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PREFACE

CEMLA’s Board of Governors created the Joint Research
Program with the dual aim of promoting the exchange
of knowledge among researchers from Latin American
and Caribbean central banks, and of providing insights
on topics that are of common interest to the region.

Previous volumes have included studies on the esti-
mation and use of unobservable variables; inflationary
dynamics, persistence, price and wage formation; do-
mestic asset prices, global fundamentals, and financial
stability; monetary policy and financial stabilityin Latin
Americaand the Caribbean; international spill-overs of
monetary policy; financial decisions of households and
financial inclusion; and, inflation expectations, their
measurement and degree of anchoring.

The present volume, entitled The Natural Interest Rate
in Emerging Economies, is an important achievement in
understanding the determinants of the natural interest
rate in emerging economies and in providing prelimi-
nary estimates for the region.

Inrecentyears, several central banks, including many
inLatin America, have shifted toamonetary policy based
on targeting the level of inflation and in which the nom-
inal short-term interest rate is the policy tool. The ef-
fectiveness of this tool at achieving the desired target is
inherently related to knowing the implicit real interest
rate and its unobservable natural level.

Atthe same time, recent evidence on advanced econ-
omies points to asecular decline in the level of their nat-
ural interest rates. Thus, a proper measurement of the
natural interest rate in emerging economies becomes
even more relevant to understand what are the underly-
ing processes that central banks face in the region, and



whatarethe potential challenges for expansionaryand
contractionary monetary policieswithin the inflation
targeting schemes.

The present volume provides evidence on that re-
spectand complements the vastrecentliterature that
hasfocused onadvanced economies. The included pa-
pers revisit a set of methodologies for estimating the
naturalinterestrate, provide estimates for some econ-
omiesintheregion,and discussspecificdeterminants
of such rate affecting emerging market economies
in the context of an integrated world economy. They
represent the views of researchers from the central
banks of Bolivia, Colombia, Costa Rica, Dominican
Republic, Honduras, Jamaica, Mexico, Peru, Spain,
and Uruguay.

We at CEMLA would like to thank all the authors,
referees, and editorsin this project. We hope that these
papers contribute toward the improvement of poli-
cy design in Latin American and Caribbean central
banks.



Introduction

Angel Estrada
Ivdn Kataryniuk

tpresent, most of central banks set aninflation target

for monetary policy and move the relevant nominal

short-terminterestrate to hit that objective. Theidea
1s that higher (lower) nominal interest rates, in a context
of price rigidity, implies higher (lower) real interest rates,
and, this, through different channels, meanslower (higher)
aggregate demand. For a given (potential) supply, less (more)
demand pressure implies a reduction (increase) ininflation.
This approach implicitly assumes that we know with cer-
tainty the level that the realinterest rate should have when
inflationis atthe targetand thatit doesnot change over time.
Thus, realinterest rate above (below) thatlevel will reduce
(increase) the pressures on inflation. However, the reality
1s much more complex, as that equilibrium interest rate,
or natural interest rate, is not observed and, therefore,
should be estimated (thus introducing uncertainty) and,
probably, it can change in line with the evolution of its
structural determinants.

The economic literature provides various definitions
of the natural interest rate, although all of them agree that
itwould be the realinterest rate that would prevailin a con-
textin which the main economic variables are maintained
atlevelsthatare considered desirable. In particular, Wood-
ford (2003) considers that the natural interest rate would
be the one that will arise in an economy in which all prices
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and wages were perfectly flexible, thus implying that output will hitits po-
tential level and inflation will be zero. On their part, Holston et al. (2016)
define the natural interest rate as the one that guarantees that GDP grows
at its potential rate and inflation remains constant. Likewise, Summers
(2014) defines the natural interest rate, as that consistent with a situation
of full employment. As a consequence, an optimal monetary policy design
would be one in which the real interest rate approaches its natural level,
so thatvariables such as GDP and employment are at their potential levels
and inflation remains low and stable (Galesi et al., 2016). Thus, a real in-
terestrate above the natural one is usually interpreted as an indicator of a
“contractive” tone of monetary policy, while the reverse situation denotes
an “expansive” monetary tone.

The debate on the level of the natural interest rate has become increas-
ingly popular in advanced economies, as the empirical evidence shows
thatithas diminished significantly, evenreaching negative values. In fact,
there are well-founded reasons supporting that empirical evidence. As the
naturalinterestrateis the interest rate that equilibrates the supply and de-
mand ofloanable funds, any factor that shift any or both curves could imply
a change in the natural interest rate. In particular, if the saving rate (the
supply of funds) has increased permanently, the investment rate (demand
offunds) has declined structurally, or both, the natural interest rate should
have diminished. In this respect, the academics consider that structural
forceslike aging population orincreasing uncertainty, plus other transitory
but highly persistent elements such as the deleveraging process of house-
holds and firms or the demand of safe assets by emerging economies, could
have increased permanently the global saving rate. On its part, reduced
productivity growth or the increasing relevance of the knowledge economy
could have reduced permanently the global investment rate. These dis-
placements of the supply and demand of funds curves would be so big that
the natural interest rate could have become nil or negative.

This situation was denominated “secular stagnation” by L. Summers
in a speech at the IMF (Summers, 2014). When, in a context of low infla-
tion, the natural interest rate is negative, conventional monetary policy
would have serious difficulties to be effective, since there is a lower limit
tothelevel that the nominalinterest rate set by the central bank can reach.
That limit would be zero or a slightly negative number, as households
and firms have always the possibility of maintaining their liquid assets
inform of cash, whose nominal yieldis zero. If the lowest nominal interest
rate s (slightly below) zero and inflation is very reduced, the minimum real



market interest rate that could be reached could be higher than the equi-
librium one and the economy could enter a persistent situation of insuffi-
cient demand and excessive unemployment.

The monetary policy has different options to face this situation. The first
1s to reduce the interest rates not only in the short term, as conventional
monetary policy does, but also in the medium and long run, that probably
are the horizons more relevant for the agents deciding on their savings
and investments. One way of doing this is that the central bank commits
with the agents to maintainin the future the verylow interest rates actually
observed (forward guidance). Ifthe central banks credible, this should re-
duce the term premia of the interest rates. A second possibility is to imple-
ment programmes of Quantitative Easing (QE). This non-conventional
monetary policy action implies that the central bank buys in the second-
ary markets public or private debt with medium and long-term maturities.
As the agents selling those assets have to replace them in their portfoli-
os, total demand increases and therefore their prices, thus reducing their
yields and those of the closest assets, by cutting the risk premia. Notice
that contrary to forward guidance, the effectiveness of that kind of pro-
grammes does not depend on the credibility of the central bank. However,
both alternatives could be implemented at the same time, as they reinforce
each other. Ifthe central bank does not comply with the forward guidance
and its balance sheet is plenty of medium and long term debt, it is going
to be the firstin suffering the losses.

Asitalways happensin economy, the unconventional monetary policy
isnotfree of charge. There is theoretical and empirical evidence showing
thatduring periods of compress term and risk premia, the financial market
participants accumulate more risks (Martinez-Miera and Repullo, 2018).
Besides, it is well known that very reduced short and long-term interest
rates for long periods of time damage the profitability of insurance com-
panies and pension funds. More recently, a new concept of interest rate
hasbeen coined, the reverse rate (Brunnermeier and Koby, 2018), to cap-
ture the negative nominal interest rate below which additional reductions
damage bank profitability and solvency, thus impairing the transmission
of monetary policy to the real economy. Therefore, it seems thereis alimit
to what monetary policy can do to face a secular stagnation problem and,
inany case, the macroprudential policy should be ready to actin case that
the accumulation of risks threatens the financial stability, thus aggravat-
ing the problem of weakness in the real demand.
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Since the global financial crisis, an increasing number of central banks
haveimplemented measures that can be classified as unconventional mon-
etary policy, butacademics have proposed other possibilities. A possibility
1sincreasing the inflation target of the central bank. This, mechanically,
will reduce the real interest rate for a given nominal interest rate, thus al-
lowing the central bank to hit more negative nature interest rates. The main
problem with this approach is the credibility of the central bank. In most
of the advanced economies is been proved very difficult to hit the current
target, so achieving a higher one should be even more difficult. For these
reasons, some analysts consider that other policies should also contribute
tosolve the problem. The first possibility isfiscal policy, thus using the pub-
licdemand to complement the lack of private demand. In particular, public
investment seems to be the most appropriate item to impulse, as, besides,
by developing the infrastructures of a country, the private sector produc-
tivity can be enhanced thusattracting private investment. The major prob-
lem with this recommendation is that, currently, public debt shows a very
high level and only the countries with fiscal space can implement fiscal
expansions without putting at risk their fiscal sustainability. Other possi-
bility is introducing structural reforms in the economy to reduce the age-
ing problem and toincrease potential growth of the economy. In this case,
it should be taken into account that usually it takes time for these reforms
to have relevant impacts in the economy.

Nowadays, itis difficult to think that emerging markets are facing a sim-
ilar problem than most of the advanced economies. Population of emerg-
ing countries is still relatively young and in most of the cases is growing
at higher comparative rates. At the same time, their productivity level
iswell below that of the advanced economies, so only by converginginin-
stitutions and technology to the advanced economies they can generate
higher increases in total factor productivity (TFP). Furthermore, they
willneed toincrease their capitalization rate, implying higher investment
rates. Those factors will guarantee in the short to medium run a potential
growth rate much higher than that of the advanced economies, and this
is a crucial factor to guarantee that the natural interest rate stays in sig-
nificant positive values.

However, nothing guarantees that the natural interest rate has re-
mained stable and has not followed a downward path similar to that of the
advanced economies. In fact, there are very good reasons to think this
is the case. On the real side, the population dividend is diminishing rap-
idly in the biggest emerging economies and there is evidence that TFP is



also decelerating. On the financial side, the last few decades can be char-
acterized by adeep integration of the countries. Most of the barriers to free
capital movements have beenlifted, especiallyin the case of the emerging
markets, and this has resulted in a surge in international capital flows,
with the stock of foreign financial assets hold by all the countries reaching
historical highs. Even taking into account that the global financial crisis
slowed down that process, it is reasonable to think that natural interest
rates is determined at a global level as the equilibrium outcome of global
desired saving and desired investment. Obviously, in that configuration,
the countries that are financial centers and are able to issue global safe
assets would play a central role in the determination of financial prices.
From that perspective, the evolution of the natural interest rates of emerg-
ing economies can be rationalized as the sum of the natural interest rates
of advanced economies plus the country-specific differential potential
growth and risk profile.

Therefore, the adequate measurement of the equilibrium interest rate
continues to be very relevant for emerging countries, since, depending
on that, the tone of the monetary policy could change drastically for the
same level of the nominal interest rates. Thisis the particular case of Lat-
in-American economies, where some central banks have conjectured that
the natural interest rate could have fallen significantly.

Based on these reflections, the research lines addressed in this book
were classified in three major groups:

1. Methodologies for estimating the natural interest rate

The estimation of the natural interest rate, like any other unobservable
variable, is subject to uncertainty and requires assumptions about the re-
lationship between it and other observable variables. In addition, in the
case of open economies such as most emerging markets, the natural inter-
est rate will be influenced by the uncovered parity of interest rates, and,
therefore, will be subject to variationsin the perception of risk and the ex-
change rate. Besides, different models can be used in the estimation pro-
cess, ranging from univariate time series filters where the trend is identified
with the naturalinterestrate, to general equilibrium models, based on the
economic relations typical of the neo-Keynesian economy (Del Negro et al.,
2015), plus semi-structural models (i.e. structural autoregressive vectors,
SVAR), the possibilities are multiple.

Infact, the papersincludedin this section are well aware of the high un-
certainty regarding the estimates of the natural interest rate, and then they
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calculate and compare the estimates using different empirical approach-
es. It consists of five papers studying two Caribbean economies (Jamaica
and Dominican Republic), two Central American economies (Costa Rica
and Honduras) and a South American economy (Bolivia).

In Assessing the Usefulness of the Neutral Rate of Interest to Monetary
Policyin Jamaica, Alexander Lee and Carey-Anne Williams present esti-
mates of the naturalinterest rate in their country by means of four different
techniques: aregression based on an interest rate parity condition,a VAR
with time-varying parameters, a DSGE model calibrated to the Jamaican
economy and a statistical filter. They assess the validity of the estimates
for inflation forecasting. All the estimates point to a decrease of the natu-
ral rate in the last ten years, as a result of the decline of the foreign inter-
est rate and the structural changes of the economy, leading to a decrease
in the country risk premium. The estimates point to an accommodative
monetary policy under current conditions, and a real natural interest rate
in the range of -2.6 and 2.6.

Evelyn Munioz Salas and Adolfo Rodriguez Vargas estimate the real
neutral interest rate in Costa Rica using six different methodologies.
The econometric analysisincludes VARs, the Laubach and Williams (2003)
semi-structural model (henceforth LW) and modified Taylor rules. They
select the estimates of the real policy rate gap that perform betterin terms
of anegative lead correlation with the output gap and core inflation, with
the double objective of calculating the current value for the natural inter-
estrate, whichis around 1.5%, and to perform an assessment of the mon-
etary policy stance in Costa Rica during the years 2009-2018.

In the same vein, the contribution of the Central Bank of Honduras,
presented by Fredy Fernando Alvarez, uses several statistical methodolo-
gies to calculate the current real natural interest rate in Honduras. Inter-
estingly, the results corresponding to the dynamic methodologies, such
as statistical filters or the LW methodology, show an increase in the natu-
ral interest rate in the economy, as opposed to the general tendency pre-
sented in the rest of the papers.

Somewhat differently, the fourth chapter, written by Jos¢ Manuel Mi-
chel of the Central Bank of the Dominican Republic, calculates the natu-
ralinterestrate using an interest rate parity condition and error correction
models. He finds a decreasing trend in the natural interest rate in the Do-
minican Republic, consistent with the high impact of external interest
rates in the economy.



Finally, in the case of Bolivia, Paul Estrada Céspedes and David Ze-
ballos Coria present estimates of the natural interest rate in Bolivia us-
ing the LW methodology. Interestingly, in Bolivia there is not a reference
interest rate, and it has to be derived from the different monetary policy
operations of the Central Bank. They find that monetary policy has been,
in general, very accommodative in the last few years, which is consistent
with a positive and large output gap.

2. The determinants of the natural interest rate in emerging
economies

Aswe pointed before, there is a wide literature on the determinants of the
recentdrop in the natural interest rate in advanced economies, both from
the perspective of excess savings (for demographic, redistributive or global
savings glut) as well as the shortage of investment (due, for example, toless
innovation or alower impact on the productivity of existing innovations).
However, there are less references on the evolution of the natural inter-
estrate in emerging economies. This section tries to fulfil this vacuum.

Inparticular, the studiesincluded here both calculate the natural inter-
estratein the respective economies —Mexico, Peruand Uruguay—and also
provide information about the main determinants. By focusing on long
run factors, itis concluded that productivity growth, demography and ex-
ternal developments are the main factors governing the evolution of the
natural interest rates.

In the first chapter of this section, Carrillo ef al. perform an analysis
of the long runinterest rate in Mexico. The long run interest rate is calcu-
lated using several methodologies, including a neoclassical growth mod-
el, an augmented Taylor rule —including the shadow interest rate in the
US—, and an affine term structure model. All the estimates are consistent
with a natural rate of interest around 2.5%, somewhat lower than in the
previous decades. Behind this evolution, the authors make a heuristic in-
vestigation, pointing to a higher supply of loanable funds resulting from
more national and foreign savings, population and productivity dynamics.

In the second chapter, Luis E. Castillo and David Florian Hoyle use a
multivariate filter on the Central Bank projection model to jointly derive
the output gap, potential growth and the natural interest rate. They find
arelatively stable naturalinterestrate, ataround 1.3%, since the financial
crisis, when it fell from previous higher levels. Potential growth has been
declining in the last few years. In order to explain their results, they turn
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to areduction in TFP growth, partially explained by a persistent decline
in terms of trade and the lack of structural reforms.

Finally, in the case of Uruguay, Elizabeth Bucacos provides different
estimates of the natural rate of interest. The main contributions are cen-
tered on studying different regimes of monetary policy —first targeting
an interest rate, then targeting money aggregates— and distinguishing
between shortandlong term. By defining the long term natural rate as the
prevalent interest rate when all the relevant gaps are closed, she calcu-
lates a long term natural rate of around 2.5%. Moreover, by estimating
afundamental-based model, the study concludes that aging, productivity
growth, sovereign country risk and public indebtedness are all important

determinants of the natural interest rate.

3. The international dimension of natural interest rates

Thelastsection is devoted to cross-country analysis. As can be seenin the
previoussections, emerging economies, in general, share acommon trend
in interest rates. This can be confirmed by estimating a common model
across countries, as the first paperin this section does, and the global factor
can be estimated using this cross-country variation, as itis carried out in
the last paperin the book.

Inthe firstpaper, Javier G. Gomez-Pineda complements the LW meth-
odology with some additional features, such asan Okun Law, asmoothing
parameter for the interest rate gap, an interest rate parity condition and a
framework for inflation expectations. He performs this analysis for five
Latin American economies —Chile, Peru, Brazil, Mexico and Colombia.
The findings pointto adrop in the real naturalinterest rate in Brazil, Mex-
ico and Colombia, and stability in low levels for Peru and Chile.

Inthe second paper, Estradacetal. calculate the common factor of interest
ratesinasample of 16 emerging economies, using the Bai-Ng (2004) meth-
odology, in order to find the global componentininterest rates of emerging
economies. They compare their estimate with a global factor stemming
from advanced economies, and provide evidence supporting thatboth fac-
tors share a common trend. As a conclusion, they state that the declining
evolution of interest rates in emerging economies can be accounted by the
pass-through of low rates in advanced economies.
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Assessing the Usefulness of the

Neutral Rate of Interest to
Monetary Policy in Jamaica

Alexander Lee
Carey-Anne Williams

Abstract

Since the early 1990’s, the transmission mechanism of monetary policy in Ja-
maica has been extensively researched. Most of this research focused on the
speed and the effectiveness of the transmission. This paper extends the exist-
ing research by focusing on estimating and assessing the usefulness of the
neutral rate of interest to the conduct of monetary policy. While the concept
of the neutral rate is well-grounded in theory, as an unobservable variable,
there are several proposed methods of estimation. In this paper, we estimate
the neutral vate for Jamaica using four methods commonly found in the litera-
ture. Based on these methodologies, the real neutral rale is estimated to range
between -2.6% to 2.6%, or 2.4% to 7.6% in nominal terms. This implies
that the Bank of Jamaica’s current monetary policy stance has been fairly ac-
commodative given recent sub-optimal trends in inflation and growth.
Keywords: Monetary Transmission Mechanism, Neutral Interest Rate
JEL Classification: E52, E58, E43, CI0.

1. INTRODUCTION

ducedits policyrate consistentlybetween the latter half of 2009

and 2018. Importantly, real ex-ante short term interest rates
inJamaicabecame negative after December 2017. Notwithstanding
this, the output gap for Jamaica remained negative over the period
which contributed toinflation remaining below the Central Bank’s
inflation target. This implies that the stance of monetary policy
may have been less accommodative than required to encourage

r I Vhe Bank of Jamaica, the monetary authority in Jamaica, re-
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aclosure of the output gap and the achievement of the Bank’s infla-
tion target.

The monetary policytransmission mechanismin Jamaicahasbeen
extensively researched. Most of the research focused on the speed
ofthetransmission (e.g. Allen and Robinson 2004, Robinson and Wil-
liams 2016) aswell asits effectiveness (e.g. Dacass, McKenzie and Mur-
ray 2015). This paperaddstotheliterature by estimating the neutral
interest rate, which represents a benchmark to assess the stance
of monetary policy.

We estimate the neutral rate using four popular methods, name-
ly, areduced form ordinary least squares (OLS) regression, a time
varying vector auto regression (TVP-VAR), an applied dynamic sto-
chastic general equilibrium (DSGE) modeland the Hodrick-Prescott
(HP) filter. These estimates are presented to show the recent trends
in—and the level of - the real interest rate gap for Jamaica. We also
assess the statistical properties of the estimates using correlations
of the estimated gaps with inflation and output and an assessment
of their leading indicator properties.

Consistent with a priori expectations, Jamaica’s neutral interest
rate appearsto be time varying and has declined, particularly over
the last five years, due to structural changes in the economy. While
thereisahigh degree of uncertaintywithregard tothe determination
ofthe neutralrate, our findings furtherimplythat the centralbank’s
policy rate at the end of 2018 was accommodative. Based on these
methodologies, the point estimate for the real neutral rate is estimat-
edtorangebetween-2.6% t02.6%, or 2.4% to 7.6% in nominal terms
asatSeptember 2018. The estimate of the neutral rate derived from
the TVP-VAR was found to display the best leading indicator proper-
ties with regard to inflation while the OLS was the least successful.

Theremainder of the paper proceedsasfollows. Section 2 outlines
the main determinants of the neutralrate, particularlyfor smallopen
economies. Insection 3, we estimate the neutral rate for Jamaicausing
four methods commonlyfoundintheliterature. Section 4 provides
anassessment of the statistical properties of the estimated real inter-
estrate gaps (defined as the difference between the actual and neu-
tral rate based on each methodology). Finally, Section 5 concludes.

12 A. Lee, C. Williams



2. DETERMINANTS OF THE NEUTRAL RATE

While thereare manydefinitions of the neutralrate, this paperfocus-
esonthedefinition made popular by Laubach and Williams (2003).
Theneutralrateistherefore the prevailing realinterestrate at which
the output gap is closed and inflation is stable. When market inter-
est rates are consistent with their neutral level, then the economy
is on a sustainable path, where the deviations away from this point
of neutrality induces business cycles in an economy.'

Theliterature makesadistinction between a ‘contemporaneous’
and ‘medium-to-long-run’ neutral interest rate. The contempora-
neous neutral rate is the rate of interest that ensures a zero output
gap and stable prices in every period (Mendes (2014)). In this re-
gard, the short-run or contemporaneous interest rate can be im-
pacted by shocks as well as changes in potential output. It is usually
estimated in ‘real-time’ using time series methodologies and there-
fore reflects the level of interest rate that is required based on cur-
rent economic conditions. The long-run neutral rate, on the other
hand, is consistent with output at its potential level after business
cycle shocks have dissipated.

The long run neutral rate can evolve based on structural chang-
es in the economy. Generally, a decline (increase) in the neutral
rateiscaused byan outward (inward) shiftin the economy’s savings
supply curve or an inward (outward) shift in the demand for sav-
ings (April 2014 World Economic Outlook). Changes in monetary
and fiscal policy as well as private and public saving preferences re-
sultinshiftsinsupply curve forsavings. Thelatterincludes changes
in population growth and the age demographics of the population.
Asthe population ages, the neutral rate has been found to decline.
The demand curve for savings, on the other hand, shiftsas aresult
of changesin expected investment profitability, productivityand the
relative price of investment goods.

In small open economies, where capital can move freely across
borders, domestic financing conditionsare impacted not only by do-
mestic savings but also the supply of net foreign savings through
thebalance of payments channel. Shiftsin global savingsand the re-
sultingimpact on the global neutralinterest rate therefore impacts

! Inaddition, the neutral rate can be viewed as one of the guides for the

path of monetary policy over the long term.
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the domestic neutral rate. Importantly the domestic neutral rate
may differ from the global neutral rate in the long run due to the
level of the country’s endogenous risk premium. If there is a trend
increase in productivity growth for a country relative to its trading
partners, the domestic neutralinterest rate willrise asthere willbe a
higher expected return oninvestments. Depending on foreign inves-
tors’risk appetite, the higherreturns should: (1) incentivize capital
inflows; (2) cause an appreciation of the exchange rate; (3) reduce
the country’slevel of competitiveness; and (4) place downward pres-
sureoninvestmentreturns (counteractingthe upward pressureto the
neutral rate). Therefore, the overall net impact on the neutral rate
should beasmallerincrease relative toa closed economyframework.

Laubach and Williams (2003) modelled the long-run neutral rate
in a closed economy setting such that:

n N =gty

Where 7, is the time varying neutral rate, g,is the growth rate
of potential GDP in the domestic economy and z,includes all oth-
er determinants of the neutral rate, such as private saving. Wynne
and Zhang (2017) proposed an extension to this model to account
for open economy determinants such that:

— # *
E =gt gtz

Where gt* isthe growthrate of potential GDP in the foreign coun-
tryand z is extended toincludevariables that drive awedge between
the global and domestic neutral rate, such as the country’s risk pre-
mium and the relevant risk free rate for the country’s main trading
partners.?

2 Economieswith high potential growth rates, due to strong productivity,

tend to support expectations for higher future demand. This not only
incentivizes firms to invest, but the prospect of future income growth
reducestheincentive of households to save, together these factorstend
toraise the neutral interest rate. As such, the prior sign on c is positive.
Similarly, in an open economy because capital can move freely, global
interest rates influence domestic interest rates so world productivity
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Thereisamuchuncertaintyintheliterature around the estimates
forthe neutral rate and most studies cite wide ranges for the neutral
rate to capture this uncertainty. Among the recent literature on es-
timating the neutral rate in a small economy or emerging market
context are Dacass (2011), Baksa et al. (2013), Kreptsev et al. (2016),
and Gruietal. (2018). Dacass (2011) estimated the neutral rate for Ja-
maica using the methodology proposed by Laubach and Williams
(2003). The author found that Jamaica’s neutral rate had declined
sincethe 1990’sand thatshort term marketinterest rates were below
the neutralrate between 2010 and 2011. Baksa et al. (2013), who esti-
mated the neutralinterest rate for Hungary, noted that the real un-
covered interest parity condition as well as the Kalman filter could
be considered as suitable techniquesin caseswhere the neutral rate
isviewed to be time varying. In particular, using the Kalman filter,
the authors found that the real neutral rate for Hungary had de-
clined to arange of 1.5% to 3.5% in 2012 from approximately 3.0%
to4.5% prior to 2003.

Kreptsev etal. (2016) developed areal business cycle general equi-
librium model of the Russian economyto estimate both the contem-
poraneous (or shortrun) and long run neutral rate. Similar to Baksa
etal(2013), the authors’ indicated ahigh degree of uncertaintywith
regard to their estimates of the neutralrate. The contemporaneous
neutral rate for Russia, based on semi structural methods, was es-
timated to range between -9.5% and 10.5% with a point estimate
of 0.5%. For the long run equilibrium, the point estimates ranged
between 1.0% and 3.0%. Grui et al(2018) estimated the neutral rate
for Ukraine using an open economy forward-looking New-Keynes-
ian Quarterly Projection Model. The authors found that there wasa
trend reduction in the neutral rate since 2015 due largely to a fall
in the global neutral rate.?

growth will also impact the domestic neutral rate, hence the prior sign
on c* is also positive.
¥ The smoothed estimates of the natural rate of interest in U.S. deter-
mined by the Laubach-Williams (2003) methodology was used as a

proxy for the global neutral rate.
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3. ESTIMATING THE NEUTRAL
INTEREST RATE FOR JAMAICA

Giventheabsence of aconsensusonthe appropriate method of esti-
matingthe neutralrate and the sensitivity of estimates to model spec-
ification, we estimate the neutral rate using four methods, namely,
areduced formordinaryleastsquares (OLS) regression, atime varying
vectorautoregression (TVP-VAR), an applied dynamicstochastic gen-
eral equilibrium (DSGE) model and the Hodrick-Prescott (HP) filter.

3.1 Reduced Form oLS

Following Mendes (2014), we employ a reduced form modeling ap-
proachthatassumesthatforeignand domestic factorsimpactthe neu-
tralrate for Jamaica.Inasmall open economysuchas Jamaica, savings
does not need to be equal to investments (from domestic sources),
as the shortfallis financed by inflows of foreign capital. The domes-
ticneutral rate may still differ from the globalneutralrate, however,
due to the risk premium.

The equationtobe estimated is therefore derived from three con-
ditions. These are:

a) The balance of payments identity:
&
3] S,—1,=NX, +1 NFA,,
b) The NFA accumulation equation:
4] NFA =(1+7)NFA,_; + NX,,

¢) Thelinear approximation to the interest parity condition

] =1 +EAq. +(0) —omfa,),
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Where; S is national savings, I_is investments, NX is net exports,
7 is the domestic interest rate, r isthe foreign interest rate, NFA
isthe netforeign asset position, ¢ isthe exchangerate, nfa=NFA/Y,
whichisthe NFA to GDPratioand (goo — @ nfa, ) istherisk premium.
Inthelongrun, itisassumed that the processes driving the savings
to gpP ratio and the investment to Gpp ratio, denoted as s=S /Y
and =1 /Y respectively, take the following form:

el s=ag+ B,

i:ai +ﬂs,r7p+ﬂi,gg

Setting g as the growth rate of potential output.

To simplify, Mendes (2014) assumes that ¢, = 0. Solving for the
steady state of equations (3) to (5) and using the linear approxima-
tions for savings and investments from equation (6) and (7) yields
the following reduced form equation:

8] r:a+/30g+ﬁlr*

Twoversions of equation (8) are estimated using OLS (See Table 1).
The first equation models the ex-post 90-day real Treasury bill rate
without dynamics (long run model), while the second includes short
run dynamics. All interest rates were converted to real terms prior
to estimation. Given the time varying nature of the neutral interest
rate as well as the lower interest rate levels in Jamaica since the late
2000s, we use 74 observations (which equatesto dataspanning from
March 2000 to September 2018). We also add dummy variables (0
for normal and 1 for crisis) to separate the effects of crisis or shock
events. Inthisregard, dummiesareincluded to capture the effect ofa
fiscal shock that impacted Jamaicain 2003, the pre and post global
financial crisis (2007 and 2008) and the structural adjustment pro-
gramme with the IMF. The economic reform programme is modelled
by incorporating a shift and slope dummy. A shift dummy is used
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to capture the initial uncertainty that surrounded the beginning
oftheadjustment programme, particularlywith regard tothe sustain-
ability of Jamaica’s debt trajectory. The slope dummy, on the other
hand, which is interacted with potential output, captures the suc-
cessfulimplementation of the economic reform programme by the
Jamaican authorities.

Using the estimated parameters, we calculate the long run neu-
tral rate based on assumptions for the historical growth rate in po-
tential output in Jamaica (a proxy for the long run) and the long
runforeignneutralrate. The historical growth rate in potential out-
put for Jamaica was estimated to be 0.4%. This estimate was deter-
mined withinasmallscale macroeconomic modelwhich wassolved
using the Kalman filter over the period March 1995 to September
2018. The estimate is marginally below the recent findings by Scar-
lett (2019) who used a production function approach to estimate
potential output for Jamaica. Using this approach, the estimated
growth rate in potential over a similar period was 0.7%. The long
run foreign neutral rate, was assumed to be 0.75%. Based on these
assumptions, both modelsimplyalong run neutral rate of approxi-
mately 2.6%. Interestingly, the results imply that domestic factors
(i.e., the growth rate of potential output) are more important than
foreign factors in determining the neutral rate. In addition, if we
switch on the IMF slope dummy (to capture the long run implica-
tions of Jamaica’s economic reform programme) the long run neu-
tral rate declines to-0.8%.

Figure 1 plots the contemporaneous as well as the long run neu-
tralrate based on the modelwithoutshort run dynamics. Thismeth-
odology indicates that the neutral rate has been decreasing. Over
the period January 2000 to December 2009 the neutral rate averaged
4.0% compared with an average of 0% over the period January 2010
toSeptember 2018. The decline coincided with significant econom-
icreforms following the engagement of the International Monetary
FundinFebruary2010. The economic reform programme, pursued
by Jamaican authorities since 2010, focused on fiscal consolidation
as well as refining the monetary policy framework. In this regard,
the reduction in the neutral interest rate over the last decade pos-
sibly reflected an increase in private savings (outward shift in the
supply of funds) driven byfiscal consolidation whichinfluenced are-
duction in public debt. This significant change in the fiscal stance
hasunmasked averyrisk averse domestic financial sectorwhich does
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REGRESSION RESULTS (EQUATION 8)

Dependent Variable Dependent Variable
90-day T-bill rate ~ 90-day T-Bill rate

(r) (r)
(1) (2)
Potential growth rate (g) 5.358%#* 1.199%***
(0.701) (0.400)
US LIBOR (r*) 0.404 0.315%*
(0.287) (0.138)
90-Day T-bill(-1) (r -1) 1.038%%*
(0.109)
90-Day T-bill(-2) (r -2') -0.329%%*
(0.100)
2007 Pre Fin Crisis Dummy —8.332%%* —3.028%**
(1.705) (0.888)
Global Fin Crisis Dummy 4.078%%* 1.410%
(1.673) (0.824)
2003 Fiscal Shock Dummy 5.463 3.716%*
(3.786) (1.662)
IMF Dummy*(g) —8.057#%* —-2.187%*
(1.633) (0.756)
IMF Dummy 4.094%** 1.571
(1.475) (0.669)
R? 0.480 0.904

Notes: (*¥**), (**), and (*) denotes statistical significance at the 1.0, 5.0,
and 10.0% level, respectively.
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INTEREST RATE AND INFLATION
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not accommodate compensation increases in private, albeit more
risky, demand for savings.

Adrawback ofthe reduced form OLSapproachisthe high degree
ofuncertaintyin the estimation as displayed by the width of the 95%
confidenceintervals.Inaddition, asstated by Mendes (2014), the co-
efficientsare highlysensitive to the sample period used. Thismethod
istherefore notappropriate todetermine the forecast for the neutral
rate. However, itidentified areductionin the neutral rate following
the 2008 financial crisesand signalled that the Central Bank’s mon-
etary policy stance has been fairlyaccommodative since early 2018.

3.2 Time Varying Parameter VAR

Given that the neutral rate is time varying and susceptible to demo-
graphic and structural changes in the economy, we estimate a time
varying parameter VAR (TVP-VAR). Unlike Markov switching models
orthreshold VARs, TVP-VARs do not assume discrete changes between
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states. In particular, TVP-VARs are well suited for cases where a priori
information suggests that there is non-linear behaviourin the data
(Lubik and Matthes (2015)). This flexible framework avoids the re-
strictions imposed in structural models and allows for variation
in model parameters (i.e., lag coefficients and the variances of the
economic shocks) smoothlyover time. However, the main drawback
of this model, is that it is computationally demanding. The poste-
rior simulation algorithm requires thousands of draws to ensure
proper convergence.

To determine the neutral rate for the U.S., Lubik and Matthes
(2015) estimated athree (3) variable TVP-VAR using real GDP growth
(7,),inflation (7,) and the real interest rate (7). We estimate a simi-
lar TVP-VAR with forgetting factors as proposed by Koop and Koro-
bilis (2012). The modelis estimated using quarterly data for the real
interest rate, real GDP growth and inflation for Jamaica over the pe-
riod March 2000 to September 2018.

The state space representation of the model is:

n Y, =6,X, +¢,

m 0, =0, + 1,

Where, g, isi.i.d. N(O,Vt) and f,isi.i.d. N(O,Q). g, and H,arein-
dependent of each otherforall sand ¢
Additionally:

11 X, =1%(Y, 1Y, )

_ ’
m Vi=¢€.8
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m Q =(1_%)St—llt—l

Where Y, is a vector of variables: {r,7,,7,},4 is the forgetting
factor, which implies that observations j periods in the past have
aweight of 2/ inthefiltered estimate of 6,. The constant coefficient
casecanbeestimated bysetting A =1, while 1 =0.99 impliesthat ob-
servations five yearsago receive approximately 80% as much weight
aslast period’s observations (See Koop and Korobilis (2012) for dis-
cussion of forgetting factor approach). We set 4 =0.99.

With regard to the priors, we assume that 6, follows the typical
Minnesota prior. All our data has been transformed to ensure sta-
tionarity, hence we set the priormeantobe E(6;)=0. Assumingadi-
agonal Minnesota prior covariance matrix, then Var(6,)=n and n;
denotes the elements along the diagonal such that:

m 0 VtQ for coefficients on lag ¢, for t=1,...,p

a for constants

With regard to the hyperparameters, we set & = 10%, whichisun-
informative. For y, which controls the degree of shrinkage in the
VAR coefficients, we test the model’s sensitivity to alternative speci-
fications. In thisregard, we impose:

m y =[e-10, =5, 0.001, 0.005, 0.01, 0.05, 0.01]

The neutralrate for Jamaicais determined using the conditional
forecast generated bythe TVP-VARfor the observed realrate. The fore-
cast horizon is set at two years ahead and it is computed for each
data point since 2010. This differs from Lubik and Matthes (2015)
who proposed a conditional forecast 5-years ahead. That period
was chosentoreflectthe typicallength of the U.S. business cycle. Ac-
cording to Murray (2007), Jamaica’s business cycle typically ranges
between two to four years.

Figure 2 plots the neutral rate, based on the two year ahead con-
ditional forecast of the real interest rate from March 2010, and the
actualrealrate. Consistent with expectations, thismethodologyim-
pliesthatthe neutralrate hasdeclined from 3.0% in December 2015
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TWO YEAR AHEAD CONDITIONAL FORECAST OF THE REAL INTEREST RATE
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to-2.6% in September 2018. Theresultsalsosuggest thatinterest rates
exceeded their neutral or equilibrium level between 2013 and early
2016. Duringthis period, Jamaica’s output gap was largely negative
whileinflation decelerated sharply fromapproximately 6.0% in Janu-
ary 2013 tobelow 3.0% by end 2016. Given the weaknessin Jamaica’s
monetary transmission mechanism, this finding may suggest that
more monetaryaccommodation wasrequired to spur growth and to
achieve the central bank’s inflation target of 5.0%.

Similar to the results of the reduced form OLS, this methodolo-
gy also identified an easing of the Central Bank’s monetary policy
stancestartingin early 2018. The main shortcoming of this method-
ology, however, isthatit doesnotinclude global determinants of the
neutralrate given thelack ofarisk premium and global neutral rate
in the model. The results may therefore be interpreted as a signal
of the floor for real rates given the absence of this wedge.
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3.3 Applied DSGE — Quarterly Projection Model

Anestimate of the neutralrate isdetermined using an applied DSGE
model-the Bank of Jamaica ‘Quarterly Projection Model - QPM.’ This
is a semi-structural, small-scale, forward-looking, open economy
gap modelwithrational expectations. The output gapisdependent
onreal monetary conditions (aweighted average of the real interest
rate gap and the real exchange rate gap) and the inflation rate is de-
pendent on the output gap (the traditional Philips curve). In addi-
tion, monetary policyis endogenously determined. Whilst the QPM
is still in its development stages, it is calibrated to reflect the main
stylised facts of the Jamaican economy and used to explain the core
macroeconomic dynamics in Jamaica. Underlying the main theo-
retical principles are five (5) transitional behavioural equations:

Investment/Saving (IS) Curve

The output gap (y) is defined as a deviation of the log of real output
from its potential level and modelled as:

m §=a g +agE, 5, —ag *(rmei,_y )+ a3, + a fiscimp, + &
rmci, = aays, +(1—aa, )(-%,)

Onaquarterlybasis, the current output gap dependsonitslagged
estimatesand model consistent expected values (5»[71 and £3, | ) Fur-
thermore, it captures aggregate demand dynamics between real
monetary conditions (rmci,). Thisisaweighted sum of the realinter-
estratedeviation (7)) fromits neutral (noninflationary) equilibrium
level and the deviation of the real effective exchange rate (%,) from
its equilibrium level. In this regard, tight monetary policy reduces
the output gap either through higher real interest rate or stronger
real exchangerate. Loose monetary policy has the opposite effects.
External demand dynamics are accounted for in terms of the U.S.
output gap (3,), since the United States is Jamaica’s major trading
partner. And finally, the IS curve includes the impact of the fiscal
impulse ( fiscimp,) and an aggregate demand shock (8?).
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Aggregate Supply Curve

Inflation dynamics are modelled through the standard open econ-
omy forward-looking Phillips curve:

18 T =bEm +(1_b1—b2—bg)7fH+b2(Ast+7rj—AE)

by (Aoil,_y +As, = Aoily_y = AZ )+ by *(rme,_y )+ 5]

[19] rime, =(bby +bby )2, + by +(1—bby +bby )3,

Current headlineinflation (QoQ, atanannualized rate) depends
mostly on the projected future and past levels for inflation. It also
includesimported inflation, which consists of changes in the nomi-
nal exchange rate (As,), U.S. inflation (nt*), and changes to the real
exchange rate trend (Az). Because Jamaica is largely dependent
on fuel imports, the PC relationship features an imported oil com-
ponent (Aoil,_; +As, — Aoil_H —Az).Furthermore, real marginal costs
(rmcH), areflection of demand pressures or the outputgap, andthe
intensity of oil pricesand real exchange rate on production, contrib-
utes to headline inflation.

Monetary Policy Rule

The short-term policyinterestrate (), issetaccordingtoastandard
forward-looking monetary policy reaction function with an aim
to stabilize inflation:

. -n dev a i
m b =04 +(1_Cl)(lt T CoTy g +Czyt)+8t

The equation features a smoothing of the policy rate, to reflect
thefactthatin practice, the Bank of Jamaicadoesnot typicallychange
the policy rate in large increments. Furthermore, the policy rate
reacts to the nominal equilibrium interest rate, which is a sum of
the real neutral interest rate and the Bank’s five percent inflation
target. The policy rate also responds to inflation deviations from
the target one year ahead, in addition to the output gap.
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Uncovered Interest Rate Parity in Real Terms
Therealneutralinterestrate (7, ) isdetermined asafunction of the U.S.
equilibriumrealinterestrate, Jamaica’ssovereignrisk premium, and ex-
pected changes in the real exchange rate.

—_ —* —_
m N =1, +prem, + Az

Where 7, isthe USrealinterestrate trend, prem is Jamaica’s country
sovereignrisk premium, Az isthe expected changeinthereal exchange
rate (anincrease is a depreciation).

Inthisregard, the domestic neutral realinterest rate must coveryield
expectations in the U.S. capital market. Therefore, the domestic rate
must satisfy the arbitrage condition such that the differential between
domesticand U.S. interest rates must equate to Jamaica’s sovereign risk
premium plus expected changes in the real exchange rate.

Results

Using the Kalman filter, we estimate the neutralrealinterest rate and its
determinants, namely the real exchange rate trend and risk premium
(Figure 3). The filtrationapproachimplies that monetary policy wasrel-
ativelytightinthe periods 2000 to 2003 and in early 2009. This followed
times of extreme inflationary pressures (the former being Jamaica’s do-
mestic market financial crisis FINSAC in the 1990’s, and the latter being
the shock from the Global Financial Crisis in 2008). Since 2016, mon-
etary policy based on this estimate, has been fairly accommodative.
Therefore, the Kalman filter does relativelywell in capturing these piv-
otalshiftsand ultimately helps to identify changesin the policy stance.
Given the assumption ofa U.S. neutral rate of 0.75%, zero change in the
equilibrium exchange rate and premium of -0.75%, the long run neu-
tral rate using this methodologyis estimated at 0%.

Thetrendinthe U.S. neutralrateisestimated byaweighted equation
thatincludesinertiaand asteadystate of0.75%. Note that the prevailing
lowinterestrate environment around the globeis captured in the foreign
real interest rate equation post-2007 after the financial crisis, and has
remained close to zero since 2017.* Simultaneously, while these exter-
nal yields spilled over into Jamaica’s domestic market, fiscal and debt

% Grui et al. (2018) and Holsten et al. (2017) characterize this as a reflection

of'the global savings glut, ageing population, and slowing potential growth.
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sustainabilityimproved due to the economic reform program;hence
the country’ssovereign risk premium trended lower (See Figure 4).
Faster domestic productivitygrowth alsoinfluenced an appreciation
in the real exchange rate trend. There were some periods of major
depreciations in mid-2018 that caused some trend reversal, but in
recent times the trend has appeared relatively stable.

3.4 Hp Filter

The HP filter was also used to estimate the neutral rate with quarter-
ly data for the period March 1994 to September 2018 (See Figure 5).
To avoid end of sample bias, forecasts of the real rate were included
up to the March 2020 quarter.

TheHP filterimplies that the neutralrate declined to-0.6% in Sep-
tember 2018, which was above the estimated real rate. Consistent with
thereduced form OLS and TVP-VAR, the filter identifies that interest
rates have been below their neutral level since early 2018.
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4. STATISTICAL PROPERTIES OF THE ESTIMATED
REAL INTEREST RATE GAPS FOR JAMAICA

Thissection assessesthe statistical properties of the estimated neu-
tralrates from the four methodologies. We first evaluate the relative
trends and relative levels of the various measures of the neutral rate
before assessing their relative abilities to predict inflation. Figure
6 compares the real interest rate gaps computed by each methodol-
ogy. The graph shows that, by all the measures, monetary policy be-

came increasingly accommodative since late 2017 throughout most

of 2018. At September 2018, the range of accommodation was be-
tween 0% and -2.4%.

Theinformation content of each estimate of the realinterestrate
gapisfirstassessed based ontheir correlations with inflation (head-
line and core) and the output gap (see Table 2). All of the models in-
dicated, appropriately, a moderate negative correlation of the real
interest rate gap with the output gap over the first four quarters.
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The reduced form OLS estimate displayed the strongest negative
correlation with the output gap over four quarters. The neutral rate
based onthe HP filterwas theleast correlated with the output gap and
underperformed relative to the TVP-VAR. With regard to headline
inflation, the results were mixed. With the exception of the TVP-VAR,
all measures were weakly negatively correlated with headline infla-
tion up to four quarters.

Allmodels performed betterwhen assessed relative to core infla-
tion. Overthefirstthreelagsthe gapsbased on the TVP-VAR estimate
implied a positive relationship with core inflation which is contrary
to a priori expectations. Interestingly, however, the TVP-VAR gaps
displayed the strongest negative correlation with core inflation be-
tweensixand eightlags. Thisis notsurprising, given the conditional
forecast framework used in the estimation. The gaps determined
using the Kalman and HP filter displayed the strongest negative cor-
relation with core inflation at two to four lags.

While the correlations imply that underlyinginflationin Jamaica,
since 2000, hasbeenrelated to changesintherealinterest rate gap,
a more robust assessment is required to determine the usefulness
of the gaps in predicting inflation. The leading indicator proper-
tiesof the gapsforinflation maybeinvestigated using the approach
suggested by Garnierand Wilhelmsen (2008) and Neissand Nelson
(2003). These authors proposed a regression of inflation (7,) on a
constant, its lagged value (7,_;) and lagged values of the real inter-
est gap (rl/,\k)such that:

E ”t:a+b1”t—1+b2’;—\k+gt

m Yk = Y-k — Nk

Given Jamaica’s susceptibility to supply shocks, we modifythisap-
proachbyassessingtheleadingindicator propertiesusing coreinfla-
tion, whichremoves theimpact ofthevolatileagriculture and energy
components from headline inflation. Table 3 - 5 shows the results
oftheregression of coreinflation on the estimate of the neutral rate
determined using the TVP VAR, the Kalman Filter and the HP filter.
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CORRELATION COEFFICIENTS

Real Interest Rate Gap based on TVPVAR

k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8
Corr (%{_\k) 0.76 055 0.29 0.19 021 0.14 -0.02 -0.21
Corr (w[,r,:) 0.53 041 024 008 -0.01 -0.18 -0.27 -0.43
Corr (Corem,r,_,| 046 020 008 -0.24 —0.37 —0.50 ~0.52 ~0.57
Corr (yta) -0.25 -0.28 -0.04 0.05 0.09 0.13 0.11 0.26

Real Interest Rate Gap based on Reduced Form OLS
Corr (ga) 0.65 040 0.18 0.08 -0.06 0.01 0.01 -0.04
Corr (th;_\k) ~0.23 -0.20 -0.14 -0.08 -0.03 0.01 -0.01 -0.02
Corr (Coreﬁl,a) ~0.36 —0.27 -0.14 -0.01 0.10 0.12 0.08 0.08
Corr (ytrfk) -0.27 -0.19 -0.18 -0.22 -0.30 —-0.28 -0.29 -0.31
Real Interest Rate Gap based on Kalman Filter

Corr (;tr;\k) 0.84 050 0.2 -0.13 -0.27 -0.32 -0.27 -0.10
Corr (Wt,a) -0.18 -0.25 -0.27 -0.21 -0.10 0.03 0.12 0.14
Corr (Coremr,| ~0.30 ~0.40 -0.89 -0.25 -0.06 0.12 0.25 0.8
Corr (yta) -0.25 -0.14 -0.05 -0.03 -0.03 0.01 0.06 0.09

Real Interest Rate Gap based on HP Filter
Corr (r:rfk) 0.81 044 006 -0.24 -0.44 -0.53 -0.51 -0.39
Corr (W[,a) -0.05 -0.18 -0.27 —-0.31 -0.28 -0.21 -0.11 -0.06
Corr (cOrewt,rfk) -0.11 -0.31 -0.42 0.44 -0.32 —-0.17 -0.02 0.06
Corr (92,,;) -0.12 -0.09 -0.03 0.00 -0.01 —0.05 -0.07 -0.07
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Interestingly, the TVP VAR yielded the best results in terms of the
signand significance of therealinterestrate gapin explaining under-
lyinginflation. Theresultsindicate thatlags of the realinterest gap up
tothefifth quarterarestatisticallysignificantwhenincluded inasimple
autoregression of core inflation. This is consistent with the view that
inflation typically displays a delayed response to monetary policy ac-
tions. The Kalman filter estimate of the real interest rate gap yielded
the appropriate sign and significance up to two quarters. Thisis faster
than expected giventhelagsinthetransmission mechanism. The HP
filter implied that lags of the interest rate gap up to three quarters
were statistically significant and appropriately signed.

The interest gaps deduced from the reduced form OLS model un-
derperformed relative to the three other estimates (See Table 6).

REGRESSION RESULTS-TVPVAR INTEREST RATE GAP (EQUATION 22)

TVPVAR Regressions
k=1 k=2 k=3 k=4 k=5
a 0.44 0.67 0.72 1.14 0.91
b; 0.90 0.86 0.90 0.85 0.87
by -0.19 -0.23 —0.78%*  -0.98%** -0.62%*
(=0.59) (-0.72) (-2.52) (-3.33) (-1.97)
R? 0.87 0.86 0.86 0.86 0.85

REGRESSION RESULTS-KALMAN FILTER
INTEREST RATE GAP (EQUATION 22)

Kalman
k=1 k=2 k=3 k=4 k=5
a 1.25 1.36 1.08 0.52 0.52
b; 0.86 0.85 0.88 0.94 0.94
by —-0.23%*%*  —(0.18%* -0.03 0.19% 0.24*
(-3.38) (—2.34) (-0.32) (2.39) (3.33)
R? 0.82 0.81 0.79 0.80 0.82
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REGRESSION RESULTS - Hp FILTER INTEREST
RATE GAP (EQUATION 22)

HP Filter
k=1 k=2 k=3 k=4 k=5
a 0.53 1.04 1.28 1.14 0.58
by 0.92 0.87 0.85 0.87 0.93
by —-0.31%%*  —(.29%%*  —(,2]%** -0.09 0.12
(-4.68) (-4.27) (—-2.86) (-1.12) (1.49)
R? 0.84 0.83 0.81 0.79 0.80

REGRESSION RESULTS - REDUCED FORM oLs
INTEREST RATE GAP (EQUATION 22)

Reduced Form OLS

k=1 k=2 k=3 k=4 k=5
a 1.23 0.72 0.63 0.74 0.48
b; 0.87 0.92 0.92 0.91 0.94
b -0.09 0.08 0.15 0.19 -0.01
(-1.13) (0.94) (1.94) (2.60) (~0.25)
R 0.79 0.79 0.80 0.80 0.88

5. CONCLUSION

This paper presentsacomprehensive review of four methodologies
typicallyused to estimate the neutral rate for asmall open economy.
We find that accounting for time variation improves the statistical
properties of the estimated interest rate gaps. In thisregard, three
of the four methodologies (TVP-VAR, Kalman Filter and HP Filter)
yielded promising results in terms of their ability to forecast infla-
tion. All methodologies implied that Jamaica’s neutral rate has de-
clined over the last five years. This is consistent with improvements
inthe country’srisk premium induced by extensive economic reform
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during that period. Further demographic and structural changes
should continue to supportalowinterest environment over thelong
run.

Based on our estimates, monetary conditions in Jamaica have
been fairly accommodative since late 2017, which should support
theauthorities’ inflation and growth objectives. The point estimate
forthelong-runneutralrateisfoundtorangebetween-2.6% to2.6%
or (2.4% to 7.6% in nominal terms). However, given that the neutral
rateisunobservable, thereis ahighlevel of uncertaintywithregard
toits estimation. Itis therefore important tosupportthese estimates
with robust discussions on the trends in the main macroeconomic
variables aswell as the effectiveness of the transmission mechanism
of monetary policy.
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Monetary policy in Costa Rica:

an assessment based on the
neutral real interest rate

Evelyn Muiioz-Salas
Adolfo RodriguezVargas

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.

Key words: monetary policy, inflation, unobservable variables.

JEL codes: E12, E31, E52.

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-

Evelyn Munoz Salas <munozse@bccr.fi.cr>, Department of Economic Research.
Adolfo Rodriguez-Vargas <rodriguezva@bccr.fi.cr>, Department of Economic
Research.
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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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Variable

VARIABLES AND SOURCES

Data used

Source

R,

T

9

Py

a;

Nominal monetary policy rate Central Bank of Costa Rica

Weighted Treasury bonds
rate, b years or more,
secondary market

12-month change
in Consumer Price Index

BCCR target for 12-month
inflation rate

12-month change
in Consumer Price Index
at ttn

Tipo de cambio efectivo
real multilateral

con ponderadores moviles,
logaritmo natural

EMBI for Costa Rica

Spread for 2020 bonds,
Government of Costa Rica

Average of o, for estimation
period

Gross Domestic Product,
chained volume at previous
year’s prices

Percent difference

of real GDP with respect to its
potential level (Hodrick-
Prescott, A =1800)

Source: own elaboration.

Superintendency of Securities
(SUGEVAL)

National Institute
for Statistics and Censuses
(INEC)

Central Bank of Costa Rica

National Institute
for Statistics and Censuses
(INEC)

Central Bank of Costa Rica

Bloomberg

Bloomberg

Central Bank of Costa Rica

Own estimation
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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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& I 0 0 0
E V=varl|||=| © Q 0 0
S 0 0 S 0
n, 0 0 0 W

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
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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
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Figure 2 (cont.)
REAL RATE GAP ESTIMATES 2009Q1-2018Q2
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REAL RATE GAP ESTIMATES 2009Q1-20180Q2
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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.
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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.
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CROSS-CORRELATIONS OF RATE GAPS WITH OUTPUT GAP
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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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CROSS-CORRELATIONS OF RATE GAPS WITH TRIMMED-MEAN INFLATION RATE
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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
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CROSS-CORRELATIONS OF RATE GAPS WITH FINANCIAL CONDITIONS INDEX
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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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Figure 8

CROSS CORRELATION OF REAL INTEREST RATE GAP
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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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Long Term Neutral Real Interest

Rate for Honduras

Fredy Fernando Alvarez

Abstract

The purpose of this document is to present a first estimate of the Neutral or Natural Real
Interest Rate (NRIR) for Honduras, which is defined as the unobservable interest rate
consistent with the potential Gross Domestic Product (GDP) of an economy and with
an unemployment rate that does not accelerate inflation (NAIRU); therefore serves as a
reference for the analysis of the monetary policy stance of central banks. For its measure-
ment, quarterly information is used for the 2005-2016 period, using several method-
ologies that although they differ in their approach, they do not present much variation
wn their resulls. On the other hand, because there is not a consensus on which is the
most appropriate technique, the methodologies used for the estimations for Honduras
are selected on the basus of the available information for the country. Therefore, the reults
are obtained using: the average of the ex ante real interest rate for a long period in which
wnflation behaved relatively stable; the Hodrick-Prescott (HP) filter to extract the trend
of the real interest rate; and the Baxter and King filter (BEK) to extract the cyclical ele-
ment_from a series. In addition, an estimate ts obtained from the uncovered interest rate
parity condition and from a semi-structural model using the Kalman filter adapted
to the conditions of the Honduran economy. The estimates obtained from these differ-
ent techniques reveal an average for the period analyzed for the Neutral Interest Rate
wn current values between 6.69% to 8.08% and in real values from 0.77% to 2.16%;
stmilarly, it is_found that in recent years the interest rate has shown a gradual decrease
assoctated wn part to a lower Monetary Policy Rate (MPR), combined with low levels
of inflation and relatively stable economic growth.

The expressed in this document is exclusive responsibility of the author and does
not necessarily represent the opinion of the Central Bank of Honduras.
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1. INTRODUCTION

heNRIRisaterm widelydiscussed within the context of central

banks, mainly because itis consistent with alevel of potential

outputand astableinflationrate;according to Wicksell (1898)
inthe economythereisaninterestrate thatisneutralto prices, that
is to say, one that does not tend to decrease or increase the level
of prices and that serves to identify if the monetary policy stance
iscontractionary, when therealinterest rateis above the neutral rate
orifitis expansionary, whenitis below, thusinfluencingthe decision
making of the monetary authority.

The estimation of thisvariableis not so simple, becauseitisnot ob-
servable, varies over time, and is related to the long-term evolution
and real characteristics of the economy; however, there are different
ways to approachit, either through the behavior of certain financial
variables or using semi-structural models that describe the evolution
of the economy and estimate the equilibrium interest rate.

In this document, we estimate the neutral rate for Honduras, us-
ing quarterly information for the period 20050Q2-2016Q4 and im-
plementing five different methodologies. The first one considers
the analysis of the trend of the ex ante real interest rate registered
during a period of relative inflation stability; two different univari-
ate analysis, one consisting of extracting the trend of the series from
therealinterestrate through the HP filter and the other using the BK
filter to extract the cyclical element from the series inwhich season-
al components (short term) and the trend component (long term)
are eliminated. The remaining methods are based on multivariate
analysis, one is under the condition of uncovered interest rate par-
ity forasmall economywhichisopentointernational trade and the
otherisasemi-structural model proposed by Laubach and Williams
(2001) forthe United States of America (USA) adapted to the Hondu-
ran economy (method in which the algorithm of the Kalman filter
isused, underastage of state space used for approximations of non-
observable variables).

The research is structured as follows: Section 2 reviews the liter-
ature and empirical evidence under different approaches; Section
3 showsthe methodologiesusedinthe estimation;Section4analyzes
theresultsobtained and their comparison between methodologies;
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finally, sections 5, 6 and 7 present the conclusions, appendices,
and bibliography, in this order.

2. REVIEW OF LITERATURE AND
EMPIRICAL EVIDENCE

2.1 Review of Literature

According to the literature available, the NRIR is known under dif-
ferent concepts, such as the neutral real interest rate, natural inter-
estrate, orthe equilibriumrealinterestrate; the name hasalsobeen
differentiated accordingto the time periods or horizons, either short
orlongterm. However, the notion of the natural rate goesback tothe
late nineteenth century, when Knut Wicksell argued that the ob-
served interestrate did not necessarily balance supplyand demand
inthe market, sinceitwasnormaltoseeincreasesand decreasesinthe
level of prices when there are differences between the observed in-
terest rate and what would be a neutral interest rate that stabilizes
the market. Wicksell (1898) commented that the NRIR was by defi-
nition, that which did not cause pressures of movement neither up-
wards nor downwards in prices.

On the other hand, Archibald and Hunter (2001) stated that
the long-term equilibrium real interest rate is the most stable, with
whichthe economyand marketsare balanced. Becauseitis often dif-
ficult to capture astate of equilibrium, the neutral rate is the proxy
that guidesthe goods, money, and labor markets, and that is consis-
tent with production, inflation and potential output'.

Under the context of neo-Keynesian general equilibrium mod-
els, thenaturalrateis thelevel of realinterest rate that would prevail
in equilibrium under the absence of nominalrigidities (Gali, 2002).
Thisis equivalent tosaying that the NRIRisthe appropriate interest
rate to maintain the level of aggregate demand on par with the po-
tential product, once the transitory effects of the economy cease
(Blinder, 1999). The New Keynesians associate it with the steady
state or long-term interest rate.

Laubach and Williams (2003) found for the USA an explicit rela-
tionship between the NRIRand the trend growthrate of the potential

! Laubach and Williams (2003), Garnier and Wilhelmsen (2005).
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output. Allthisafter estimating several equationssuchasthe ISand
Phillips curve, among others, by means of the maximum likelihood
method using the Kalman filter, concluding in the end that the nat-
ural rate varies with time.

Inanattempttoanswer the question of howthe centralbank should
conduct monetary policy in practice, given the objective of achiev-
inglowand stableinflation ratesand reaching full employment, Or-
phanides and Williams (2002) estimated the NRIR specifying that
thisitis compatible with the natural rate of unemploymentand with
lowand stable inflation. Likewise, they conclude that the naturalrate
varies with time, since it is likely to be influenced by variables such
as fiscal policy and household preferences.

Finally, Brzoza-Brzezinayand Kotlowski (2012), affirm that the es-
timates of the NRIR, given its applicability to a monetary policy re-
gimeunderinflation targeting, have contributed toachieving price
stability.

2.2 Empirical Evidence

There are several methods for estimating the neutral interest rate,
whoseresults differamongthem, given certain limitations depend-
ing on the amount of information required, which are applicable
accordingto the economic conditions of each country. However, de-
spite this, they help estimate this indicator, which is a relevant tool
for conducting and making monetary policy decisions.

One ofthe mostimportantresearchsavailable for the NRIR s car-
ried out by Laubach and Williams (2001 and 2003) for the USA, us-
ing a Kalman filter to jointly determine the neutral real interest
rate, the potential output, and the growth trend; emphasizing that
the variations in the growth trend are a determining factor in the
movements of therate. Inaddition, they demonstrated that the vari-
ations of the neutral real interest rate have important implications
inthe design and implementation of monetary policy, since the ad-
justmentsin this rate are crucial for the fulfillment of the stabiliza-
tion goalsin both the short and the long term.

Fuentes & Gredig (2007) rely on several methodsto obtain the neu-
tralinterestrate for Chile, the first through the economic theoryim-
plicitin the prices of financial assets and through statistical models
using macroeconomic data; followed byasemi-structural modelwith
unobservable components through the Kalman filter algorithm,
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allowingthelatter tosimultaneously estimate the natural realinter-
estrate and the output gap.

On the other hand, Gonzdlez, Ocampo, Pérez, and Rodriguez
(2013) use different methodologies to estimate the NRIR for Colom-
bia, two of which are based on statistical filters and the third is the
estimation of a semi-structural model for a small and open econo-
my. Neiss and Nelson (2001) examine the properties of the neutral
real interest rate using a dynamic stochastic general equilibrium
(DSGE) model. Cartaya, Fleitas, and Vivas (2007) measure this in-
dicator for the Venezuelan economy, based on the marginal pro-
ductivity of capital and in another case taking into account the gap
and the potential growth of the non-oil product; itis demonstrated
thatunderbothapproachestheneutralrealinterest rate showsvery
little variability during the estimation period, in comparison with
the observed values.

Similarly, Giammarioli, and Valla (2003) made estimates for the
Euro Zone with a model that contains historical series of the short-
term interest rate. These authors argue that the NRIR in the area
has gradually decreased since the mid-1990s, from around 4.0%
to approximately 3.0% in 2000.

Asafinal point, Table 1 showsthe different methodologies and re-
sults obtained by several countries when calculating the NRIR.
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ESTIMATION OF THE NEUTRAL REAL INTEREST RATE (NRIR) BY COUNTRY

Author Country Methodology Period Result
Brzoza & Poland « Structural VAR 2003 4.0%
Brzezina
(2004) - Kalman Filter
Basdevant, New Zealand - Performance Curve 2004 3.3%-4.3%
et al. (2004)
» Kalman Filter
Calder6n Chile - Uncovered interest 2002 4.8%
y Gallego rate parity
(2002)  Indicators
of Financial Markets
+ Marginal
Productivity
of Capital.
» Kalman Filter
Dacass (2011) Jamaica - Extracting the Trend 1990-2011 5.0%-10.0%
with the Hodrick
Prescott Filter
» Kalman Filter
Fuentes Chile - Kalman Filter 2008 2.8%
y Gredig
(2008)
Gonzilez, Colombia - Extracting the Trend 1994-2011 2.0%-5.0%
et al (2013) with the Hodrick
Prescott Filter
» Kalman Filter
Giammarioli Euro zone - General Equilibrium 2000 3.0%
& Valla Model
(2003)
Humala & Peru - Kalman Filter 2008 8.0%
Rodriguez
(2009)
Hernéndez México « Extracting the Trend 1997-2008 2.8%-3.7%
& Amador with the Hodrick
(2008) Prescott Filter

» Kalman Filter
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Author Country Methodology Period Result
Laubach & United - Kalman Filter 2002 1.5%-3.0%
Williams States
(2003) of America
Magud Latin « Uncovered interest  2000-2012 2.0%-5.1%
y Tsounta America rate parity
(2012) » Kalman Filter
- Extracting the Trend
with the Hodrick
Prescott Filter
Munoz & Costa Rica - Average level of the 2006 3.3%
Tenorio Ex Ante Real Interest
(2007) Rate in a Period
of Stable Inflation.
» Uncovered interest
rate parity
» Kalman Filter
« Effective Real
Interest Rates.
+ Extraction
of the Trend with
the Hodrick Prescott
Filter
Paredes Dominican -« Taylor Rule by CVAR. 2013 3.5%-5.5%
Evelio, Republic
i?snetgl;a » Uncovered interest
Sanchez rate parity
Armando, - Kalman Filter
Torres
Francisco - Marginal Capital
(2013) Productivity

- Monetary Policy Rule
(Taylor Rule).

Source: own elaboration based on each document made by the authors.
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3.ESTIMATIONS METHODOLOGIES

Accordingtothe empirical evidence, the methodswidelyused to ob-
tain an unobservable variable such as the NRIR are the HP and Kal-
man filters, since they have the advantage of detecting structural
changes or large shocks that may occur in the economy; however,
there is no consensus on which of the different methods available
is the most appropriate and therefore analysis are carried out with
several approaches in order to have a better estimate.

Asaresult of the above, in orderto obtain the NRIR of Honduras,
the following methodologies are used:

e Average of the ex ante real interest rate for periods of stable
inflation.

e Extraction of the trend through the HP filter.
e Baxterand King bandpass filter.
e Uncovered interest rate parity.

e Semi-structural model using the Kalman filter.

3.1 Average of the ex ante real interest rate for periods of
stable inflation

When considering the NRIR as an unobservable variable, Laubach
and Williams (LW) (2001) argue that, asafirstapproximation, it can
be obtained from the average of the ex ante real interest rate (RIR),
which is calculated as the difference between the monetary policy
interest rate and inflation expectations, for a period where infla-
tion is relatively stable. However, this approach has its weaknesses,
such as the values used for inflation expectations and that it does
not consider the variability of the RIR observed over time; but, even
so, it is used to establish comparisons with the results found with
other methodologies.

3.2 Extraction of the trend through the Hp filter

Underthisapproach, Hodrickand Prescott propose the separation
of a time series in its trend component (using this as a proxy of the
natural-level of the series) and cyclical component, carefully se-
lecting the basic lambda smoothing parameter to obtain favorable
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results. Like the previous method, it provides good estimates in pe-
riods of stable inflation and output growth; nevertheless, it does
not provide a good estimation when inflation is more volatile since
ittendstounderestimate the neutral rate for periods when inflation
increases and overestimate it when inflation decreases.

3.3 Baxter and King bandpass filter

This method extracts the components of a series, whose frequency
iswithinacertaintimerange, intoveryslow or low frequency move-
ments (trend), medium components (cycle), and high frequency
components (seasonal). Baxter and King (1999) argue that the per-
fect filter is one that remains unchanged during a certain time in-
terval, in which the density at all other frequencies is almost zero.
This allows us to identify a route that the filter considers appropri-
ateandtoseeifthe estimated variable, in this case the NRIR, isnear
or far from the values expected by the filter.

3.4 Uncovered interest rate parity

Inasmalland open economy, thelong-term equilibrium interest rate
should not move away from the international interest rate, according
to Calderén and Gallego (2002), since free goods trade would pro-
mote equal capital returns between nations and in the same waywith
the international interest rate. In this sense, we have:

NRIR=r*+E(e)+p

Being () the external real interest rate, £ (¢) the expectations
ofrealdepreciationand (p)the countryrisk premium. The equation
described above is understood as the rate at which investors are in-
differentbetween maintaining their financial assetsin their country
orabroad. Something veryimportantis that the parity of real inter-
est rates adjusted to country risk establishes relations - both short
and longterm-betweenthe national realinterestrateand theinter-
national real interest rate.
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3.5 Semi-structural model from the Kalman filter

A multivariate method of maximum likelihood proposed by LW
(2001), composed of six equations, four of them responsible for esti-
mating unobservable variables such as NRIRand Potential GDP, in a
state-space form that combines maximum likelihood techniques.
The foundation of this modelis to find the equilibrium between ag-
gregate supply (Phillips curve) and demand (IS curve), from where
animplicit NRIR can be obtained, measured from the GDP, inflation,
and interest rates gaps.

Duetothe characteristics of the Honduran economy, some modifi-
cationswere made to the original model proposed by the mentioned
authors (Appendix I), according to the relevant variables that af-
fect the monetary policy of the country, this being stated as follows:

n yt:al(yt—l_ytlil)—i—aZ(r;—Z_rti]2)+£lt

E To=ar, ,+a,(y,, —yqu)+a3(rerH —rer’)+e,
H r'=c*g +z

z, =0z, +&,

5 V=YLt E e,

B 8 =8, TE&
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Equation (1) shows a reduced IS curve in the form of aggregate
demand, comprised by: the output gap, the difference betweenreal
Gross Domestic Product (GDP) (y,) and Potential GDP (yt) the dif-
ferential ofthe ex anterealinterest rate? (rt ) andthenaturalinterest

rate’ (rt") finally, the lags*that are incorporated into the variables

and the error term that must be uncorrelated, reflect the short-
term dynamics and the transitory disturbances that the economy
may present.

Ontheother hand, equation (2) refers to the Phillips Curve, which
isaproxyofthe aggregate supply, which models the dynamics ofin-
flation, incorporating: the inflation with two lags; the output can,
whichisthedifference betweenreal GDP ( Y, ) and Potential Gbp ()

and thereal exchangerate (RER) gap, observed RER (Vel’, ) minus po-
tential RER (rer”) The first two equationsare usually called signal,
since theydescribe the behavior of the economy over time by means
of observable variables.

Equation (3) describes the neutral real interest rate, by adding
the trend growth rate of the economy (g[) and random elements
(Zz) such as intertemporal consumption preferences, financial in-
novations, variations in public spending, which are obtained from
the estimation of equation (4). Finally, equations (5) and (6) corre-
spond to the potential GDP and its trend growth rate, which evolve
over time following a random process with a residual term of zero
mean and constant variance. It is worth mentioning that these last
four identities are called transition equations, since they generate
optimal estimators at each moment in time based on the last infor-
mation available (and updating each time when new information
is incorporated, making them ideal for obtaining parameters that
change over time.

Being the differential between the Monetary Policy Rate (MPR) and in-
flation expectations.

©o

Like the potential real exchange rate, these were obtained by apply-
ing the HP filter to the ex ante real interest rate and the effective real
exchange rate, with a first estimate as a requirement for this equation.
The number of lags guarantees the elimination of the problem of au-
tocorrelation and they are chosen according to the significance of the
lag that precedes it (calibration of the model), that is, if the first is not
significant at 5% or 10%, we continue with the following.
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4.RESULTS OBTAINED AND
COMPARATIVE ANALYSIS

4.1 Data

The study is developed with quarterly variables using data from
June 2005 to December 2016, the series used include real GDP (ad-
justed seasonally and in logarithm form), the year-on-year growth
rate of the Consumer Price Index (CPI), the ex ante real interest
rate, the real exchange rate, the US real interest rate, inflation ex-
pectations’, the expected depreciation of the exchange rate®and a
country risk premium’; the information is obtained from the Cen-
tral Bank of Honduras (CBH) and the Federal Reserve of the United
States (FED). Similarly, each variable was subjected to the unit root®
test to identify the stationarity of the series’, since without evaluat-
ing these results, the coefficients estimated can be spurious if the
series are related to each other.

Itisworth noting thatthe MPRwas used for the estimations, since
itisused bythe CBHasan operational and signaling variable toregu-
late the levels of liquidity within the economy, and there are studies
thatrefertotheuse oflendingand depositinterest rateswhen there
isnoarelevantmonetary policyrate, since countries often use other
financial instruments according to their economic policy. The Fig-
ure 1 shows the behavior of interest rates for Honduras. Similarly,
Figure 2showsthe trajectory of the MPRand the exante RIR, the lat-
ter being widely used in the following calculations.

o

See Appendix II, comparasion of the observed inflation vs. inflation
expectations.

Includes the first backward lag of the exchange rate (t-1) multiplied
by the weighted sum of the depreciation expectation and the first
forward lag of the exchange rate (t + 1).

Difference between the Monetary Policy Rate and the Interest Rate
of the US Federal Reserve (FED), main commercial partner.

8 Dickeyand Fuller (1981) and Phillips and Perron (1986) unit root tests,
in order to identify the degree of integration of the variables, if they
are I (0) (stationary, there is no unit root); I (1) (non-stationary, there
is a unit root) Appendix III.

Long Term Neutral Real Interest Rate for Honduras 87



MONETARY POLICY RATE, LENDIND AND DEPOSIT RATES ON NEW LOANS

PERIOD 2005Q2-2016Q4

Percentage
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INFLATION AND REAL EX ANTE INTEREST RATE, NEUTRAL REAL INTEREST

RATE AS AN AVERAGE OF THE REAL EX ANTE INTEREST RATE PERIOD 2005Q2-

2016Q4

Yearly Relative Variation and Percentage
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REAL EX ANTE INTEREST RATE AND NEUTRAL REAL INTEREST RATE BK
PERIOD 20050Q2-2016Q4
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4.2 Results and Comparative Analysis

Accordingto LW (2001), afirstapproach to obtain the NRIRisthrough
the average of the ex ante real interest rate registered during long
periodsofstable inflation. In the case of Honduras, the period from
2009Q1-2016Q4 was used, where inflation did not show significant
upward or downward behavior, exhibiting some stability (Figure
3). Thisisthe starting point to obtain the first approximation of the
neutral rate, which results in an average of 0.92% with an average
inflation for the period of 4.88%.

Secondly, the calculation of the NRIR for the period 2005Q2 -
2016Q4 was performed using the HP filter method; incorporating
different values of lambda in accordance to those applied in differ-
ent studies, such as that of Segura and Vasquez (2011), in addition
tousingthe standardvalue of 1600 used by many countries for quar-
terlydata. The resultsamongallthe smoothing methods of the series
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REAL EX ANTE INTEREST RATE AND NEUTRAL REAL INTEREST
RATE UNCOVERED INTEREST RATES PARITY
PERIOD 2005Q2-2016Q4
Percentages
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were very similar, projecting an average value of the natural rate
0f0.81% (Figure 4).

Another method used was Baxter and King’s filter (1999), which
extracts the cyclical element from a series, so that the result is a fil-
tered seriesthat eliminatesseasonal (short-term) componentsand the
trend (long-term) component witha duration accordingto theyears
imposed on the economy to be analyzed. This period usually com-
prises between 3 and 8 years, which is the average amount of time
that economic cyclesusuallylast. Thistechnique differs from the HP
filterwhose objectiveisto extract the trend. The result obtained with
this approach was an average NRIR of 0.77% (Figure 5).

In the following approach, based on the uncovered interest rate
parity, using variables such as: the USinterest rate, Honduras main
trading partner; a country risk premium proxy and expectations
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of depreciation of the nominal exchange rate; as these variables
areavailableinnominal terms, theywere subsequently transformed
torealvalues using the inflation for the analyzed period. This meth-
odresulted in an average NRIR value of 2.16% (Figure 6).

Finally, a semi-structural model was applied using the Kalman
filter, which has some advantage over the methodologies previously
shown, since it not only estimates avalue for the neutralrate, it also
generatesapotential GDP growth rate, thisbeinganother unobserv-
ablevariable of great utility for macroeconomic analysis. Based ona
definition of the previously described model, this part of the results
will briefly show the interaction of the variables, since economic
theory tells us that the neutral rate is related to other variables that
are measurable or observable, therefore economicrelationsare very
important under this approach.

As afirst step, the first two equations, the IS Curve and the Phil-
lips Curve, are estimated by ordinary least squares (OLS), for each
of them the errors of each regression are saved ¢, and ¢, Like-
wise, asthe first estimate necessary for the Kalman filter, the poten-
tial GDP g, the neutral rate from the RIR, and the potential RER are
obtained from the HP filter (long-term trend); then, a first estimate
of z, (equation 4) is elaborated, which starts from the first estima-
tion of the NRIR; subsequently, a regression is made with the latter
interms of the growth of the potential GDP g, saving the errors from
this regression, which are used to identify the autoregressive pro-
cess ztheerrorsare also saved to obtain £, and the coefficient §
According to LW (2001), it may be the case that gand z are nonsta-
tionary, that is, they have unit roots; for this, the method proposed
by Stock and Watson (1996) was used to prevent that the standard
deviations of the errors ¢,, and g, are skewed to zero, applying
the following estimators if so:

2 =2

L
o,
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REAL EX ANTE RATE AND NEUTRAL REAL

INTEREST RATE (KALMAN FILTER)

PERIOD 2005Q2-2016Q4
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Ofbothvariables, the one thatturned outtobe nonstationaryis,
to which the equation 8 is applied, rescuing the values of 2 then,
the restriction is included for the case of z in the complete model
and the statistical method of Wald exponential is used, as recom-
mended by Stock and Watson to finally proceed with the estimation
ofthe Kalmanfilter. Afteranalyzing the obtained regression, the vari-
ables turn out to be statistically significant, with non-zero errors
for z, and all other equations, which is consistent with the empiri-
cal evidence; once the Kalman filter isimplemented (Appendix 4),
the NRIR and Potential GDP are obtained as shown in Figures 7 and
8, the first showing an average value 0of 1.90%.

STANDARD DEVIATIONS, AVERAGES AND GAP OF THE NEUTRAL
REAL INTEREST RATE BY METHODOLOGY: 200502-2016Q4

Average NRIR_
2005- Average NRIR_  NRIR_  NRIR_  NRIR_
2016  Inflation™ HP BE JIRP K

Stand_Desv. 1.31 0.89 0.67 1.01 3.63 2.01

Neutral Current 6.73 5.80 6.73 6.69 8.08 7.82
Interest Rate

Neutral Real 0.81 0.92 0.81 0.77 2.16 1.90
Interest Rate

Average MPR 6.22 5.83 6.22 6.22 6.22 6.22
Interest Rate -0.51 0.03 -0.51 -0.47 -1.86 -1.60
Gap Current

Values

Note:* period 2009Q1-2016Q4.
Source: own elaboration.
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REAL EX ANTE INTEREST RATE AND AVERAGE NEUTRAL REAL INTEREST RATE
PERIOD 2005Q2-2016Q4

Percentages
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Finally, Table 2and Figure 9 show the estimates obtained by each
method, both for current and real values. The volatility of the un-
covered interest rate parity (UIRP) approach with astandard devia-
tion of 3.63% stands out, being this the highest of all the methods
used. On the other hand, we can observe the gap of the policy inter-
est rate with respect to the neutral interest rate for current values
being-0.47% to-1.86%. When analyzing by method, we can see that
the HP filter when considering only the trend of the series can lead
toabiasinthe projection by not considering the changes over time.
The Baxter King filter has the advantage that it does not eliminate
the irregular and seasonal components of the series that it studies.

However, the most complete approach is the Kalman algorithm,
which is based on the relationship between economic variables
in order to have a better projection of the NRIR, which shows a de-
crease in its values for the last quarters. Finally, with respect to the
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relationship between the exanterealinterest rate and the estimated
average of theneutralrate from the fiveremaining methods, Figure
9revealstoacertain extentwhat the country’smonetary policystance
hasbeen;thatis, when the ex-ante RIRislocated above the NRIR, mon-
etarypolicyseemsto have been contractionary during those periods,
on the contrary, ifitis below it has been expansionary.

5. CONCLUSIONS

e Asaresultoftheestimatesobtained from the different meth-
ods, itis possible to obtain an estimate of the Neutral Real In-
terest Rate for Hondurasin currentvaluesranging from 6.69%
t0 8.08% and from 0.77% to 2.16% in real values.

e Theneutralrate is consistent with a GDP that converges to its
potential level.

e Similarly,itis observed thatthe NRIRvaries over time and that
it currently has a downward trend.

e Fromthebeginning of 2007 to the beginning 0of 2009, the ex
ante RIR was above the natural rate, revealing a contraction-
ary monetary policy during that period. On the other hand,
during the period 2012-2016 it can be observed that the ex
ante RIRwas below the NRIR, showing an expansionary policy
mainly for the years 2015-2016.

e Finally, considering that the present study is a first approxi-
mation of the neutral policy interest rate, there is still more
tobe done onthesubject, since there are otheradvanced meth-
odsthroughtheuse of dynamic general equilibrium models,
which would allow to strengthen more the results obtained.
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APPENDIX

I. Original model by Laubach and Williams:

1] IS Curve: y, = A (L), , + 4,(L)(r_ " )+e,

E Phillips Curve: 7, = B (L),  + By(L)):t_l +B (L)x, +¢,
B GDP Gap: ;;l =y - y:

Potential GDP: y: = y(*H) t8,TE,

B Growth of Potential GDP: g = g, +€,,

n Real Interest Rate (equilibrium): ' =c*g +z,
Demand Shock: z, =0z, +&,

n Real Interest Rate: r=i+ T, ircay
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II. Comparative Inflation (Observed) vs. Expectations of

Inflation:

COMPARATIVE INFLATION (OBSERVED) VS. EXPECTATIONS
OF INFLATION PERIOD 20050Q2-2016Q4

Yearly Relative Variation
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Inflation —— Expectations of Inflation
Source: Central Bank of Honduras and own elaboration.
II1. Unit Root Test of the Variables:
UNIT ROOT TEST
Variables Level First Difference
Real Gross Domestic Product (log) -1.769 -9.427
Real Interest Rate -3.419 -5.756
Real Exchange Rate -4.838 -7.023
Inflation -5.149 -7.553
Expected inflation -7.289 -6.038
Waste Curved IS -6.358 -7.986
Waste Curve Phillips -8.077 -12.516
Waste Variable Z -3.605 -4.990

Note: All the variables in first difference were I (0), that is stationary.
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IV. Specification of the Model State Space (Eviews ®):

@MPRIOR VSINI

@VPRIOR COV_C

@SIGNAL PIB = SLY+C(1*PIB-C(1)*SLY+C(2)*R-C(2)*SR 1+[ VAR=(C(3)A2)]
@SIGNALINFLA = C(4)*INFLA-C(5)*SLY 1+ C(5)*PIB+C(6)*TCR BR E+[ VAR=C(7)"2)]
@SIGNALSLY = SLY(-1)+SG(-1)+[ VAR=(C(8)*2)]

@STATESLY1 = SLY(-1)

@STATE SLY2 = SLY1(-1)

@STATE = SG(-1)+[ VAR=(C(9)"2)]

@STATE SG = SG(-1)+C(10)*(SG(-1)+SZ(-1)

@STATE SR1=SR(-1)

@STATE SR2 = SRI(-1)

@STATE SZ = C(11)*SZ(-1)+[ VAR=(C(12)*2)]

Long Term Neutral Real Interest Rate for Honduras 101



N eutral Rate of Interest: The Case of
the Dominican Republic

José Manuel Michel

Abstract

The aim of this paper is to estimate the neutral rate of interest for the Dominican
Republic. Themethods used are reduced-form, interest rate parity, and marginal
product of capital. Empirical evidence provides evidence in favor of the interest
rate parity hypothests as a useful tool for estimating the neutral rate of interest.
The results suggest that nominal and real neutral rates of interest have fallen
Jollowng the 2008 financial crisis. The reduced-form model and ierest rate parity
methods tell us that the average nominal neutral rate of interest of the post-
Jinancial crisis period stands at between 5.5% and 6.2%. These same methods
yield values between 1.0% and 1.4 % for the real neutral rate of interest. The
marginal product of capital method estimates a real neutral rate of interest of
3.6%.

Keywords: neutral rate of interest, monetary policy and cointegration.

1. INTRODUCTION

ing monetary policy is the short-term interest rate. The fore-

going is a consequence of the adoption of the inflation tar-
get scheme. The use of interest rates as a policy instrument makes
the study of natural or neutral rate of interestlevels relevant. In this
regard, the central bank of the Dominican Republic hasimplemented
theinflation target scheme since 2012. The adoption of this scheme,
together with falling interest rates and the problem of zero interest
rates in developed economies, have generated additional interest
in understanding natural rates of interest.

I | Vhe tool most commonly used by central banks for implement-
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Sustainable growth in an economy is achieved when efficient
economic policies are formulated. Among these policies, monetary
policyisresponsible for maintaining price stability and consequent-
ly ensuring a reasonably foreseeable future that facilitates investor
and consumer decisions. The effective formulation of monetary pol-
icy requires understanding of the economy’s neutral rate of interest.

The neutral rate of interest is the interest rate level that would
exist in a scenario with no inflationary pressures. This definition
of neutral rate of interest was provided by the Swedish economist
Knut Wicksell in the 19th Century. In keeping with this definition,
it can be said that the natural rate of interest level is the one under
which prices remain stable. It must therefore be the interest rate level
the central bank wants to achieve.

The contributions of modern authors reveal that the neutral rate
of interest is the one that allows the observed product to converge
with potential (Bomfim, 2001). In Keynesian models, the neutral
rate of interest is defined as the rate that would exist in equilibrium
with nonominal rigidities (Gali, 2002). In the new Keynesian econ-
omy the neutral rate of interest is the steady-state or long-term rate.

In this context, the aim of this research paper is to obtain a solid
estimate of the neutral rate of interest for the Dominican Republic.
To achieve this, three estimation methodologies are used: the re-
duced-form method, the interest rate parity method and the marginal
product of capital method. The project covers the period 1996-2017
with quarterly data.

The reduced-form model consists of estimating a regression
by minimum least squares where the interest rate is a function of the
external interest rate and potential growth. In this method neutral
rate of interest estimates correspond to the value derived from regres-
sion. Therefore, the expected value of deviations between market
and neutral rates of interest is equal to zero. Neutral rate of interest
estimates using the interest rate parity method are obtained with
the previous estimation of a Vector Error Correction (VEC) mod-
el. This model incorporates two co-integrated vectors that show
the long-term relationship between the exchange rate and internal
and external prices, and domestic and external interest rates. Last-
ly, the marginal product of capital method is obtained by estimat-
ing a production function using Vector Error Correction (VEC).
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This documentis structured as follows: Section 2 sets out the em-
pirical strategy and Section 3 contains estimation results, followed
by conclusions in Section 4.

2. EMPIRICAL STRATEGY

2.1 Reduced-form model

According to Mendes (2014) the reduced-form model opens up the
possibility of global and national factors influencing neutral rates
of interest. The basic elements of this approach are:

i) Balance of payments identity

world
i S, —1,=Nx, +7"" NFA,

i) The accumulation equation
B NFA, =(145""NFA,  + N,

@) Alinear approximation to the interest rate parity condition:

E n= Trmm +EAq,, + (¢o - ¢1nfaz>

t

Where S, is national savings, /, isinvestment, Nx netexports,

world

r*” international interest rate, ~ NFA, is the net position of exter-
nalassets, r domesticinterestrates,and ¢, thereal exchange rate.

In addition, itis assumed that in the long term the savings rate | —-
Y
are given by linear functions:

and the investment/output ratio [—f
B/

n S =G + o
i, =0, + 01+ 5,8,
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Where g, is potential growth.
After solving the system of equations in steady state, the following
reduced-form is obtained:

world

5] n=0,tog ey

2.2 Interest rate parity method

Interest rate parity is a method used for inferring the neutral rate
of interest through the long-term relationship between the domestic
and external interest rates. In the case of the Dominican Republic,
the neutral rate of interest is expected to be determined by the inter-
est rate of the United States plus a measure of country risk.

In this regard, the best way to identify the long-term relation-
ship between the domestic interest rate and the external interest rate
is through the estimation of a model that determines long-term ex-
ternal relations of the Dominican economy. In economic literature,
it is common to simultaneously estimate the long-term relation be-
tween the exchange rate and internal and external prices with the re-
lation between domestic and external interest rates. Conventionally,
estimates of these relationships are made using a VEC model with
the following specification:

6| Ay, =18y +7,Ay, ,+ 7y, +0x +e,

Where y,1s the endogenous variables vector; x;, the centered dum-
mies vector, and €, ~ iid N(O,az). Endogenous variables are: the log-
arithm of the bilateral nominal exchange rate between US$/RD$§ ¢,
the U.S consumer price index logarithm, ]7:, , the 30-day passive in-
terestrate r,, and the interest rate on federal funds is Tz Itis expected
that two cointegration vectors will be found where purchasing power
parity and interest rate parity can be identified. With this second vec-

tor, the neutral rate of interest is estimated. Therefore, the matrix
1 -110 0 8,
00 01 -1 8,

allows us to obtain the neutral rate of interest as y* — " + Bie-
t t

n=0of ,under the hypotheses that 5=

Neutral Rate of Interest: The case of the Dominican Republic 105



2.3 Marginal product of capital methodology

The marginal product of capital method makes it possible to obtain
aneutral real interest rate estimate based on the equilibrium condi-
tions of a closed economy long term. In this context, the neutral rate
is explained by the marginal product of capital, net of depreciation
and adjusted for a risk premium associated with holding equity as-
setsin relation to fixed income assets.

w_ gl _ 12

r = f'(k) ¢a[k] ¢

According to the above equation, the neutral rate is equal to the
marginal product of capital (PMK) minus the return from risk-free
assets; in the case of the Dominican Republic, the interbank rate
1s used. The estimation of the neutral rate requires calculating eq-
uity participationin the product (@), the depreciation rate (§) and the
trajectory of the output-capital ratio (Q/K). The alpha parameter
is estimated with a Cobb-Douglas production function using a Vec-
tor Error Correction model for the period 1970-2017.

3. ESTIMATION RESULTS

3.1 Reduced-form model

This chapter presents the results of model estimations. Here, domestic
interestis a function of the external interest rate and potential growth.!
The estimation of neutral rates of interest is the component explained
by the model. Equation 8 contains the parameters (t student statis-
tics in brackets) for the period 1996-2017. Data are given quarterly:

r"=0.84r"+0.78g +0.03
t t t
ﬂ (2.45) (6.67) (3.79)

R>=0.64

This model does not pass the autocorrelation (LM), heterosce-
dasticity (White) and normality (Jarque-Bera) tests, which implies

' The potential growth corresponds to the HP filter.
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that the estimates are not efficient. However, this does not prevent
the model from producing consistent estimates. Loss of efficiency
forces us to use Newey-West errors to make statistical inferences.
It should be noted that all coefficients have the theoretically expect-
ed signs and are significant at 5%.

The Dominican Republic’s interest rate is strongly influenced
by externalinterest rates. For every percentage pointincrease in the
U.Sinterestrate, the domestic interest rate goes up 0.84 percentage
points. Like the external interest rate, the potential growth rate hasa
less than proportional impact on the domestic interest rate. A 100
basis points increase in growth generates a 78 basis points increase
in the domestic interest rate.

Consistent parameter estimates make it possible to obtain a con-
sistent approximation of the natural rate of interest. During the pe-
riod under review, market and neutral rates of interest fell, as can
be seen in Figures 1 and 2. In both rates, the drop was identifiably
accentuated by the international financial crisis of 2008.

During the period prior to the local financial crisis of 2003,
1996Q1-2002Q)4, the market interest rate remained above neutral
rates of interest. In other words, during most of this period the inter-
estrate gap was positive, implying that monetary policy was restric-
tive. On average, the market rate was 15.9% and the neutral rate
13.5%. During the financial crisis the average market rate reached
20.7% and the neutral rate of interest 17.4%.

Intheyearsbetween the crises, market and neutral rates of interest
dropped. However, the fall in market rates changed the sign of the
gap from positive to negative. This means that monetary policy be-
came expansive. The market and neutral rates of interest average
9.6% and 15.5%, respectively. In the period following the interna-
tional financial crisis, a negative interest rate gap remained, suggest-
ing an expansive monetary policy. In this period, market and neutral
rates of interest were unusually low. The market and neutral rates
of interest averaged 5.8% and 6.2%, respectively.

If we carry out the analysis presented above, with the real inter-
est rate, we arrive at the same conclusions regarding the monetary
policy position. Other findings of note include interest rate levels
lower than the ones observed in previous studies. Specifically, values
of 1.3% and 1.4% are observed for the market and neutral rate ofin-
terest, respectively. In previous projects the values are close to 4%.
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NOMINAL INTEREST RATE REGRESSION METHOD
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NOMINAL INTEREST RATE, PARITY METHOD
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Source: INEGI.

3.2 Interest rate parity method

This chapter presents the results of neutral rate of interest estimates
using the rate parity method with a VEC model. The first step con-
sists of selecting one of the four models proposed in the work of Jo-
hansen and Juselius (1990);in this document the model selected is the
one with constant co-integration relations, where there are no trends,
and the VAR neither has a trend nor is constant. The unrestricted
model is then estimated and, once the hypotheses of normality, ab-
sence of autocorrelation and distributed identity of the residuals have
been contrasted, the number of cointegration vectorsis determined
with the contrast of the trace.

Following previous research, such as the original studies by Jo-
hansen and Juselius, a VEC with two lags is estimated. The results
of the specification tests are contained in Table 1. This table shows
that there is evidence in favor of null hypotheses of normality, ab-
sence of autocorrelation and homoscedasticity of the residuals at 5%,
given that probability exceeds the critical value of 0.05.

Once it has been confirmed that the classic assumptions are sat-
isfied, the statistical inference is made about the range of the matrix

m, which is equivalent to the number of cointegration vectors. These

Neutral Rate of Interest: The case of the Dominican Republic 109



CLASSIC ASSUMPTIONS

Test Null hypothesis Statistics p-value

Jarque-Bera Joint normality 12.9 0.22
Breusch-Pagan-Godfrey Homocedasticity 441.6 0.60
AR(1)=42.7 0.14
AR(2=356  0.39

Breusch-Godfrey (four lags) Absence .
of autocorrelation AR(3)=42.0 0.16
AR#)=22.7  0.94

Sources: Central Bank of the Dominican Republic and the FED.

CONTRAST OF COINTEGRATION, TRACE STATISTICS

Null Hypothesis Alternative Trace Critical value

cotntegration vectors Hypothesis  statistics at 5% p-value
r=0 r>0 178.00  95.80 0.00
r=1 r>1 90.00 69.81 0.00
r=2 r>2 21.48 47.91 0.63

are determined using the trace test, the results of which are given
in Table 2. This test consists of evaluating the null hypothesis that
the range of the matrix 7 is equal to 7 against the alternative that
the range is greater than » where 7 =0,1,..., N. The test ends when
the null hypothesisis not rejected. As can be seen, the null hypoth-
esis 1s not rejected when =2, indicating that there are two cointe-
gration vectors.

Under the null hypothesis of two cointegration vectors, the hy-
potheses of interest rate parity and price parity can be contrasted.
The purpose of testing these hypotheses is to determine whether
the neutral rate of interest can be estimated using the interest rate par-
ity method. The weak exogeneity of the external and domestic inter-
estratesis tested together. The results, presented in Table 3, indicate
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CONTRAST OF THE UIP AND PPP HYPOTHESES

Statistic y2 p-value
15.2 0.09

that the hypotheses of UIP, PPP and weak exogeneity of domestic
and external interest rates at 5% significance are not rejected jointly.

Statistical evidence does not allow us to reject the UIP and PPP
hypotheses, therefore we estimate arestricted VEC, following Johan-
sen and Juselius (1990). The restrictions incorporated into the ma-
trix «w can be found in the Appendix. The first cointegration vector
derived by this restricted estimate has the characteristics expected
inalong-term exchange rate equation, while the second vector takes
the form of a parity rates equation. Their results are contained in the
expression:

B =p —p, +4.64
f* =0.034

Where ¢, isthe exchange ratelogarithm; p, isthe consumer price
index logarij[hm; p, the U.Spriceindex; r 30-day passive interest
rates, and r:is the U.S interest rates.

The neutral rate of interest can be defined as:

m rl" = 7; +0.034

Duringthe 1996Q1-2011Q4 period, the average neutral rate of in-
tereststood at 8.9%, as canbe seenin Figures 3 and 4. In this period,
neutral interest was lower than the marketinterest rate. The interest
rate gapis therefore positive in this period, indicating that monetary
policy was restrictive. During the implementation period for the in-
flation targeting scheme, the estimation for neutral rates of interest
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REAL INTEREST RATES, PARITY METHOD
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averages 5.5%. During this stage the gap between the neutral rate
ofinterest and the market rate was narrowed.

3.3 Marginal product of capital method

Marginal product of capital is estimated using a Cobb-Douglas pro-
duction function obtained from a VEC model.? The first cointegra-
tion vector has the characteristics of a production function:

[l 9, =0.241 +0.48k +0.34,

Where y, is the outputlogarithm; / is the workforce; k, the phys-
ical capital stock and A, human capital. In the Cobb-Douglas func-
tions, the marginal product of capital is equal to the multiplication
of the capital-output elasticity (0.48) and the average productivity

2 Details of the VEC model are provided in the Appendix.

112 J. M. Michel



of capital as shown in equation (7). Using this method we obtain an av-
erage real neutral rate of interest of 3.75%. As with the previous meth-
ods, a drop in the neutral rate of interest is observed. The evolution
of the real neutral rates of interest is given in Figure 5.

REAL INTEREST RATES, MARGINAL PRODUCT
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4. CONCLUSION

In this research paper, the reduced-form model, interest rate parity
and marginal product of capital methods are used to estimate the neu-
tral rate of interest for the Dominican Republic. Empirical evidence
provides supportin favor of the interest rate parity hypothesis as a use-
ful tool for estimating the neutral rate of interest. The results suggest
thatnominal and real neutral rates of interest fell after the 2008 finan-
cial crisis. The reduced-form model and interest rate parity methods
reveal thataverage nominal neutral rates of interestin the post-finan-
cial crisis period were between 5.5% and 6.2%. These same methods
yield values between 1.0% and 1.4% for the real neutral rates of inter-
est. The marginal product of capital method estimates a real neutral
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rate of interest of 3.75%. For future research, it is recommendable
to broaden the analysis to the countries of Central America and con-
sider structural changes by estimating an MS-VEC.
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The natural rate of interest: a

benchmark for the stance of
monetary policy in Bolivia

Paul Estrada Céspedes
David Zeballos Coria

Abstract

This aim of this paper is to estimate Bolivia’s natural rate of interest consider-
ing quarterly data for the period 1996 - 2017 during which changes occurred
in the economic climate, affecting monetary policy and possibly the natural
rate of interest, in particular an accelerated and substantial de-dollarization
and strongly expansionary monetary policy over the last few years. A semi-
structural model developed by Laubach and Williams (2003) is estimated, de-
fining the natural rate of interest as the real interest rate consistent with stable
inflation and output at its natural rate. In keeping with Holston, Laubach
and Williams (2016), the methodology is enriched by analyzing the natural
rale of inlerest as a time-varying process using the Kalman filter. The results
reveal changes over time in the natural rate of interest, mainly from 20006, in-
cluding a drop in recent years. These results have implications for monetary
policy decision-making.

Key words: Natural rate of interest, monetary policy, Kalman filter.

JEL Classification: C32, E43, E52, O40.

1. INTRODUCTION

tention was paid to monetary policy and its effects; in this
regard one variable that grew in importance was the interest
rate. Expansionary monetary policies led to significant interest
rate drops; for years central banks closely followed benchmark rate

Q s aresult of the recent economic climate, a great deal of at-

This document does not necessarily reflect the views of BCB or its authorities. Its con-
clusions are the exclusive responsibility of the authors.
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fluctuations in the US, Europe and certain Asian countries. In Bo-
livia, adverse external circumstances led to the implementation
of a countercyclical monetary policy with major unconventional
orunorthodox characteristics. The expansionaryapproach pursued
byBanco Centralde Bolivia (BCB), in coordination with the govern-
ment, allowed Financial System liquidity to grow to historical levels,
leadingtosubstantial decreasesin monetaryinterestratesthatwere
then passed on to the Financial System’s interest rates.

Inthisregard, the big question for centralbanksiswhetherinter-
estratesare close to (below or above) their natural rate. The answer
iscrucial because it sets abenchmark for the direction of monetary
policy. The aim of this paper is to estimate the natural rate of inter-
estfor Boliviaforthe 1996 -2017 period using quarterlydata, during
which changes occurred in the economic climate, affecting mone-
tary policy and possibly the natural rate of interest.

To this end, a semi-structural model developed by Laubach
and Williams (2003) is estimated, defining the natural rate of inter-
estastherealinterestrate consistent with stableinflation and output
atitsnaturalrate. Following Holston, Laubach and Williams (2016),
the methodologyis enriched by analyzing the natural rate of inter-
estas atime-varying process using the Kalman filter. Similarly, giv-
en the absence of abenchmark rate for monetary policy in Bolivia,
a quantity-based weighted monetary interest rate (WMIR) is deter-
mined usingtheinterestratesformonetaryregulation securityissues.

This paper is structured as follows: Section 2 describes the refer-
ential framework with papers written on the subject and providing
abriefanalysis of Bolivia’s case, Section 3 describes the methodology
and results of the estimations, and Section 4 contains conclusions.

2. REFERENTIAL FRAMEWORK

The natural rate of interest is a variable that is not directly observ-
able; however, it is important for a central bank’s decision-making
process because it provides a benchmark for measuring the direc-
tion of monetary policy. If the short-term real interest rate is below
itsnaturalrate (negative naturalrate gap), then monetary policyis ex-
pansionary. Thisrate providesabenchmark for measuring the direc-
tion of monetary policy, with expansionary (contractionary) policies
if the real short-term interest rate is below (above) its natural rate.
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There are three waysto estimate the naturalrate of interest (Fuen-
tes, 2008). Firstly, a semi-structural model and state-space analysis
can be used to relate latent variables (natural rate of interest) with
the ones observed using an IS curve and a Phillips curve. Laubach
and William (2003) follow this strategy and are later followed by oth-
er authors for Latin American countries.

Asecond estimation method relies on marketinformation, expect-
ingthenaturalrate of interest to equal the marketrate at some point
in time. Studies such as Bomfin (2001) and Basdevant et al (2004)
have been conducted in this regard. The first one uses a weighted
average of rates for different terms, while the second one estimates
theactualrateandaterm premium (with aKalman filter) using equa-
tions with rates for different terms.

A third option involves estimating a ratio that guarantees that
the present value of capital in a certain moment in time (t, when
it tends to infinity) must be zero (transversality condition). This
is done using an asset approach or an estimation of the marginal
product of capital from which arisk premium is subtracted.

An exercise for Chile using all three methodologies is outlined
in Fuentesand Gredig (2008). The authorsshow that the neutral rate
of interest can be calculated using a semi-structural model with in-
formation on the domestic financial market; each estimation pro-
duces similar results, despite the disparities in the methodologies.

3. METHODOLOGY AND EMPIRICAL RESULTS

3.1 Theoretical description of the model

The semi-structural model developed by Laubach and Williams
(2003) is enriched by Holston, Laubach and Williams (2016) by an-
alyzing the natural rate of interest as a process that varies over time
(time-varying process) using the Kalman filter (Roberts, 2001; Edge
etal., 2007; Kahn and Rich, 2007).

A useful starting point for modeling the natural rate of interest
isthe neoclassical growth model. As described in Gali (2008), fora
representative household with CES preferences, this model implies
thatthe naturalrate of interest varies over time in response to chang-
esinthe growthrate of outputand preferences. Inastationarystate,
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theintertemporal maximization of household utility givesrise to the
ratio between the realinterest rate of a stationary period:

s

r =lg£+9
c

The value o isthe intertemporal elasticity of consumption sub-
stitution, g, is the growth rate of per capita consumption, and 6
isthe time preference rate.

The foregoingis based onthe dynamics of inflation and the prod-
uctgap described bythe open economyversion of the neo-Keynesian
model (Gali, 2008). These dynamics are summarized by a Phillips
curveandan IS curve, the notationisusualand the canonical model
isderived from its microfoundations by Gali (2008):

Ty, = BE, {”H,Hl} +KJ,

yt = Et {5“1 } _Gi(it - Et {ﬂ:H,t+1} - 7;")

Where 7" isthe naturalrate of interest forasmall, open economy:

N (X@Ga *
1"=p-o,l,(1-p,)q +G—HZ)E’5{A%+1}

However, the equationstobe estimated relax certain restrictions
ofthe neo-Keynesian model (Holston, Laubach and Williams, 2016).
The equationsare estimated inareduced form; the specificationin-
corporates shocks affecting inflation and the product gap, but not
the natural rate of interest.

~ u -~ a,. u *
= Z/:ﬂw’yl*i + EZH(T:—]‘ e ) t €5
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mo=b,m, (140, o, +0,5,, +e,,

nfht-1

5 =100%(§,—y/), § and y, arelogarithms of real GDP and the un-
observed naturalrate of output, respectively; 7 istherealshort-term
interestrate, r,isinflationand 7, ,, istheaverage ofitssecond toits
fourth gap. The presence of stochastic terms €;, and €, , captures
transient shocks to the product gap and inflation, while variations
in 7 reflect persistent changes in the ratio between the real short-
term interest rate and the product gap (Williams 2003).

Holston, Laubach and Williams (2016) assume a law of motion
for the natural rate of interest that links it to growth in output (or
consumption):

7, =6g, +z

Where g, is the rate of growth trend of the natural rate of out-
putand z groups together the set of determinants of »". Laubach
and Williams (2003), among others, documents estimate § , find-
ing a coefficient close to one.

z, also follows arandom path:

z, =zt €1

The model follows the estimation indicated in Holston, Laubach
and Williams (2016); the methodology is enriched by analyzing
the natural rate of interest as a time-varying process using the Kal-
man filter. For this purpose, the space state specification is:

y,=A"x,+H"-E +v,

g=F-¢_ +¢
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Where ), isthevector of contemporaryendogenousvariables, x,
is the vector of exogenous variables (including their gaps), and E,
is the unobservable states vector. Errors v, and ¢, are distributed
asnormal, uncorrelated zero mean and covariance matrices R (di-
agonal matrix) and Q, respectively.

Y =[)’w”t]’

r
= [yt—l /N /RN R IR Y :|

’

* £ *
&= I:y' ’yt-l»yt—zvgz—l’gz-zvzz-wzt-‘z]

H'= !
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|\s)
nNo
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b, 0 0 0 b 1-b,
10 010 0 O]
1000000
0100000
F'=0 00100 0],
0001000
000O0O0OT1O0
000000 1 0]
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The parameters to be estimated are:

¢= [ay,l,ay,g,a,,b,,,by,cry,d,, ,cry*]

3.2 The variables of the Bolivian case in the model

A relevant monetary policy-based interest rate is required in order
to apply the methodology. Bolivia does not have a monetary policy
rate. However, the financial system takes interest rates of monetary
regulationsecurityissuesasreference. A quantity-weighted monetary
interest rate (WMIR) is calculated using information from all mone-
taryregulation operations (traditional OMOs, direct BCBs, etc.)". Prior
to 2006 there were securities denominated in foreign currency (FC)
and in Housing Development Units (Unidad de Fomento ala Vivien-
da or UFV), whose rates were initially expressed in Bs (Bolivariano).
The effective rate of each securitywas weighted by the amountissued
for one month, following the rule below:

WMIR, =" o, *TEA,,

=1 bt
Where:
TEA,,: effective rate of security i expressed in Bs in month t.

! The instruments included are: Traditional Open Market Transactions

in MN, FCand UFV, Reclaimable Securitiesin MN, Monetary Regulation
Depositsin MN, Supplementary Reservesin MN, Certificates of Deposit
in MN, Direct BCB Securities in MN (which include Christmas, Anni-
versary and traditional direct BCB bonds).
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=——""—:weighting factor of quantity of securityiin month .

wi,t I
Zi:lAfv'f

A, corresponds to the quantity of securityiissued at time .

The results show the trend of WMIR which corresponds to the di-
rection followed by monetary policy, especially since 2006 when mon-
etary policy implementation improved. This situation can be seen
more clearly in Figure 1 when contrasted with monetary regulation
securities.

Economic activity in recent years has been characterized by buoy-
antdomesticdemand, due mainlytoincreased publicspending. Atthe
same time, revenues from natural gasand mineral exports have been
relevant. Inflation remained stable at low levels, except for some epi-
sodes of inflationary pressure in 2008 and 2011 due to supply factors
that were later corrected (Figure 2). One of the factors that affected
the Bolivian economy’s performance in recent years is the acceler-
ated process of remonetization starting since the mid-2000s. This
situation affected monetary policy; since 2006 securities were issued
in national currency which, together with the accelerated de-dollar-
ization of deposits and loans, helped improve the implementation
of monetary policy (Figure 1).

The model does not include monetary policy equations because
both the weighted interest rate and inflation already incorporate
monetary policy measures.

3.3 Results

The results indicate that the real natural interest gap in recent years
was negative. Inthe 1990sand early 2000s, the interest rate was above
thenaturalrate;itseems that monetary policywastoo contractionary.
The explanation is that monetary policy implementation was weak
due to high dollarization, among other factors. During those years
the Central Bankissued securitiesin FC, and depositsand loansin the
Financial System were mostly FC-denominated. This behavior de-
prived the Central Bank of a significant degree of freedom to direct
monetary policy.

Inrecentyearstherate gapindicatesthe expansionaryslant of mon-
etary policy, especiallysince the end of 2014 when growth led to histori-
callevels of liquidityin the Financial System that turned into available
resourcesto continuevitalizing private credit. During the same period,
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creditincreased significantly, even considering the new regulations
that set credit goals for each financial institution in the granting
of'loans for the productive sector and social housing. At the begin-
ning of2017 therate gapbegantoclose, although the Central Bank’s
expansionary position remained unchanged.

Aninverse relation is revealed when compared with the product
gap;thenaturalinterestrate gap decreased to the extent the product
gap increased. The results of the estimations are shown in the Ap-
pendix. During periods ofincreased inflation, ittended to decrease,
thereby suggesting a contractionary monetary policy.

4. CONCLUSIONS

The estimation of the natural rate of interest is significant insofar
asitprovidesabenchmarkfor measuringthe direction of monetary
policy. If the short-term real interest rate is below its natural rate
(negative natural rate gap), then monetary policy is expansionary.
Therecentbackdrop oflowinterestrate levels highlights the impor-
tance of estimating the natural rate of interest to help central banks
make decisions.

In this paper a semi-structural model is estimated following
Holston, Laubach and Williams (2016), in which the natural rate
of interest is defined as the real interest rate consistent with stable
inflation and output at its natural rate. The results indicate that
the Central Bank has held an expansionary monetary policy posi-
tioninrecentyears, especially since late 2014, when growth caused
historic levels of liquidity in the Financial System that turned into
available resources to continue vitalizing private credit.

Aninverse relation is revealed when compared with the product
gap;thenaturalrate of interest gap decreased tothe extent the prod-
uct gap increased.

Oneimportant implication is that the natural rate of interest re-
veals the expansionary position of monetary policy, consistent with
the aim of fostering liquidity in the Financial System in order to in-
jectresources into the economy through private credit.
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APPENDIX

a

a

ESTIMATED PARAMETERS

b

b

.l 7.2 y or Oy Gy tay
1.44 -0.46 -0.03 1.31 0.13 0.25 1.36 0.20 0.97
T statistics
5.24 1.69 1.26 24.11 2.03 2.08 11.14 1.55
AVERAGE STANDARD ERROR
’
1.502 2.953 0.254
INITIAL VARIANCE AND COVARIANCE MATRIX

0.443 0.200 0.000 0.200 0.200 0.000 0.000
0.200 0.200 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.200 0.000 0.000 0.000 0.000
0.200 0.000 0.000 0.200 0.200 0.000 0.000
0.200 0.000 0.000 0.200 0.200 0.000 0.000
0.000 0.000 0.000 0.000 0.000 1.187 0.200
0.000 0.000 0.000 0.000 0.000 0.200 0.200
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Country Studies: Long
Run Determinants



The Natural Rate of Interest for an

Emerging Economy: The Case of
Uruguay

Elizabeth Bucacos

Abstract

Vast evidence indicates that the so-called natural rate of interest has experienced
a sustained fall in both advanced and emerging economies over the last 25 years.
This situation threatens the central bank’s ability to guide relevant macroeco-
nomic variables close to their welfare-maximizing path because the range of ma-
neuver s reduced a great deal when interest rates descend to the zero lower bound.
In this document, I try to estimate the natural interest rate (NIR) for Uruguay,
a small, open and dollarized emerging economy where monetary policy imple-
mentation has changed drastically, splitting the sample in two. The methodolog-
ical approach is aimed at providing a novel framework for analyzing the long-
run_fundamentals of the NIR and also for explaining the reasons for short-run
discrepancies between the real rate and its long-run equilibrium value. It is
hoped that the fundamentals-based model adds to the myriad methods current
wn use at the Banco Central del Uruguay to estimate the NIR.

Keywords: interest rate determination, monetary policy, Uruguay.
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1. INTRODUCTION

he concept of “natural interest rate” (NIR) has recently been

anincreasingly important focus of both academics and poli-

cymakers. There are different definitions of the NIR based
ontheoretical components of particular emphasis. Perfect flexibility
in prices and wages, closed output gap, full employment, among other
factors, are the ideas related to the NIR. A satisfactory definition
of the natural interest rate (also called neutral interest rate or simply
7* in this document) is the level of the short-run real interest rate
that is consistent with output near its potential and inflation near
its target (Laubach and Williams, 2003). Through the interest rate
gap, the natural interest rate is a key variable in the definition of the
monetary policy stance. The interest rate gap is measured as the
difference between the current real interest rate and the natural
interest rate. As such, a negative interest rate gap would indicate
an expansionary stance, while a positive interest rate gap would
indicate a contractionary stance, very appropriate if the economy
is experiencing inflation. Assessing the interest rate gap in order
to monitor the effectiveness of monetary policy is applied according
to central bank’s differing regimes, that is, either the central bank
is conducting an interest-rate management scheme or a money-
targeting one. In aninterest-rate scheme, the interest rate is the policy
instrument, and the central bank can be made directly accountable;
in amoney-targeting framework, although interest rates are endog-
enous, they still have a central role in the transmission of monetary
policy. In both cases, the central bank prefers to fix/to induce real
interest rates as close as possible to the natural interest rate in order
to approximate relevant economic variables (output, inflation, etc.)
to their welfare-maximizing path.

In recent years and primarily in advanced economies since
the 2008 crisis, naturalinterestrates have been at historically low and
even negative levels. Thatis worrying because it challenges central
banks to perform monetary policy near the zero lower bound. Some
emerging economies have also experienced thissituation. Research-
ers point to anincrease of savings, a decrease of investment, or a com-
bination of these factors. Population dynamics, for instance, could
be an explanation because an aging population may increase the pro-
pensity to save and raise the supply of funds, causing the natural
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interest rate to fall. Additional factors at play may include nega-
tive productivity perspectives which may reduce new business op-
portunities and decrease the agent’s willingness to invest, reducing
the natural interest rate.

In 1898 and 1906 works, Knut Wicksell coined and developed
the terms “market rate” and “natural interest rate”. With the first term,
he referred to the effective value of the real interest rate; with the sec-
ond, he referred to an equilibrium value of the same variable. As Lei-
jonhufvud' points out, the term “natural” is framed within what
would be a “natural” monetary system, that is, “a monetary system
in which all relative prices develop as they would be in a hypothetical world
without paper money.” Wicksell points out three conditions of equilib-
rium that the interest rate should meet, the first of which being that
the market rate should equal the rate that would prevail if the capi-
tal goods were borrowed in natura. The other two conditions refer
to savings-investment coordination and price stability.

The interest rate must coordinate the savings decisions of house-
holds with decisions of corporate investment and, in addition, must
balance the supply and the demand of credit. If the supply of credit
always coincided with the savings of the families and the demand
for credit with the investment, both functions of the interest rate could
be fulfilled simultaneously. But this relationship between saving
and investment on the one hand and supply and demand for credit
on the other does not necessarily occur. The presence of the banking
system leading the creation of money can establish a gap between
saving and investment, occurring when banks set a market rate lower
than the “natural” rate necessary for the coordination of real activi-
ties. Asaresult, inflation and endogenous growth of the money supply
will be observed aslong as the market rate is below the natural rate.

In standard models, the steady state natural rate of interest? is de-
termined for the marginal product of capital so thatin thelong run,

' Leijonhufvud, Axel (1989).
2 The steady state is a situation of the national economy predicted by some
classical economists (especially David Ricardo and RT Malthus) that would
be reached in the long run when the profitability of productive investment
was so low, because of the need to cultivate increasingly poor quality land
to produce food, that the stimulus to invest would disappear. At that time,
when the net investment was zero, the process of capital accumulation
and population growth would stop and the steady state would have been
reached. For Daly (1989) that state “is neither static nor eternal; it is a system
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monetary policy hasno effect on the real rate of return. Evenin those
models, where money is not superneutral®, the effect of inflation
on the real return of equilibrium is small. However, in the medium
and short term, monetary policy can create gaps between the mar-
ket rate and the natural rate, thus producing real effects.

The European Central Bank has defined the naturalinterestrate
as “the real short-term rate thatis consistentin thelongrun(...) with
the product at its potential level and with a stable inflation rate™.
In this way, NIR could be considered as that steady state interest
rate, consistent with a balanced growth path.

But the natural rate of interest is not observable and must be in-
ferred from quantitative methods. In spite of the difficulties inherent
in the measurement of an unobservable economic variable, the per-
sonin charge of conducting monetary policy needs to have some reli-
able estimate of the NIR, since it should be used as a reference when
evaluating the monetary policy thatis being implemented. Moreover,
the NIR varies over time in response to different real shocks, either
structural (e.g. potential output growth, demographics, a country’s
saving profile) or transitory (e. g. macroeconomic shocks®), which
constitutes an additional challenge.

No single method best estimates the natural interest rate. Most
of them are static (defining the NIR as a parametrized, steady state
point estimate) while others are dynamic (estimating the temporal
path of NIR). The former group includes the consumption-smoothing
models and the uncovered interest rate parity condition. The latter
group includes simple statistical filtering techniques — such as Ho-
drick-Prescott filters, linear de-trending, and moving averages —, real
interest rates and maximum likelihood estimation as well as DSGE
models and small-scale macroeconomic models which are estimated
using a Kalman filter. Each method has advantages and limitations,
but no one is preferred over the others. As a result, it seems plausi-
ble to apply a battery of models to estimate the natural interest rate
and to present a consisted estimated range of values of it.

in dynamic equilibrium within the entropic biosphere that contains and sus-
tains it”.

Money is superneutral when changes in the growth rate of the money supply
have no effect on the growth rate of the real economic variables.

* Monthly Bulletin, European Central Bank, May 2004.

Woodford (2003).

o
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Our definition of the natural rate in this documentis based on the
nominal policy rate or the targeted interest rate —the overnight in-
terbank rate or call rate—deflated by the 12-month expected infla-
tion. Althoughin 2013 Uruguay reverted to amoney targeting (MT)
frameworkin the context of a disinflation strategy, it is fair to say that
the call rate has maintained its relevance as the monetary policy in-
dicator. This regime change, however, affects the estimation strat-
egy and splits the sample in two.

URUGUAY: REAL INTEREST RATE

25 —
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10 —

0 - —ne T T M RV AL A

-5 _|
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Note: Overnight nominal interest rate minus 12 month-ahead expected inflation
rate. For the 2007M01-2017M12 sample, the mean value is 0.90 and the median
value is 0.45. In 2013MO06 there was a major change in the monetary policy scheme.
Source: Own calculations based on BCU and INE (Instituto Nacional de Estadistica)
data.

The Uruguayan monetary authority (BCU) routinely uses arange
for the NIR that comes from different models and estimation proce-
dures®. One of the contributions of this paper relates to the provision
of updated estimates for the NIR based on the application of several

b See Espafia et al. (2010).
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filters, the estimation of an augmented Taylor rule and, primarily,
the adjustment of a fundamentals-based model. The latteris anovel
approach for the Uruguayan case and focuses on the long-run de-
terminants of the NIR—which move slowly, such as demographic
characteristics, productivity shifts, financial deepening, and indebt-
edness profile, among others—and on the short-run shocks that move
the short-run rate away fromitslong-run value. In essence, thisis the
main contribution of this paper because it presents a framework
forunderstanding the difference between the NIR atshort- andlong-
run equilibrium, clearly defines a rather simple way to estimate
the natural interest rate, and provides an explanation for the differ-
ences between the long-run and short-run values.

The rest of the document is organized as follows. Section 2 dis-
cusses the methodological approach and presents the short-run
and medium-run estimates of NIR for Uruguay. Section 3 analyzes
the results. The final section concludes.

2. METHODOLOGICAL APPROACH

The natural interest rate is “difficult to estimate
and impossible to know with precision”™.
Alan Blinder (1998)

This section deals with methodological issues related to different
estimation approaches applied in this document to the natural in-
terest rate in Uruguay. Many other methods —not presented here—
were previously used by other researchers’.

2.1 Simple methods

There are some rather simple and fast methods used to extrapolate
the natural rate of interest in an economy. They can give a prior
of the probable value of the NIR butfail to reveal the drivers behind
its performance.

Espafia (2008), Bucacos (2010), Espana et al. (2010), Magud et al. (2012),
Lambert (2016).
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2.1.1 Averages and trends

Following Carrillo eta/(2018), a simple indicator of r in the medium
run is the average of the ex ante real interest rate over the course of a
full business cycle, which is defined here as a completed downturn
and upturn of output with respect toits longer-term level (Iigure 2).

URUGUAY: »* ESTIMATES PER PERIOD, AVARAGES
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Source: Own estimates based on BCU data.

Our estimates show that there have been five full business cycles
in the sample. According to this methodology varies substantially
in the sample, showing a decline from October 2019 up to the pol-
icy regime change in 2013 —from interest-rate management back
to money targeting —when the interest rate became endogenous to the
system. From the last business cycle that began in September 2016
up until now, the estimate shows smaller and even negative values.

2.1.2 Univariate statistical filters

Another simple approach to estimate is to extract the long-run compo-
nent of the ex ante real interest rate by applying univariate statistical
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filters such as the Hodrick-Prescott and Christiano-Fitzgerald (CF)
ones®. Although both methods converge to near-zero values at the
end of the sample, the HP trend is smoother, is almost always posi-
tive and indicates a declining path since the regime change in 2013;
the CF trend is rougher, alternates negative and positive values andis
more volatile (Figure 3).

URUGUAY: »* ESTIMATES PER PERIOD, STATISCAL FILTERS
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Source: Own estimates based on BCU and INE data.

The NIR estimates for HP and CF trends are: range, {-2.07%,
1.85%} and {-3.34%, 4.98%}; mean,0.903 and -0.003; median, 1.08
and -0.36; and standard deviation, 0.798 and 1.679, respectively.

% Tollowing Carrillo et al. (2018), for the Christiano and Fitzgerald (2003)

filter, I use an asymmetric band-pass filter, isolating the cyclical components
between 2 and 96 months (which is the usual belief in the length of business
cycle); in the case of Hodrick-Prescott filter, I use a smoothing parameter

of 14,400.
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2.1.3 Augmented Taylor rule

Another method used to infer the natural rate of interest involves
the estimation of the central bank s reaction function or Zaylor rule®.
The Taylor principle points out that real interest rates need to in-
crease when (expected) inflation' exceeds the target and/or when
there is a positive output gap.

The standard Taylor rule is

n RtszH—|—<l—p)[r*+7r$—|—5(7rt—w*)—l—eﬁt]—l—at

where R, 1s the nominal overnight interest rate, 7* is the natural in-
terestrate, 7 is the targetinflation rate, 7, is the inflation rate, J,
is the output gap and €, captures any change in R, not explained
by the rule. The lag in the nominal interest rate shows that the cen-
tral bank adjusts its policy rate gradually. The intercept 7* denotes
the level of the real interest rate that should prevail when inflation
equals the inflation target and the output gap equals zero; that is,
it denotes the natural interest rate. As the BCU is reported to pay
great attention to the stability of the exchange rate, (1) can be modi-
fied to allow the central bank to react whenever the spot exchange
rate value differs from expected value in the long run''.

This rule, however, has to be modified for the money-targeting
period. In July 2013, BCU switched from using the overnight in-
terest rate as its operational target to announcing reference ranges
for the growth of a monetary aggregate (M1°) within its inflation-
ary target (I'T) framework. This new money-targeting scheme hasa
gradually declining pattern of money growth to signal the BCU’s
commitment to a disinflation path and a medium-term inflation
objective'?. As Portillo (2015) points out, money targets are ex ante
consistent with the desired levels of interest rates, i.e., consistent
atthe time these targets are set. Ex post, deviations between targets
and actual money growth are inevitable, though the central bank

9 John Taylor (1993).

% Hybrid Taylor rules have the expected inflation rate instead of the actual one.

"' There is no exchange rate target in the sample period.

2 Money targets are less indicative of the intended monetary stance than
interest-rate targets.
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can try to steer money growth toward its target within the quarter
by injecting or withdrawing liquidity and influencing short-term
interest rates. Thatis why the central bank has to have a view about
the level of short-term interest rate required to help stabilize in-
flation; the main variable through which monetary policy can in-
fluence aggregate demand, the exchange rate, and inflation is the
short-term interest rate.
The modified Taylor rule for the money targeting period" is:

B el ool ) vln i)

where ¢, and " are actual and target money growth rates, respec-
tively.

This specification implies that positive money-target deviations
increase interest rates as the central bank tightens its monetary pol-
icy in order to force money growth towards its target. i captures
the degree of money target adherence; that is to say, the higher 1),
the more aggressive the monetary authority is in response to money
target deviations.

Equations (1) and (2) are estimated recursively on a monthly ba-
sis'. The results are not very plausible. In both cases, the goodness
of fit is low, short-run interest rates only change in response to in-
flation deviations from their targets and the rest of the gaps do not
play any statistically significant role. Moreover, equation (2) reports
anegative R? statistics (the chosen model is worse than a horizontal
line). Obviously, both Taylor rule specifications have to be improved.
Figure 4 suggests missing arguments, and estimates for the whole
sample seem to be overestimated.

2.2 Fundamentals-based model

In the long run, all variables are in equilibrium. In the medium
and shortrun, several unexpected shocks may create a wedge between
currentvalues and theirlong-run equilibrium values. Consequently,
short-run equilibrium values depend on long-run equilibrium values

" The money-targeting period spans from 2013M7 to 2017M12.
" Both equations were estimated by applying OLS. T thank Cid Rodrigucz-
Pérez for his guidance.
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URUGUAY: r* ESTIMATES PER PERIOD, TAYLOR RULE INTERCEPT
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Source: Own estimates based on BCU and INE data.

in addition to some wedges. Recognizing that all gaps close at the
steady state, it 1s possible to find a locus for the natural interest rate
where short-, medium-, and long-run equilibria coincide.

Following Bernhardsen and Herdrup (2007) and Goldfajn and Bi-
calho (2011), I estimate two parsimonious models for the realinterest
rate: one for the long-run equilibrium and another for the short-run
equilibrium. I analyze the long-run fundamentals on the one hand
and the short- and medium-run drivers on the other. Long-run equi-
librium real interest rate (LRERIR) depends on economic funda-
mentals; thatis to say, LRERIR is determined by structural factors
that move slowly across a timespan: productivity, intertemporal
preferences, sovereign risk premium, public indebtedness, financial
deepening, institutional arrangements. Those variables are directly
related to population. However, short-run equilibrium real interest
rate (SRERIR) depends on both LRERIR and short-run situations
that temporarily departrelevant economic variables from their long-
run equilibrium paths. These include changesin government expen-
diture patterns, nominal and real exchange rate gaps, and changes
in the global and regional economic growth, among others.
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2.2.1 Long-run equilibrium

Increasing public indebtedness pressures the demand for loans and higher
domestic debt relative to domestic output may worsen the country’s
creditrecord, pushing up its country risk, all of which increase the natural
interestrate. Productivity gains encourage new investments and increase
the willingness to invest, pushing up the natural interest rate. An ag-
ing population exerts a downward pressure on the natural interest rate.
According to Galesi et al (2017), “gradual population aging induces
people to accumulate savings during their working lives so as to be able
to pay for their retirement”, increasing the propensity to save. Accord-
ing to ECB (2004) financial market efficiency may help to optimally
allocate savings along the time. Animprovementin the market struc-
ture could, for example, widen the asset optionsin terms of returns, risk
and liquidity available for those savers, just like a stimulus to savings,
and would reduce the equilibrium real interest rate. A creditincrease
in the economy could be related with advances in those market struc-
tures, with the development of new products which could tend to re-
duce the interestrate. In sum, in the long-run relationship, we expect
positive signs for the coeflicients associated with public indebtedness,
country risk and productivity and negative signs on the coeflicients
related to aging population and financial deepening.

A significance demographic shift has been taking place in Uru-
guay for a long time. Long-run welfare policies implemented since
the early twentieth century determined an increase in life expectan-
cy at birth” and, as a result, the percentage of people over 65 year-
old has been steadily increasing'®. The old-age support ratio, which
indicates the number of working-age people (ages 15-64) per elderly
person (65 and older), has declined from 4.10 to 3.82 in between 1996
and 2007 and remained close to that value since then'. Furthermore,
“the Fourth Age”'® has shown an average annual growth rate of2.8 %.
But global population figures hardly grew' which could be associated

1> The life expectancy at birth indicator reflects the overall mortality level of a

population. Itis the average number of years that a newborn is expected to live
if current mortality rates continue to apply. For Uruguay, in 2013, it was 75.33
years and reached 77.55 years in 2017.

% From 18.5% in 2007 to 14.2% in 2013.

7 IMF, Regional Economic Outlook 2018.

The Fourth Age starts at about age 80 or 85 and includes the last years of adult-

hood.

!9 Total population was 3:358.794 and 3:493.205 people in 2007 and 2017,
respectively, according to official data. The natural growth rate was 0.433
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with late motherhood® and a drop in the fertility rate®'. So, not only
1s Uruguayan population getting older on average, but an increasing
proportion of elderly citizens has to financially support their old parents
because life expectancy is high and the alredy low birth rate has not
improved. The over-aging ratio, which measures the relative weight
of 85-and-more-year old people related to 65-and-more-year old ones,
shows a steady increase through the sample. See Figure 5.

Uruguay runfiscal deficits through the sample that required new debt
issues every year resulting in an increase in the stock of public debt.
Nevertheless, the net public debt-to-output ratio®is lowerin 2017 (40
% of GDP) than ten years before (48 % of GDP), mainly owing to sig-
nificant output growth in the period. This improvement is also re-
flected in Uruguay’s country risklevel. In the second semester of 2015
public finances deteriorate and the debt increases pushing up the in-
debtedness ratio.

Inorderfor the credit to reduce the equilibrium real interest rate itis
necessary thatits expansion has been caused by asymmetric informa-
tion reductions, institutional advances that accelerate the collateral
recuperation, and other structural changes in the financial markets.
But when creditincreases are caused by demand, the impact of more
credit on the equilibrium interest rate may be positive®.

and 0.366% for those years, respectively; if the migration rate is added, those
figures become -0.034% and 0.366%, respectively. Source: Instituto Nacional
de Estadistica, INE.

The average age of motherhood index shows the mean age of women at first
child-birth. For Uruguayan data, it was 27.48 in 2007 and 27.78 in 2017.
In Western, Northern, and Southern Europe, first-time mothers are on average
27 to 29 years old, up from 23 to 25 years at the start of the 1970s.

The fertility rate gives the number of children born alive by a woman. This

20

21

indicator shows the population change potential of a country. A value of two
children per woman is considered the replacement rate for a population, be-
cause it gives stability in terms of the global numbers. Fertility rates higher than
two children show populations that grow in size and have diminishing average
age. Fertility rates lower than two children indicate shrinking and aging popula-
tions. In Uruguay, the fertility rate dropped from 1.98 in 2007 to 1.81 in 2017.
Net public debt measures the debt that the Government faces less the amount
of its free disposal international reserves. The net public-debt-to-GDP ratio

22

measures the capability of the country to pay its international obligations, that
is, it relates the net debt to the income generated by the country.
2% That is the result found in the second regime. This outcome may be indicative

of poor financial deepening.
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Figure 5
URUGUAY: LONG-RUN DETERMINANTS OF #7*

(a) Population ratios
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Source: Own calculations based on INE (Instituto Nacional de Estadistica) data. Productivity

is measured as GDP per employee.

(b) Productivity
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Source: Own calculations based on INE (Instituto Nacional de Estadistica) data. Productivity

is measured as GDP per employee.
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URUGUAY: LONG-RUN DETERMINANTS OF »*
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URUGUAY: LONG-RUN DETERMINANTS OF 7*

(e) Private credit
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SIMPLE SWITCHING RESULTS
January 2007 — December2017, 131 obs. after adjustments

Constant transition probabilities Constant expected durations
1 2 1 2
1 0.3187 0.6813 1.4678 16.9376
2 0.0590 0.9410

Source: Own calculations.
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Figure 6
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As it has been previously mentioned, the change in July 2013 from
interest-rate to money targeting resulted in a structural break that split
the sample in two (Table I and Figure 6). Regime-smoothed probabilities
from a simple switching regression model** estimation show two distinct
frameworks for the long-run realinterest rate determinants, which almost
entirely coincide with the different monetary policy management. By the
end of the sample, however, the distinction between the two regimes blurs.

The estimates presented in Table 2, which are consistent with the pri-
ors outlined, fit the data fairly well and easily pass the usual diagnostic
tests. Productivity, which coincidentally showed a slowdown since 2013,
is not a meaningful determinantin the second regime.

2.2.2 Short-run equilibrium

Following the seminal work by Rudebusch and Svensson (1999), adapted
by Bernhardsen and Gerdrup (2007) for Norway, and Goldfajn and Bic-
alho (2011) and Perrelli and Roache (2014) for Brazil, short-run interest
rate movement from its long-run neutral trajectory can be analyzed by a
simplified IS model. Basically, the IS curve can be expressed as:

(yz _§t):a(yz—l _yt—l)—i—ﬁ(wt _th)—i_’y(rt—l _711)
+6(et —ét>+0(g[ —gt)—kp(mt —rh{)—ket

(wl —w, ) = Foreign output gap (actual minus potential output)

(rl_l —77[_1) =real interest rate gap (actual minus long-run equilibrium
real interest rate, previously estimated)
N\ . os . .
(el —el>—nom1nal exchange rate gap (actual minus its long-run
HP trend)
(gl —gl) = Government consumption gap (actual minus its long-run

HP trend)

26(

(mt - ﬁzt) = monetary growth gap®® (actual minus target)

* Model selection is done using information-based (SIC) criteria and log-likelihood
values for different switching types of models.

% The inclusion of the real exchange rate gap was tested but was not statistically
significant.

%5 This gap was included during the money-targeting regime.
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URUGUAY: DETERMINANTS OF LONG-RUN
EQUILIBRIUM REAL INTEREST RATES

Dependent variable: overnight nominal interest rate deflated by 12-month ahead
expected inflation

Regime 1: Interest rate January Regime 2: Money largeling
2007 - June 2013 (lead=0, Fuly 2013 - December 2017

lag=8) DOLS(lead=1, lag=0)

Public indebtedness 0.2453 0.0148

(0.0777) (0.0002)™
Sovereign country risk 2.4433 4.5414

(0.0001)™ (0.0005)"
Over-aging -12.010 -1.0571

(0.0098)" (0.0163)"
Productivity 1.5582 -

(0.0099)"™

Private credit - 0.0559
(0.0962)
Adjusted R2 0.79 0.58
Engle-Granger 0.000 -
cointegration test*
N° observations after 77 51
adjustments

Notes: Cointegration estimates, based on Dynamic Least Squares (DOLS) regressions.

The exogenous variables are: public indebtedness calculated as total public debt over GDP ratio;
sovereign country risk, approximated by EMBI index; population ageing, represented by the
over-ageing ratio; productivity, calculated as GDP per employee. All variables are I(1); test

on stationarity are available upon request. Other regressors were tried but their inclusion

was not statistically significant. Public indebtedness and sovereign risk are affected by a change
in 2015MO06.

Standard errors in parenthesis:
at 1%.

*Both the Engle-Granger tau-statistic (t-statistic) and the normalized autocorrelation coefficient
(z-statistic) reject the null hypothesis of no cointegration (unit root in the residual) at the 1 % level.
" Too few observations to accurately perform the test.

* + -

statistically significant at 8%, ™ significant at 5%, ™" significant
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The reported estimates are statistically significantand have the ex-
pected sign”. The Uruguayan output gap may come from different
determinants. In effect, onlyin the second period, when the monetary
policyisimplemented by a monetary targeting scheme and interest
rates are endogenous, does the nominal exchange rate gap influence
the aggregate demand?®.

By definition, the equilibrium real rate is the one compatible with
anull output gap, thatis, with real output at its potential level. So:

Y, =),

Using the estimates from Table 3, equation (3) is solved for to de-
termine the short-run real interest rate equilibrium:

A :i%{ﬁ<wt 7@t)+6(857§t)+0<g57g;)+p(m577ﬁ,)}

This expression states that thereis a difference between the short-
run and long-run equilibrium interest rates coming from transitory
shocks, which prevent relevant variables from reaching their long-
run path. Thus, the short-run equilibrium real interest rate oscil-
lates around the long-run equilibrium one while there are variables
that still have not reached their potential levels. In the first regime,

27 Given an excess aggregate foreign demand, a higher natural rate is compatible
with a closed output gap because a higher natural rate discourages domestic
investment, reducing domestic aggregate demand until reaching the level
of potential domestic output. A non-linear relationship between foreign
and domestic output gaps is found, however, and the estimated coefficient
is negative in the second regime. This results from the evolution of the for-
eign output gap; by steadily reducing it from negative to near-zero values,
an increase in fact means a reduction. When the spot nominal exchange
rate exceeds its long-run trend - a depreciation of domestic currency from
its equilibrium value -negative real effects appear, such as a reduction in con-
sumption, leading to a fall in aggregate demand; this requires a compensating
increase in investment via a fall in the real interest rate to close the gap.

%8 On average, the UY Peso/US dollar gap fell 0.7 and 0.3 percent on an an-

nual basis in the first and second regimes, respectively. During the second

regime, the exchange rate gap experienced great swings, from 0.4% to 7.0%

and even decreased 8.3%.
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URUGUAY: DETERMINANTS OF SHORT-RUN EQUILIBRIUM REAL INTEREST RATES
Dependent variable: Uruguayan output gap

Regime 1: Interest rate fanuary — Regime 2: Money targeting July

2007 - June 2013 2013 - December 2017
Uruguayan output gap . 1.7603 1.6857
(0.0000)™ (0.0000)™
Uruguayan output gapo -0.8181 -0.7775
(0.0000)™ (0.0000)™
Foreign output gap 0.8619 -

(0.0000)""

Foreign output gap -1.5589 -0.4130
(0.0000)" (0.0010)"
Foreign output gap.o 0.7244 -

(0.0000)""

Realinterest rate gap_* -6.89¢-05 -0.0002
(0.0396)” (0.0021)™
Nominal exchange - -0.0178
rate gap (0.0054)™
Government - -

Consumption gap

Monetary growth gap - -

Notes: Own calculations.

Standard errors in parenthesis:* statistically significant at 8%, ™ significant at 5%, ™ significant
at 1%.

“The inclusion of the long-run equilibrium real interest rate (a generated regressor) required

a correction (White) to obtain a heteroskedasticity-robust variance-covariance matrix of the
estimator.

150 E. Bucacos



the only driverisforeign output gap, and this process seems to expand
for some time — at least two months; in the second regime, the ex-
change-rate gap also plays a role making a wedge between the two
equilibrium real interest rates.

In the long run as all variables are in equilibrium, all gaps close
and both rates coincide:

BN = Yol ) sl A iy B ol )

!

=
Il

Once that situation occurs, there is no difference between long-
run, medium-run, or short-run, and a locus for the natural interest
rate can be found®. See Figure 7. A bootstrap analysis (3,000 repli-
cations) determined a range of variation of 1.26<<r*<<1.90 for the
natural interest rate locus.

3. RESULTS

Sofar, several approaches have been applied in the search of the natu-
ralinterest rate for Uruguay. Table 4 presents the estimates obtained.

It is well-known that natural interest rates not only are difficult
to estimate but also there is great uncertainty surrounding the esti-
mates. This investigation is not the exception. As aresult, thereisa
range of possible values for r* that goes from -3.34% to 4.98% ac-
cording to the different methods employed™.

The fundamentals-based model estimates have certain advantag-
es because: (7) they show a smaller range of values and (1) they pro-
vide insight into the long-run determinants as well as into possible

29 Inorder to find thatlocus, not only is a coincidence required between the short-
run and the long-run equilibrium values for r*, but the relevant medium-run
horizon for the monetary policy implementation has to be considered as well.

%0 Leaving aside the augmented Taylor rule estimates.
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URUGUAY: R* ESTIMATES, FUNDAMENTALS-BASES MODEL
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Source: Own calculations.

URUGUAY: DIFFERENT R* ESTIMATES
2007M01-2017M12

Method Range Mean Median
Average (whole cycle) -242  3.04
HP filter -2.07  1.85 0.90 1.08
CF filter -3.34 498 -0.03 -0.36
Augmented Taylor rule, 1.82  7.88
Fundamentals-based model 1.26  1.90

(Bootstrap 3,000 replications)

Source: Own calculations.
* Not very accurate, the estimation needs improvement.
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causes of fluctuationsin the short-run. Thus, this approach combines
the old tradition in economic literature regarding along-run slowly
moving equilibrium level with the concept of a short-run rate af-
fected by transitory shocks. Thatis, in the long run, the natural rate
should reflect the marginal product of capital goods and may only
change as aresult of structural factors, such as population dynamics,
productivity, or other changes in the economic environment, such
asfinancial deepening and publicindebtedness. Butin the shortrun,
the interest rate can be affected by transitory shocks such as foreign
demand and/or nominal exchange rate shocks.

The interest rate gap — calculated as the difference between the ac-
tual short-runinterest rate and the natural interest rate—r*, can shed
some light on the monetary stance. We can see that for a majority
of the time studied the monetary policy seems to have been expan-
sionary; the 12-month inflation rate® has followed the usual cor-
responding pattern. See Figure 8, (a) and (b). However, as Magud
and Tsounta (2012) point out, ... the estimated interest rate gap may
notaccurately reflect the current monetary stance given weaker mon-
etary transmission mechanisms (reflected through a small response
of marketinterestrates to a change in the monetary policy rate, e.g.,
due to excess liquidity); a monetary framework thatis still under de-
velopment; and segmented short-term funding markets which could
result in policy rates that do not accurately reflect financing condi-
tions in all markets.”

Magud and Tsounta (2012) point out that many factors could
raise the effective market interest rate for the private sector, result-
ingin tighter financial conditions than those captured by the policy
rate. Among these factors, high financial dollarization and low fi-
nancial intermediation, reduce the effectiveness of the policy rate
by hindering the proper functioning of the transmission channel
of monetary policy (see Medina Cas and others, 2011a, b). High lev-
els of financial dollarization may reduce the impact that changes
in the policy rate have on banks’ interest rates in local currency be-
cause the borrowers can easily switch to foreign-currency instru-
ments. A stylized fact of Uruguay is dollarization. There have been
important attempts to alleviate this problem, but Uruguayan econ-
omy still remains highly dollarized: as of December 0of 2017, almost

31 Calculated on the CPI.
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Figure 8
URUGUAY: MONETARY POLICY STANCE 2007M01-2017M12

A. INTEREST RATE GAP
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Source: Own calculations and INE. (a) Monetary policy stance measures the gap
between the SR real interest rate and r* estimates using the fundamentals-based
model. (b) Headline inflation rate.
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80% oftotal deposits and close to 60% of total creditsin the banking
system are foreign currency-denominated®. However, the de-dol-
larization process of the Uruguayan financial system that is be-
ing implemented for more than ten years by now, has strengthened
the interest-rate transmission (Leiderman et al., 2006).

Bank concentration limits competition and lowers banks’ reaction
to the policy rate which may undermine the interest rate transmission
mechanism. The response of banks’ rates to changes in the policy
rate depends on the banks’ adjustment costs derived from the elas-
ticity of demand for bankloans, which isinfluenced by the structure
of the financial system (Cotarelli and Korelis, 1994; De Bond, 2002):
relatively inelastic demand is more likely when there is higher bank
concentration. When banks have substantial market power, policy
rate changes may impact banking spreads rather than market rates
because banks may try to profit from a reduction in the policy rate
keeping lending rates fixed. The Uruguayan credit market is high-
ly segmented®. The segmentation permeates the banking sector,
which exhibits a high degree of concentration, particularly with
regard to the peso deposit and credit markets. Indeed, the Herfin-
dahl-Hirschman index (HHI) for the peso creditmarketyields a con-
centrationlevel of 0.26, while the U.S. dollar credit marketis slightly
less concentrated at 0.19.%*

The development of the financial system strengthens the interest-
rate transmission mechanism as more alternative sources of capital
increase the elasticity of demand for bankloans (Cotarelli and Kore-
lis, 1994). Financial shallowness is generally associated with higher
excess liquidity in banks, discouraging the development of an active

interbank market and reducing the effectiveness of transmission. Ac-
cording to IMF Uruguay Report (2016),

%2 The main problem, though, is currency mismatches. According to recent
studies, 87% of Uruguayan firms report to have liabilities denominated
in currencies (mainly US dollars) different from those of theirincomes (mainly
Uruguayan pesos).

33 In 2014, 60% of total credit went to firms, 35% to households, and 5%
to the public sector. Of the credit extended to firms, 87% was denominated
in U.S. dollars, whereas for households, only 4% of credit was U.S. dollar
denominated, and 35% in the case of the public sector. Consequently, 55%
of total credit in 2014 was U.S. dollar denominated.

% From a scale of 0 to 1, 1 being a perfect monopoly.
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“A broad-based index of financial development indi-
cates that Uruguay lags behind regional peers, and also
relative to what could be expected given its own macro-
economic fundamentals. Uruguay’s score of 0.2 in the
composite financial development index (based on 2013
data) is equivalent to half the LAS average, and below
the individual scores of all LA5 countries (as reported
in Heng and others, 2015). Furthermore, a regression
analysis suggests that Uruguay scores worse on the index
than would be predicted by its own economic fundamen-
tals (including income per capita, government size, trade
openness, inflation, educational attainment, and others).
A decomposition of the results shows that this “under-
development” relative to fundamentals mostly reflects
low access to finance in Uruguay (both through financial
institutions and through markets) and low financial in-
stitution depth (measured through variables such as pri-
vate sector credit). All other LAS countries have index
scores better than or equivalent to what their fundamen-
tals would predict.”

These results point to the importance of complementing NRIR
estimations with, e.g., financial/monetary condition indices to bet-
ter assess the monetary policy stance.

4. CONCLUDING REMARKS

In this document, we applied different methods to estimate the natu-
ral rate of interest for Uruguay, a small, open, and dollarized econo-
my. The natural rate of interest describes the real interest rate for a
situation regarded as optimal from a particular point of view, such
as price stability, full employment, or a rigidity-free environment.
Itfollows that an optimal monetary policy should be conducted so as
to approximate the actual real interest rate to that desirable rate
because, consequently, GDP, unemployment, inflation, etc. should
follow their welfare-maximizing paths. When the central bank’s in-
strumentis the nominal interest rate, that objective can be directly
monitored; when the central bank has money targets, its fulfilment
ishard to assess because the current real interest rate is endogenous
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and fluctuates too much. In a dollarized economy, it is even more
difficult because the monetary policy design has to take into account
the presence offoreign currency demand together with the domestic
currency either competing with or complementing with each other.

Notwithstanding those difficulties, we provide some estimates
for the NIR using varied approaches, we offer a useful framework
where to analyze the difference between long-run and short-run dif-
ferences, and we assess the monetary policy stance for the whole sam-
ple period. Specifically, the fundamentals-based model helps us to
deal with the difference between the short- and long-run NIR and
isintended to be an addition to the myriad approaches actually in use
in the Banco Central del Uruguay (BCU).

Some discussion of the debate over decreasing NIR is needed.
Our estimates point to a sharp decrease in the movement in the
short-run equilibrium natural rate since 2013 (owing to internation-
al drivers) which is smaller in the long run. Long run equilibrium
natural interest rate evolves smoothly with an almost unnoticeable
deceleration (Figure 7). That seems to be the result of two oppos-
ing forces: on the one hand, the increase —but at a declining speed—
in the over-aging index augments the propensity to save and pushes
the natural interest rate down; on the other, the increase in both
public indebtedness and perceived country risk reduces the agents’
willingness to invest and pushes the natural interest rate up. Pro-
ductivity —measured as output per occupied worker — reinforces this
effect during the first regime.

Asacorollary ofthisresearch, it can be said that “[u]nfortunately,
we have as yet devised no method to estimate accurately and read-
ily the natural rate of either interest or unemployment”.* This is a
work in progress.

% Milton Friedman (1968).
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APPENDIX

OTHER ESTIMATES OF THE NEUTRAL INTEREST RATE:

SUMMARY RESULTS FROM VARIOUS METHODOLOGIES

Brazil

Chile

Colombia

Mexico

Peru

Uruguay

Costa Rica

Dominican

Republic

Guatemala

Paraguay

Uncovered
Interest
Parity

4.5

1.3

2.5

2.0

2.3

3.6

2.6

3.2

2.3

Con-
sumption-
Based
CAPM

4.5

2.9

4.4

4.2

3.3

4.1

4.2

3.8

HP

Filter

4.8

2.0

May 2012
%
Implicit Expected-
Common Dynamic Inflation General
Stochastic Taylor Augmented — Equilibrium
Trend rule Taylor rule model Average
5.4 5.7 5.5 5.5 5.1
2.1 2:3 2.2 1.2 2.0
1.8 1.6 1.7 2.1 2.3
1.3 1.3 1.3 2.9 2.1
1.5 1.8 1.0 1.3 2.0
2.1 5.3 - 7.2 3.8
- - - 3.7 3.5
2.7 3.8 3.1 3.9 3.2
- - 2.0 3.7 2.8
1.3 2.2 2.2 3.2 2.2

Note: For Costa Rica, Guatemala, and Uruguay, a subsample of methodologies is used due to data

limitations.

Source: Author’s calculations.

% Presented in Magud and Tsounta (2012). The sources are: Calderon and Gal-
lego (2002), and Fuentes and Gredig (2007) for Chile; Minella et al. (2002),
Portugal and Barcellos (2009), Duarte (2010), Bloomberg (2012), and Per-
relli et al. (2014) for Brazil; IMF (2012) for Paraguay; Gonzalez et al. (2012)
for Colombia; and IMF (2011) for Dominican Republic.
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Abstract

In this paper, we argue that foreign and domestic structural factors may explain the de-

cline of the long-run convergence level of the neutral rate of interest in Mexico. In partic-

ular, we find that low-frequency changes in the neutral rate may be attributed to increas-

ing domestic savings, demographics shifts, and a decreasing global long-run real interest

rate. These results are largely consistent with other studies showing that the neutral rate

has decreased in the last 25 years in advanced and emerging economies alike.
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1. INTRODUCTION

The neutral or natural rate of interest is defined as the level of the short-run
realinterest rate thatis consistent with output near its potential or naturallev-
el.! Ttis also common to refer to the neutral rate of interest as #*. The domes-
tic market for loanable funds determines #*. In this market, desired savings,
composed of foreign and home portfolios in fixed-income markets, firms’
and households’ bank deposits, and other types of savings, establish the sup-
ply, while investment demand, composed of public and private debt, determines
the demand. The neutral rate helps to determine the stance of monetary
policy,? butunfortunately this variable is not observed and must be estimated.

Recent evidence on 7* in both advanced and emerging economies (AEs
and EMEs) yields remarkably similar results: most estimates show a down-
ward trend in7* over the past 25 years. Some commentators, such as Holston,
Laubach and Williams (2017), have observed that potential growth and the
neutral rate have co-moved in advanced economies during this time period.
By contrast, this co-movementis not observed in emerging economies. A di-
mension thathasnotbeen fully explored in the literature is the role of capital
flows in the determination of *. Sustained capital flows could have along-
lasting effect on the neutral rate of an EME since these flows affect the sup-
ply ofloanable funds in such an economy. Although this channel is present
inboth AEs and EMEs, it could be more importantin the latter given their
greater sensitivity to external events.

In this document, we estimate the long-run convergence level of the neutral
rate in Mexico, a prototype EME with a significant volume of internation-
al trade and a financial market highly integrated with the global market.
We also refer to the long-run convergence level of the neutral rate as 7, i.e.,
with a bar accent over r*. Following the FOMC Minutes of October 2015,

At this level of output, we also find the natural rate of unemployment, i.e.,

the level of unemployment at which inflation remains stable in the absence
of shocks.

The monetary policy stance is neutral if the short-run real interest rate equals
r* and it is contractionary (expansionary) if the short-run real rate is located
above (below) 7”*. If the stance is contractionary, monetary policy slows down
aggregate demand by setting an opportunity cost of funds for consumption
and investment higher than it would normally be. The opposite happens
if the stance is expansionary. If we add a measure of inflation expectations
to 7”*, we get the level of the monetary-policy interest rate at which the policy
is neutral.
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we formally define 7" as “the longer-run normal level to which the [short-run
real interest] is expected to converge in the absence of further shocks to the economy.”
We perform our estimations for the sample period January 2000 to De-
cember 2017.

Thelong-run convergencelevel of 7*is determined exclusively by struc-
tural factors, such as potential growth, demographics, and financial-mar-
kets development.® To compute a robust measure of 7", we estimate three
quantitative methods: an augmented Taylor rule which includes a control
for avery persistent transitory (or non-structural) factor, an open-economy
RBC model, and the 10-year expectation of the short-run nominal interest
rate computed from an affine term- structure model. In contrast to stud-
ies focusing on higher-frequency measures of the neutral rate, there are a
limited number of techniques that can be used to estimate 7. A suitable
method for the low-frequency measure must be able to disentangle the ef-
fects of transitory and structural factors at the level of the neutral rate. This
task becomes difficult when very persistent transitory factors are observed
in the economy (e.g., the shocks thatled to the global financial crisis, its af-
termath, and the policy responses that followed). Since no method is per-
fect, we also review some structural factors that are informative about
upward and downward risks for 7" in Mexico.

Ourresults are as follows. The evidence suggests that the long-run con-
vergence level of #*in 2017 is lower than the level that prevailed at the be-
ginning of the 2000s, falling from around 3% in real terms to close to 2.5%.*
As mentioned above, a downward trend for 7" has also been estimated
in several AEs and EMEs.

We argue that both domestic and foreign structural factors account
for the apparentfallin 7 registered from the 2000s to present. On the do-
mestic side, we observe (1) sustained growth of national savings as a per-
centage of GDP, (2) an increase in working-age share of the population,

% See Carrillo, Elizondo, Rodriguez-Pérez and Roldan-Pefia (2018) for a for-
mal definition. In that paper, we also considered higher-frequency measures
of r*, where we analyzed transitory factors (e.g. macro shocks) that diverted
the neutral rate temporarily from its long-run fundamental value in Mexico.
In Section 3, we briefly review the results and drivers of these higher-frequency

measures of 7.

* The former corresponds with the average of the estimates of 7”* for the short-,

and medium-run during the period 2001Q1-2008Q4, while the latter is the
average of the estimates of 7 in Section 4. It is worth mentioning that
the uncertainty surrounding these estimates is quite significant, so punctual
results must be taken with caution.
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(3) a declining outlook for the growth rate of the labor force, and (4) a flat
trend in productivity. All four factors imply a lower long-run convergence
level of the neutral rate. In the market for loanable funds, the first two fac-
tors drive up the supply, while the last two reduce the demand (through
theirinfluence oninvestment). On the foreign side, the sustained reduction
in the globallong-term realinterest rate seems to have pushed international
long-term credit toward the Mexican market. The latter could have lowered
the domestic long-term real interest rate through no-arbitrage conditions.
Indeed, sustained capital inflows seem to have contributed to permanent
increases in the supply ofloanable funds in the economy, putting downward
pressure on 7.

The remainder of the paperis organized as follows. Section 2 reviews in-
ternational evidence on trend output growth and money-market rates in a
large set of AEs and EMEs. The section also reviews several studies that es-
timate ¥ in several economies. Section 3 summarizes the findings on higher-
frequency measures of the neutral rate in Mexico. In turn, Section 4 focuses
on the long-run convergence level of the neutral rate in the country. The fi-

nal section concludes.

2. INTERNATIONAL EVIDENCE

Holston et al. (2017) find that the estimated neutral rates and trend growth
rates of four advanced economies (AEs), namely the U.S., Canada, the UK.,
and the Euro Area, have co-moved tightly over the past 25 years. These au-
thors suggest that global factors may largely explain this behavior. In sharp
contrast, thiskind of co-movement does not hold for emerging market econ-
omies (EMEs) as most of these countries grow at relatively high rates, while
at the same time their neutral rates have fallen. In this Section, we first re-
view data on the growth rates and short-run real interest rates for a large
set of AEs and EMEs that confirm the aforementioned trends. We then re-

view some recent estimations of the neutral rate in different economies.

2.1 Output Growth and Money-Market Rates in AEs and EMEs

The IMF’s World Economic Outlook of April 2018, Box 1.3, presents potential
growth estimates for ten AEs and five EM Es;’ the report finds that potential

5

In the IMF’s study, AEs include Australia, Canada, France, Germany, Italy,
Japan, Korea, Spain, the U.K., and the U.S., while EMEs include Brazil,
India, Mexico, Russia, and Turkey.
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growth has persistently decreased for the former, while it follows an in-
verted U-shaped pattern for the latter. In particular, for the group of AEs,
trend growth fell from 2.5% in 2001 to 1.5% in 2017, while for the group
of EMEs, trend growth was 4% for both years, with a peak at 5% in 2007.°

We now present complementary evidence to Box 1.3 using the Fund’s
IFS data. Table 1 presentslong-run averages of annual output growth rates
and money-marketrealinterestrates for awider set of AEs and EMEs, sev-
enteen for the former and thirty for the latter.” Money-market rates refer
to the interest rate of assets with maturity of one year or less. These rates
are therefore closely related to short-term governmentbond rates, such as'T-
bills. We compute ex-post real interest rates using annual inflationin each
country. To compute the mean for each category, we weighted the observa-
tion of each country by its proportion in world GDP. The average weight
of AEs’ GDP in the sample is 50.9% of the world production, while that
of EMEsis 28%.° The sample starts in 1993 due to issues with data avail-
ability, especially for EMEs. Long-run averages cover 7 or 8 years, which
1s the typical length assumed for a business cycle. We opt for excluding
the years 2008 and 2009 from the sample, since these years were severely
affected by the global financial crisis (GFC, for short).’

® When China is included in the EMEs sample, average trend growth of this
subgroup is even stronger.

AEs include Australia, Belgium, Canada, Denmark, France, Germany, Italy,
Japan, Korea, the Netherlands, New Zealand, Singapore, Spain, Sweden,
Switzerland, the U.K., and the U.S. In turn, EMEs include Algeria, Angola,
Argentina, Brazil, Bulgaria, Chile, Colombia, Cote d’Ivoire, Hungary, India,
Indonesia, Kuwait, Malaysia, Mexico, Morocco, Pakistan, Peru, the Philip-
pines, Poland, Romania, Russia, Saudi Arabia, Serbia, South Africa, Thailand,
Tunisia, Turkey, Ukraine, Venezuela, and Vietnam. China is not included
since data for its mainland money markets are not available for most of the
period of interest.

When computing the average money market real interest rate, we excluded
observations for years in which the inflation rate is higher than 25%.
The trimmed sample avoids thus distorted measures of real interest rates
due to super-inflationary periods. In AEs, there are zero episodes with such
characteristics, while in EMEs there are 84, of which 56 occurred between
1993 and 1999.

Including these years into the calculation reduces the long-run average
of output growth of AEs, but not so much in EMEs.
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OUTPUT GROWTH AND SHORT-RUN REAL
INTEREST RATE STATISTICS

Annual output growth rate Money-market real interest rate
Time period AEs EME: AEs EME:
1993-2000 3.0 4.2 2.4 7.5
2001-2007¢ 2.3 4.9 0.7 3.3
2010-2017¢ 1.9 4.2 -1.0 0.9

Note: The statistics consider 17 advanced economies and 30 emerging economies. Each
country-observation is weighted according to the proportion of global GDP contributed
by the country’s production. Money-market real interest rates are computed with realized
inflation in a given year. Source: Own computations with data from the International
Financial Statistics of the IMF.

§ The years 2008 and 2009, when the effects of the global financial crisis reached their
peak, were removed from the sample.

The statistics shown in Table 1 are consistent with the IMF’s results.
Notably, the long-run average of output growth in AEs decreases from
the first period considered to the last, while for EM Es this statistic fluctu-
ates between 4% and 5%. In addition, the data show a downward trend
in the long-run average of the short-run real interest rate in both AEs and
EMEs since atleast 1993. The table shows a clear co-movement between
average growth rates and short-run real rates in AEs but, notably, not in
EMEs. This evidence suggests that a structural factor different than po-
tential growth seems to drive the trend of the short-run real interest rate
inan EME. We now provide further evidence on recent estimations of the
neutral rate in different countries.

2.2 Recent Estimates of r* Around the World

This section non-exhaustively surveys the recent evidence related to r*
in AEsand EMEs. The main takeaway is that almost all studies capture
adownward trend in r* that started around the 90s and sharpened in the
wake of the 2008 global financial crisis.
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2.2.1 Advanced Economies

For the U.S., Yellen (2015) presents a set of estimates of 7* obtained from
New-Keynesian DSGE models developed by the Fed’s staff; these show that
this variable plunged toward negative levels at the onset of the GFC and
reached zero by the end of 2015. These models interpret the reduction
in short-run r* as a response to persistent macro shocks to aggregate
demand, such as tighter financing conditions and less access to credit,
de-leveraging by households, lower global growth, and greater uncertain-
ty."" More flexible methodologies, such as state-space models with a time-
varying structure, find similar results. For the case of the U.S., Laubach
and Williams (2016) and Johannsen and Mertens (2016) estimate a clear
downward trend in 7* that has started at least since the 80s but has deep-
ened since the financial crisis. Laubach and Williams (2016) relate the fall
in 7* to a decreasing potential growth. In contrast, Del Negro, Giannone,
Giannoni and Tambalotti (2017), using both time-series and a DSGE
model, attribute the fall in 7* to a rising premia for the liquidity and safety
of Treasury bonds, also known as convenience yield. Their findings add to
the literature showing that Treasury bonds are valued not only for their
pecuniary return, but also for the safe and liquidity services they offer.
The evidence for a downward trend in #* is not exclusive to the U.S.
Holstonetal. (2017) find evidence that 7* and potential growth in Canada,
the Euro Area, and the U.K. have followed a downward trend for several
decades." Additionally, they find that these estimates and those for the U.S.
have a considerable amount of co-movement over time. Thus, the authors
suggest that global factors play an important role in explaining trendsin 7*
and potential growth in these economies. Similarly, Bouis, Rawdanow-
icz, Renne, Watanabe and Christensen (2013) find that for seven OECD
economies 7* has generally fallen since 1980."* They argue that the fall of r*

19 The estimates of these DSGE models assume the existence of nominal
rigidities and other frictions to capture transitory macroeconomic shocks.

To estimate 7 the models compute the real interest rate that would prevail

if prices and wages were flexible. Therefore, the estimated 7" in this type
of model is a counterfactual measure, not observable, and highly volatile,
since it 1s subject to a wide set of transitory shocks.

See also Berger and Kempa (2014) for Canada.

The countries are the U.S., Japan, the Euro Area, the U.K., Canada, Swe-
den, and Switzerland. The last two countries are the exceptions, since their
estimates of 7* have remained stable, and relatively high, since the financial

crisis.
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1s likely the result of lower potential growth. In addition, they mention that,
according to OECD projections, #* may converge to a lower level than that
before the GFC. For Japan, Fujiwara, Iwasaki, Muto, Nishizaki and Sudo
(2016) show that r* has followed a downward trend since the 90s, and they
relate this trend to a slowdown in potential growth. Similarly, the European
Central Bank (2004) finds that7*in the Euro Area has decreased since the mid-
90s and argues that this trajectory may reflect the slowdown in productivity
and population growth in the region."” For Norway, Bernhardsen and Ger-
drup (2007) find that * has fallen since at least 1990, and they explain that
one of the reasons is alower inflationary risk premia, since inflation and its
expectations stabilized toward low levels. For New Zealand, Basdevant,
Bjorksten and Karagedikli (2004) find evidence that suggests a downward
trend in 7*since 1992, while Bjorksten and Karagedikli (2003) conclude that
the reduction in 7* can be partly attributed to a worldwide decline in natu-
ral rates as well as tolocal factors. More recently, Richardson and Williams
(2015) confirm this evidence for New Zealand. Schmidt-Hebbel and Walsh
(2009) present more evidence on7*in other advanced economies.' Although
they do not find clear evidence of a downward trend in 7* in all cases, they
do show that the neutral rates of these economies are highly correlated.

2.2.2 Emerging Market Economies

The evidence for EMEs is not very different from that for AEs. Neutral
rates in EMEs have also shown a downward trend. In particular, Magud
and Tsounta (2012), using different methodologies, document some stylized
facts for *in ten Latin American countries:" (i) #* tends to be lower in coun-
tries with stronger fundamentals; (i) wider ranges in 7* estimates are asso-
ciated with weaker monetary policy frameworks and higher inflation risk

'3 See also Cuaresma, Gnan and Ritzberger-Gruenwald (2004), Mesonnier
and Renne (2007), Garnier and Wilhelm-Sen (2009), and Fries, Mésonnier,
Mouabbi and Renne (2018).

" The countries covered are the U.S., the Euro Area, Japan, and some inflation-

targeting countries, such as Australia, Canada, New Zealand, Norway, the U.K.,
Sweden, and Chile.

% The countries are Brazil, Chile, Colombia, Costa Rica, the Dominican Republic,
Guatemala, Mexico, Paraguay, Peru, and Uruguay. The methodologies used
by the authors include: the Hodrick-Prescott filter, an implicit common sto-
chastic trend using short- and long-term interest rates, dynamic Taylor rules,
expected-inflation augmented Taylor rules, the Laubach and Williams model,
consumption-smoothing models, and the uncovered interest rate parity (UIP)

condition. Their sample spans from 2000 to 2012.
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premia, although the dispersion could be also caused by short samples
and unavailable data; and (iii) * experienced a downward trend in the
past decade for most of the countries studied. Magud and Tsounta argue
that this trend is possibly due to stronger economic fundamentals in the
region, as well as to more accommodative global financing conditions that
would have increased the supply of loanable fundsin the studied countries.

In the same vein, Perrelli and Roache (2014) find a downward trend
in the estimates of 7*for a wider set of EMEs.!° These authors focus on the
experience of Brazil and find that the fall in its neutral rate can be ex-
plained by both domestic and foreign factors. For the former, they argue
thatfinancial deepening, a declining public debt, and alower sovereign risk
premium have contributed to increase the desired savings in the country.
Concerning the latter, they find evidence suggesting that the global real
interest rate has also contributed to the decrease in Brazil’s neutral rate.

In other individual-country analyses, Fuentes and Gredig (2008)
and Gonzalez, Ocampo, Pérez and Rodriguez (2012) study the cases
of Chile and Colombia using a battery of models to estimate plausible
paths for #*7. In the case of Chile from 1980 to 2007, all models find that
the estimated r* trends downward. For Colombia, the estimates of 7*vary
significantly.

Finally, Zhu (2016) finds that, with the exceptions of China and Thai-
land, estimates of * have declined substantially since 2005 for a group
of countries in the Asia-Pacific region.” Consistent with the existing ev-
idence, the author finds that for some economies (e.g. the U.S., Japan,

16 Theyinclude thefollowing countries: Brazil, Chile, China, Colombia,the Czech
Republic, Egypt, Hungary,India, Indonesia, Israel, Korea, Malaysia, Mexico,
Peru, the Philippines, Poland, Russia, South Africa, Taiwan, Thailand,
Turkey, and Uruguay. The authors use statistical filters to document
the decline of 7*in a sample spanning from 2002 to 2013. Furthermore,
using a principal components analysis, the authors find that two common
factors may explain about 45% of the common fluctuationsinreal policy rates
of the analyzed countries. The first of these factors represents the common
trend, while the second one is the commoncycle.

7 The models used in these papers can be classified into three categories: (i)

economic theory (traditional consumption model, uncovered parity interest

rate condition, general equilibrium reduced-form models); (ii) implicit expec-

tations of 7 in financial instruments (forward rates, state-space models with

common stochastic trend in short-run and long-run interest rates, and yield

curve models); and (iii) statistical models (filters).
'8 These countries are: Australia, China, Hong Kong, India, Indonesia, Japan,

Korea, Malaysia, New Zealand, the Philippines, Singapore, Thailand, and the
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Korea, and Singapore), the downward trend in 7* started in the 1980s.
Additionally, Zhu finds thatlow- frequency movementsin the neutral rate
seem to be strongly related to demographics and global factors (e.g. trade
and capital flows, global liquidity), while the relationship with potential
growth appears to be weaker.

3. SHORT-RUN NEUTRAL RATE IN
MEXICO: A SUMMARY

Carrillo, Elizondo, Rodriguez-Pérez and Roldan-Pefia (2018), henceforth
CERR for short, conduct detailed analysis of higher-frequency measures
ofthe neutral rate in Mexico. For convenience, CERR call these measures
of the neutral rate short-run 7* or medium-run r*. CERR consider that
transitory factors (e.g. macro shocks) divert the neutral rate temporari-
ly from its long-run fundamental value, which is determined exclusively
by structural factors. In this section, we provide a brief summary of the
results in CERR, and we invite the interested reader to review the paper
for further details.”

The takeaway from CERR’s analysisis that, the rise and fall of non-res-
idents holdings of short- term Mexican debt in the aftermath of the GI'C,
which increased and then decreased the supply of loanable funds in the
country, may explain the temporary dip of the neutral rate observed from
2010 to 2014 in Mexico. These capital inflows surged during the imple-
mentation of unconventional monetary policies in advanced economies,
and started to reverse when the Fed signaled for the first time the tapering
of its QF programs in mid-2013. Therefore, before the GFC, long-term
averages of the estimates of short-run * seem to be good approximations
of the long-run convergence level of the neutral rate in Mexico, since tran-
sitory factors were not very persistent. However, after 2008 thisis nolonger
the case because short-run r* was affected by very persistent transitory fac-
tors, such as slack economic conditions and the implementation of ultra-
accommodative monetary policies in AEs.

To perform the short-, and medium-run estimations, CERR use the
ex ante short-term real interest rate, measured as the overnightinterbank

U.S. The sample spans from 1950 to 2014. The author exploits the spectral
density of the data to find low-frequency changes.

9 CERR also provides a formal disambiguation between the neutral in the
short run and its long-run convergence level.
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nominal interest rate minus the one-year ahead expectations of headline
inflation.” The period of study in CERR spans from January 2000 to De-
cember 2017 at a monthly and quarterly frequency, depending upon data
availability and the model used.

Toachieve arobust estimate of 7*for the short-, and medium-run, CERR
consider five different methodologies: business-cycle averages and filters,
a simple Taylor rule estimated recursively, affine term-structure mod-
els, an adapted version of the Laubach and Williams (2003) model, and a
BVAR model with time-varying intercepts. The average of the point esti-
mates of these models is shown in Figure 1, where the range corresponds
to the minimum and maximum values of the point estimates of all meth-
odologies in every period.

Notably, all methodologies display similar paths. In particular, the re-
sults suggest that short-run * in Mexico decreased from 2009 onwards,
persistently deviating fromitslong-run convergence value, falling to mini-
mum levelsin 2012, and partially returning to its trend by 2014

CERR argue that foreign and domestic transitory factors pushed short-
run 7* below trend between 2009 and 2014. Among the domestic transi-
tory factors that depressed short-run r*, CERR mention slack conditions
thatprevailedin the Mexican economy following the GFC, which implied
a demand for loanable funds lower than normal. Concerning the foreign
transitory factors, CERR analyze two: (1) the persistent slack conditions
thatprevailedin the U.S. after the crisis, and (2) the implementation of un-
conventional monetary policies (or UMPs) by central banks in some ad-
vance economies, and in particular the Federal Reserve in the U.S.

Concerning the firstforeign factor, CERR argue that the U.S. business
cycle co-moves not only with the Mexican business cycle, but also with
the Mexican neutral rate. Therefore, transitory factors affecting the neu-
tralratein the U.S. may also impact the neutral rate in Mexico. For asmall
open economy such as Mexico, aggregate demand conditions abroad mat-
ter because theyinfluence export dynamics, financial flows, and economic
activity in general.

Regarding the second foreign factor, a growing literature finds that
UMPs contributed to strong capital inflows toward EM Es, including Mex-
ico. Accordingly, CERR argue that several investors might have re-bal-
anced their portfolios away from the U.S. and other advanced economies
with low returns to favor relatively safe emerging economies with higher

20 Inflation expectations can be extracted from Banco de México’s survey of pri-
vate professional forecasters.
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SUMMARY OF RESULTS FOR SHORT- AND MEDIUM-RUN r*
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Source: CERR’s estimates with data from INEGI, Banco de México, Valmer, PiP, the NY
Fed, and St. Louis Fed’s FRED database. The range corresponds to the minimum and maxi-

mum values of the point estimates of all methodologies in every period.

returns, such as Mexico. In particular, the evidence suggests that the abun-
dant liquidity in international financial markets could have persistently
increased the supply ofloanable fundsin Mexico through foreign holdings
of short-term Mexican debt, thus reducing short-run 7*from 2009 to 2014.

Table 2 displays the average of the point estimates of short-run r* for the
periods 2001Q1-2008Q4 and 2009Q1-2017Q4. The table shows that
allmethodologies considered in CERR find consistent results, namely that
the estimates of short-run r*in Mexico fell during the GFC from an average
of 3% to around 1.3% inreal terms for the periodsindicated. If we translate
these resultsinto nominal terms, using the average of the 12-months ahead
inflation expectations for each period, we find that the neutral nominal

interest rate decreased on average from 7.1% to 5.1%.
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4. LONG-RUN CONVERGENCE
LEVEL OF r* IN MEXICO

In this section, we present three different quantitative methods that esti-
mate the long-run convergence level of the neutral rate, i.e. 7. We resort
to these methods after the observation that along-term average of the esti-
mated of short-run 7* might be a poor approximation of 7" due to the pres-
ence of very persistent transitory factors affecting the Mexican economy
after 2009. We first estimate an augmented Taylor rule that controls for the
Fed’s UMPs. Second, we apply an open-economy RBC model to Mexico
to get along-run average of the equilibrium real interest rate. And third,
we compute the implicit long-term expectation of the short-run policy
rate that emerges from an affine term structure model. Finally, we pres-
ent a heuristic analysis of structural factors affecting 7.

4.1 Augmented Taylor Rule

Taylor rules are commonly used tools that help to estimate the systematic
behavior of a central bank’s monetary policy. In particular, the estimated
interest-rate rule aims to approximate the reaction function of the poli-
cy rate toward deviations of inflation from its target, and of output from
its potential level. It is worth emphasizing that the resulting interest-rate
rule should not be taken as the main policy directive of the central bank,
but rather as a particular lens for interpreting the systematic behavior
of monetary policy. Furthermore, notice that when inflation equalsits tar-
get and the output gap equals zero, 7" is given by the difference between
the rule’sintercept and the inflation target. For example, consider the fol-
lowing Taylor rule with interest rate smoothing:

ﬂ R=(1+p)[;*+;+a(7r —;)+0 1+ pR_ +€,
I3 t )}f -1 1

where R 1s the overnight interbank nominal interest rate, 7 is the infla-
tion, $ isthe outputgap, and € captures any change in the nominalinter-
est rate not explained by the rule. Additionally, the specification includes
alag of R to capture gradual adjustments in this variable induced by the
central bank. CERR estimate equation (1) recursively over the period
2001 to 2017 in order to capture changesin 7. The results from this exer-
cise show that the estimate of falls from 2008 to 2014, partially reverting
to pre-GFC levels afterwards. In light of these results, and the evidence

174 J. Carrillo, R. Elizondo, C. Rodriguez-Pérez, J. Roldan-Pefia



SUMMARY OF QUANTITATIVE RESULTS FOR
THE SHORT AND MEDIUM RUN

Nominal neutral rate

Real neutral rate rx* r,* +7

200101- 200901- 200101- 200901-

Methods 200804 201704 200804 201704
Averages and trends 3.44 0.74 7.45 4.58
Standard Taylor rule 3.30 1.39 7.31 5.23
Affine model 3.42 1.19 7.43 5.03
Laubach and William model 2.26 1.59 6.27 5.43
TVI-BVAR model 2.82 1.35 6.83 5.19
Average 3.05 1.25 7.06 5.09

Note: To compute the nominal neutral rate, CERR add the average of headline inflation

expectations for 12-months ahead to r*. See CERR for further details.

summarized in the previous section, CERR argue that the Fed’s UMPs
seem to have affected the Mexican neutral rate during this period through
their effects on capital flows.

In this context, Taylor and Wieland (2016) show that the omission
of relevant variables in the reaction function of the central bank can pro-
duce a bias in the estimation of 7". In particular, the authors argue that
omitting important information in model estimation can resultin a noisy
estimate of the 7~ one that misleadingly absorbs the fluctuations of the
omitted factors. With this in mind, CERR include an indicator of the
Fed’s UMPs as an additional regressor in a modified version of Taylor’s
rule. Therefore, to obtain an estimate of 7. CERR estimate the follow-
ing augmented Taylor rule:

B R =(1+ )7 +7+7(0xR" ")+ B(w —7)+0y |+ pR_ +€,

where R isthe shadow fed funds rate of Wu and Xia (2016), and the

R US ,shadow
t

indicator variable 1 takes the value of zero when 1s positive or the
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US,shadoro
value of one when R™>™"

2015). CERR only include information about the shadow rate during
the ZLB period as a proxy for the Fed’s UMPs. Therefore, they explicitly
assume that these policies capture a very persistent transitory factor, not a

1s negative (i.e. from July 2009 to December

structural factor.?

CERR estimate equation (2) recursively on a monthly basis, using
the short-run nominal interest rate, headline annual inflation measured
by the CPI, and a measure of the output gap using Mexico’s Global Indi-
cator of Economic Activity (or IGAE, by its Spanish acronym), published
monthly by INEGI. To compute a measure of economic slack from IGAE,
CERR use its percent deviation from trend, which they estimate using
the Hodrick-Prescott filter with tail correction.

Figure 2 presents the results from this exercise. The results suggest that
7" has fluctuated around the level of 2.5% since 2009. This number trans-
lates into a neutral nominal policy rate of 5.5%, if we add Banco de Méxi-
co’sinflation target of 3%.

4.2 Open-Economy rbc Model

Asanalternative means of measuring 7, we use aneoclassical growth mod-
el for a small open economy. We follow the business-cycle model of Lama
(2011) who, in a manner similar to Chari, Kehoe and McGrattan (2007),
includes four sources of macroeconomic fluctuations in the model: an effi-
ciency wedge (or TFP), alabor wedge, a capital wedge, and a bond wedge.
These wedges allow the model to perfectly match the fluctuations of out-
put, consumption, investment, and hours worked. Our estimate of 7"is the
long-term average of the equilibrium real rate of capital returns, #* which
1s a model-consistent measure of the actual macro dynamics. We consider
along-period average of 7*since the aforementioned wedges are reduced-
form distortions that may capture both structural and transitory factors.*

2l We have considered alternative measures of the shadow fed funds rate, such

as those proposed by Lombardi and Zhu (2014), and Krippner (2015). The re-
sults remain quantitatively similar.

22 Note thatif the long-run value of the Fed’s UMPs is not zero, the interpretation

of the intercept as an estimator of 7 in the Taylor rule changes.

Recently, Caballero, Farhiand Gourinchas(2017)noticed thatfor the case of the
U.S.,thereisagrowingdivergencebetweenthereturnonproductivecapitalandthe

23

return of safe assets. For the case of Mexico, itis not clear that such divergence
is as secular as it is in the U.S. Nonetheless, we bear in mind that even a long-

period average of 7* might be a poor approximation of 7. We decided to keep
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Lama (2011)’s model includes a competitive firm and a representative
household with an increasing number of members. The firm chooses la-
bor and capital services to maximize profits:

n?%xAlkl“ (+y) )™ —wl —zk,

where 4, 1s TFP, w, is the real wage, z, 1s the rental rate of capital, o is
the share of capital income on GDP, and 7 is the growth rate of techno-
logical progress. A representative household chooses consumption per cap-
ita ¢, international debt 4,4, investment ¢, the next period’s capital stock,
and the labor supply in order to maximize its expected discounted utility,
subject to a budget constraint, the law of motion for capital accumulation,
and a supply of funds for international borrowing:

max E, {iN,ﬁf[logc, +y/10g(1—1,)]},
t=0

¢ b\l

125+

subject to

(I+mb,,, +c, +i <A+t )wl +(1+7,)z,k +(1+7,)1+7" )b + Y,

+1

(1+n)k,, <(1+d)k <(1+d)k +i —¢ ]’{_ k,

t
t

1+r,W :(1+rW)(bb—V’Vj

where g is the subjective discount factor, ¥ isanormalizing constant, nis
the population growthrate, g isthe capital depreciationrate,and v>0
1s the elasticity of the supply of international borrowing. In turn, N, is the
size of the population, r” is the world real interest rate, Y, represent
government transfers, and  ¢(i / k)=1/2x(i / k,—9)* measures capital

the neoclassic analysis for two reasons. First, Dorich, Reza and Sarker (2017)
perform a similar exercise for Canada and notice that potential output growth

plays a prominent rolein the determination of 7. Second, there are notmany

methods available in the literature to estimate 7.
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AUGMENTED TAYLOR RULE
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Note: The confidence intervals are of 90% significance.

Source: Own estimates made with data from Banco de México.

adjustment costs, where é =d+n+y+ny. Finally, (1+7,) is the labor
wedge, (1-7,) isthe capitalwedge,and (1-7,) isthebondwedge. These
wedges enter the model as taxes, and they multiply each price in the econ-
omy to reflect market distortions in the otherwise efficient-allocation
conditions. The supply of international funds is upward-sloping in or-
der to ensure that the model economy does not display a unit root (see
Schmitt-Grohé and Uribe, 2003).
The wedges evolve according to

_ L h L p,
x, =x "xexp(€,) for
xe{dl-7,1-7,.1-7,}
where £~ N (0,0 ) are normally-distributed, white-noiseinnovations.
The dynamics of the detrended economy are given by the law of motion

for capital, the wedge processes, and the following market-clearing
conditions:
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where , denotes a detrended variable, such that x, = x (1+ 7)
for xe {y,k,i,c}, and ¢, = (1—¢’(7, / k)" is Tobin’s Q. Equation (3) denotes
the economy’s resource constraint; equations (4)-(6) are the household’s
first-order conditions; and equation (7) describes the evolution of the real
rate of capital returns. The estimated of 7" is given by

DM~
=
>

S| -
i

Similar to Lama (2011), we calibrate the deep parameters of the model,
while we estimate the parameters governing the dynamics of the wedges
through maximum likelihood using time series for output, consumption,
investment, and hours worked (see Table 3). In contrast with Lama, we use
quarterly frequency data instead of annual measurements, and we focus
on the recent period, from 2006Q1 to 2017Q4 (the starting point of our
sampleis delayed because quarterly data for hours worked is only available
from 2006).”* The latter implies that we need to adjust certain calibrating

? Lama (2011) uses similar data for Mexico for the period 1991 to 2006 on an
annual basis.
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parameters for the quarterly frequency and the different time period. We as-
sume that potential growth is 2.7% in annual terms, which is consistent
with the estimation results from the LW and TVI-BVAR models in Car-
rilloetal. (2018).” Since population growth averaged 1.84% annually dur-
ing this period, it turns out that the exogenous technological progress must
equal 0.86% on an annual basis. The international real rate equals 4%,
similar to Lama (2011). Given these numbers, we adjusted the discount
factor B so that it satisfies equation (5) at the steady state. The leisure pa-
rameter ¥is set to match the average of hours worked per day in Mexico,
which equals 41.23 hours per week for the time period studied. For the rest
of parameters, we closely followed the strategy of Lama. We used stan-
dardvalues for the depreciationrate g , thelaborincome shares 1- g fora
Latin American economy, and the inverse of the elasticity of supply of in-
ternational funds v (further details can be found in Lama, 2011). Similar
to Bernanke, Gertler and Gilchrist (1999), the value for the adjustment
cost parameter {9 is consistent with a price elasticity of capital with re-
spect to the investment-capital ratio 1 equal to 0.25. Using Tobin’s Q) to
compute this elasticity, we impose that at the steady state it must hold that
n=v"9, and solve this expression to find 7% .

Figure 3 shows thatthe estimated of 7 equals 2.3% from 2009 to 2017,
which corresponds to the time period of the second business cycle consid-
ered in Carrillo et al. (2018). This estimate is located in one-standard-de-
viation confidence interval of [1.2%, 3.2%]. Finally, the neutral nominal
policy rate becomes 5.3% if we add Banco de México’s 3% inflation target
to the above estimate, while the interval becomes [4.2%, 6.2%]. These re-
sults are similar to those obtained from the estimation of the augmented
Taylor rule.

2 We have also performed the exercise assuming a more conservative potential

growth, i.e. 2.4% instead of 2.7%. The results in terms of the estimated 7~
are quite similar.
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CALIBRATING AND ESTIMATING PARAMETERS

FOR THE NEOCLASSICAL MODEL

Calibration Estimation
px Ux
Parameter Symbol Value Wedge
Population growth n 1.84% app TFP 0.99 0.013
(0.002)  (0.001)
Exogenous tech. progress Y 0.86% app  1— T, 0.99 0.016
Depreciation rate 0 5.00% app  1— T, 0.70 0.151
t
Discount factor B 0.99 -1, 095 4x10-4
Leisure weight 4 2.80
Capital adjustment costs 3 12.98
Labor income share I-a 0.30
International real rate 7 4.00% app
Supply of nt. funds (Y 1 x10—-4

Note: The acronym app stands for annual percent points. For the estimated parameters,
the numbers in parenthesis are the standard deviation of the estimated value.
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Figure 3

REAL RATE OF CAPITAL RETURNS
AND LONG RUN CONVERGENCE LEVEL OF 7*
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Source: Own estimates made with data from Banco de México and INEGI.

4.3 Affine Term Structure Model of the Interest Rate

To compute an alternative estimate of 7" we use the long-run expecta-
tion of the short-run nominal interest rate that is derived from financial-
markets information. We retrieve this expectation from an affine model
similarin structure to the Kim and Wright (2005) model, henceforth KW.
We decided to use this model to estimate of 7" since such a model seems
to better filter the effects of transitory factors than do alternative models,
such as the one proposed by Adrian, Crump and Moench (2013). As are-
sult, the KW model seems to capture the trend of #*atlong horizons, which
1s the object of our research.

The KW model assumes no-arbitrage conditions in financial markets
to compute an expected average of the nominalinterest rate of anth-month-
maturity bond for a horizon of £ periods. The structure of the models
1s written in state-space form as
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n X, =p+¢X_ +9,, [Transition Equation]

n i"=A, +B X, [MeasurementEquation]

where X'is a vector of factors or state variables, ;” is the nominal interest
rate of a bond with maturity of » months, ¥ is white-noise state innova-
tions, ¢ and B, are coeflicient matrices, and Hand A, are coefficient vec-
tors. The KW modelincludes three latent factorsin vector X, each asa proxy
for the following yield curve characteristics: ¢) level, 7) slope, and z2z) curva-
ture. We estimate the coeflicients of the model using maximum likelihood
estimation and the Kalman filter. We use the 2004 to 2017 sample of the
yields of government zero-coupon bonds with selected maturities of 1, 3,
6,12, 24, 36, 60, 84, and 120 months.*

From the model, we can obtain the average expected path of the nominal
interest rate of I-month maturity bonds for horizons running from 1 month

ton years ahead, namely,

A
m Et,z+n = ;Zkzl Et {lz(i)k}

Notice that form equation (10), we can recursivelv derive the long-run

expectation of short-term nominal interest rate, i.c., E, {i(l)

Hk} where n cor-

responds to the future period in years. In particular, we have that:

E [i(l) } —E

t| t+l 11+l

E[d)]=2E,,- E

t+2 11+2 1+

%6 More details about this methodology can be found in Kim and Wright (2005).
In particular, the coefficients A, and B are estimated recursively and de-
pend on market risk parameters. When these parameters are equal to zero,
we obtain the risk-free coefficients A¥ and pr. Using these coefficients,
we can compute the average expectation at time ¢ of short-term interest rates
over the next £ periods.
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Figure 4

ANNUAL EXPECTATIONS OF THE SHORT-RUN NOMINAL INTEREST
IMPLICIT IN FINANCIAL INSTRUMENTS
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Figure 4 shows annual expectations of the short-term nominal interest
rate at different horizons. We use a horizon of n = 10 years as our measure
of 77, since in that time period it is quite likely that even the most persis-
tent transitory factors would have faded away (thick red line in Figure 4).%

Thus, the estimate of 7" in real terms, is given by

11| r=£{l)}-7.

where 7 is the inflation target.

27 The mean square error between the 10-year nominal interest rate observed
and estimated is 0.40.
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LONG-RUN EXPECTATION OF SHORT-RUN NOMINAL INTEREST RATE
IMPLICIT FINANCIAL INSTRUMENTS
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Source: Own calculations with data of PiP and Valmer.

Figure 5 shows that the long-run expectation of the short-run nomi-
nal interest rate averaged 5.7% from 2009 to 2017, the time period that
corresponds to the second business cycle considered Carrillo et al. (2018).
During this period, the minimum value of the long-run expectation of the
short-run nominal interest rateis 5.4%, while the maximum value is 6.1%.
Inrealterms, 7 becomes 2.7% if we subtract Banco de México’s 3% infla-
tion target, while the variation interval translates to [2.4%, 3.1%]. These

results are again consistent with those from previous methods.

4.4 Summary of Quantitative Methods for 7" and Outlook

Table 4 summarizes the results of the methodologies we use to compute
plausible values for 7". The range for this rate, calculated from the aver-
age of the minimum and maximum levels obtained with each method, sug-
gests that 7" could belocated between 1.7% to 3.3% in real terms, and from
4.7% to 6.3% in nominal terms, with midpoints at 2.5% and 5.5%, re-
spectively. To compute the latter, we simply added Banco de México’s 3%
inflation target.

The Longer-"Term Convergence Level of the Neutral Rate of Interest in Mexico 185



SUMMARY OF QUANTITATIVE RESULTS FOR THE LONG RUN

Real Neutral "

. .
Nominal Neutral r, +r!

Methods Central point Range Central point Range
Augmented Taylor rule 2.49 1.60 - 3.37 5.49 4.60 - 6.37
Neoclassical growth model 2.30 1.16 - 3.19 5.30 4.16-6.19
Affine model 2.70 2.40-3.10 5.70 5.40 - 6.10
Average 2.50 1.72 - 3.22 5.50 4.72 - 6.22

Note: We compute the long-run nominal neutral rate by adding to the estimated long-run real
neutral rate the inflation target of Banco de México, which equals 3%.

HOLDINGS OF DOMESTIC ASSETS
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The year 2017 covers January to November due to limited availability.

Sources: INEGI and Banco de México.

2014

2015
2016
2017*
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GROWTH ACCOUNTING

Solow residual

-8 — miLabor
m Energy, raw materials, prod. services
mm Capital
—Value of production

Note: The data is presented at annual frequency.
Sources: INEGI.

4.5 Heuristic Analysis of Structural Factors in Mexico

The outlook of 7*depends on how structural factors are expected to change
and how theywill affect the supply ofloanable funds and investment demand
in the economy. We now review trends of some important structural factors.

Savings. Domestic savings have increased robustly as a percentage
of GDP since early 2000s in Mexico. Voluntary savings by residents, dis-
tributed among public and private instruments, amounted to 40% of GDP
in November 2017 as compared to 27% in 2000. In addition, federal pen-
sion and housing funds, a compulsory type of savings, composed 15%
of GDPin November 2017 relative to 5.7% in 2000. In addition, domestic
asset holdings of non-residents became significant only after 2008. Over-
all, the trends signal that the supply of loanable funds in the economy will
continue to grow, which will exert adownward pressure on 7 "in the future.

Population. Demographics have also played a role in the determination
of 7 in atleast two dimensions. First, changesin the distribution of the Mex-
ican population may have favored an environment conducive to strength-
ening the savings profile of the country. And second, slower growth of the
labor force might have negatively affected potential output growth. With
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respect to the former, the National Population Council (or CONAPO, by its
Spanish acronym) estimates that the proportion of the working-age popu-
lation in Mexico (those between 16 and 65 years old) increased from 59.3%
of the total populationin 2000 to 64.7% 1n 2018. This subgroup of the pop-
ulation has the optimal ability to save in comparison with other subgroups.
CONAPO expects the working-age population to peak by 2025 at 65.4%.
Regarding the labor force, CONAPO estimates thatits growth rate dimin-
ished from 1.7%1in 2000 to 1.4%1in 2016, and it predicts that it might reach
0.6% by the end of the 2020s. If capital and labor are complements, this pat-
tern for the labor force represents a poorer outlook for the marginal product
of capital and investment returns, which implies that investment demand
might also grow relatively slowly. Demographics have, thus, posed downside
risks to the long-run convergence level of 7*inrecentyears, and the outlook
going forward does not seem to be different.

Productivity and growth. INEGI’s Total Factor Productivity statistics
decompose GDP growth into the contributions proceeding from capital,
labor, energy, raw materials, and production services from 2000 to 2016,
thelatestyear of available data. The difference between total growth and the
sum of contributions of each factor is total factor productivity (TFP), or the
Solow residual. This taxonomy of growth shows that capital services are the
most stable contributors, while TFP is the most unstable. Since TFP does
notshow a clear pattern in the data, itis difficult to assess its possible impact
on 7". However, the latter mightrevertifthe structural reforms recently im-
plemented in Mexico boost productivity in the coming years. Part of these
reforms encourages competition in sectors such as telecommunications,
and energy production (oil and electricity), while a deeperlong-term reform
seeks to substantially upgrade the quality of elementary education in public
schools (this reform is currently under revision by the new administration).

Global cost of money. Figure 8 compares the long-runrealinterestrates
of the world (as computed by King and Low, 2014), the U.S., and Mexico,
whose available data begin in 2002. It is noteworthy that the global long-
run real interest rate has experienced a clear downward trend for at least
25 years, and Mexico does not seem to be insulated from such a path. Aca-
demics and policymakers have hotly debated the drivers behind this trend.?

Rachel and Smith (2015) argue that at least 400 basis points of the fall
in the global long-run real interest rate registered between 1985 and 2015
may be ascribed to secular factors affecting global desired savings and global

%8 Tor instance, as early as 2005 former Fed Chairman Ben Bernanke expressed
concerns about the growing global savings glut, i.e., a situation in which global
desired savings exceeds global investment demand.
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Figure 8
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investmentdemand. The structural factors pushing outwards global desired
savings are an increase in the proportion of the working-age population,
higher inequality, and, to a lesser extent, the glut of precautionary sav-
ings by emerging markets. In turn, structural factors that have negatively
affected global investment demand are a falling relative price of capital,
lower public investment, and an increase in the spread between the risk-
free rate and the rate of capital returns. In contrast, Rachel and Smith ar-
gue that economic growth seems not to have affected negatively the global
long-runrealinterest rate until 2008. After thatyear, the prospect oflower
global growth could have contributed to a fall of 100 basis points in the
global long-run interest rate.

The global factors just described seem to have affected the Mexican
long-run interest rate through international arbitrage. Figure 9 shows
that there is a robust increase in the purchases of long-term public debt
by foreign investors over the sample period studied. Non-residents hold-
ings of these instruments seem to have accelerated since 2010, growing
from 2.2% of GDP in 2009 to about 9% of GDP by 2014. These holdings
have stabilized around thatlevel for the last three years of the sample. Part
of this acceleration may be due to the inclusion of Mexican peso-denom-
inated debt in the Citigroup’s World Government Bond Index (WGBI)
in October 2010. Thisindexis used as abenchmark by institutional inves-
tors who aim to buy highly-rated long-term debt.

Insum, the datasuggest that capitalinflows have permanently increased
the supply of loanable funds in Mexico in recent years.

5. CONCLUDING REMARKS

In this paper, we argue that foreign and domestic structural factors, such
asincreasing domestic savings, demographic shifts, and a decreasing global
long-runrealinterest rate, appear to explain the apparent fallin the Mex-
ican neutral rate, from 3% in the period 2001-2008 to 2.5% after 2009.
Going forward, downside risks to the long-run convergence level of the
neutral rate in Mexico are given by an expected slowdown in the growth
rate of the labor force, alarger working-age of the population, and a secu-
lar reductionin the globallong-runrealinterest rate. Upside risks, in turn,
relate to a potential increase in productivity generated by recent structural

reforms in the country.
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Measuring the output gap, potential

output growth, and natural

interest rate from a semi-structural
dynamic model for Peru

Luis Eduardo Castillo
David Floridn Hoyle

Abstract

In this paper we use a calibrated version of the Quarterly Projection Model
(MPT, for its acronym in Spanish) to jointly estimate the output gap, potential
output growth ,and natural interest rate of the Peruvian economy during
most of the inflation targeting regime (between 2002 and 2017). The MPT is a
semi-structural dynamic model used by the Central Reserve Bank of Peru for
Jorecasting and policy scenario analysis. The model functions as a multiva-
riate filter with a sophisticated economic structure that allows us to infer the
dynamics of non-observable variables from the information provided by other
variables defined ex ante as observable. As the results from the Kalman filter
are sensible to these variables declared as observable, we use five groups of
variables to be defined as such to build probable ranges for our estimates.

The results indicate that the estimated output gap is large in amplitude
and highly persistent, while potential output growth is very smooth. Therefore,
most of the variation in economic activity during the inflation targeting re-
gime can be attributed to the former. As expected from a small open economy,
a historical decomposition exercise shows that output gap dynamics are main-
ly influenced by external factors (real and financial). The estimation of the
output gap also proves that monetary policy has been extensively responsive
to this leading indicator of inflation. Meanwhile, the real natural interest rate

Luis Eduardo Castillo, Central Reserve Bank of Peru. David Florian Hoyle, Central
Reserve Bank of Peru. We would like to thank Paul Castillo, Alessandro Galesi, Ivan
Kataryniuk and specially Martin Martinez for insightful comments. We also thank
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of the authors and do not necessarily represent the views of the Central Reserve Bank
of Peru (BCRP).
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is estimated to be considerable stable, averaging 1.6 % in the sample with only
a sharp decline to 1.3 % during the financial crisis.
The main finding of the paper, however, is that there has been a steady decel-
eration of potential output growth since 2012. A growth-accounting exercise
proves that this trend is mostly explained by a reduction in total factor pro-
ductivity (TFP) growth during the same time frame. Nonetheless, the drop
of capital and labor contributions jointly explain almost a third part of aver-
age potential output growth slowdown between 2010-2013 and 2014-2017.
JEL Clasification: C51, E32, E52
Keywords: Potential output, Output gap, Natural Interest Rate, Kalman
Filter, Peru.

1. INTRODUCTION

that can be sustained indefinitely without adding pressures
on inflation (Okun, 1962). Thus, periods in which inflation
is stable (inflation rate on its long-term value) are associated with
output on its potential level. Meanwhile, the short-term interest

P otential (or natural) outputis defined as the level of output

rate thatis consistent with both inflation rate onits long-term value
and output on its potential level (i.e. no transitory disturbances)
is called the natural interest rate.

Both potential output and the natural interest rate are non-ob-
servable variables, in the sense that their dynamics can only be in-
ferred from the behavior of other variables that can be measured
(e.g. prices, gross domestic output, interest rates, exchange rate).
Nonetheless, they are key components of monetary policy making.
Ontheonehand, the difference between GDP and potential output,
called the outputgap, is considered aleadingindicator of inflationary
pressures. Onthe other hand, the naturalinterest rate enables poli-
cymakerstoidentifywhether current monetaryconditionsare being
expansionary (real interest rate below its natural level) or contrac-
tionary (real interest rate above its natural level). It is worth noting
that the desirability of a specific monetary policy stance depends
oninflation expectations and the stage of the business cycle, which
is partly determined through the estimation of the output gap.

In this paper, we jointly estimate the output gap, potential out-
put growth, and the natural interest rate of the Peruvian economy
using quarterly data from the Inflation Targeting period (2002Q1
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-2017Q4). Todoso, we apply the Kalman filter on the state-space rep-
resentation ofa calibrated version of the Quarterly Projection Model
(MPT, foritsacronymin Spanish), asemi-structural macroeconom-
ic model used by the Central Reserve Bank of Peru for forecasting
and policy scenario analysis. The MPT follows the neo-keynesian
tradition for small open economies (Phillips curve, IS curve, Taylor
rule and UIP equation), but it also includes specific features of the
Peruvian economy (such as partial financial dollarization and slug-
gish exchangerate adjustment). The Kalman filter algorithm allows
us to obtain the optimal linear prediction of non-observable states
using the information from other variables declared as observable;
thus turning the MPT into a multivariate filter with an economic
structure thatreplicates the medium-term behavior of the economy.
By construction, the results of the Kalman filter are sensible
towhichvariablesare declared as observable in the estimation pro-
cess of the state variables, especially when using a calibrated model
asthe state equation. Toaccount for the uncertaintyrisen from this
feature, we use five different groups of observable variables. These
groups are a combination of: real GDP growth, inflation without
food and energy (core inflation), inflation expectations, impulse
of business confidence (a proxy of the expected output gap), terms
of trade growth, short-term interest rate (monetary policy rate),
3-Month LIBOR rate (proxy of the external interest rate), and the
real effective exchange rate gap. These variables capture the main
determinants of the output gap and the natural interest rate. With
the different estimates we construct probable ranges for the output
gap, potential output growth and natural interest rate.
Fromastatistical perspective, the state-space representation of the
solution of alinear rational expectation macroeconomic model (such
asthe MPT) canbetreated asamultivariate unobserved component
(UC) model. In fact, the solution of the model is a statistical state
vectorthatcanbewrittenasarestricted VARwhere onlysome of the
statesare observable bythe econometrician. Standard DSGE models
such as Smets and Wouters (2007) introduce a measurement equa-
tion that decomposes the GDP quarterly growth rate into the first
difference of the cyclical component and a stationary growth rate
forthetrend component. Inthis paper, we follow the same approach:
the rational expectation solution of the MPT model is augmented
withameasurement equation for GDP expressed in quarterlygrowth
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rates, with the assumption that the growth rate of the trend compo-
nent follows a stationary but persistent autoregressive process.
With the results from the Kalman filter, we make two additional
exercises tounderstand the recentbehavior of the output gap and po-
tential output growth. First, we performahistorical shock decompo-
sition on the output gap and relate it toanarrative that we construct
for its evolution considering well-know domestic and international
events. Then, weadoptagrowth-accounting method to decompose
potential output growth into three components: (i) contribution
of capital, (ii) contribution of labor, and (iii) total factor productiv-
ity (TFP) growth. This methodologyassumesthataggregate output
canberepresented bya Cobb-Douglas function, andisusefultoiden-
tify which forces are driving the trend of potential output growth.
Theresultsshowthatthere hasbeenasteadydeclinein potential
output growth since 2012. The growth-accounting exercise proves
that this trend follows mostly areduction in TFP growth. Neverthe-
less, the drop of capital and labor contributions also played a role,
since they jointly explain almost a third part of the average poten-
tial output growth deceleration between 2010-2013 and 2014-2017.
The TFP reduction may be explained by the persistent decline
of terms of trade growth (a sharp fall began in 2013 with the taper
tantrum), or by thelack of structural reforms throughout thelast de-
cade, but deepeningin its causesis beyond the scope of this paper.
Meanwhile, the natural interest rate has remained grossly stable
during the inflation targeting regime, showing only a slight reduc-
tion in recent years that probably reflects the dynamic of potential
output growth. Finally, the estimation of the output gap demon-
strates thatthe BCRP hasbeen extensivelyresponsive to thisleading
indicator of inflation, rapidly tightening or loosening its monetary
policystance depending on the position of the business cycle. More-
over, the historical shock decomposition of the output gap supports
the narrative ofa Peruvian economysignificantly affected byforeign
shocks,and oneinwhich domestic monetary conditions (influenced
by the Central Bank) have mostly moved counter-cyclically.
Theremainder of this paperisarranged as follows. Section 2 dis-
cusses a brief literature review on UC models. Section 3 presents
the estimation method, describing the MPT’s features, the Kalman
filterand smoother, and the data. Then, the main results of the Kal-
man filter, togetherwith abriefanalysis of output gap, potential out-
putgrowthandnaturalinterestrate dynamicsare giveninSection4.
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Section b presents the results from the historical shock decomposi-
tion performed on the outputgap.Section 6 specifiesthe assumptions
made for the growth-accounting exercise, and discusses its results.
Section 7 compares our estimates of the output gap and potential
output growth with other popular methods found in the empirical
literature. Finally, Section 8 gives our final remarks.

2. BRIEF LITERATURE REVIEW

Univariate UC models were first used by Watson (1986) and Clark
(1987) to decompose the log-level of GDP into a cycle and trend
component. The structure of traditional models of these types in-
cludesatrend component modeled asarandom walk with drift while
the cycle component is defined as a stationary autoregressive pro-
cess. A central assumption is the orthogonality restriction between
trend and cycle innovations, which according to Morleyetal. (2003)
isfundamentalto obtainasmooth trend and stationary cyclical com-
ponentsthat explain much of the quarterlyvariability of GDP in the
U.S economy. By contrast Beveridge and Nelson (1981) (BN), using
an unrestricted ARIMA model to decompose U.S GDP, find that
much ofthevariationin GDPis explained by fluctuationsin the trend
component and estimate a negative correlation between the unob-
served trend and cycle innovations.

In subsequent research, Clark (1989), Kuttner (1994), Roberts
(2001), and more recently Basistha and Nelson (2007), introduce
multivariate UC models that employ not only information on GDP
butalso information on additional observable variables such asun-
employmentrate, inflation and inflation expectations. These models
were born out ofan effort towardsintroducing an economics-based
approachintostatisticalmethods. Thus, multivariate UCmodelsre-
quire additional economic structure to link the different proposed
observable variables with GDP dynamics.

Forinstance, Clark (1989) includes GDP and the unemployment
rate in a bivariate UC model in order to decompose U.S. GDP into
its trend and cycle components, allowing a nonzero correlation be-
tweentrend and cycleinnovations. Theauthorincorporateseconomic
structure into the estimation procedure by modelling the relation-
ship between the cyclical component of GDP and the unemployment
ratewith an equation representing Okun’slaw. Meanwhile, Kuttner
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(1994) introduces an alternative bivariate UC structure by adding
inflation as an additional observable variable and assuming that in-
flation and the cyclical component of GDP are linked through astan-
dard Phillips curve relationship. Along thisline, Roberts (2001) uses
labor hours, inflation and GDP as observable variables in a multivar-
iate UC model with no restriction on the correlation between trend
and cycleinnovations. Both, Clark (1989) and Roberts (2001) find that
the correlation between trend and cycle innovationsis not statistically
significant for U.S. data. More recently, Basistha and Nelson (2007)
augmentthe standard UCstructure for decomposing GDP with a for-
ward looking Phillips curve using as observable variables U.S. GDP,
theinflationrate and inflation expectations. The authorsfind anega-
tive significant correlation between GDP trend and cycle innovations
together witha cycle thatislarge inamplitude and highly persistent.

Recently, multivariate UC models (or multivariate filters) take into
account the complete structure of a macroeconomic model and not
simplyadditional equations that partiallydescribe the macroeconom-
ic dynamics at play. This is done in order to use a much richer data
set when decomposing output into its cycle and trend component.
The macroeconomic structure used in this new generation of mul-
tivariate UC models can be classified into semi-structural dynamic
macroeconomic models and DSGE models.

Thejoint estimation of aset of non-observable variables thatis con-
sistentwith the structure ofadynamic macroeconomic model togeth-
er with a group of observable variables follows the current applied
macroeconomic literature and is commonly used by Central Banks.
Laubach and Williams (2003) first estimated the US output gap, trend
output and natural interest rate using a backward-looking macro-
economic model consisting of two main equations: a demand or IS
equation and a Phillips curve. Since then, the method has been ex-
tended bysophisticating the structure of the modelsand the numeri-
cal techniques. Recent exercises include Pichette et al. (2015) from
the Bank of Canada, Blagrave etal. (2015) from the IMF, and Holston
etal. (2017).

The preference for this multivariate filter resides in the fact that
common alternatives, i.e. univariate filters such as Hodrick-Prescott
or Baxter-King, only incorporate information from the GDP and do
not employthe economicstructure. Besides, the scarce computation-
al requirements and the Kalman filter’s recursive properties make
itappealing over other filters. Furthermore, in comparison to DSGE
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models, semi-structural models impose fewer restrictions on the data
than these structural models, thus improving the robustness of the re-
sults in case of specification errors.

3. THE MPT MODEL AS A MULTIVARIATE FILTER

3.1 Main structure of model

The MPTisasemi-structuraldynamic modelwithrational expectations
based ontheneo-keynesiantradition forsmall open economies,and which
also incorporates specific features to resemble the Peruvian economy.
In this regard, the MPT structure is divided in six blocks constructed
from: (i) a Phillips curve (relation between core inflation, imported infla-
tion, and output gap); (ii) an aggregate demand curve (relation between
the outputgapandits determinants); (iii) a UIP equation (determination
ofthenominaldepreciationratefromamodified version of the uncovered
interest rate parity condition); (iv) a Taylor rule equation (explicit role
for monetary policy); (v) an interest rate structure for US dollar interest
rates denominated in soles (partial financial dollarization in the bank-
ing system is modeled by making explicit the role of long-term US dollar
interest rates denominated in soles on domestic monetary conditions);
and (vi) ablock of equations for the external economy.

For exposition clarity, we show the main equations of the MPT model
as well as its basic calibration (see Winkelried (2013) for more details).
The Central Bank of Peru set the inflation target in terms of CPI infla-
tion (i.e. headline inflation m,) which is composed by core and non-core
inflation. The Phillips curve equation is related to the core component
of CPlinflation (measured withinflation withoutfood and energy) and is
given by:!

B 7 =0, 000+ (1=5,) b + (=TT J+0,[ 5, +(1=c,)j,, |+,

! In all the following equations, for variables that represent a percentage

variation (e.g. inflation) a capital letter such as [| designate y-o-y rates,
while small letters such as m are used for quarterly annualized rates. They
are related in the following way: 4[] =m -1+ Mo+ m-3.
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wie

where current core inflation 7,
tion denominated in soles IT", an inertial component of inflation

is a function of imported infla-
7" ,ameasure ofannual headline inflation expectations TT¢ and the
outputgap j,. The MPT structure assumes that current core inflation
depends on expectations about future headline inflation as a way to
incorporate contamination of inflation expectations from the non-
core component of inflation (i.e. supply shocks). Meanwhile, infla-
tion expectationsare formed asaweighted average between rational
expectations of coreinflation and adaptive expectations of headline
inflation, as shown in the following equation:

H I =p I +(1-p ) [(1-c,)B, (%) +c, 0, ]+,

In a basic setup, imported inflation denominated in soles would
be a function of both an inertial component 7,", and ayear-forward
rational expectation term [, (IT},) . However, due to the presence
ofincomplete pass-through of international prices to domestic prices,
importedinflation should mainlyrespond to deviations from the law
of one price. This is seen in the following equation, where the latter
term in parenthesis measures the lagged difference between exter-
nalinflation and imported inflation (both denominated in soles):

B ﬂtm = [Cmmﬂt”il + (1 - Cmm )Er (H;n#l :| + Cmq (n-t"il + }“tfl - ﬂt"il ) + gt

Inthe equationabove, 1™ isexternalinflation denominated in dol-
larsand A is the nominal depreciation rate (soles to US dollars ex-
change rate). A weaker exchange rate increases the marginal costs
ofimportersbycreatingadifferential between the price theseimport-
ersface in international markets and the price they charge domesti-
cally. Thatway, anincrementin the exchange raterises core inflation
through itsinflationary effects on domestic imported inflation.

The dynamics of the output gap and its determinants are summa-
rized in the following forward looking IS-type equation:

— ¢ *
A y=ayora, (o +x)a, ., tag —al tag at, tay, e,
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Current output gap is a function of lagged output gap 3, ,, which
captures persistent dynamics of consumption and investment, and of
the expected future output gap y, =y, +x;, which is the sum of
an adaptive term and a component that captures agents’ optimism
or pessimism about future economic conditions (business confi-
dence). Asin the case of inflation expectations, expectations about
future output gap are a convex combination of rational and adap-
tive expectations:

B X =pxy (1= p ) (B, ()= V) + &,

Noticethat x ismodeled inawaysuchthatif p , =0, i.e.allagents
in the economy are fully rational, then y; =E, (y,.,).

Regarding the conventional monetary policy transmission chan-
nel, current output gap depends negatively on an lagged indicator
ofthelongtermrealinterestrategap ¥, . Thisindicator summarizes
the domesticstructure of realinterestratesthatdeterminesaggregate
expenditure decisions. Since the Peruvian economy is (partially) fi-
nanciallydollarized, therealinterestrate gap thatisrelevantforthe
outputgapisassumed tobeaweighted average between acomponent
that depends on the long-term interest rate denominated in domes-
and anotherthatdependsonthelong-terminterest
¢ as follows:

mn

ticcurrency r,
rate denominated in US dollars 7"

—_ mn mn mn me
6 | v, ="+ (1= ),

Notice that all the components of ¥, are expressed as devia-
tions from their equilibrium levels. For example, the interest
rate gap derived from the interest rate structure in domestic
currency is 1" =R™ —R/", where R™ is the long-term real in-
terest rate of the financial system, and R, depends on an unob-
served natural interest rate (¢*) that we are trying to estimate
R"™=(-p,. )@ —i +R™)+p,.R" +¢ . R" is derived by tak-
ing out inflation expectations from the weighted average between
the money market interest rate I/ and the interest rate of the
banking system I, as follows:
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mn __ mn h,'”lll mn c,mn e
Rt =6 It +(1_Cb )It _Ht

The interest rate of the banking system is a function of an iner-
tial component 7", and an expression that approximates the cost
offundsforbanks. Thelatter depends onan autonomous term ,Lt;;m
which measures the average margin charged by banks, the money
market interest rate, and the gap of the reserve requirements rate
T should be understood as the reserve require-
mentrate thatwould bein place in “normal” times, and the inclusion
ofthisgap expressioninthebankingsystem’sinterestrate structure

seeks to account for the increase in funding costs due to macropru-

n

e —e™ . Theterm "

dential considerations. The equation for I, is shown below.

n Itb,mn — p;rmlb,mn +(1_p;rm)[‘u;;]m +an1tr:,mn +C;n,n (emn _emn )]+811,mn,

t-1 t t

Meanwhile, the interest rate of the money market, which repre-
sents the cost of funds faced outside the banking system (e.g. by is-
suing bonds), is modeled as ayield curve that rests on the liquidity
premium theory (an offshoot of the market expectation hypothe-
sis) as follows:

c,mn 1 mn mn mn mn mn
n It’ :Z[Zt +Ez(l )+Et(l )+Ez(lt+?,)]+:uz +é,

t+1 t+2

~mn

In the equation above, 4}

is the inter-bank interest rate, which
measures the cost of short-term loans between banks 4} =¢, +¢,
while 1" is the liquidity premium. That way, the expressionisasort
ofno-arbitrage condition, since the 1-yearinterest rate equalsthe ex-
pected return from the respective 1-year forward short-term rates
plus aliquidity premium (i.e. the longer-term interest rate matches
its opportunity cost).
US-dollar interest rates denominated in soles are modeled ex-
actlywith the same structure as described in equations 7 through 9.
Real external conditions affect the dynamics of the output gap via:
(i) the expenditure-switching effect of the real exchangerategapg, ;

(ii) the effect of global demand over domestic exports, summarized
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by the output gap of Peru’smain trading partners j;;and (iii) the terms
of trade impulse 7,, which reflects the effect of international com-
modity prices over economic activity. Notice that j; and 7, are as-
sumed to follow exogenous processes since the model represents
asmall open economy. The expenditure-switching effect generated
bychangesin ¢,captures movementsin the tradable sector output that
occurwhenthereal multilateral exchange rate differs fromitslong-
run equilibrium level. Therefore, when ¢, is positive, the multilat-
eralreal exchangerateisaboveitsequilibriumleveland the relative
price of domestic goods in terms of foreign goods falls, inducing
anincrease in exports.

Finally, fiscal policy variables, such as government expenditures
g and taxes ¢, enter the output gap equation in the form of impulses
and are considered to be exogenous.

Regarding the nominal exchangerate, the MPT takesastandard
version of the uncovered interest rate parity (UIP) equation adjust-
ed by arisk premium for investing in the domestic asset, and incor-
poratessluggish adjustments of the nominal depreciationrate. This
last feature simulates the effects of FX intervention over the dynam-
ics of the exchange rate.? We proceed to briefly explain how this ver-
sion of the UIP is derived.

The conventional UIP equation (adjusted by a risk premium §&))
is given by:

itmn = Z.tme + gt + 4(S:+I - St)

Where s, denotes the logarithm of the nominal exchange rate,
isthe expected nominal exchangerate, ™ istheshortrunnom-
inal return of the domestic assets and " corresponds to the dollar

ste+1
denominated assetreturn. Asitiswellknown, the UIP equationisan
arbitrage equation that equalizes the nominal rate of return of do-
mestic and foreign currency denominated assets. We are implicitly
assumingthatdomesticand foreign assetsare imperfect substitutes

? The BCRP intervenes in the FX market to reduce FX volatility in a

context of persistent partial financial dollarization. Although we do
not model FX intervention explicitly, the sluggish adjustment of the
the nominal depreciation rate allows us to incorporate its effects.
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inthe sense that the return onthe dollaris adjusted byan exchange
rate and country risk premium.

To incorporate sluggish adjustments of the depreciation rate,
the MPT assumes that expected exchange rate is a weighted aver-
age of rational and ‘naive’ expectations (agents of this type expect
future exchangerate tobe equalto the observed exchange rate plus
arandom walk term e ). Adaptive expectations should be more rel-
evant if the effects of FX intervention are stronger. The expected
exchange rate is thus modeled as:

‘ P . 1
S :[1 +;A )Et(‘gul)—i_[mJ(‘ng +6t)

The above equations can be combined and written in quarterly
annualized variations. By defining /A, asthe exchangeratevariation,
we getthat 2, =5, ,
depreciation rate in the MPT is given by:

—s,, and so the final expression for the nominal

m ﬂ,t = plEt (},t+l)+(]+ pl)(ir"m +§t _Z}Wl +€t)

Finally, the Taylor rule shows that the Central Bank responds
to future deviations of the core inflation (four quarters ahead)
from the target rate (l:I, = E[H;”f; J -T=11 —2), and to the current
and lagged output gap ¢, =0,5. It also has an inertial component
as shown below:

11 i = fi + A= LG+ LI+ f(egy + A=)y +e,

The natural interest rate that we intend to estimate i appears
in the Taylor rule as a drifting intercept, and can be rationalized
asthetrendinterestrate thatservesasaguideline for monetary pol-
icy. Thistrend interest rate exists when the output gap and the core
inflationrateare placed on their equilibriumvalues. Thus, 7" iscon-
sistentin the model with an economywith no transitorydisturbances
(similar to the definition of the natural interest rate).
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The naturalinterest rate follows an autoregressive process, where
the unconditional mean i iscalibrated on4.5%.°

m iz" Z(l—pi,,)l' +pinizn—1 +é&,

The above description means that the MPT has no explicit role
for potential output. Infact, it onlydeterminesthe dynamic of the out-
put gap (which by definitionisthe difference betweenreal GDP and
the potential output) among other modeled variables such as infla-
tion, exchange rate, and interest rate. Therefore, we need to add
a measurement equation that links the output gap with potential out-
put growth. By definition, given the potential output ¥, and real
GDP Y, , the output gap j,is defined as:

. Y=Y Y, .
Y == =Y’*—lzlnYt—lnYt

t t

Subtracting the output gap from the previous period, we get:
5~ 3. =(InY,~In¥, )~ (In¥, ~In¥,,) ~ A%Y, - A%Y,

The measurement equation that weadd onthe MPTisthen given
by the equation below. This equation states that real GDP growth
(observed variable) equals potential output growth plus the varia-
tionin the output gap.

13 A%Y, = A%Y, +(5, = ,_,)

However, as we are introducing two new variables to the model,
we need toincorporate an additional equation, defined below. This

¥ Thisway of modelling the equilibrium interest rate is also followed by the

IMF in their Global Projection Model (see for example Carabenciov
et al. (2013)).

Output Gap, Potential Output Growth and Natural Interest Rate 207



equation states that potential output growth follows an autoregres-
sive process.

m A%Y;* =Py A%Ytil + éty*

By thesame token, notice that equations 11 and 12 canalsobein-
terpreted asameasurement equation for the nominal interest rate.
Underthisassumption, the Taylor rule (equation 11) maybe viewed
as decomposing the observed interest rate i, into a systematic com-
ponent (cycle component for the nominal interest rate) and a non-
observed componentrelated to the trend interest rate.

Table 1 summarizes the calibration used for our estimation pur-
poses. The valuesassigned for the calibrated parameters areinline
with the estimation results shown in Winkelried (2013), and are
in fact the result of extensive judgment by the technical staff to im-
prove the forecasting and explanatory power of the model. Using
aset of calibrate parameters (instead of estimating them all) allows
us to restrict uncertainty to the estimation of latent variables.
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CALIBRATION OF MPT’S MAIN PARAMETERS

Phillips Curve Agreggate Demand Interest rates
b, 0.09 a, 0.62 My 10.86
by 0.35 a, 0.19 M 0.57
b, 0.19 a, 0.16 o 0.72
¢ 0 @ 0.01 " 0.30
Taylor Rule a, 0.12 o 0.50
Ji 0.70 a, 0.04 pu 0
S 1.50 ay 0.15 " 0.60
J 0.50 a, 0.04 e 4.03
h 0.50 Expectations M 0.99
UIP Equation 0.70 e 0.75
P Py
P, 0.40 , 0.15 o 0.1
Natural Interest Rate p 0.50 e 0.50
X C,
p. 0.50 Imported inflation e 0
i pR
Potential Output c,, 0.46 e 0.40
Growth G
P, 0.99 Coy 0.44
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3.2 State-space representation of the model and the Kalman filter

In mathematical terms, the MPT is asystem of 55 linear stochastic dif-
ference equations with weighted averages of rational and adaptive
expectations, where the unknowns are sums over infinite sequences
of exogenousshocksacross time forall the endogenousvariables. This
type of models require anumerical solution whose solving algorithms
are usuallymodified versions of Blanchard and Kahn (1980). These al-
gorithms classify variables into state and control variables. State vari-
ables define the system’s stance in each period of time (as previously
mentioned), and are further categorized into endogenous and exog-
enous states (random shocks that affect the dynamic of endogenous
variables). The model’s numerical solution is represented with policy
functions, leaving all control and endogenous state variables as a lin-
ear function of state variables. It is worth mentioning that the ratio-
nal expectationsassumption means that the model’s economic agents
know these policyfunctions, and that they compute their expectations
using them.
In compact form, the MPT can be written as:

E[X,, | F]]=AX, +BE,

where X, is the vector of endogenous variables, &, isarandom vec-
tor of structural innovations or exogenous forcing variables assumed
tobe ¢, ~ iid(O,Z), while matrices A and B store all the parameters
ofthe model. Therational expectation operator applied to the stochas-
tic process X, is given by the term E[X,,, | #,] and itis defined as the
conditional expectation of X, withrespecttotheinformationset F .
The vector of endogenous variables can be partitioned as X, =[S,C,] ,
where §, isthevector of endogenousstate variablesand C, isthevector
of control variables. The state vector is composed by the endogenous
states, S,, aswellasbythe exogenousstates &,. Therational expectation
solution of the model is given by the following linear policy function:

Xt = Sl71+ Q 5[
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where matrices ¥ and Q are composed by non-linear combina-
tions of the parameters in the model.

As we have already mentioned, the state-space representation
ofthe models’ solutionis composed byastate equationand ameasure-
ment equation. The state equationisformed by rewriting the above
rational expectation solution of the model as arestricted VAR. Tak-
inginto account the definition of X,, the solution of the model can be
partitioned into a policy function for the endogenous state vector
and a policy function for the control variables as follows:

St=WsSi-1+ Qs
Ct=WcSi-1+ Q&

where Y W, Q and Q, are the corresponding partitions of ma-
trices ¥ and Q. Therefore, the state equation of the model is given
by the following restricted VAR:

Sf \P\' 0 St—l Qs
=l w + g
Ct \Pc 0 thl Q(
Finally, the measurement equation uses arectangular selection
matrix H applied on the vector X, to define the set of observable
variables Y, that are used to estimate the non-observable variables

with the Kalman filter. The state-space representation of the ratio-
nal expectation solution of the MPT modelis of the following form:

Y0 Q
Xt: \P 0 Xt71+ Q[ gt

Thus, with the historical data of observable variables Y;, the Kal-
man filterand the smoother can beapplied on the state-space repre-
sentation of MPT s solution to estimate the state variables.
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3.3 The observable variables

Fromthe explanation ofthe Kalman filter, itis straightforward to con-
clude that the estimation results are sensible to the group of vari-
ablesthatare declared asobservable (the onesthatare defined in the
measurement equation). Therefore, the selection of variables must
be done aiming to capture the main drivers of the non-observable
variables to be estimated. Itis also worth noting that ifa time series
used as input for the Kalman filter is updated (e.g. a historical revi-
sion or new data for subsequent periods), the results will also vary.

To account for the uncertaintyrisen by the selection of observable
variables, we employ five groups of variables to be declared as such.
Thisway, we getaset of estimation results which we canuse to define
probable ranges for the non-observable variables.! The five groups
of'variables (all of which are plotted in Figure 1) are:

t) Group 1: Real GDP growth, inflation without food and energy,
inflation expectations (1-year forward), impulse of business
confidence (proxyof the expected outputgap), terms of trade
growth and real effective exchange rate gap.’

it) Group 2: Real GDP growth, inflationwithoutfood and energy,
inflation expectations (1-year forward), impulse of business
confidence, terms of trade growth, real effective exchange
rate gap, short-term interest rate (BCRP’s monetary policy
rate) and 3-Month LIBOR rate (proxyof externalinterestrate).

i17) Group 3: Real GDP growth, inflation withoutfood and energy,
inflation expectations (1-year forward), impulse of business
confidence, termsoftrade growth, real effective exchangerate
gapandshortterminterestrate (BCRP’smonetary policyrate).

* Theprobablerangesarethedifferencebetween the maximumand mini-

mum value of the five estimates at each period of time.

® The real effective exchange rate (REER) gap is actually also a non-

observable variable. However, it is one of the most important deter-
minants of output gap dynamics. Thus, we use a satellite model based
on cointegration relations (Behavioral Equilibrium Exchange Rate
or BEER model) to estimate it and declare the REER gap as an ob-
servable variable. For more references on the BEER methodology,
see MacDonald and Clark (1998).
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OBSERVABLE VARIABLES
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OBSERVABLE VARIABLES
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iv) Group 4: Real GDP growth, inflation withoutfood and energy,
inflation expectations (1-year forward), impulse of business
confidence, termsoftrade growth and short-terminterest rate
(BCRP’s monetary policyrate).

v) Group 5:Real GDP growth, inflation without food and energy,
inflation expectations (1-year forward), terms of trade growth,
and shortterm interest rate (BCRP’s monetary policy rate).

Allthe quarterly datais published on the BCRP’s website. We ex-
clusively analyze the inflation targeting period (2002Q1-2017Q4)
to avoid estimation problems from regime changes, and we accord-
ingly calibrate the MPT for these dates. However, all the variables
are forecasted until 2019Q4 with the information available until
August 2018, to improve the accuracy of the filtering process (esti-
mation of non-observable variables) at the end of sample.®

4. MAIN RESULTS

Figure 2 displaysthe probable range aswell as the central estimation
for the output gap.” It shows that the period right before the Finan-
cial Crisis (September 2008) was characterized byits marked expan-
sion (the output gap rose from -1.5% to 4.1% on average between
the third quarter of2004 to the second quarter of 2008). In fact, asit
is documented by Quispe et al (2009), the economy grew consider-
ably (between 8.0% and 10.0%) on the quartersright before the Cri-
sis, and inflation was high (above 3.5%) mainly due to aggregate
demand expansion. This behaviour was explained by a sustained
increase in terms of trade that boosted business confidence and a
massive inflow of short-term foreign capital which loosened credit
conditions. On ayearly basis, Peruvian terms of trade experienced
increasing average growth rates between 2003 until 2007.
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The expansion ended when the financial crisis brought econom-
ic recession for Peru’s main trading partners, a reversion of terms
of trade growth and a capital flight. As consequence, the output
gap fell from an average peak of 4.1% in the second quarter of 2008
to its lowest point of -2.8% in the third quarter of 2009, remaining
negative for about five consecutive quarters until the first semester
of 2010. Then, the output gap bounced and remained positive be-
tween zero and one percent with no visible trend until 2013 (the av-
erage of our central estimation between 2010 and 201315 0.5%). This
behaviour was sustained by loose monetary conditions (the BCRP

eased its policy stance, while developed economies did the same
with traditional monetary policy instruments and the QFE). During
2013, the output gap brieflyrose butthen, adownward trend started
asinternational financial conditions tightened following the taper
tantrum (which started on May 2013 with the Fed’s tapering an-
nouncement), and as the price of commodities dropped (this last
event partially caused by the taper tantrum, but also due to the de-
celeration of China).

Itisworth mentioning that the contraction of the output gap ob-

served on the 2015-2017 period is also consequence of political
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turmoil (2015 and late-2017 were periods of political uncertainty
that negatively affected business confidence), fiscal adjustments
(therewasacontraction offiscal spending on thelast quarter of 2016
as part of a strategy to reduce fiscal deficit), and the natural disas-
ters caused by El Nifio phenomenon between February and March
2017. All this intuitive narrative finds its support in the model with
the historical shock decomposition of Section 5.

Figure 3 shows how responsive the monetary authority has been
to the position of the business cycle measured as the output gap.
The BCRP has adjusted its monetary policy stance rapidly both up-
ward or downward dependingifthe economywas heating or cooling,
respectively. Asthe output gapisaleadingindicator of inflationary
pressures, the responsiveness of the BCRP goes in line with the be-
havior expected from a Central Bank following an inflation target-
ing regime.

The estimation of potential output growth (annualized quarterly
growth rate) is presented in Figure 4. Potential output growth ac-
celerated in the period right before the Financial Crisis. It jumped
from around 4.0% in 2002 to almost 8.0% by the end of 2007. After
that, potential output growth experienced agradual and persistent
decline. Between 2008 and 2010, average potential output growth
ratewas 6.6%, while between 2011 and 2013 itwas5.6%. In the latest
period (2014-2017), the economy experienced an average potential
outputgrowthrate of 3.4%. This maybe the result of lessinvestment,
labor participation or lower productivity. To better understand
the phenomenon, Section 5 presents a growth-accounting exercise
that decomposes potential output growth into these determinants.

Finally, Figures 5 and 6 show the probable ranges for the nomi-
nal and real natural interest rate, respectively. Each range is pre-
sented with its corresponding observed policy rate (in nominal
and real terms, respectively). The real natural rate is constructed
bysubtracting the steady-state value of inflation expectations from
the estimated nominal natural interest rate. The MPT calibration
for the steady-state or long-run equilibrium inflation rate and infla-
tion expectations is 2.0%, which is consistent with the center of the
BCRP’sinflation target range. The most salient feature is that both
nominal and real natural interest rates have been considerable sta-
ble along the inflation targeting regime. The average nominal nat-
ural rate in the sample is 3.6%, and, consequently, the average real
natural rate is 1.6%.
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ESTIMATED POTENTIAL OUTPUT GROWTH
(ANNUALIZED QUARTELY RATE) %
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The stability of the natural rate is consistent with the fact that
neither the observed nominal nor real monetary policy rates have
presented any clear trend since inflation targetingwasadopted. Be-
fore the financial crisis, the real natural rate rose from an average
of 1.5% in 2005 to 2.1% at the end of 2008, consistent with the esti-
mated higher potential output growth during the same years. Dur-
ing 2008, the natural rate fell swiftly to its lowest historical level
0f1.3%,and thenreverted to an average of 1.6%, remaining grossly
stable since.

The difference between the real natural and observed monetary
policy rate serves as an indicator of the monetary policy stance.
Our results suggest that during the inflation targeting regime,
the BCRP has mostly sustained expansive monetary conditions.
Onlyontheyears precedingthe Financial Crisis (2006-2008) did the
BCRP hold a contractionarystance withareal monetary policyrate
above the estimated real natural rate range, clearly responding
to the high inflationary pressures rising from the heated economy.
The monetary authority then adjusted its policy stance downward
torespondtothe effects of the Financial Crisis. During the 2010-2013
period, the Central Bank tried toreverse its stance, gradually tight-
ening monetary conditions. Nevertheless, before monetary policy
could be normalized, 2013 brought the beginning of the taper tan-
trum and the sharp decline in commodity prices, thereby inciting
the BCRP toloosenits positionagain. The economic slowdown seen
during 2016 and 2017 hasaccordinglybeenresponded with a period
of monetary policy easing after an attempt to normalize the stance.

However, one mayargue that the equilibrium expected inflation
rate does not necessarily coincide with our normative assumption
of the equilibrium inflation rate. This argument becomes particu-
larlyrelevant when evaluating historic monetary policystance:ifin-
flation expectationswere not perfectlyanchored to the center of the
inflation target range, subtracting 2.0% would possibly not yield
thereal conditionsatthe time. Inthisregard, we constructanother
realnaturalinterestrate series by subtracting the average value of in-
flation expectations between 2002 and 2017 (2.7%), mainly for robust-
ness purposes. The result is shown in Figure 7. It is straightforward
tonotice thatthenarrative surrounding the monetary policystance
changes in this graph. Most significantly, monetary policy would
not have been mostly expansive during the inflation targeting re-
gime. For instance, the 2012Q1-2014Q2 period would turn out to
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REAL NATURAL AND MONETARY POLICY RATE (%)
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be a contractionary episode, showing the effectiveness of the Cen-
tral Bank in responding to the spike in the output gap. Moreover,
the 2016Q2-2017Q1 would have also been a period of tightening,
thereby given stronger motives for the subsequent cuts in the mon-
etary policyrate as demand expansion was still timid.

Finally, it is worth mentioning that output gap dynamics in the
MPT modeldepend onaricherinterestrate structure, notsolely giv-
enbytheshort-term domestic policyinterestrate. Onthe one hand,
this short-term real interest rate affects the output gap indirectly
asitfirstinfluenceslonger-termrealrates. Onthe otherhand, asthe
economysuffersfrom persistent partial financial dollarization (bank
loans and deposits), variations in the external interest rate and in
depreciation expectations also affect the longer-term real rates de-
nominated in dollars. Thus, evenifthe short-termrealinterestrate
has remained below its natural position, aggregate monetary con-
ditions could have been contractionary in specific intervals due to
external factors or domestic forces thatstirlong-termrates. Section
5 sheds evidence on how domestic monetary conditions affected
the dynamic of the output gap.
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REAL NATURAL AND MONETARY POLICY RATES (ALTERNATIVE METHOD)
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5. HISTORICAL SHOCK DECOMPOSITION:
EXPLAINING OUTPUT GAP DYNAMICS

The main advantage of estimating non-observable variables using
a macroeconomic model as a multivariate filter is that we can per-
form a historical shock decomposition on them. This means that
we can decompose their historical deviations from their respective
steadystate valuesinto the contributions coming fromallthe shocks
defined in the model. This becomes particularly relevant for the
outputgap, asitismodeled withvarious determinantsinanIS-type
equation (see Section 3.1). Figure 8 presents the output gap’s histori-
calshockdecomposition, having grouped all the MPT’s shocksinto
eightgroups: terms of trade, external output gap, real exchangerate,
growth expectations, fiscal policy, monetary conditions in domes-
tic currency (S/), monetary conditions in foreign currency (US$),
and other shocks.

As it is shown, much of the output gap’s narrative described
inSection 4issupported by the shock decomposition. Inthe model,
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the expansion of the output gap right before the Financial Crisis (last
quarter of 2008) is explained by propitious external conditions (pos-
itive contributions of terms of trade and external output gap since
2005Q2, while monetary conditions in US$ contributed signifi-
cantly to its expansion since 2008Q3). Immediately after the crisis,
the outputgap wasfavoured byloose monetary conditions (domestic
and foreign) which offset the negative effects of the external output
gap and growth expectations. However, eventually the downward
trend beganin 2014 as the contribution of terms of trade and mone-
tary conditionsinforeign currency turned adverse. Finally, the shock
decomposition reveals that monetary conditions in domestic cur-
rency where actually contributing negatively to output gap since
mid-2016 (a process of tightening had began that year), and thus
supports BCRP’s decision of loosening the monetary policy stance
in 2017. For further clarity in the analysis, we present detailed plots
of selected group of shocks’ contributions in Appendix 9.2.

HISTORICAL SHOCK DECOMPOSITION OF THE OUTPUT GAP
Central estimation (%)
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6. GROWTH-ACCOUNTING: EXPLAINING
THE RECENT SLOWDOWN IN
POTENTIAL OUTPUT GROWTH

To better understand the recent trend of annual potential output
growth, we decompose it through the growth-accounting method.
This method rests on the assumption that potential output can be
modeled with a Cobb-Douglas function such as:

15 Y =AKL™

Intheabove equation, Y," isthe potential ouput, K; is the physical
aggregate capital, L, istheaggregatelabor, and A, is total factor pro-
ductivity (TFP). TFP measures how much potential output will rise
in addition to the effect of a one-unit increment in labor or capital,
and is thus a proxy of economic efficiency. Meanwhile, the parame-
ter ais both ameasure of the elasticity of potential output to capital
and of the share of total income that goes to this input (1-a denotes
exactly the same for labor).

Equation 15 can be re-written on logarithm terms with annual
variations as follows:

16| Y =y =(a, —a ) Falk k) +(1-a)( 1)

This way, potential output growth y, —y, , is decomposed into
TFP growth a, —a, , and the weighted average of factors of produc-
tion growth. We setthe parameter a on 0.485, which corresponds ap-
proximately to the middle value of the range of estimations for the
Peruvian economy (see Céspedesand Rondan (2016) forasummary
of these estimates).

Interms of data, we use the annual series of Economically Active
Population published by the National Institute of Statistics and Infor-
mation (INEI, foritsacronym in Spanish) as a proxy of labor. Since
weare modelling potential output, we computeits trend component
using the Hodrick-Prescott filter and employ it for our estimates.
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Meanwhile, asitisstandard in the growth accounting literature,
the capital stock is built using the perpetual inventory method.
The law of motion for the capital stock is given by:

K, =(1-86)K, +]1,

where, I;is the gross fixed capital formation (GFCF) and the pa-
rameter § denotes the depreciation rate of capital. Annual GFCF
series is published by the BCRP. Meanwhile, the depreciation rate
isseton5.0%, whichisastandard in macroeconomicliterature. This
method alsorequires anassumption for the initial capital stock (Kp).
Asitiscommoninother exercises for the Peruvian economy, we take
the initial capital stock to be 42.2 billion soles of 1994 in 1950 (see
Céspedesand Ronddn (2016)).

GROWTH-ACCOUNTING (CENTRAL ESTIMATION) (%)

Capital
Year  Potential output  Labor participation participation TFP
2002 4.3 1.5 0.8 1.9
2003 4.7 1.5 0.8 2.4
2004 5.3 1.5 0.9 3.0
2005 6.2 1.4 1.0 3.8
2006 6.8 1.3 1.3 4.1
2007 7.5 1.3 2.0 4.3
2008 7.1 1.2 2.7 3.2
2009 6.5 1.1 3.6 1.7
2010 6.2 1.0 3.1 2.1
2011 6.0 0.9 4.0 1.1
2012 5.7 0.8 3.9 1.0
2013 5.0 0.8 4.3 -0.1
2014 3.5 0.7 4.3 -1.4
2015 3.7 0.7 3.6 -0.5
2016 3.4 0.7 2.9 -0.2
2017 3.3 0.7 2.4 0.3
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The results of this exercise are shown in Table 2 above. It is then
clearthat most ofthe recentdeclinein potential output growthis ex-
plained bya contraction of TFP growth. In fact, between 2010-2013
and 2014-2017, the reduction in capital and labor contributions only
accounted for one third of the decrease in average potential output
growth rate. Figure 9 shows that the TFP slowdown began in 2010,
twoyears priortothestart of the declining of potential output growth.
However, TFP reduction did turned sharperin 2012.

TFP GROWTH AND TERMS OF TRADE GROWTH (%)
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The contraction ofaggregate productivityisrelated tostructural
factors. Forexample, thelack of structuralreformsregardinginsti-
tutions, human capital, infrastructure, business regulation, financial
depth, and technological innovation may have contributed to the
declinein productivity (see Loayzaetal. (2005) and Levine (2005)).

However, TFPisalsoaffected by external conditions. Forinstance,
Castilloand Rojas (2014) find that terms of trade shocks bring impor-
tant productivity gains in the short and long-run for Mexico, Peru
and Chile. This could berelated tothe factthatan expansionin terms
of trade increases the intensity and incites improvements in the
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use of factors of productions. Figure 9 above shows that there is in
factacloserelation between TFP and terms of trade growth during
theinflationtargetingregime. The transitorysharp declinein terms
oftrade during the Financial Crisis did not affect TFP growth in the
expected magnitude, probably due to the ephemeral nature of the
shock. However, since 2010, as terms of trade decelerated and then
contracted, TFP dropped as well.

7. COMPARISON WITH UNIVARIATE FILTERS

How much would our results differ if we had instead used univari-
ate filters? We have already discussed that multivariate filters have
the advantage of using multiple sources of information at the same
time and defining an economic structure for the variables at play.
However, itisworth comparing our estimateswith the ones obtained
with univariate filters due to their widespread use. In this section,
we decompose GDP and the ex ante real monetary policy rate into
a cycle and trend component using the standard Hodrick-Prescott
filter (HP) withalambda parameter of 1600, the Baxter-King band-
pass filter (BK) considering business cycle frequencies between
6 and 32 quarters, and different specifications of unobserved com-
ponent (UC) models estimated with Bayesian techniques following
Grant and Chan (2017). Prior to presenting and comparing the re-
sults, we briefly discuss the structure of the UC models employed
in this section.

7.1 Decomposing Real GDP

We use two differentspecifications of UCmodels. Both specifications
are unconstrained in the sense that there is no restriction imposed
onthe correlation betweeninnovations of the cyclicaland trend com-
ponents. Following the literature, we label these models as UCUR
(Unobserved Components Unrestricted Model). The first UCUR
specification assumes an stochastic growth rate for the trend com-
ponent and is based on Grant and Chan (2017). More precisely,
the growth rate for the trend component follows a random walk,
in contrast with more standard UC models in which the trend lev-
el is modeled this way. Since the marginal likelihood of the UCUR
modelis sensitive to prior specifications, we use three different sets
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of priors.® Eachsetyieldsa particular GDP decomposition that we la-
belas UCUR 1, UCUR 2and UCUR 3, respectively.

The structure of these UCUR models has the following log-spec-
ification:

m yt:T[J’_C[

where y, denotes quarterly GDP, 1, is the trend component
and ¢, is the stationary cyclical component. The trend growth rate
at, =7, -1, , ismodeled asarandom walk whereas the cyclical com-
ponent is modeled as a stationary AR(2) process with zero mean,
as shown below:

— T

m AT, =AT, | T U,
—_ c
m Ct - ¢1Ct—1 + ¢‘th—2 + ut

According to Grant and Chan, the random walk specification
for At;ismore flexible since it can accommodate breaksin trend out-
putgrowth, in contrast with the standard specification ofarandom
walk for the trend process T,. Finally, the initial trend points, Tpand
T., are treated as unknown parameters and the innovations »°and
u*are assumed to be jointly normal as follows:

She2 )
u, poc. O

The p parameterreflects the correlation between the innovations
of each GDP component (instandard UCmodels, pisassumed tobe
zero). Forthe estimation procedure, we used quarterlyreal GDP from
1980-2017, and forecasted it until 2019 with ARIMA models.

Meanwhile, the second UCUR specification, based on Perron
and Wada (2009), assumes that the trend level follows arandom walk

and addstwo exogenous breaks for the trend component. The breaks
are modeled as a change in the deterministic component of the

228 L. Castillo, D. Hoyle



trend. We label thisspecification UCUR2BP (UCUR with two breaks
points). The trend component for this modelis specified as follows:

m T, = (e <ty)+ 1t <t <ty)+ 1t <t)+7, +u)

where #; and t; denote the two break points considered for this
specification, while 1(A) is an indicator function that takes the val-
ue of 1 if condition A is true and 0 otherwise. Following Guillén
and Rodriguez (2014), we set ¢, to be the third quarter of 1990 and ¢,
to be the first quarter of 2002. Appendix 9.3 shows the prior distri-
butions for the estimated parameters, as well as the respective pos-
terior means.

Figures 10 and 11 compare the estimated range of the output
gap and potential output growth under the MPT multivariate filter
with the respective results from each univariate filter.

Asitisshowninthefigures, the HP and the firsttwo UCUR models
are the closest to our estimates. This is validated on Table 3 below,
where we present the correlations between our central estimations
of output gap and potential growth rate with the ones from univari-
ate filters.

CORRELATION OF OUTPUT GAP CENTRAL
ESTIMATION WITH UNIVARIATE FILTERS

Univariate Filter Output Gap Potential Output Growth
HP 0.96 0.97
BK 0.87 0.87
UCUR 1 0.94 0.97
UCUR 2 0.90 0.97
UCUR 3 0.83 0.96
UCUR 2BP 0.84 0.83
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POTENTIAL OUTPUT GROWTH VS UNIVARIATE FILTERS (%)
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POTENTIAL OUTPUT GROWTH VS UNIVARIATE FILTERS (%)
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7.2 Decomposing the ex ante real monetary rate

Our UC model for the estimation of the ex ante real monetary pol-
icy rate is based on Fiorentini et al. (2018), who make use of alocal
level model like Watson (1986) for the natural interest rate. In this
model, the real monetary policyrate r,isassumed to be the sum of a
permanent (or trend component) 7 and atransitory component 7, .
Again, duetothefactthatthe marginallikelihood is sensitive to pri-
orspecifications, we use two alternative priors, and label the results
as UC1 and UC2 (see Appendix 9.4).” The structure of the models
is given by the following equations:

@ i
n=FT

N =ty

¢ _ c r’

24 i =anf

The innovations »’ and « are assumed to be uncorrelated
and jointlynormal p=0.

We compare the results from these UC model estimations with
our multivariate estimation of the real natural interest rate in Fig-
ure 12 (where the results from the HP and BK filters are also shown
for comparison purposes). Asit was explained in Section 4, we com-
putetherealnaturalinterest rate by subtracting 2.0% from the nomi-
nalnaturalinterestrate that we get from the MPT multivariate filter.
However, following the previous discussion that the equilibrium ex-
pectedinflation rate does not necessarily coincide with this norma-
tive assumption, we also proceed to compare the results with areal
naturalinterestrate constructed by subtracting 2.7% (average infla-
tion expectations between 2002 and 2017) in Figure 13. Finally, Ta-
ble 4 presentsthe correlations between our central estimation of the
real naturalinterest rate and the univariate results (the correlation
coefficient is the same with any of the two assumptions on the equi-
librium expected inflation).
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Figure 12

REAL NATURAL INTEREST RATE VS UNIVARIATE FILTERS (%)
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Figure 12 (cont.)

REAL NATURAL INTEREST RATE VS UNIVARIATE FILTERS (%)

§OL103
1OL103
£09103
109103
£0S103
10¢108
cOv103
10¥103
£OE103
105103
£03103
103103
£O1108
101103
£001038
100103
£06008
106003
£08008
108003
£0L003
10L003
£09003
109008
302003
105008
£O1003
10%003
£0£003
105003
£03003
103003

===Real monetary policy rate

= - Baxter King

$OL103
1OL103
£09108
109103
£0S108
10103
£OV108
1O¥103
£OL103
105103
03103
103103
01103
101103
£00103
100103
£06003
106003
£08003
108003
£0L003
10L003
£09008
109003
20<008
10003
£0OV008
101003
0003
105003
£038003
103003

===Real monetary policy rate

-=UC2

236 L. Castillo, D. Hoyle



Figure 13

REAL NATURAL INTEREST RATE USING MARKET INFLATION
EXPECTATIONS VS UNIVARIATE FILTERS (%)
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Figure 13 (cont.)

EXPECTATIONS VS UNIVARIATE FILTERS (%)

REAL NATURAL INTEREST RATE USING MARKET INFLATION
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CORRELATION OF NATURAL INTEREST RATE
CENTRAL ESTIMATION WITH UNIVARIATE

Natural Interest Rate
Univariate Filter (®°=2%)
HP 0.22
BK 0.50
UucCl1 0.40
uc2 0.41

8. FINAL REMARKS

In this paper we employed a semi-structural dynamic model of the
Peruvian economy (the MPT) to estimate the output gap, potential
outputgrowthand naturalinterestrate during the Inflation Target-
ing regime (2002Q1 - 2017Q4). This was accomplished by applying
the Kalman filter and asmoother on the model, declaring different
groups of variables as observable to account for the uncertainty ris-
en from the selection of these variables.

From theresults, we conclude that monetary policy hasbeenvery
responsive to movements in the output gap, a trait that is desirable
fromanyCentral Bankwithaninflation targeting mandate because
thegapisaleadingindicator of inflationary pressures. Infact, asthe
business cycle has changed position due to external and domestic
events, the monetary policyrate has moved rapid and counter-cycli-
callytomaintain monetary stability. Similarly, the results show that
the naturalinterestrate hasremained grossly stable, and that there
hasbeenloose domestic monetary conditions during most of the in-
flation targeting regime (real interest rate below the natural rate).
Nevertheless, the BCRP has tightened orloosened monetary condi-
tions according to the position of the business cycle.

The mainfinding, however, isthat there hasbeen asteadydecline
in potential output growthsince 2012. Agrowth-accounting exercise,
conducted to explain this phenomenon, shows that this decreasing
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trend follows mostly a reduction in TFP growth. Capital and labor
also played arolewith diminishing contributions between 2010-2013
and 2014-2017. However, this reduction only explains a third part
of the average potential output growth slowdown across these peri-
ods. Wedonotdeepeninthedriversbehind TFP behaviour, leaving
the analysis of this phenomenon for future studies. It is most likely
that TFPreduction mayreflectthe persistent decline of terms of trade
growth, orthelack of structuralreforms throughoutthelast decades.
Therefore, the upward trend seen in commodity prices during
2017 and early 2018 may contribute to rise potential output growth
by favouring investment in capital and by having positive effects
on the TFP. These productivity gains may be more enduring if they
are accompanied by: (i) reforms oriented toward improving infra-
structure, connectivity and access to public services in Peru; (ii)
the expansion of human capital by increasing the quality of educa-
tional and health services, and by fostering well-thought flexibility
of the labor market; and (iii) the implementation of public policies
oriented towards technology diffusion and knowledge transfer.
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9. APPENDIX

9.1 Data description

STATISTICS AND DEFINITIONS

Variable Mean  St.Dev. Definition
Real GDP Growth 5.2 2.5 Annualized rate of g-o-q
variation of seasonally-
adjusted real GDP
Inflation without food 2.1 1.2 Annualized rate of g-o-q
and energy variation of seasonally-
adjusted CPI without
food and energy
Inflation expectations 2.6 0.6 Quarterly average of 1-year
forward headline
inflation expectations
Impulse of business 0 1.3 Gap of the 3-month
confidence in advance sector
expectations index
Terms of trade growth 4.8 17.8 Annualized rate of q-o-q
variation of terms
of trade index
Short-term domestic 3.7 1.0 Quarterly average
interest rate of BCRP’s nominal
monetary policy rate
Short-term foreign interest 1.7 1.6 Quarterly average
rate of 3-Month LIBORrate
Real effective exchange 1.8 4.0 Gap of the real effective

rate gap

exchange rate

Note: Mean and standard deviation are calculated considering our forecast
horizon (i.e. sample covers 2002Q1-2019Q4).
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Variable

SOURCES AND NOTES

Series code in BCRPData

Note

Real GDP Growth

Inflation without food
and energy

Inflation expectations

Impulse of business
confidence

Terms of trade growth

Short-term domestic
interest rate

Short-term foreign
interest rate

Real effective
exchange rate gap

PNO02516AQ

PN01289PM

PD12912AM
Encuesta

de Expectativas
Macroeconomicas

Indices de confianza
empresarial

PN10029BQ

PD04722MM

PD31892XM

PNO1259PM

Seasonal adjustment
is made with
an X-13 ARIMA
model in Eviews 9

Seasonal adjustment
is made with
TRAMO-SEATS.
Quarterly CPI is built

by taking the quarter
average of the
monthly data

Gap is built
by substracting
60 (mean)
and dividing by 5
(standard deviation)

Equilibrium real
effective exchange
rate is estimated with
the BEER method

(cointegration
relations built with
terms of trade, trade
openness, public
spending and relative
output per worker)
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9.2 Historical shock decomposition: Detailed plots (%)
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9.3 Prior distributions-Decomposition of GDP

Prior Hyperparameters Hyperparameters Hyperparameters

Parameters  distributions -UCUR 1 -UCUR 2 -UCUR 3
6, N © 1.3 (I):{ 1634} © 1.3
0, (®:V) |04 o |04
V=1 V=l V=1
) u=3.9v= u=39v= u=3.9v=
To N (w; 0) 100 100 100
B ) u=3.9v= u=39v= u=3.9v=
Tl N (w; v) 100 100 100
o2 U [a; b] a=0;b=4.25 a=0;b=4.5 a=0;b=5.0
Gr? U [a; b] a=0;b=0.1 a=0;b=0.01 a=0;b=0.25
p U [a; b] a=-1;b=1 a=-1;b=1 a=-1;b=1

9.4 Prior distributions-Decomposition of ex ante real

monetary rate
Hyperparameters — Hyperparameters
Parameters Prior distributions -UC 1 -uc 2
a N (u; v) u=0.7,v=1 u=0.9v=1
crf U [a; b] a=0;b=0.5 a=0;b=0.5
o2 U [a; b] a=0;b=0.1 a=0;b=0.15
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The natural interest rate in Latin
America

Javier G. Gomez-Pineda

Abstract

The natural interest rate is a critical building block in the evaluation of a monetary
policy stance. We estimate the natural interest rate for the five largest Latin American
economies. We _follow the method in Laubach and Williams (2003), complemented
with rational and survey inflation expectations and adapted to Bayesian maximum
likelihood estimation. The model is the standard neo-Keynesian model, complemented
with equations for the natural interest rate in nominal terms and the rational inflation
expectations. We find that in real terms the natural interest rate trends down and re-
mains above zero in the larger economies (Brazil, Mexico and Colombia), while it re-
mains without a noticeable trend although closer to zero in the smaller economies (Chule
and Peru). We also find that in nominal terms, the natural rate trends down, in most
economies a consequence of the drop in inflation and inflation expectations. Regarding
the policy implications, the natural interest rate still does not pose a critical challenge
Jor monetary policy in Latin America, as it does in advanced economies (Ball 2014).
Nonetheless, in Chile and Peru the natural rate in nominal terms is just above 2%
and 3%, respectively, offering narrow room_for expansionary monetary policy.
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1. INTRODUCTION

he natural interest rate is an important building block in the

evaluation of a monetary policy stance. We estimate the natu-

ralinterest rate for the five largest Latin American economies.
We follow the method in Laubach and Williams (2003), complement-
ing the ARIMA-type inflation expectations with rational and sur-
vey inflation expectations. In the estimation, the semi-structural
neo-Keynesian modelis used. Asis well-known, the semi-structural
model contains some important elements of the New Neoclassical
Synthesis (NNS), which is the standing paradigm in monetary policy.
The estimated naturalinterest rate is endogenous to the transmission
mechanisms in this model.

The natural interest rate can be defined as that which would hold
should variables such as output, inflation, and the exchange rate
be at their long-term equilibrium levels (Holtson et al., 2016; Lau-
bach and Williams, 2016; Summers, 2014). This definition fits well
the semi-structural model used here'.

The natural interest rate has recently become a topic of increas-
ing relevance in advanced economies, owing to its downward trend
andin particular toits collapse into negative numbers since the global
financial crisis of 2008. With strongly negative natural interest rates,
monetary policy hardly has any room to stimulate aggregate demand
due to the effective lower bound on policy interest rates. In turn,
in emerging economies the realinterest rate showed a significant drop
during the global financial crisis, but the natural interest rate did not
drop to such extent as to become a stringent constraint on monetary
policy. Nonetheless, should current trends continue in some emerging
economies, the natural interest rate could eventually become an im-
portant restriction in the future.

The article is divided into six sections including this introduction.
In the Section 2, we present the model. We emphasize the stochas-
tic process of the natural interest rate, the definition of the stochastic
process for the natural interest rate, the definition of the natural rate
innominal terms and the behavioral equation for the rational inflation
expectations. In Section 3, we present the data sources. In Section 4,

1" Alternatively, in a definition more akin to the dsge neo-Kensesian model,

the natural rate is that which would hold were all prices flexible (Wood-
ford, 2003b).
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we present the calibration and estimation of the model parameters.
In Section 5, we present the estimation of the natural interest rate.
Thissection also deals with uncertainty in the estimation of the nat-
ural interest rate. Finally, Section 6 offers some conclusions.

2.THE MODEL

The natural interest rate. Following Laubach and Williams (2003),
Williams (2015) and (2016), and Holston etal. (2017), the natural in-
terest rate is broken down into the sum of a detrended and a trend
component

— _ —Det | =Trend
n n=n +7 ’

where the detrended component is a function of the growth of po-
tential output plus an error term

—Det __ 7o
n N =Y tE

the trend component follows a random walk

—Trend _ —Trend Flrend
n % =% tE

and the bars denote latent values.

Potential growth y, enters equation (2) multiplied by coefficient
¢, theinverse of the intertemporal elasticity of substitution in con-
sumption. Coeflicient ¢, isamong the estimated coefficientsin this
paper’.

The natural interest rate, nominal and real. Debate on the
downward trend in the natural interest rate vis a vis the effective

2 Note that the measure of potential growth 7,,1in equation (30), is different

from the measure jJtA :4@[ —37,_1). ‘We use the former definition to obtain
lower volatility in the natural rate given that the detrended component adds
considerable volatility to the natural rate, particularly in Chile and Peru.
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lower bound on the policy rate (see Blanchard, 2010; and Ball, 2014)
usually considers, on one hand, the natural rate in real terms, and on
the other hand, the policy rate in nominal terms. The analysis can be
made more straightforward by defining a natural rate in nominal
terms. We define the natural nominal interest rate as

=
Il
=)
+
5]
z’- Y

where 7/denotesinflation expectations for the total CPI over the next
four quarters®.
We define the real interest rate as

— e
51 v =i, -7,

From equations (4) and (5), it follows that the interest rate gap is
invariant to using the interest rate in real or nominal terms

s h=h

where a hat denotes the deviation from the natural rate, 7, =7 -7
and i, =i, — 3.

The policy rule. We use the policy rule in Taylor (1993, p. 202)
that with some changes in notation may be written as

i, =7+ +0.5(m -7 )+0.5%,

where 7 is the (constant) natural real interest rate, 7, is annual in-
flation, and 7 is the inflation target. Note thatin rule (7) the natural
real interest rate and the inflation target are both time invariant,

as stated in Taylor (1993, p. 202).

Henceforth, we use the terms natural real interest rate and natural nominal
interest rate to denote the two natural rates under study.
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But we use a variable natural real interest rate instead of a con-
stant, “perhaps the mostimportant suggested change in policy rules
inrecentyears” Taylor (2017, p. 15). We then write the policy rule as

B i =T+ +0.5(x) = 7,)+ 0.5,

where a time subscriptin the natural rate 7, indicates that the natural
rateis time-varying. Note that the inflation targetis also time-vary-
ing. Here we measure the inflation target with the Hodrick-Prescott
filter of CPIinflation—an implicit inflation target.

Adding and subtracting inflation expectations z; at the right
hand side of equation (8) and using 7/ = 7,, the following Taylor
rule is obtained.

9 i, =4 +15(r! ~7)+0.55, +5/.

This form of the policy rule appears in Svensson (1993, p. 614).
In addition we have added a monetary policy shock or stance &;.

Given definitions (5) and (4) for the real interest rate and the natural
nominal interest rate, policy rule (9) may be read either as areaction
function for the realinterestrate gap 7, =1.57, +0.59, + g} orasareac-
tion function for the nominalinterest rate gap 4, = L.57, +0.5y, + g,
indistinctly.

To improve the estimation of the natural rate, we write the rule
in the slightly more general form

.= A A 1
m Y =4 T e, Ty &,

where coeflicients ¢;, and ¢; are among the coefficients to be esti-
mated.

The uncertainty in the estimation of the natural interest
rate. According to Fiorentini et al (2018), the standard error of the
natural interest rate can be improved by using a stationary real in-
terestrate gap. Adding a smoothing term at the right hand side of the
policy rule, the real interest rate gap follows the process
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11 f = h o +0.57,, +0.55, +&l,

which is a stationary process for ¢, <1, given that the inflation
and output gaps are stationary. Defining the quasi-difference of the
interestrateas i* =i, +c;i, ;, policyrule(11)canbe formulated in nom-
inal terms as

12 i =78 + 1.5/, +0.5§, +&,.

This rule is similar to that in Svensson (1999, p. 614) but defined
in the quasi-difference of the nominal interest rate.

Hereafterweuse ¢,, =0 sothatcondition ¢, <1 issatisfied, thereal
interest rate gap is stationary and the policy rule is (10).

Okun’s law. As stated in equations (1) and (2), the growth of po-
tential output is important in the estimation of the natural rate.
Toimprove the estimation of the growth of potential output we incor-
porate Okun’s Law into the model. Unemployment is broken down
as u, =u, +u,, where cyclical unemployment #, follows

e i
m Uy =Cpp Uy —Cy I T & s

and the NAIRU #u, follows the stochastic process

_ T, .4
n U =u_+y, &,

T _ 7"
15 yT=yT vel”

The Phillips curve. Inflation 7, is the aggregate of core 7, and
Non-core 7., components

m Ty =CrcTcy +(1_c7rc)7TNC,t'
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Two Phillips curves are set up for each component

_ e 4 o Py e
”C,t - CneﬂC,t +(1 ~Cre )ﬂC,tfl + cﬂyyt +qu%71 +é ‘,
and

_ e 4 a
m ne = Creliey (1= Cre ) Tne 1 + Cry i

a7 _ TNC
gt T = Jt— t ’
+ g = Cang (FNC -1 — T o1 ) +E

where 7., is quarterly core inflation and né’t is annual core infla-
tion; similar definitions apply for non-core inflation.

The term 7y¢, —7c, atthe right handside of equation (18) can be
shown to be equal to the change in the relative price of non-core
goods. The feedback in this term, —c,,, helps anchor non-core in-
flation to core inflation.

It may be argued that non-core inflation is a pure supply shock
and that hence it does not follow the output and exchange-rate gaps
(or in other terms, that in equation (18) ¢;, =¢,, =0). Nonetheless,
food and energy inflation can follow supply shocks &™¢ as well
as marginal cost pressure given by the output and exchange-rate
gaps'. Hence, we maintain here that ¢, and ¢, can both be differ-
ent from zero.

In addition, to help improve the estimation of the Phillips curve,

the observed core inflation 7 is splitinto signal 7, and noise g
components

NS _ N
m Tca =Tcy TEcy-

Likewise, the breakdown applies to non-core inflation as follows:

NS N
m NGt =TNCe T ENC-

* Coefficients Cry. and Crq Appear identical in Phillips curves (17) and (18)
merely for notational simplicity.
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Inflation expectations. CPI inflation expectations x; are the
weighted sum of core z(., and non-core 73, components

e _ e e
m U _Cncn-C,t +(1_Cﬂc)ﬂNC,t'

Core inflation expectations are unobserved and estimated as a
forward- and backward-looking convulusion of core inflation

e _ 4 _ e e
E Tt = CoTC 441 +(1 Cee)ﬂ:C,t—l +é& "

Non-core inflation expectations are also unobserved and likewise
estimated as follows:

e _ 4 _ e ﬂgvc
m TINCt = CoeENC 1 +41 +(1 Coo ) NG -1 8 Y.

While core and non-core inflation expectations zg, and 73,
at the right-hand side of equation (21) are unobserved, CPIinflation
expectations z; at the left-hand side of this equation can be either
unobserved or observed. We study three measures of inflation ex-
pectations. The first one is the rational or model-consistentinflation
expectations where CPlinflation expectations are estimated as un-
observed. The second and third measures are the survey and ARI-
MA inflation expectations.

The exchange rate. The real multilateral exchange rate geowo,
isdefined asatrade-weighted average of the real bilateral exchange
rates against/ trade partners qcoy = Scoi + Pix — Pcos» 1=1-- 1, where,
for expositional purposes, Colombia, with subindex CO, is the base
country, Sco; 18 the (log) nominal interest rate against trade partner
i,p;, 1s the (log) price level of trade partner i, and pg,, is the (log)
price level of Colombia.

We then turn to the theory of the real exchange rate, it is the un-
covered interest rate parity condition (UIP), formulated for conve-
nience in real terms as

1 Det Det
m dcowo, = 4cowo,i+11t — Z (Tco,t ~Mwo, ) + Xcowo,»
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where the UIP residual is the sum of detrended and trend components

E Xcowo,r = Xcowo, T Xcowo,
the trend componentis

— — — 1 Det Det
ﬂ Xcowo.: = qcowo.: ~Jcowo.i+1ie + 4 (’"co,t ~Twou )»

the detrended real interest rate 1s
Det _ —Trend
Tcox = "o —Tcor -

and 1y, is a trade-weighted average of the real interest rates of the
trade partners’.

Note that plugging equations (25) to (27) into the UIP condition
(24), a UIP condition holds for the real multilateral exchange rate
and the real interest rates, both in deviation form. This modifica-
tion of the UIP condition helps estimate the latent real exchange
rate geomo, inacontext where the natural real interest rate in each
economy can have trend components that differ.

The output gap. Lastly, output is the sum of the output gap and
potential output

m %=+

where the output gap is given by a standard aggregate demand
equation

A A R R 3
m e = Cyp Vewtie T €y D1 — Cp e FCyGi1 + Cydwo T Ei

5

The UIP condition for a given country vis a vis the world economy can be
derived as a trade-weighted average of the UIP condition of the bilateral
real exchange rates against the trade partners.
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and potential output follows the process given by equations

(50| 5 =T by, 4]
t - 4 t t

and

_ 14
Ye=Yi1 &

where, in equation (29) variable jyy, is the world output gap.

The rest of the world. The block for the rest of the world is set
up as a world economy model. It consists of two Phillips curves,
one each for core and non-core inflation; two expectations equa-
tions, also for core and non-core inflation; and an output gap equa-
tion and a Taylor rule. The equations are similar to those presented
above for the open economy, but without foreign variables. Details
of the model appear in Gémez (2018), while the list of countries
and data sources is shown in Gomez (2017).

The world economy model helps provide estimates of the world
output gap, the realinterest rate and natural real interest rate; the for-
mer is an input in the output gap equation (29) while the later is an
inputin equations (24) and (26).

3. THE DATA

Data are quarterly for the period 1996Q1-2017Q4. The study period
covers the Latin American end-of-the-century crisis and a subse-
quent inflation-targeting period, starting at the beginning of 2000
in most countries. Although the study period has the drawback of in-
cluding two regimes, the pre and post inflation-targeting periods,
it has the important advantage that it includes a major recession,
avaluable input for estimating the Phillips curves.

Interest-rate datais end-of-period, not seasonally adjusted. Ow-
ing to changesin monetary policy regimes, central bank policy rates
were spliced with data for comparable interest rates. For Brazil, the in-
terestrate is the central bank base rate (the source is Banco Central
do Brazil), spliced in 1999Q)3 with the central bank policy rate (the
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source is IMF International Financial Statistics). For Mexico, the in-
terestrateis the 28-daysinterbank rate (the source is Banco de Mex-
ico), splicedin 2008Q)1 with the central bank policy rate (the source
is Banco de Mexico). For Colombia, the interest rate is the central
bank policy rate (the source is Banco de la Reptblica). For Chile,
the interest rate is the central bank policy rate (the source is IMFIFS).
For Peru, the interest rate is the interbank rate (the source is Reserve
Bank of Peru), spliced in 2003Q3 with the central bank policy rate
(from source Reserve Bank of Peru).

Data for consumer and core price indices are end-of-period
and seasonally adjusted. For Brazil, the sourceis the country statis-
tics department. For Mexico and Colombia, the source is Departa-
mento Administrativo Nacional de Estadistica (DANE). For Chile
and Peru, the sources are their central banks.

As explained above, we use two measures of observed inflation
expectations. Survey expectations are available since about 2000
for all countries. The source for survey expectations datais the coun-
tries central banks. Survey expectations before 2000 are obtained
with the Kalman filter as unobserved proceses. ARIMA expecta-
tions can be constructed for the entire sample; however, the ARI-
MA process tends to produce systematic forecast errors before 2000
asaconsequence of the downward trend ininflation in all countries.
Therefore, ARIMA expectations before 2000 were also obtained
as unobserved®.

Real GDP data for Brazil and Colombia was obtained from
the countries statistics departments. I'or Mexico, Chile, and Peru,
the sourceis their central banks. Real GDP was seasonally adjusted.

Exchange rate data was not seasonally adjusted. The source
is Bloomberg Financial Services.

% We also experimented with one-year ahead break-even expectations. We do

not present the results for break-even inflation expectations because the sample
period was short. The sources for break-even inflation expectations are as
follows: for Brazil and Mexico, data are available for both countries since
2012 from source Bloomberg. For Colombia, Chile, and Peru, data are for
the return on nominal and real bonds. The source for this data for Colombia
is Banco de la Republica, available since 2003Q1; for Chile is Bloomberg,
since 2006Q2; for Peru is Bloomberg, starting in 2007Q3.
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4. CALIBRATION AND ESTIMATION OF
THE MODEL COEFFICIENTS

A set of coefficients was calibrated, and another was estimated.
The calibrated coeflicients were, first, those that define real persis-
tence, ¢y, ¢, ¢, and nominal persistence, ¢, ¢,, (Table 1). Real
persistance is calibrated to fit the length of the business cycle while
nominal persistance is calibrated to obtain reasonable impulse re-
sponses. With the calibrated levels of real and nominal persistance
we proceeded to obtain the slopes of the aggregate demand and Phil-
lips curve equations by estimation, as explained below. Other cali-
brated coeflicients were fixed parameters (the share of core inflation
in CPlinflation ¢, ) and coefficients that are not critical for the es-
timation of the natural interest rate.

The standard deviation of the shocksisalso calibrated. The stan-
dard deviation of & is set at zero for simplicity. Two standard de-
viations are also calibrated to obtain reasonable estimates of the
natural interest rates and output gaps. The first relative standard
deviationis & " relative to the standard deviation of ¢. The sec-
ondrelative standard deviationis & plus &/ relative to the standard
deviation of &/ (Table 1).

The estimated coeflicients are the slope of the behavioral equa-
tions, in the Phillips curve, ¢;, and ¢,; in the aggregate demand
equation, ¢,, and ¢,,; andin Okun’s Law, ¢,,. The coefficientsin the
policy rule, ¢, ¢, were also estimated. The process was carried
out by Bayesian maximum likelihood estimation.

The estimated coeflicients were estimated with model-consistent
inflation expectations; they appear in Table 2. The prior for coef-
ficient ¢, is set at 0.8. This prior is obtained as the estimated coef-
ficient for Colombia and Peru during a first round of estimation.’

Priors for coefficients ¢, were setat 0.12 to reflect relatively flat
Phillips curves. Nonetheless, most estimated coeflicients increased
to therange (0.156, 0.194). Likewise, priors for coefficients ¢, were
alsosetat0.12 toreflectrelatively flataggregate demand equations.
The estimated coeflicients also increased to the range (0.128, 0.171).

For the remaining economies, the data is not informative, meaning that
the Bayesian posterior is equal to the prior. Although the estimated value
for the world economy was ¢z, =0.96, we decided to use ¢, =0.8, owing
to the presumably larger volatility in the emerging economies in the study.
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CALIBRATED COEFFICIENTS

Calibrated value

Coefficient All countries  Brazil Mexico Colombia  Chile  Peru
Cyy 0.770
“yf 0.030
Cun 0.770
Cre 0.200
Cee 0.500
Crng 0.050
Cre 0.675 0.724  0.732  0.722 0.594
Crq 0.020 0.100  0.075  0.050 0.025
Cyq 0.020 0.070  0.030  0.040 0.060
Cyw 0.030 0.080  0.040 0.070 0.050
C’erm"d/% 0.225 0.150  0.225  0.100 0.050
(G€y+05,v)/06y 0.300 0.500  0.300 0.300 0.300

The Natural Interest Rate in Latin America 261



ESTIMATION RESULTS: ESTIMATED COEFFICIENTS

Posterior

Coeficient Prior Brazil Mexico Colombia Chile Peru

Cr 0.800 0.807 0.819 0.795 0.814 0.812
TY

C; 1.500 1.317 1.411 1.446 1.277 1.289
i

G 0.500 0.513 0.507 0.528 0.458 0.425
G

C 0.120 0.194 0.155 0.165 0.171 0.156
my

0.120 0.169 0.131 0.128 0.170 0.171

C 0.200 0.171 0.199 0.196 0.199 0.186
uy

5. RESULTS FOR THE NATURAL INTEREST RATE

Figures 1 to 5 and Table 3 present the naturalinterestrate in the five
largest economiesin Latin America. These results correspond to the
case where the realinterest rate is calculated using model consistent
inflation expectations. The advantages of this measure of inflation
expectations are, first, that it can be estimated or made available
for the entire study period and, second, thatit gives the smallest stan-
dard errors in the estimation of the natural interest rate.

Panels Ain Figures 1 to 5 show the natural real interest rate. Fol-
lowing Holston, Laubach and Williams (2017), the estimates are one-
sided; thatis, they are based only on current and past information.
The credible intervals show two standard deviations from the mean.
The natural real interest rate experiences a downward trend in the
larger economies, Brazil, Mexico, and Colombia (Panels A in Fig-
ures | to 3). In comparison, it experiences virtually no trend in the
smaller economies, Chile and Peru (Panels A in Figures 4 and 5).
Naturally, the trend or trendless feature of the natural real interest
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rateis explained by the trend component of the natural real interest
rate (Panel D in Figure 6).

Panels Bin Figures 1 to 5 show the results of the estimation of the
unobserved natural nominal interest rate. The natural nominalin-
terest rate experiences a downward trend in all economies. In the
case of Brazil, the natural nominal interest rate trends down due to
the downward trend in the natural real interest rate, meaning that
inflation and inflation expectations virtually show no trend during
the study period. In the remaining economies, the natural nominal
interest rate trends down due to both the trend in the natural real
interest rate and the downward trend in inflation and inflation ex-
pectations®.

At the end of the sample, the room for expansionary monetary
policyisstill generousin the larger economies, where the natural real
interestrate still trends down. In contrast, the room for expansionary
monetary policy is not as generous in the smaller economies, where
the natural real rate does not show a trend. In the smaller econo-
mies, the natural real interest rate is close to zero, while the natural
nominal interest rate is just above 2 percent.

The results of the estimation uncertainty appearin Table 4. The ta-
ble shows two-standard-deviation credible intervals for the natu-
ral real and natural nominal interest rates and for the detrended
and trend components of the natural real interest rate. Estimation
uncertaintyislarger in the larger economies, where the trend com-
ponent of the natural rate trends down, while smaller in the small-
er economies where no trend is discernible. The credible intervals
are also indicated in Figures I to 5.

8 Note that the results for the natural nominal interest rate, the natural real

interest rate and the model-consistent inflation expectations are all estimation
results for unobserved variables.
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BRAZIL: THE NATURAL INTEREST RATE

PANEL A. REAL AND NATURAL REAL INTEREST RATE
45 —

35 —

30 —

Real interest rate ~  ------- Natural real interest rate

PANEL B. NOMINAL AND NATURAL NOMINAL INTEREST RATE

[ [ I I [ [ ] | [ [
96 98 0 2 4 6 8 10 12 14 16

Q1

Nominal interest rate ------- Natural nominal interest rate

Source: author’s estimations based on the model in the text.

The Natural Interest Rate in Latin America 265



MEXICO: THE NATURAL INTEREST RATE

PANEL A. REAL AND NATURAL REAL INTEREST RATE

45 —

40 —

35 —

30 —

Real interest rate ~  ------- Natural real interest rate

PANEL B. NOMINAL AND NATURAL NOMINAL INTEREST RATE

45 —

40 —

35 —

30

25 —

20 —

15 |

Nominal interest rate  ------- Natural nominal interest rate

Source: author’s estimations based on the model in the text.
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COLOMBIA: THE NATURAL INTEREST RATE

PANEL A. REAL AND NATURAL REAL INTEREST RATE

35—

30 —

25

20 |

Real interest rate ~  ------- Natural real interest rate

PANEL B. NOMINAL AND NATURAL NOMINAL INTEREST RATE

96 98 0 2 4 6 8 10 12 14 16

5
Q1

Nominal interest rate --=----- Natural nominal interest rate

Source: author’s estimations based on the model in the text.
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CHILE: THE NATURAL INTEREST RATE

PANEL A. REAL AND NATURAL REAL INTEREST RATE

Real interest rate ~  ------- Natural real interest rate

PANEL B. NOMINAL AND NATURAL NOMINAL INTEREST RATE

Nominal interest rate  ------- Natural nominal interest rate

Source: author’s estimations based on the model in the text.
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PERU: THE NATURAL INTEREST RATE

PANEL A. REAL AND NATURAL REAL INTEREST RATE

14—
13
12—+
114
10—

1 . .
Q Real interest rate ~  ------- Natural real interest rate

PANEL B. NOMINAL AND NATURAL NOMINAL INTEREST RATE

Nominal interest rate  --=----- Natural nominal interest rate

Source: author’s estimations based on the model in the text.
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THE NATURAL INTEREST RATE: NOMINAL AND REAL; DETRENDED AND TREND

PANEL A. NATURAL REAL INTEREST RATE
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Source: author’s estimations based on the model in the text.
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THE NATURAL INTEREST RATE: NOMINAL AND REAL; DETRENDED AND TREND

PANEL C. DETRENDED NATURAL REAL INTEREST RATE

PANEL D. TREND NATURAL REAL INTEREST RATE
25 —
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Brazil Mexico Colombia
Chile e oo oo Peru

Source: author’s estimations based on the model in the text.
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ESTIMATION UNCERTAINTY

(Two-standard deviation credible interval)

Natural nominal interest rate
Natural real interest rate

Detrended natural real
interest rate

Trend natural real interest
rate

Natural nominal interest rate
Natural real interest rate

Detrended natural real
interest rate

Trend natural real interest
rate

Natural nominal interest rate
Natural real interest rate

Detrended natural real
interest rate

Trend natural real interest
rate

Brazil  Mexico  Colombia Chile Peru
Model-consistent expectations
5.6 4.4 4.0 2.3 1.8
5.9 4.6 4.3 2.4 1.9
4.8 4.5 3.4 2.1 1.8
5.4 3.7 3.8 1.9 1.2
Survey expectations
11.0 5.0 5.7 3.2 2.4
11.1 5.0 5.7 3.2 2.4
9.4 5.0 4.7 3.0 2.3
10.2 4.1 5.2 2.6 1.5
ARIMA expectations
9.6 7.5 6.2 5.1 3.4
9.7 7.5 6.2 5.1 3.4
8.3 7.5 5.2 4.7 3.3
8.9 6.1 5.7 4.0 2.1

Estimation uncertainty improves using model-consistent infla-
tion expectations. The larger estimated credible intervals using
survey (observed) and ARIMA inflation expectations are also re-

ported in Table 4.

While model-consistentinflation expectations help improve the es-
timation uncertainty, this measure of inflation expectationsis compa-
rable to other available measures. Table 5 compares model-consistent
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expectations with survey, ARIMA, and break-even inflation expec-
tations. The statistic reported is the root mean square error (RMSE)
between observed inflation and the measure of inflation expectations,
T, —my_4, Where my,_4 arefour-quarter aheadinflation expectations.
The comparison was carried out for two sample periods according
to data availability. The shorter period, startingin 2013Q2, covers
all countries while the longer period, starting in 2008Q 3, excludes
Mexico”. The table shows that the model-consistentinflation expec-
tations are similar to other available measures'.

COMPARISON OF DIFFERENT MEASURES OF INFLATION
EXPECTATIONS WITH OBSERVED INFLATION

(Root mean square error)

Brazil  Mexico Colombia  Chile  Peru

Sample 200202-2017Q4

Model-consistent expectations 2.9 1.4 1.9 2.6 1.7
Survey expectations 2.9 1.0 1.6 2.0 1.5
ARIMA 3.4 2.9 2.5 2.8 1.8
Break-even inflation expectations n.a. n.a. 1.7 2.0 1.5

Sample 201302-20170Q4

Model-consistent expectations 2.9 1.2 2.0 1.2 0.8
Survey expectations 2.4 1.4 2.2 1.4 0.7
ARIMA 2.6 1.4 2.1 1.1 0.7
Break-even inflation expectations 3.4 1.4 2.0 1.2 0.8

9 Still another period, starting in 2004Q 1 and not reported, uses data for break-

eveninflation expectations only for Colombia. The conclusions are maintained.
19 Model-consistent inflation expectations are estimated with high precision.
The confidence intervals are smaller than those of the natural interest rates
and also smaller in the smaller countries. A two-standard-deviation confidence
interval for model-consistent inflation expectations for Brazil is 1.3; Mexico,

1.1; Colombia, 0.8; Chile, 0.7; and Peru, 0.6.
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6. CONCLUSIONS

We estimate the natural interest rate in the five largest economies
in Latin America. We use the standard neo-Keynesian model and the
Laubach Williams (2003) method, complemented with a definition
of the natural interest rate in nominal terms and behavioral equa-
tions for the rational or model-consistent inflation expectations.

In the results we find that in the larger economies, Brazil, Mexi-
co, and Colombia, the estimated natural real interest rate features
adownward trend. Nonetheless, the estimated natural nominal in-
terestrate still remains above zero, allowing ample room for expan-
sionary monetary policy. In the smaller economies, Chile and Peru,
the estimated natural real rate has hovered closer to zero. In these
economies, the room for expansionary policy does not appear as ex-
tensive, as the estimated natural nominal interest rate is just above
2 and 3 percent, respectively.

Estimation uncertainty is larger in countries where the real nat-
ural rate trends down, Brazil, Mexico, and Colombia, and smaller
in those countries with a more stable long-term natural real inter-
estrate. Estimation uncertainty is sharply reduced by using model-
consistent inflation expectations.

As to the policy implications, the natural interest rate still does
not pose a critical challenge for monetary policy in Latin America,
as it does in advanced economies. Nonetheless, the natural nomi-
nal interest rate offers a narrow room for expansionary monetary
policy in Chile and Peru.
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Abstract

In this paper, we attempt to model real interest rates in advanced and emerging
economies. We rely on an open economy general equilibrium model (Clarida,
2017) to derive a cointegrating structure in interest rates for advanced and emerg-
ing economies. In this model, interest rates in an emerging economy would be the
sum of a unit root process related to a global factor, another unit root process
related to idiosyncratic factors and a stationary component. We account for these
properties to estimate a global factor for emerging economies using the PANIC
(2004) approach. The results show that a common _factor is present in emerg-
g economies, and it is very similar to the cointegrating factor in advanced
economies, while the residuals in emerging economies are still unit root, thus
validating the theory.

Keywords: Interest rates, common factors, emerging economies, natural rate
of interest

JEL-Classification: G15, GI12, E43

Angel Estrada, Banco de Espafia. Jestis Gonzalo, Universidad Carlos TIT de Madrid. Tvan
Kataryniuk, Banco de Espafia. The authors thank Juan Carlos Berganza, Cid Alonso
Rodriguez Pérez, Jessica Roldan, Alessandro Galesi and seminar participants at CEMLA.
The views expressed in this paper are those of the authors alone and do not necessarily reflect
the views of the Banco de Espana or the Eurosystem.

276 A. Estrada, J. Gonzalo, I. Kataryniuk



1.INTRODUCTION

he weak economic recovery that followed the global financial cri-

sisand the slowrise ininflation hasled some scholars to postulate

thatadvanced economiesare in a position of secular stagnation.
In thissituation, the equilibrium real interest rate would be so negative
that conventional monetary policy, restricted by the effective lower
limit of nominal interest rates (slightly below zero), would not be able
toreach that real interest rate, thus implying that aggregate demand
(and, therefore, employment) would be very persistently below potential
output, and no pressures on inflation (Summers, 2016).

Asany otherprice, the equilibrium real interest rate is determined
in a market; in this case, in the market of loanable and borrowable
funds. Ifthis price has diminished is because the fund demand curve
(investment) has been displaced to the left or the fund supply curve
has been displaced to the right, or both. From a theoretical perspec-
tive, there exist very good reasons to think that this has been the case.
For example, ageing population, lower productivity growth, higher
demand of safe assets orlesslong-term events such as the deleveraging
process or the uncertainty would explain that behavior. From an em-
pirical perspective, the difficulty lies in that this equilibrium price
is non-observable, so it has to be estimated. This is what Holston et al.
(2017) did recently for various advanced economies, finding that there
was a generalized decline in the equilibrium interest rate, reaching
negative values by the end of the sample. The problem with these esti-
matesis that they are estimated very imprecisely, although Fiorentini
et al. (2018) show that precision increases substantially if the interest
rate gapis considered stationary, without altering the downward trend
in the equilibrium real interest rate in the final part of the sample.

The emerging economies have been absent from this debate. On the
one hand, growth after the global financial crisis has been relatively
high and there was no deflationary risk; on the other, nominal inter-
estrates have been well above the effective lower limit. Besides, look-
ing at the determinants of desired saving and investment, emerging
economies have younger population, considerable margin to increase
productivity (convergence process) and relative reduced indebted-
ness, among others. Nonetheless, proper measurement of the equilib-
rium interest rate is also very important in emerging economies, as it
is crucial to determine the tone of monetary policy. However, itis well
known, that, to some extent, the equilibriuminterest rate in emerging
economies depends on the evolution of foreign interest rates.
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In thispaperwe try to estimate the equilibrium realinterest rates
of a selected sample of emerging economies. But, instead of apply-
ing the Holston et al. (2017) procedure (or variants of it), we exploit
the theoretical time-series and transversal properties that ex ante real
interest of these countries must fulfil. Since, in the last few decades,
most of emerging economies have opened their capital accounts to the
international capital flows but they are not able to produce a safe
asset, we assume that its equilibrium real interest rate is going to be
determined as a spread over a common global equilibrium real in-
terest rate of the advanced economies, that according to the empiri-
cal evidence cited before should be anon-stationary variable. In the
theoretical literature, there are several arguments to postulate that
the spread could also be disaggregated in a non-stationary country
specific component that would capture, among others, the difference
in potential growth between advanced countries and each emerg-
ing economy', and a stationary country specific factor that would
capture the remaining elements that determine the risk profile of a
country, in particular, the different cyclical positions. Precisely this
kind of disaggregation is what the panel analysis of non-stationarity
in idiosyncratic and common components (PANIC) approach (Bai
and Ng, 2004) allows to do for a multi-country panel of time series.

The results show that1i) the behavior of the global common factor
obtained for the ex ante real interest rates of emerging economies
is very similar to the long run trend of interest rates in advanced
economies; and ii) there is a country specific non-stationary com-
ponent in the remaining part of interest rates. The influence of the
global factor can be sizable in several emerging economies.

The paper is structured as follows. In the next section we moti-
vate and specify the empirical approach we have adopted. In the
Section 3 we present the empirical approach. The Section 4 pres-
ents the database and the estimates of the equilibrium real interest
rates of emerging market economies. Finally, in Section 5 we extract
some conclusions.

! Although, convergence would implyastationary component, the mem-

ory should be very long, provided the usual estimates on speed conver-
gence.
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2. THE THEORETICAL MODEL AND
THE EMPIRICAL COUNTERPART

In order to motivate the empirical approach that we develop below,
our departure pointis the determination of the equilibrium real in-
terest rate in a global context as it was specified in Clarida (2017).
This author uses a variant of the two country DSGE model by Clar-
ida et al. (2002) in which nominal rigidities and cost push shocks
can make the production to be below the flexible price output (y)
Itis assumed that households in both countries extract utility from
the consumption of domestic and foreign produced goods and have
the same elasticity of intertemporal substitution (1/6). Production
requires the labor supplied by households and exogenous produc-
tivity is also subjected to shocks. Besides, asfirms operate under mo-
nopolistic competition, they set prices as a mark-up over marginal
costs a la Calvo.

In these circumstances, the home real equilibrium interest rate
(r*), defined as the real interest rate that makes zero the home out-
put gap (x) will be the following (see expression [9] in Clarida, 2017):

n ri:r,F;k-l-Et(Ayz_AylF)+%4(AXf_AXI)

Thatis, the equilibrium realinterest rate of the home country will
be obtained as a spread over that of the foreign country (the super-
script F refers to the foreign country variables). And that spread will
depend on the differential of potential growth and on the different
cyclical position of both economies. Notice that this last term could
be positive, negative or even disappear depending on the elasticity
of intertemporal substitution.

However, from the point of view of an advanced economy, if the
emerging economies are sufficiently small, the model collapses to its
closed economy counterpart and the foreign part of equation 1 will
have a negligible effect. In this case, the equilibrium interest rate
will only be related to domestic factors. As a result, it can be char-
acterized as a unit root, reflecting expectations of future potential
output growth and domestic cyclical positions, as it is usually as-
sumed in the literature.
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Alternatively, if we assume that the home countryis an emerging
economy and F the advanced countries, the time series properties
ofits real equilibrium interest rate would be the following. The first
term would correspond to the equilibrium real interest rate of the
advanced economies, which will be a unit root. The third term
would reflect the difference in cyclical positions: as the output gaps
are by definition stationary variables, this term would also be a sta-
tionary variable.

The second term merits more attention. It captures the potential
growth differential between the two areas. If we assume a Cobb-
Douglas production function with constant returns to scale, poten-
tial growth in each area will be the sum of population growth (An)
and total factor productivity growth (A¢fp). Population growth is,
in general, a slow-moving variable. Moreover, there exist very good
reasons to think that productivity growthinadvanced and emerging
market economies are linked through processes of international dif-
fusion of knowledge, in line with the proposal of Jones (2002). If that
is the case, the growth of total factor productivity growth in emerg-
ing markets will be explained by that of the advanced economies (the
countries that determine the technological frontier) plus a fraction
of the distance to that frontier:

B smesi A7

Therefore, the differential potential growth will be:
— —r
Ayt = Aytr )\[tfp -1 7tfp 11]

Since the level of total factor productivity in emerging market
economies is approximately 50% of that of US according to Penn
World Tables vs 9,” and the estimates of the convergence parameter
A oscillate between 0.03 y 0.06 (see Rodrik, 2011), it will take more
than 100 years to converge. Thus, if advanced economies TFP is
anintegrated order | time series, that of emerging economies should
be order 2 or at least an order 1 with a very long memory, and the

? See: Groningen Growth and Development Centre | University of Groningen
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differential with respect to advanced economies should be an inte-
grated order 1 variable.

The implication for the equilibrium real interest rate of emerging
economiesisimmediate: it should behave as the sum of two integrat-
ed order 1 processes. The first unit root would correspond to a com-
mon global factor, probably governed by the decreasing trend of the
equilibrium real interest rate in advanced economies. The second
one would be related to the real convergence process of the emerging
market economies to the advanced ones; of course, this second fac-
tor would be country-specific. Finally, there would be a third com-
ponent, again country specific although stationary, as it is related
to the differencesin the cyclical position of each emerging economy
with that of advanced ones.

3. EMPIRICAL APPROACH

The theoretical considerations explained in the previous section
motivate our empirical approach to the estimate of the equilibrium
realinterestrates for emerging economies, which will consist on the
following steps:

1) Check the time-series properties of the ex ante real interest
rates of both developed and emerging economies, using stan-

dard ADF tests.

2)  Apply the PANIC approach to the ex ante real interest ra-
tes of those emerging economies that are integrated of order
1 and obtain the global component and the two country-spe-
cific components.

3) Checkthe cointegration properties of the ex ante real interest
rates in advanced economies.

4) Estimate the global component of advanced economies using
the Gonzalo-Granger (1995) decomposition.

5)  Compare both global factors and analyze the determinants

of the country-specific components of emerging market eco-
nomies.
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In order to apply the PANIC methodology in step 2, we assume
the following process for interest rates in emerging markets:

n Ti,t:Ci+)‘é'Ft+ei,t

Where 7;, is a real interest rate, I, is a common factor, A; is a
loading factor, ¢;1s a country-specific constant, and ¢;,1s a residual.
In principle, the interest rate, the common factor and the error term
can be I(1). In order to extract X:F, in this model, we can not ap-
ply either cointegration techniques, as the 7;, are not cointegrated,
or standard factor model tools.

In this case, Bai and Ng (2004) developed a methodology called
PANIC that consists on applying principal component analysis (PCA)
to the first difference of 7;, and then reconstruct the original factors
as the cumulative sum of the factors obtained in the previous step.

n Ar;, = NAF, +Ae;,

The factors F'might not be unique. In the literature, the selection
of the number of factors rely on using some information criteria, vi-
sualinspection and theoretical appeal. In our case, it will be of crucial
importance to determine if there is a common factor in the interest
rates of emerging markets related to the interest rate in advanced
economies. Thisfactor should be an I(1) process. Moreover, it would
be also important to test whether the residuals are I(1) or I(0) after
applying the PANIC approach. If the residuals are I(1), then a non-
stationary idiosyncratic component is still present after accounting
for the effect of foreign interest rates.

In step 4, we consider the common factor in advanced econo-
mies. Several papers, such as Holston et al. (2017) or Fiorentini et al.
(2018), have found a common trend or cointegration in interest rates
of advanced economies. Our objective is to obtain an estimation
of this cointegrating factor using only interest rates of advanced
economies and compare it with the common factor in advanced
economies. In order to obtain the cointegrating factor of advanced
economies, we apply the permanent-transitory decomposition in-
troduced by Gonzalo and Granger (1995). They propose a factor
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extraction technique reliant on two assumptions. Iirst, the common
factor should be a linear combination of the variables 7;, Second,
the transitory component should be an I(0) process. Both assump-
tions are consistent with the theoretical literature we have presented
in section 2, but only for advanced economies.

4. THE COMMON GLOBAL FACTOR
OF REAL INTEREST RATES

Our initial sample includes twenty-eight countries, six of them
are classified as developed.® Data availability and representative-
ness determined this selection. In particular, we required monthly
information from 2000 (to include the euro area as a whole) of a short-
term nominal interest rate (quarterly average of the 3 months rate)
and inflation. The ex ante real interest rate is defined as the nomi-
nalinterest rate minus expectedinflation three months ahead, both
ofthem expressed in annual terms. Expected inflation are obtained
from (automatically selected) ARIMA models, estimated with seven
years rolling windows.*

In Table 1 we summarize the unit root tests of these series for all
the countries considered. In order to put ourselves in the worst-case
scenario, we run the tests considering for all the countries that, in lev-
els, the deterministic components include a trend and a constant;
this implies that in first differences the deterministic component
will be a constant. Using the traditional Augmented Dickey-Fuller
tests, it can be seen how, in almost all the cases, both for developed
and emerging economies, the unit root test accepts the hypothesis
that they are integrated of first order. The only exceptions are Co-
lombia, Indonesia, Korea and Thailand, where real interest rates
seem to be stationary with a confidence level of at least 5%.

Thus, the initial check of our propositionis supported by the data.
Thereal ex ante interest rates of most economies behave asfirst order

3 The countries are: Brazil, Canada, Chile, China, Colombia, Czech Republic,

Egypt, Euro Area, Honk Kong, Hungary, India, Indonesia, Japan, Korea,
Malaysia, Mexico, Peru, Philippines, Poland, Romania, Russia, South Af-
rica, Switzerland, Taiwan, Thailand, Turkey, UK and USA. The data were
extracted from Datastream.

* The results are available upon request.
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UNIT ROOT TEST OF REAL EX ANTE INTEREST RATES

Levels Frst Difference
Deterministic Deterministic
Country component ADF component ADF

Brazil c,T -2.247 C -7.037%%*
Chile C,T -2.588 C -5.218%**
China 5, T -2.950 C -4 814%%*
Colombia C,T -4.657%%* C -6.002%**
Czech Rep. C,T -3.033 C -4, 497wk
Egypt C,T -2.279 C -7.48 1%k
Honk Kong C,T -1.307 C -7.618%%%
Hungary C,T -3.295% (¢ -6.565%**
India c,T -3.126 C -11.498%%*
Indonesia c,T -3.584%* (¢ -4.590%**
Korea c,T -3.480%* (¢ -4.033% %k
Malaysia c,T -2.987 C -6.280%**
Mexico C,T -2.249 ¢ -3.716%**
Peru C,T -3.054 (@ -4.067%%*
Philippines c,T -2.744 ¢ -6.326%%*
Poland C,T -1.827 (@ -4.564%%*
Romania c, T -2.980 ¢ -4.047%8%
Russia c,T -3.367* C -6.480%**
South Africa C, T -2.213 (¢ -6.619%#*
Taiwan C, T -2.034 C -4.449%%*
Thailand C, T -3.625%%* ¢ -5.890%**
Turkey c,T -2.643 C -6.980%**
Canada C,T -2.046 (o] -7.961%%*
Euro area C, T -2.724 C -5.376%%*
Japan c,T -2.410 C -5.509%**
Switzerland C, T -2.439 (@ -3.5] 7%k
UK C,T -2.397 C -5.756%%*
USA c,T -2.010 c -3.281%*

Notes: C: constant, T: Trend; *, **, *¥* statistically significant at 10%, 5% and 1%, respectively.

Sources: Own calculations.
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Figure 1

INTEREST RATES AND ADVANCED ECONOMIES

Real interest rates
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integrated series. Now we can apply the PANIC approach to emerg-
ing markets variables in order to extract the common component
thatshould be integrated of first order. However, due to the existence
of some extreme values that affected significantly the identification
of the global factor, we decided to drop some countries: Egypt, In-
dia, Indonesia, Romania, Russia and Turkey (see Figure 1). Thein-
clusion of these countries resulted in a common factor that basically
replicated the evolution of the outlier.

4.1 The global factor in emerging economies

The application of the PANIC approach to the real interest rates
of the sixteen remaining emerging economies generates a non-con-
clusive number of common factors, according to the usual infor-
mation criteria and the visual inspection. The Akaike information
criterium finds a large amount of factors, while the visual analysis
point to a number between 1 and 5. However, it is well known that
the proposed statistics to select the number of common factors tends
to overestimate them (Ganner and Han, 2014).

Our approach relies on the economic meaning of the common
factor. We are looking for a global factor in time series that might
have several different common factors, for example, regional trends.
In Table 2, we show the loadings of the autovector associated to the
highest autovalue. It provides quite reasonable loadings (see Ta-
ble 2), and therefore we use that as the global factor of real interest
rates. Factors from 2 to 5 do not point to any common trend (see Ta-
ble A.11in the appendix). The highest weights correspond to Poland
and Brazil, followed by a group of Chile, Thailand and Philippines.
As can be seen, only Mexico enters with a negative (but very small)
sign and all the emerging areas are represented. The three Latin
American economies with the lowestloadings have underdeveloped
domestic financial markets, which mightbe reflected on alower pass-
through of global interest rates. Perhaps, it could be expected a high-
er loading in the case of China given its economic relevance, but it
should be remembered that its capital account is still quite closed.

As can be seen in Figure 1, that common factor shows a declin-
ing trend until the global financial crisis, when important fluctua-
tions were recorded, and afterwards a certain stabilization. The unit
root tests do not reject this variable to be a unit root with an ADF
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LOADINGS OF THE COMMON FACTOR FOR EMERGING COUNTRIES

Country Restricted sample All the sample
Brazil 5.995 0.619
Chile 5.035 2.978
China 3.779 1.954
Colombia 0.587 0.674
Czech Rep. 2.491 1.857
Honk Kong 1.582 0.464
Hungary 4.127 1.624
Korea 2.368 1.945
Malaysia 3.383 3.004
Mexico -0.335 -0.177
Peru 0.730 0.723
Philippines 4.561 1.973
Poland 7.874 1.743
South Africa 3.996 1.662
Taiwan 2.973 5.256
Thailand 5.026 3.451
Canada - 2.627
Euro area - 2.089
Japan - 1.660
Switzerland - 2.627
UK - 0.613
USA - 4.294

Sources: Own calculations.
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COMMON FACTOR OF EMERGING ECONOMIES AND ROBUSTNESS TEST
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of -2.066 (p-val=0.259) on the levels, and rejects the unit root hy-
pothesis in first differences with an ADI of -6.316 (p-val=0.000).

As a robustness test, we have re-estimated the global factor in-
cluding also the six advanced economies we are considering. Again,
using the PANIC approach various common factors are identified,
but, as before, the loadings corresponding to the highest auto-value
are the only ones that have economic rationality. All of them (apart
from Mexico) are positive and the US seem to play a major role in its
estimate. The other advanced economies also show a high loading,
although not as high as some very open emerging economies such
as Taiwan, Thailand, Malaysia or Chile. More importantly, a sim-
ple visual inspection of this global factor (confirmed by the formal
statistical tests) shows that it is indistinguishable from the previous
one (see Iigure 2).

Otherremarkable result of this decomposition is that when we re-
move the common factor from the ex ante real interest rates of the
different emerging economies, the country specific residual can be
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UNIT ROOT TEST OF COUNTRY SPECIFIC REAL EX-
ANTE INTEREST RATES OF EMERGING ECONOMIES

ADF from PANIC (2004)

Brazil -1.071
Chile -1.677
China -1.150
Colombia -0.459
Czech Rep. -1.688
Honk Kong -0.349
Hungary -1.210
Korea -2.833%*
Malaysia -0.273
Mexico -1.157
Peru -1.410
Philippines -0.608
Poland -1.696
South Africa -1.388
Taiwan -2.159%*
Thailand 0.418

Notes: C: constant, T: Trend; *, **, *** statistically significant at 10%, 5% and 1%,
respectively.
Sources: Own calculations.
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considered afirst orderintegrated variable (see Table 3), which vali-
dates the theory presented in Section 2.

4.2 The global factor in advanced economies

As we stated before, contrary to emerging markets, the real inter-
est rates of advanced economies should cointegrate, as long as real
convergence has been achieved (or it is very close). Butif that is the
case, the estimation of the global common factor would be more ro-
bust if we exploit their cointegration properties using, for example,
the Gonzalo-Granger (1995) methodology. Thus, the next step con-
sists on checking the cointegration properties of the ex ante real in-
terest rates of the advanced economies. We check that in two ways:
first, considering all the different possible pairs that can be construct-
ed; secondly, including all the countries at the same time. In the first
case, the testusedis that of Engle-Granger. In the second case, we use
the trace statistic from the Johanssen approach.

Asitcanbe seen in Table 4, the majority of the pairs cointegrate
at 5% of statistical significance. The only exceptions (by a small
margin) are USA/Japan, Euro-area/Japan, Euro-area/Canada
and UK/Switzerland. As expected, all the estimated parameters
are positive, but only in few cases are close to one (USA/Canada,
Euro-area/Canada, Euro-area/Switzerland and Canada/Swit-
zerland), showing that the fluctuations of the real interest rates vary
from one country to another. The smallest coeflicients are estimated
for Japan, where the effective lower bound of the nominal interest
rate was hit well before the other economies.

When checking the cointegration properties for all the countries
atthe same time, we find five cointegration relationships. Notice that
the estimated coeflicients are negative and significant with the ex-
ception of the one of Japan.

Assuming that the only I(1) component of interest rates in AEs
1s the global factor (consistent with Clarida, 2017), we can estimate
thisfactor using the methodology of Gonzalo-Granger (1995) to ob-
tain a common factor thatisintegrated of first order. This common
trend should be our estimate of the equilibrium real interest rate.
The results are presented graphically in Figure 3; they correspond
to the followingloadings: US: 0.43; euro area: 0.49; Japan: 0.08; UK:
1.29; Switzerland: 0.19 and Canada: 0.47. The highestloading cor-
responds to the UK, which is small with respect to the Euro Area
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COINTEGRATION RELATIONSHIPS AMONG ADVANCED
COUNTRIES REAL EX ANTE INTEREST RATES

Countries

USA/Euro area

USA/Japan

USA/UK

USA/Canada

USA/

Switzerland

Euro area/Japan

Euro area/UK

Euro area/

Canada

Euro area/
Switzerland

Japan/UK

Deterministic
component

DOLS coefficient ADF-residuals
0.863 -4.757
[0.000] [0.001]
0.376 -3.067
[0.147] [0.099]
0.452 -4.536
[0.000] [0.001]
1.033 -5.084
[0.000] [0.000]
1.267 -3.952
[0.000] [0.010]
0.439 -2.067
[0.034] [0.212]
0.394 -2.999
[0.000] [0.029]
0.953 -3.209
[0.000] [0.072]
0.992 -3.129
[0.000] [0.020]
0.097 -3.046
[0.042] [0.025]
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Countries

Japan-Canada

Japan-
Switzerland

UK-Canada

UK-Switzerland

Canada-
Switzerland

USA-euro
area-Japan-
UK-Canada-

Switzerland

Deterministic
component

Deterministic

component

DOLS coefficient ADF-residuals
0.212 -3.016
[0.021] [0.027]
0.395 -2.861
[0.003] [0.041]
1.778 -3.364
[0.000] [0.010]
1.471 -2.385
[0.000] [0.118]
1.037 -4.191
[0.000] [0.001]
Normalized
cointegrating Trace statistic
coefficients

{1,0,0,0,0,-1.150}
(0.127)
{0,1,0,0,0,-1.189}
(0.161)
{0,0,1,0,0,-0.125}
(0.126)
{0,0,0,1,0,-0.444}
(0.116)
{0,0,0,0,1,-3.087}
(0.447)

Notes: C: constant; between brackets p-values.

Sources: Own calculations.

107.101
[0.007]
76.924
[0.012]
52.154
[0.019]
32.691
[0.023]
16.302
[0.038]

3.531

[0.060]
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COMMON FACTOR OF ADVANCED ECONOMIES
Gonzalo-Granger common factor

2|

LI B L L B L L L
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Source: Own Calculations

NATURAL INTEREST RATE HOLSTON ET AL. (2017)
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-
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Source: Holston ¢ al. (2017).
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or the US in economic terms; however, it plays a very relevant role
in the international financial system. The second surprising result
is the highload assigned to Canada; probably, thisis a consequence
of the high economic and financial integration with the US. There-
fore, it should be advisable to add the loadings of both countries when
analyzing the relevance of the US. The two lowest loading corre-
sponds to Japan. This analysis supports the findings in Fiorentini
etal. (2018). They present an estimation of the natural interest rate
based on structural factors and find a divergence of Japan with re-
spectto other advanced economies as a consequence of the different
demographic structure of Japan.

More interestingly, this factor seems similar to that estimated
by Holston etal. (2017) (see Figure 3), Fiorentinietal. (2018), or Wynne
and Zhang (2017). Itis also similar to the calculations of the shadow
interest rate in the US (Wu and Xia, 2016). We also find a some-
what stable interest rate around 2% before the crisis, followed by a
quick drop in 2008-2009 and then some recovery, but at consider-
ably lower rates.

4.3 Joint properties of global interest rates in emerging and
advanced economies

We have calculated a global factor taking into account, sequentially,
only emerging economies and only advanced economies. We now
have to prove that both factors follow a common trend. Figure 5 plots
both factors. The factor of advanced economies shows an evolution
that is well in line with the common factor estimated for emerging
economies. In fact, both common factors are cointegrated (see Ta-
ble 5). Moreover, the cross-correlation, which is fairly high in the
whole sample (0.56)1s strikingly high after the financial crisis (reach-
ing 0.70), aremarkable feature given that both factors are obtained
from completely different samples and methodologies (see Figure 6).
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JOHANSEN TEST OF COINTEGRATION RELATIONSHIPS
BETWEEN COMMON FACTORS

Number of cointegration equations between the common

Jactors of advanced and emerging economies Critical Value — Prob. **
None * 15.49471 0.0426
At most 1 3.841466 0.1204

Note: Number of lags selected according to the AIC. Different lags and tests give
similar results.

COMPARISON OF FACTORS IN DVANCED AND EMERGING ECONOMIES

0.0+ 4
_0_2_\\ -3
-0.4 AIAI\ \ \ -2
-0.6 \/"VI 1
f\
-0.8 \”AA//\U“\‘/I\/—O
-1.0 4 s \ F -1
-1.2 4 F -2
-1.4 4 - -3
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— PANIC factor in EMEs
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CORRELATION OF FACTORS AFTER THE FINANCIAL CRISIS

1 L-0.7

bl ‘\J\ 0.8

A WY U
A s

T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018

Gonzalo-Granger factor of AEs

— PANIC factor in EMEs

A final remark corresponds to the importance of the global factor
to theinterestratesin each one of the emerging economies. In Table
6, we present the results of the bivariate regression of the global fac-
tor on each of the emerging economies. We find thatitis substantial,
especially for some economies such as Hong Kong, Brazil, Czech
Republic, Philippines, Poland, China or South Africa, althoughitis
significant in all of the regressions.
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COEFFICIENTS AND R-SQUARED OF THE REGRESSION
OF THE GLOBAL FACTOR ON THE INTEREST

Brazil

Chile

China

Colombia

Czech Rep.

Hong Kong

Hungary

Korea

Malaysia

Mexico

Peru

Philippines

Poland

South Africa

Taiwan

Thailand

RATE OF THE EMERGING ECONOMIES

Panic _factor in emerging economies

Coefficient R2

8.864 4%k 0.4874
1.917 8%k 0.0895
5.544 5%k 0.3767
0.7632%* 0.0241
3.6353%%* 0.4951
9.7538%** 0.6529
4.387%%% 0.2786
1. 7257+ 0.1796
1.4218%k* 0.0726
2.762 1 %% 0.166
1.8718%kk 0.1692
6.590 ] kk 0.5736
6.137 5%k 0.4936
4.7712%%% 0.3534
2.5195%%k* 0.3736
2.2136%#* 0.1119
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5.CONCLUSIONS

In this paper, we have presented evidence on the existence of a glob-
al factor in emerging economies. We consider a model of an open
economy in which the equilibrium interest rate is a combination
of two integrated processes. Taking this into account, we have used
the PANIC approach to extract the global factor present in the in-
terest rate of emerging economies. We have compared this factor
to the cointegrating factor of advanced economies to prove that they
share a common trend.

The papershedslight on the formation of interest rates in emerg-
ing economies. First, they have to take into account the evolution
ofinterestratesin advanced economies. As the advanced economies
are subject to along process of low interest rates, emerging economies
willimport this behavior to their domestic interest rates. Second, itis
expected that, in more open emerging economies, the comovement
with interest rates of advanced economies will be greater.

We have not analyzed the remaining part of interest ratesin emerg-
ing economies after subtracting the influence of the global inter-
est rate. In the theoretical literature, it depends on long and short
run idiosyncratic trends. This discussion is left for future research.
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APPENDIX

LOADINGS OF THE FIRST 5 FACTORS

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

R_TAW 2.973366 -3.22167 -0.7604 0.237735 -3.36305

R_SOU 3.996348 -1.46544 -1.91702 -1.71676 1.228335

R_POL 7.874226  4.445239  6.649019  5.826261 2.070601

R_HK 1.581859 -4.53144 -5.0824 8.211531 2.454224

R_HUN 4.11742 -3.14338 7.343935 -0.68472 -1.81389

R_BRA 5.995067  9.155254 -6.78537 0.384396 -2.88599

R_MEX -0.33505 0.226703  0.562534 -1.22867 1.857517

R_MAL 3.382571 -0.44209 -1.1572 -2.01001 1.776246

R_PERU 0.729697 0.63976 -0.00295 -0.31586 -0.77631

R_PHL 4.561111 -3.17077 -2.59847 -4.15148 7.04734

R_CHILE  5.034508  0.049457  0.231206 -5.18457 -3.05165

R_CHN 3.778809 -7.33933 -2.35787 1.689361 -5.26571

R_CZE 2.491221 -1.06121 1.203086 -0.49229 -0.09455

R_THA 5.026442 -2.10912 -0.86732 -1.16351 1.250125

R_KOR 2.368347 0.84475 0.65669 0.014529  0.952191

R_COL 0.587238 -0.07965 -0.75538 0.193051 -0.5626
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