-2018

Inordertoassesswhether the indicator of interest rate gap coherently
reflectsthe monetary policystance of Costa Rican policymakers, in this
section a brief review of the evolution and characteristics of the mon-
etarypolicybetween 2009 and 2018 is presented. This period includes
several policy decisions aimed at strengthening the ability of BCCR
to fulfill its objective of maintaining a low and stable inflation, taken
as partofamodernization process for monetary policystartedin 2005.

The beginning of the period of analysis coincides with a time of ex-
pansionary monetary policy in several regions of the world, especial-
ly in the USA and the Euro area, which was a response to the financial
crisis of 2008. This global excess of liquidity generated capital inflows
toemerging economieslike CostaRica.Asaconsequence, CostaRican
economic agents had access to international financing at historically
low interest rates. Besides, the need to finance the fiscal deficit was re-
flected in an upwards pressure on local interest rates, which in turn
generated an increase in the Costa Rica premium'".

Additionally, between 2012 and 2015, the Costa Rican government
issued the equivalent of 8% ofits 2014 GDP in foreign debt bonds. At the
same time, domestic and foreign-denominated credit to the private
sector grew at arate of 14.2% between 2009 and 2015 (see Figure 9).

This capitalinflow, underacrawling band regime'!, forced the BCCR
tointervene to defend the lower limit of the band and allowed it to pur-
sue several programs of reserve accumulation aimed at strengthening
the economyin the face of external shocks. Atthe same time, the BCCR
had tosterilizeitsintervention through open-market operations to con-
troltherisk the monetary expansion posed for futureinflation. Liquidity

10" All of this with a low or null foreign-exchange risk, since the exchange
rate stood at the lower limit of the crawling band for a long period.

""" After more than 20 years of a crawling peg regime, in October 2006 Costa
Rica adopted a crawling band regime which would last until February
2015, when a managed float was introduced.
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Figure 7

REAL INTEREST RATE GAP FOR COSTA RICA
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Source: Own elaboration.

Figure 8

CROSS CORRELATION OF REAL INTEREST RATE GAP
WITH INFLATION VARIABLES
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CHANGE IN CREDIT TO THE PRIVATE SECTOR
AND IN LIQUIDITY IN DOMESTIC CURRENCY
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indomestic currencygrew atanaverage rate of 20%, year-over-year,
during the 2007-2009 period (see Figure 9).

Duringthe first quarter of 2014 CostaRica experienced aforeign
exchange shock thatincreased the exchange rate 13.3% in 7 weeks.
Thiseventgenerated anincreaseintheinflation and exchange rate
variation expectations. Asaresponse to that shock, to avoid thatin-
flation rose above the upper limit of the target range, the BCCR ad-
justed its policyrate from 3.75% to 5.25%. This contractionary policy
stance was reflected during 2014 in the interest rate gap as positive
values in Figure 10. In spite of this, inflation was outside the target
range between July and December, returning to the target range
in January 2015.

In 2014-2015 the fall in the international price of several com-
modities, especially oil, resulted in a positive terms-of-trade shock
whichlowered importedinflationand eventually contributed toade-
creasein overallinflation. The policyresponse from BCCR comprised
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communication with the population to explain the transitory nature
oftheshock, alongwith gradual decreasesin the monetary policyrate.
Duringeleven months, between February 2015 and January2016, eight
adjustments to the rate were applied amounting to 350 b.p., leading
this indicator to 1.75%. Coincidentally, from 2015Q2 until 2017Q3
inflation was below the target range, even showing negative values.
In spite of this, the interest rate gap suggests that a contractionary
monetary policystance wasin place until the end of 2015, which leads
to question whether the cuts in the monetary policy rate could have
been done less gradually and sooner.

The monetary policy rate was held at 1.75% for 15 months, from
January 2016 until April 2017. During that time, international rate
began torise, which translated into a lower, even negative, premium
for saving in domestic currency. This, along with a high and persis-
tent fiscal deficit, brought incentives for economic agents to increase
their relative preference for saving in dollars and at the same time
to de-dollarize their debts.

In consequence, the BCCR faced pressuresin the FX market'?, which
inturntranslated into expectations of higher exchange rate variation
that could pass on toinflation expectations and ultimately to domes-
tic prices. In order torestore the premium for saving in domestic cur-
rency, itwasdecided toimplementagradualincrease in the monetary
policyrate, upto300b.p., between Apriland November 2017. Howev-
er, the interest rate gap for this period still suggests aloose monetary
policystance duringthe firstand second quarters of 2017 (Figure 10).

4. CONCLUSIONS

This study assesses the monetary policy stance for Costa Rica during
the period 2009-2018 using an indicator of the real interest rate gap.
This indicator is computed from a neutral real interest rate based
on four estimates for which empirical coherenceis evaluated. The val-
ueoftheneutralrealinterestrate for CostaRicais estimatedat 1.54%,
in line with previous estimates.

Theinterestrate gap shows expected properties: negative correla-
tion with future output gap, negative contemporaneous correlation

!2 Several increases of the exchange rate were identified that were not co-
herent with the long-run trajectory set by its fundamentals.
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REAL INTEREST RATE GAP, INFLATION AND POLICY RATE
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with the Financial Conditions Index, and sizable negative correla-
tion both with future and current core inflation. This suggests that
the use ofthe monetary policyrate hasbeensuccessfulininfluencing
the marginal cost of liquidity for financial intermediaries. Thisisa
primordial factor for the correct functioning of aninflation targeting
regime. However, aformal evaluation of the forecastingand model-
ing properties of these NRIR estimates was not the goal of this study.

The analysis of the monetary policy stand in Costa Rica suggests
that policy has responded mostly to movements in inflation not re-
lated to temporary shocks. Besides, there have been cases in which
it can be argued that adjustments in the policy stance could have
been swifter.

Finally, the new NRIR and interest rate gap indicators are a valu-
able inputin the ongoing process ofimprovement of the macroeco-
nomic modelling at the Central Bank of Costa Rica.
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APPENDIX

NRIR ESTIMATES FOR COSTA RICA

2007-2016
Mutoz and  Segura and Mutioz and
Tenorio Vindas IMF OECD ' Rodriguez
(2007) (2012) (2016) (2016) (2016)
Several 2008- Several
Period of study 2001- 2006 2001-2011  periods 2015 periods
Periodicity Quarterly Monthly  Quarterly Monthly — Monthly
Method
Ad-hoc
(observed) 2,8% 2,0%
Hodrick-
Prescott filter 2,6% 1.9%
Semistructural 3.1% 9.9% 1.4% 0.6%
model
Structural VAR 1,3%
Inter.est rate 3.1% nd. 1,6%
parity
Dynamic
Taylor rule 1,2%
Expectations-
augmented 2,4% 1,6% 3,0%
Taylor rule
General
equilibrium 2,6%
model
Monetary 1.8%
model
Stochastic
common 1,2%
trend
Average 2.9% 1,9% 1,9% 1,6% 1,5%

a/ Nominal rate is 4,6 % in the original source, the real rate is presented after

substracting the inflation target.

Source: Own elaboration.
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UNIT ROOT TESTS FOR REAL INTEREST RATE GAP SERIES

Critical
Statistic  Probability value (1%)

Augmented Dickey-Fuller

No constant!/ 0.0000  0.0000

Constant!/ -3.0757  0.0386
Phillips-Perron

No constant? -2.1985  0.0289

Constant? -2.1620  0.2232
Elliott-Rothenberg-Stock (DF-GLS)

Constante!/ -2.9384 -2.6392

Kuwiatkowski-Phillips-Schmidt-Shin (KPSS)
Constant®” 0.0816 0.7390

1/ One lag, automatic selection (Schwarz information criterion with a maximum
of 8 lags considered)

2/ Bandwidth = 1 (Newey-West, Bartlett kernel).

3/ Bandwidth=4 (Newey-West, Bartlett kernel).

Source: Own elaboration.
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DEVIATIONS FROM TARGET OF CPI INFLATION
WHEN CORE INFLATION IS ON TARGET
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CROSS-CORRELATIONS OF REAL INTEREST RATE GAP WITH SEVERAL VARIABLES
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Note: Confidence intervals computed with Fisher’s ztransform, 5% significance.
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