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The natural interest rate in Colombia

We expect monetary policy to remain neutral
until the end of 2015

« We have estimated the natural interest rate (NIR) for Colombia from
2000 to 2015

The NIR is a variable that cannot be observed: it represents a monetary policy rate that

is neither expansionary nor deflationary. This rate changes over time. Therefore, it is

useful to estimate its value continuously to ascertain whether monetary policy is

appropriate for the needs of economic activity.

« The NIR estimate suggests monetary policy was expansionary in
September 2013

The reference rate can be classified as expansionary or deflationary, depending on
whether it is lower or higher than the NIR, respectively. According to our estimates, in
September 2013 the NIR stood at a real rate of 1.9% (in an estimation range from 1.31%
to 2.90%), this represents an expansionary stance with regards to the current nominal
level of 3.25% (1% real with total inflation: 0.75% with non-food inflation;-0.1% with
inflation expectations).

e The NIR will increase from a real rate of 1.9% in September 2013 to
2.25% in 2015 as the FED increase its reference rate and a narrowing of

the output gap is achieved

According to our estimates, the NIR will be on an upward path over the coming years.
Considering the gradual narrowing of the output gap and, in particular, the FED starting
to increase its reference rate, the neutral rate should reach around a real rate of 2.25%
in 2015. The policy rate will converge to the NIR in late 2015, creating a neutral
monetary stance.
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Natural interest rate (NIR)

The concept of the NIR was created by Wicksell (1898), who defined it as the real interest
rate that balances savings and investment whilst being price neutral (non-inflationary). In
this paper, we define the NIR as an interest rate consistent with output being at its potential
over the medium term, given a system of stable prices only affected by real factors.

Monetary policy in Colombia uses the reference rate as a short-term tool to establish the
tone of policy, with central bankers comparing the real policy rate with the NIR to establish
their monetary position. In general terms there are two methodologies for estimating the
NIR, one static and one dynamic. In this study, we estimate five methodologies, all of which
are dynamic. The reasons for these are set out below.

Variability of the NIR over time

The level of the neutral rate depends on external and domestic conditions, some of which
are unpredictable. The determining factors for the NIR are variable over time, generating a
NIR that is contingent on economic conditions, subject to the following factors:

e The NIR depends positively on international interest rates, local risk premiums and
expectations of devaluation (due to interest-rate parity in small economies that are open to
capital). It is contingent on medium-term turbulence that may alter the output gap and that
requires a change in the interest rate to achieve full employment (Yellen, 2005); and on the
capacity for monetary transmission to general interest rates in the economy (i.e.
macroprudential controls that affect the credit channel of monetary policy).

e The stability of the output gap depends on changes in the NIR in accordance with the
output cycle (chart 1). When the only distortion is inefficient prices, stability in the output
gap is guaranteed by concentrating monetary policy on price stability, producing a constant
NIR. If there are any imperfections in the financial markets in the form of excessive
leveraging, exposure to risky assets, externalities affecting the exchange rate or variability
in risk premiums, stability in the output gap is not guaranteed, causing temporary variations
in the NIR.

Chart 1
Theoretical NIR cycle
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e Colombia is a small, open economy. Its economic performance depends on a number
of global factors that can impact the output gap and the NIR. Uncovered interest rate
parity estimates the domestic NIR as the sum of international interest rates,
expectations of devaluation of the domestic currency and a risk premium. These
factors vary over time.

e The central bank —BanRep— adopted an inflation target approach in 1991. However,
a price stability objective does not in itself guarantee macroeconomic and financial
stability. Therefore, it has, on occasions been necessary to apply macroprudential tools
to achieve both objectives. The purpose of macroprudential tools is to maintain the
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stability of the financial system and reduce systemic risk. Both policies must be
coordinated, as otherwise, their interaction might decrease their individual and joint
effectiveness. Therefore, when macroprudential tools do not achieve their objective, or
when they are not coordinated with the monetary stance, the output gap is not stable,
and the NIR varies over time.

e Macroprudential policies can alter the monetary policy transmission mechanism, the
credit channel, the output gap and, therefore, the level of the NIR (Bernhardsen &
Gerdrup (2007)). This is the case when deposit reserve requirements, capital controls
and limits on currency mismatches are put in place (all of which have occasionally
been used by BanRep).

e The lack of use of forward guidance when the reference rate is low reduces potential
output via expectations of the reference rate and economic activity, leading to changes
in the NIR (See Woodford (2013) for more details).

e The NIR may not accurately reflect the policy position, if the monetary transmission
mechanism is weak. This is the case in financial markets with short-term segmentation
(different interest rates for different sectors of the economy), exchange rates that are
not very flexible, high concentration of the banking market, low levels of financial
brokerage or a monetary policy framework that is still developing: in general, where
monetary policy rates do not reflect financial market fundamentals.

Estimating the NIR

We mainly followed Magud and Tsounta (2012) in estimating the NIR. These authors used
a range of methodologies and models to estimate variable and static rates in a number of
Latin American countries. These methodologies include semi-structural models (variants
over time), which, unlike statistical filters, return a NIR that changes gradually, and do not
depend significantly on the monetary stance at the time.

Five estimates of the NIR were made, based on two semi-structural models. The first of
these is the IS model, which focuses on the aggregate demand and supply equilibrium. The
second is the common stochastic trend model (CST), which is based on the IS model, but
assumes a shared trend between short-term and long-term interest rates, with a spread
explained by a term premium. Then, two variations of these models were also created: for
the IS model the trend and cycle factors were decomposed from the NIR, while in the CST
the behavior of the output gap was assumed as both endogenous and exogenous. Finally,
a model for uncovered interest rate parity (UIRP) was estimated. Appendix 1 contains a
detailed description of the data, models and estimates.

The estimates pointed to an NIR of 1.9% in real terms, increasing to 2.25%
in 2015

The results are displayed in chart 2, which shows the NIR using these methodologies, their
monthly average from 2000 to 2015 and the real interbank reference rate (TIB)l. As we can
see, the NIR has steadily fallen from average real levels of 3.5% in 2000 to 2.65% in 2009,
and 1.9% in 2012-2013. The high levels of the NIR in 2000 and 2001 were generated by
the 1999 crisis, when, given the definition of the NIR, the NIR had to increase to close the
output gap. Following this period, the NIR slowed, consistent with output converging on its
potential level.

The recent reduction in the neutral rate can be explained by a structural reduction in risk
premiums, which were high above all in 2009 with the reduction in the local EMBI and the

1 The real ex-post TIB was calculated using non-food inflation.
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subsequent level of sovereign debt investment. Likewise, the lower level in 2013 can be
explained by low international rates (FED and QE3). We will discuss these determinants of
the NIR in greater detail below.

Chart 2
Estimates of NIR, average of estimates and TIB.
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Source: Bank of the Republic and BBVA Research

Table 1 shows estimates of the real NIR using the most recent data and its May 2012
average (2.16%). The May average is in line with the findings of Magud et. al. (2012)2, as
shown in the table. For September 2013, the average is 1.9% in a range from 1.31% to
2.90%, compared to a real inflation-deflated interest rate of 1%; deflated by non-food
inflation of 0.75%; and deflated by inflation expectations of -0.1%. Therefore, the interest
rate gap suggests an expansionary stance for September. The table also shows NIR
projections to December 2015, the average of which is 2.25%, with a range from 1.25% to
4.56%. The uncovered interest rate parity model is not included in the average in the charts,
as this would introduce variability into the average NIR, and such an estimate would not be
consistent with economic theoryg, considering that the NIR varies gradually with the
economic cycle. Chart 3 shows the dispersal of the estimates, their average and the real
TIB. We can see that the interest rate gap indicates a neutral position at the end of 2015,
resulting from convergence of the policy rate towards the NIR.

Table 1
Real NIR estimates
Date Magud IS model IS CST CST UIRP Total
and model* model model* average
Tsounta

(2012)
May-12 2.3% 2.81% 1.35% 1.68% 2.34% 2.62% 2.16%
Sep-13 - 2.44% 1.33% 1.31% 1.49% 2.90% 1.90%
Dec-15 - 2.63% 1.25% 1.32% 1.49% 4.56% 2.25%
Source: Magud N. & E. Tsounta, 2012," To cut or not to cut: that is the (Central Bank’s) question“ and BBVA
Research.

* Variations of the model

2The value shown in the table is the average of the estimates of Magud et. al. (2012).
3 Refer, for example, to T. Bernhardsen & Gerdrup K. “The neutral interest rate”. Norges Bank.
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Chart 3
Dispersal and average real TIB and NIR
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International interest rates and output gap: the two main determinants of the
NIR

Charts 4 and 5 show the relationship between the NIR and the variables mentioned in the
previous section. The reductions in international interest rates (represented by the FED
reference rate) in 2000 and 2008 explain much of the rapid decrease in the domestic NIR
in these periods, accompanied by an appreciation of the Colombian peso following
increased foreign direct investments (FDI) and increased demand for domestic financial
assets. In addition, the domestic risk premium, measured by the EMBI Colombia and the
financial stress index (FSI)*; put downward pressure on the NIR throughout the period.

Chart 4 Chart 5
Determining factors in NIR variability over time Determining factors in NIR variability over time
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Source: Banco de la Republica, Bloomberg, JP Morgan and Source: Banco de la Republica, DANE and BBVA Research
BBVA Research

The efficiency of monetary expansion is also related to the performance of the NIR, as this
affects the output gap. Chart 5 shows the banking multiplier (M3/M1), which was on a

4 The FSl is calculated using the principal components method, using the variables: exchange rate depreciation; exchange rate
volatility measurements (USDCOP); the general stock market index; the EMBI spread; and the 10-year ex-ante interest rate.
Source: BBVA Research.
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downward trend from mid-2002, leading to lower credit growth until early 2006. We can
also observe that the fall in the multiplier between 2009 and 2010 coincides with a more
rapid fall in the NIR; however, over recent years there has been a slight change in the trend,
which would suggest that the NIR will increase over coming years.

If we compare the interest rate gap with the inflation gap (the difference of non-food
inflation and the BanRep target, see chart 6), we can observe that BanRep took a
deflationary position (or a change of trend towards deflation) when inflation was above its
target. We can also see a slight negative relationship between the NIR gap and the future
inflation gap. When the interest rate gap is expansionary, the output gap stabilizes in
subsequent periods (growth of output equal to its potential). Therefore, the pace of
stabilization in the output gap depends on how negative the interest rate gap is. On the
other hand, when the interest rate gap suggests a deflationary position, output
consequently grows below or at potential.

Chart 6
The inflation, output and interest rate gaps
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Source: Banco de la Republica, DANE and BBVA Research

We expect a neutral policy rate at the end of 2015

Forecasts for international interest rates and the output gap are two of the most important
factors in determining the future behavior of the NIR. Their behavior gives us a general
guide to how this variable will perform.

According to our expectations, the FED will hold its reference rate at 0.25% until mid-2015,
determining at the same time stability in the NIR due to interest rate parity. Furthermore,
we expect an output gap throughout 2014 and 2015, stabilizing in mid-2016, increasing the
NIR. Considering the increase in the NIR and our projections for the policy rate, we
consider that the interest rate gap will have a neutral monetary stance at the end of 2015,
with a real NIR of 2.25%. With the FED increasing rates in 2015, we expect the NIR to
increase (through UIRP), creating a possible expansionary interest rate gap, and leading to
output increasing above potential at the end of 2016.
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Appendix 1

We will now discuss the two semi-structural models used and their variants. These models
were estimated using a Kalman filter. Finally, we will set out the UIRP model. The first of
the semi-structural models replicates that used by Magud et. al. (2012).

IS model
Oe=y) =y Qo1 = yio) +af (rg —12g) + €] 1l
T = Brmeg + ﬁf(}’tq —yi) tel
Ve-yi +el°
r.=r;+ri+e;
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Ve = Yie1+ e
9i=9c-1 tef (7
ri=Bcri1tei (2]

[N R TIR)

Equation [1] shows an IS curve, expressing the relationship between the output gap
(v: — y¢) and its past and the interest rate gap, the difference between the real interest rate
and the NIR (r, — 7). Equation [2] is a Phillips curve, relating the inflation gap, inflation
differential and target (m,), to its past and the output gap. Equation [3] breaks down the
trend component of output (modeled by state equation [6]) to find potential output. Equation
[4] breaks down the real interest rate into its trend component (long term, modeled by
equation [5]) and the cyclical rate (short term, modeled by equation [8]). Finally, equation [7]
expresses the potential output growth rate (g;). Two variants of this model were prepared,
breaking down the cycle and without breaking down the cycle (eliminating rf from the
model in the highlighted equations). The second semi-structural model consists of the
following equations:

Common stochastic trend model (CST)

e =y = & Geet —yim) +af oy + 7o) + €] i
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In the CST model, unlike the IS model, we add equations [13] and [16] and modify equation
[14], adding the variables 7}, the real long-term interest rate, and a,, a term premium
variable over time, to the model. Equation [13] expresses the relationship between a long-
term interest rate that is equal to the short-term interest rate (r;) plus a premium variable
over time (modeled with equation [16] as an autoregressive process with a constant).
Equation [14], unlike the previous model, does not include growth in potential output, in
order to obtain a minimal state-space representation. We created two variants of this model,
estimating potential output and adding potential output as an observed variable®, estimating
the model with and without the highlighted equations.

Uncovered interest rate parity model (UIRP)
= Tti +(ef—e)+r: [18]

In equation [18], r; is the domestic natural interest rate, r{ is the international interest rate,
e is the exchange rate, e/ is the expected exchange rate and y, is a risk premium. The
exchange rate is defined as the number of units of the domestic currency that must be paid
for one unit of foreign currency.

Data

The data used in the estimation of output was taken from the monthly economic activity
index published by BanRep (IMACOG); the real TIB was used for the interest rate” for the
long-term interest rate we used the 360-day CDT rate®; for the risk premium we used
Colombia's EMBI spread; for the projected exchange rate we used forecasts; and for the
inflation gap we chose the difference between non-food inflation and the BanRep targetg'
We chose non-food inflation since BanRep's monetary policy responds more closely to
non-food inflation than other definitions of inflation (chart 7).

Chart 7
Response of the interbank rate to a stimulus under different inflation definitions.
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Source: BBVA Research.

® Source: BBVA Research calculations

5 Source: Banco de la Republica. For details of how this is constructed, see Kamil H. Pulido J.D. & J.L. Torres, 2010, “E/l “IMACO’:
un indice mensual lider de la actividad econémica en Colombia”. Banco de la Republica.

’ Source: Asobancaria and BBVA Research. Deflated by non-food inflation.

% Source: Banco de la Republica. Deflated by non-food inflation.

¢ Source: Mejia D.M.2001."La meta de inflacion de largo plazo y la velocidad de desinflacion” Reports by the issuer, research and
economic investigation by BBVA Research
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LEGAL NOTICE

This document, and all data, opinions, estimates, forecasts or recommendations contained herein, have been prepared by Banco Bilbao Vizcaya
Argentaria, S.A. (hereinafter, "BBVA”), for the purpose of providing its customers with general information as of the date of issue of the report, and
are subject to change without notice. BBVA undertakes no commitment to communicate such changes or to update the content of this document.

Neither this document nor its content constitute an offer, invitation, or request to buy or subscribe to shares or other securities, or to make or cancel
investments; nor can it serve as the basis of any contract, commitment or decision whatsoever.

Investors who have access to this document should be aware that the securities, instruments or investments to which it refers may be inappropriate
for their specific investment objectives, financial position or risk profile, as they have not been taken into account when preparing this report. Thus
they should adopt their own investment decisions, taking into account these circumstances and obtaining any specific and specialized advice that
may be necessary. The content of this document is based on information available to the public, obtained from sources deemed to be reliable, but
the information has not been independently verified by BBVA, and therefore no guarantee (either explicit or implicit) is provided as to its accuracy,
completeness or correctness. BBVA does not assume any liability for any direct or indirect loss that may result from the use of this document or its
contents. Investors should remember that the past performance of securities or instruments, or the historical results of investments, do not
guarantee future performance or results.

The price of securities and instruments and the results of investments may fluctuate to the detriment of the interests of investors and even result in a
loss of the initial investment. Transactions in futures, options and shares or high-yield securities may involve high risks, and are not suitable for all
investors. In fact, certain investments may lead to a loss greater than the initial outlay, in which case additional sums must be paid to cover the loss.
Before making any transactions in these securities, investors must therefore be aware of how they operate, and the rights, obligations and risks
involved, in addition to those inherent in the underlying values of the securities. There may not be a secondary market for these instruments.

BBVA or any other organization in the BBVA Group, as well as the respective directors or employees thereof, may hold a direct or indirect position in
any of the securities or instruments referred to in this document, or in any other securities or instruments related to them; they may trade these
securities or instruments themselves or through a third party, provide advice or other services to the issuer of these securities or instruments, to
companies related to them or to their shareholders, directors or employees; and may have a stake, or carry out transactions of any kind, in these
securities or instruments or investments related to them, either before or after the publication of this report, to the extent permitted by applicable law.

The employees of sales or other departments of BBVA or other organizations in the BBVA Group may provide customers with comments on the
market verbally or in writing, or investment strategies, which reflect opinions contrary to those expressed in this document; at the same time, BBVA
or any other organization in the BBVA Group may adopt investment decisions on their own account that are inconsistent with the recommendations
contained in this document. No part of this document may be (i) copied, photocopied or duplicated in any way, form or method, (ii) redistributed or (iii)
cited, without prior permission in writing from BBVA. No part of this report can be reproduced, taken away or transmitted to those countries (or
persons or entities in such countries) where distribution may be prohibited by current law. Non-compliance with these restrictions may constitute an
infraction of the law in the pertinent jurisdiction.

This document will only be distributed in the United Kingdom to (i) people with professional experience in matters related to the investments
provided for in article 19(5) of the 2000 Financial Services and Markets Act (Financial Promotion) Order 2005, (in its amended version, hereinafter
the “Order”) or (ii) major asset institutions subject to the provisions of article 49(2)(a) to (d) of the Order or (iii) people to whom an invitation or
proposal to make an investment can legally be made (in accordance with the meaning of article 21 of the Financial Services and Markets Act 2000)
(hereinafter, all these people will be known as “relevant persons”). This document is addressed exclusively to relevant persons. Those who are not
relevant persons should not use it as a basis or guidance for action. The investments or investment activities referred to by this document are only
available to relevant persons and will only be made with relevant persons.

No part of this report may be reproduced, taken or transmitted to the United States of America or to American persons or entities. Breach of these
restrictions may constitute a violation of legislation of United States law.

The system of remuneration of the analyst(s) who are the author(s) of this report is based on a variety of criteria, among them income earned in the
economic year by BBVA and, indirectly, the earnings of the BBVA Group, including those generated by its investment banking activity, even though
they do not receive compensation based on earnings from any specific investment banking transaction.

BBVA is not a member of FINRA and is not subject to the disclosure standards established for its members.

BBVA is subject to the BBVA Group Stock Market Code of Conduct; this includes rules of conduct established for preventing and avoiding conflicts
of interest with regard to recommendations, including barriers to information. The BBVA Group Stock Market Code of Conduct is available for
consultation on www.bbva.com / Gobierno Corporativo.

BBVA is a bank supervised by the Bank of Spain and by Spain’s Stock Market Commission (CNMV), registered with the Bank of Spain with number
0182.



