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interest rate are proposed. Instead of relying only on statistical filters, 
the proposed measures use semi-structural New Keynesian models, 

Department of Economics, Universidad de los Andes <a.gonzalez78@
uniandes.edu.co>; Department of Economics, University of Minnesota 
<ocamp020@umn.edu>;  Inflation and Programing Department, 
Banco de la República <jperezam@banrep.gov.co>; and Macroeco-
nomic Modeling Department, Banco de la República <drodrigu@
banrep.gov.co>. A previous version of this paper was presented as a 
thesis to obtain a master’s degree in economics from the Pontificia 
Universidad Javeriana. Many people have improved substantially the 
contents of this document with suggestions and discussions, special 
thanks are in order to two anonymous referees, Hernando Vargas, 
Carlos Huertas, Adolfo Cobo, Andrés Giraldo, Christian Bustamante 
and Ángelo Gutiérrez, also to Ramón Hernández for his research as-
sistance. Of course, any remaining errors are the sole responsibility 
of the authors. The results and opinions expressed in this document 
do not compromise in any way the Banco de la República or its Board 
of Directors. 



232 Monetaria, July-December, 2013

adapted for a small open economy. The output gap measures presented 
are in line with previous works for Colombia and capture all the turn-
ing points of the Colombian business cycle, as measured by Alfonso et 
al., 2011. They are also strongly correlated with inflation and precede 
its movements along the sample. The neutral interest rate computed 
indicates that the monetary policy stance has been overall countercycli-
cal, but has failed to anticipate the output gap’s movements, or at least 
react strongly enough to them.

Keywords: output gap, New Keynesian model, neutral interest rate.
jel Classification: E23, E32, E43. 

1.  INTRODUCTION

The conduct of monetary policy requires information on 
the current state of the economy and a measure of the 
monetary stance. This information is crucial for policy 

makers but is by nature unobservable, and thus subject to great 
uncertainty, implying the need for methodologies capable to 
account for both things (Taylor, 1999, and Woodford, 2003a). 
This document uses semi-structural New Keynesian models 
to obtain such information for the Colombian economy in the 
1994-2011 period.

The state of the economy is summarized in the output gap, 
defined as the difference between observed and potential out-
put, the latter understood as the level of economic activity in 
absence of inflationary pressures. The output gap is therefore 
an indicator of inflation pressures and the dynamics of the ag-
gregate demand.

The monetary policy stance is measured by the difference be-
tween the real interest rate and the neutral interest rate (Blind-
er, 1999), defined as an interest rate level at which the monetary 
authority exerts no influence over the behavior of the aggregate 
demand, in other words: “Any higher real interest rate consti-
tutes tight money and will eventually imply falling inflation; and 
any lower real rate is easy money and signals eventually rising 
inflation” (Blinder, 1999, pp. 33). Note that the neutral rate is 
not equal to the natural rate of interest, for the latter is “the real 
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rate of interest required to keep aggregate demand equal at all 
times to the natural rate of output” (Woodford, 2003a, p. 248). 
The natural rate is interpreted  as a desirable level for the real 
interest rate, whereas the neutral rate only indicates the effect 
of the real interest rate over the output gap.

The output gap and the neutral interest rate must be inferred 
from the macroeconomic information available. For the out-
put gap, the techniques to do so rely on the use of statistical 
tools such as filters, vars, factor models, among others, that 
allow the decomposition of output in its trend component (as-
sociated with the potential output) and its cyclical component 
(associated with the output gap).1 The neutral interest rate is 
more difficult to extract because its value is not necessarily re-
lated to a trend or smooth component of the real interest rate, 
moreover, this last variable is also unobservable, for it depends 
on the agents’ inflation expectations.

In order to jointly estimate the desired variables it is neces-
sary to account for the structural relations between them and 
other variables as the inflation rate, as well as variables that af-
fect a small open economy, as the real exchange rate, the foreign 
interest rate, etc. Because of this, we expand a statistical mod-
el, the local linear trend model, with a New Keynesian model 
adapted for a small open economy. Three alternative specifi-
cations of the model, which differ in the way expectations are 
formed, are considered. This is done in order to present differ-
ent measures of the output gap and the monetary stance while 
recognizing the lack of consensus in the literature over the way 
in which expectations should be modeled.2 It must be noted 
that, although the use of several models helps to account for 

1	 Most of these techniques imply unwanted results over the rela-
tions of output’s permanent and transitory component, making 
them completely correlated or orthogonal, depending on the 
method (Canova, 2007, Ch. 3).

2	 For example Rudebusch and Svensson (1999) argue for the 
use of backward looking expectations, Woodford (2003b) for 
forward looking expectations and Galí and Gertler (1999) for 
hybrid expectations.
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the variability in the measurement due to model specification, 
it is not intended to address (nor solve) the inherent model un-
certainty to which the measurement of this variables is subject 
(Orphanides and Williams, 2002).

In the first specification of the model, agents are assumed 
to follow predetermined rules when forming expectations. 
These rules are a function of current and lagged values of the 
variable over which the expectation is formed. In this way the 
model has a direct state space representation and the output 
gap can be extracted by means of the Kalman filter. In the sec-
ond and third specifications, agents are assumed to have ra-
tional expectations about the future, taking into account all 
information available. In order to extract the output gap, the 
solution to the rational expectations equilibrium of the mod-
els has to be computed, and then the state space representa-
tion can be formulated.

The approach taken here is similar to the previous work of 
Echavarría et al. (2007) and Berg et al. (2006), and seeks to 
complement a literature already existing for Colombia, noting 
the works of González et al. (2011), Torres (2007), Rodríguez 
et al. (2006), Gómez and Julio (1998) and Cobo (2004) among 
many others. It is also closely related to various articles that 
seek to jointly estimate the dynamics of the output gap and the 
natural interest rate. This is the case of Laubach and Williams 
(2003), Garnier and Wilhelmsen (2009), Mesonnier and Renne 
(2007) and Castillo et al. (2006).

The description of the models is covered in Section 2. The 
models are estimated with Colombian data, this is described 
in Sections 3 and 4. Afterward they are used to extract the out-
put gap measures for Colombia, this is discussed in Section 5. 
Finally, results for neutral interest rate estimates are present-
ed in Section 6.

2.  MODELS

Three models are used to extract information about the output 
gap and the neutral interest rate for Colombia in the 1994-2011 
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period. All models are built on top of a local linear trend model, 
introducing the neutral interest rate, and a more elaborate def-
inition of the output gap, using a semi-structural new-Keynes-
ian model for a small open economy. The models differ in the 
way expectations are defined. One of the models has backward 
looking expectations, another has forward looking expecta-
tions and in the last one expectations are formed in a hybrid 
manner, taking into account both past and future values of 
the variables.

The motivation for these models is twofold. First, they give 
economic structure to the output gap, and introduce the no-
tion of a neutral interest rate, as opposed to the use of a purely 
statistical model. This allows to extract information from se-
ries other than the gdp when computing the output gap, and 
infer the dynamics of the neutral rate. This same strategy was 
used by González et al.(2011) for computing a measure of the 
Colombian natural interest rate, showing the differences be-
tween purely statistical and macroeconomic models. Second, 
since there is some degree of uncertainty regarding the mecha-
nisms by which agents form inflation expectations we consider 
necessary to present different measures of the output gap and 
the neutral interest rate using different approaches to agents 
expectations in line with previous literature on New Keynes-
ian models.

The remaining of this Section presents the main features of 
each model, Appendix A contains complete set of equations.

2.1  Local Linear Trend Model

The local linear model will be used as a base for building the 
more elaborate macroeconomic models that are shown below. 
It is a purely statistical model that decomposes output ( )y  into 
a trend component with an stochastic drift ( )ty  and the out-
put gap ( )ty .

The output gap is given by: 

 1 			                      =t t ty y y−
.
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The output trend component is assumed to follow a random 
walk with a stochastic drift: 

 2 			       1= y
t t t ty y g ε− + + .

The drift ( )tg  is the growth rate of the trend component of 
output and is given by:

 3 		                 ( ) 1= 1 g
t ss t tg g gτ τ ε−− + + ,

both y
tε  and g

tε  are i.i.d. Gaussian disturbances. The shocks’ 
variances ( )2 2,y gσ σ  and τ  are parameters to be estimated.

Note that y
tε and g

tε  account for permanent shocks to the 
level of potential output, providing an explanation for move-
ments in that variable. This feature allows to use data on the 
gdp level when estimating the output gap. However, the local 
linear model does not give any economic structure to the out-
put gap, and does not include other variables, also relevant for 
monetary policy. Because of that, this model is complemented 
with economic structural relations as described in the mod-
els below.

2.2  Backward Looking Semi-structural Model

The model consists in equations 1, 2, and 3, an is curve, a Phil-
lips curve, an uncovered interest parity (uip) condition, and 
equations for the dynamics of the real interest rate and the 
real exchange rate.

The is curve is given by: 

 4 		  ( )1 1 2 1 1 3 1= y
t t t t t ty y r r q zβ β β− − − −− − + +   .

According to this representation, the output gap depends 
on its past value, the real interest rate gap (being tr  the neutral 
rate of interest), the real exchange rate gap ( )tq  and an exog-
enous variable y

tz  that stands for the effects of demand shocks 
( )y

tε  in the is curve. y
tz  is assumed to follow an ar(1) process: 
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 5 			         y
t

y
ty

y
t zz ερ +−1= .

Note that when the real interest rate tr  is equal to tr  the term 
of the is curve involving the real interest rate is canceled, thus 
eliminating the effect of the real interest rate over the output 
gap. This is why the variable tr  is taken as the neutral interest 
rate.

The Phillips curve for the annualized quarterly inflation 
rate, is given by: 

 6 		  ( )1| 2 1 3 1= e
t t t t t t ty q q zππ π λ λ+ − −+ + − + , 

where 1|
e
t tπ +  denotes the period t  expectations over period 1t +  

inflation, tq  is the real exchange rate level, and tzπ  is an exog-
enous variable that stands for the effects of supply shocks ( )t

πε  
over the Phillips curve. As before, tzπ  is assumed to follow an 
ar(1) process: 

 7 			   1=t t tz zπ π π
πρ ε− + .

Inflation expectations are defined as an average between the 
inflation target ( )π  and lagged annual inflation ( )4, 1tπ − , this is:

 
 8 		             ( )1| 1 1 4, 1= 1e

t t tπ λ π λ π+ −+ − ,

as for the annual inflation ( )4,tπ  it follows from the definition 
of tπ  that: 

 9 		           ( )4, 1 2 3
1

=
4t t t t tπ π π π π− − −+ + + ,

where tπ  stands for the period to period change in prices.
The model is complemented by three sets of equations char-

acterizing the dynamics of the real interest rate, the foreign 
real interest rate and the real exchange rate.

The real interest rate must satisfy two equations. The Fisher 
equation 10, and an uncovered interest parity condition 11: 
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 10 			          1|= e
t t t tr i π +− ,	

 11 		      ( ) ( )* *
1|= 4 e r

t t t t t t t tr r r r q q ε+− − + − + ,

where *
tr  is the foreign real interest rate, *

tr its neutral value at 
period t, and 1|

e
t tq +  is the one period ahead expected value of 

the real exchange rate. r
tε  is a shock that affects the uip.

The neutral interest rate is assumed to follow an ar(1) pro-
cess, this means that it is an exogenous factor for the model, 
nevertheless its value can be extracted from the model, since 
the relation between the neutral rate and other variables is well 
defined by is curve 4, and the uip condition 11. Since all equa-
tions operate simultaneously in the equilibrium, the value of 
the neutral rate depends implicitly on the foreign interest rate, 
the real exchange rate and the overall state of the economy.3

 12 		          ( )1= 1 r
t r t r ss tr r rρ ρ ε− + − + .

The real exchange rate gap is defined as the difference be-
tween its realized and its trend value: 

 13 			           =t t tq q q− ,

its trend is assumed to follow a random walk: 

 14 			         1= q
t t tq q ε− +

and the expected real exchange rate is assumed to be an average 
between the trend, and the lagged value of the exchange rate:

3	 The relation between the neutral interest rate and the potential 
output’s growth rate ( )tg  is not included explicitly, as is done 
by Laubach and Williams (2003), Mesonnier and Renne (2007) 
and Echavarría et al. (2007). Nevertheless, an extra exercise was 
carried out modifying the definition of the neutral interest rate. 
The potential output’s growth rate recovered was very stable and 
implied little changes over the neutral rate, with respect to the 
results presented in Section 5.
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 15 		                      ( )1| 1= 1e
t t t tq q qϕ ϕ+ −+ − .

Finally, the nominal interest rate responds to a contempora-
neous Taylor rule,4 the rule’s intercept is given by the neutral 
interest rate plus the inflation target, following Taylor(1993) 
and Woodford (2003a) and it is assumed that the foreign neu-
tral interest rate and the foreign interest rate gap evolve exog-
enously following ar(1) processes:

 16 	 ( ) ( ) ( )( )1 1 1 2 4, 3= 1 i
t t t t t ti i r yγ γ π γ π π γ ε− + − + + − + + ,

 17 		      ( ) *

* *
* * *

1= 1 r
t t ss tr r

r r rρ ρ ε− + − + ,

 18 		          ( ) ** * * *
1 1= r

t t t t tr r r rκ ε− −− − + .

All jε  variables, with { }* *, , , , , , ,j y r q r r rπ∈  are assumed to 
be i.i.d. Gaussian disturbances with mean zero and constant 
variance.

2.3  Hybrid Semi-structural Model

The second model is built on top of the adaptive expectations 
model and differs from it in the way inflation and real exchange 
rate expectations are formed, and in the dynamics of the nomi-
nal interest rate, for which it is now possible to assume a forward 
looking Taylor rule. Additionally a forward looking component 
is introduced into the is curve.

The is curve 4 is modified and is given by: 

 19 	    ( ) { }1 1 2 1 1 3 1 4 1= y
t t t t t t t ty y r r q E y zβ β β β− − − − +− − + + +    .

4	 As in Laubach and Williams (2003) and Mesonnier and Renne 
(2007) the equilibrium is well defined in the absence of a Taylor 
rule, and the nominal interest rate can be taken as an exogenous 
variable. The Taylor rule is included for comparison with the 
rational expectations models, where it plays a crucial role for 
equilibrium determinacy (see Taylor, 1999), and Woodford, 
2003a).
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Inflation expectations (Equation 8) are also modified and 
are now given by the average between expected and lagged an-
nual inflation: 

 20 		  { } ( )1| 1 4, 4 1 4, 1= 1e
t t t t tEπ λ π λ π+ + −+ − .

Exchange rate expectations formulation is also modified, 
and is the average between expected and lagged exchange rate. 
The relative importance of each component is given by the pa-
rameter .ϕ  The equation that characterizes the expectations is:

 21 		          { } ( )| 1 1 1= 1e
t t t t tq E q qϕ ϕ+ + −+ − .

The Fisher equation 10 is defined in terms of the expected 
inflation corresponding to rational expectations: 

 22 			       { }1=t t t tr i E π +− .

Finally, the Taylor rule is modified to include the four-peri-
ods expected value of inflation, taking into account the lagged 
effect of monetary policy: 

 23 	 ( ) ( ) ( )( )1 1 1 2 4, 4 3= 1 i
t t t t t t ti i r E yγ γ π γ π π γ ε− ++ − + + − + + .

2.4  Forward Looking Semi-structural Model

The last model can be represented as a special case of the hy-
brid model, restricted so that the is curve (Equation 19), the 
inflation expectations (Equation 20), and the exchange rate ex-
pectations (Equation 21) are only forward looking. This means 
restricting the parameters so that 1 = 0β , 1 = 1λ  and = 1ϕ .

3.  DATA

A set of five macroeconomic variables is used for the estimation 
and filtering process. All variables are used in quarterly fre-
quency with a sample that ranges from the first quarter of 1994 
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to the last quarter of 2011, thus the sample has 72 observations.
The series used are the natural logarithm of the seasonally 

adjusted gdp, total cpi inflation (seasonally adjusted), and the 
nominal interest rate, taken as the average rate of the 90 days 
certificate of deposit (cdt). As for foreign variables, the real 
interest rate is taken as the 90 days certificate of deposit rate for 
the usa,5 and the real exchange rate corresponds to the bilat-
eral exchange rate between Colombia and the usa, computed 
with the average bilateral nominal exchange rate and the cpi 
indices for both countries (all items included).

Two things are worthwhile mentioning. The first is that, as 
in Mesonnier and Renne(2007), the real interest rate is com-
puted in-model, in a way consistent with the models’ inflation 
expectations. The second is that the Colombian economy ex-
perienced a disinflation period in the 2000s, with a decreas-
ing inflation target. Since the models take the nominal series 
as stationary, we shall work with the domestic inflation and 
nominal interest rate series relative to the inflation target; this 
eliminates the trend from the series and makes them compat-
ible with the models definitions. Two parallel exercises were 
conducted incorporating a time varying inflation target, as-
suming ar(1) and random walk dynamics; the results are ro-
bust to this changes.

4.  PARAMETRIZATION

The parameters are divided in two sets. One is f﻿ixed and is com-
posed mainly by those of the steady state, and the other one is 
to be estimated. The estimation is done by means of Bayesian 
techniques.

4.1  Fixed Parameters

The parameters that determine the long run values of the vari-
ables in the models are fixed according to the characteristics 

5	 The real rate is computed ex post with the us cpi inflation; the 
cpi is seasonally adjusted and all items are included.
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of Colombian data. The long run rate of output growth is fixed 
at 4% in annual terms ( )= 0.04 .ssg  The inflation target is set at 
3% ( )0.03π =  accordingly to the mid point of the long run tar-
get band for inflation of the Banco de la República. Since Co-
lombia is a small open economy, its real interest rate is given 
in the long run by the foreign interest rate, hence the domes-
tic and foreign real interest rates are set to 2.5% in the steady 
state ( )* 0.025ss ssr r= = . This fact along with the absence of drift 
in the equilibrium exchange rate process imply that there is 
no depreciation in steady state.

4.2  Estimation

Parameters that are not fixed are estimated by means of Bayes-
ian techniques, combining prior information with the model’s 
likelihood function (computed with the Kalman filter). These 
techniques have been applied with great success to the estima-
tion of dsge models in the literature (e.g., Smets and Wouters, 
2007), and, as noted in An and Schorfheide(2007), have many 
advantages when dealing with short time series and identifica-
tion issues (common in semi-structural models), they also pro-
vide a natural benchmark for model comparison (the model’s 
marginal likelihood).

Two chains of 100,000 draws are used when computing the 
parameters’ posterior distributions. There are three types of 
prior distributions used. For bounded parameters (between 
zero and one) a beta distribution is used, the mean is set to the 
mid point of the interval. For unbounded parameters a gam-
ma distribution is used, the mean is set to 0.3 in accordance 
to previous estimations of semi-structural models. Finally the 
shocks’ variances are all associated with an inverse-gamma 
prior distribution. Appendix B summarizes the prior distri-
butions used for the estimation of the models.

The results of the estimation procedure for each model are 
presented in Appendices C, D and E respectively. The estima-
tion was made using the Dynare software (Adjemian et al., 2011).
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5.  THE OUTPUT GAP

After the estimation the parameters are set to their posterior 
mode values. Then each model is used to extract the output 
gap from the data. The proposed output gap measure is ob-
tained with the Kalman smoother for variable y  in each model. 
Since the Hodrick-Prescott filter (henceforth hp filter) can be 
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Output gap given by the backward looking, hybrid and forward looking models ( 
regions at 90%), and the cyclical component of output obtained from the Hodrick-
Prescott filter with λ = 1,600. Grey areas correspond to peak-to-trough periods of the 
Colombian business cycle according to Alfonso et al. (2011). Series are all quarterly 
for the period 1994-2011. Calculations were made using Dynare.

Figure 1
OUTPUT GAP MEASURES
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represented as a special case of the local linear trend model it 
is used as a benchmark for the results (see Harvey and Jaeger, 
1993, and Canova, 2007). Figure 1d presents the results for this 
exercise. Panels 1a, 1b and 1c show the output gap obtained 
from each model with its respective higher posterior density 
(hpd) region at 90%. This region accounts for the uncertainty 
in the parameter estimates. Grey areas correspond to peak-to-
trough periods of the Colombian business cycle according to 
Alfonso et al. (2011).

There is a clear difference between the ability of the forward 
looking model (Panel 1c) to capture the dynamics of the out-
put gap, and the other two models. Even with an hpd at 90% 
the forward looking model is able to capture the boom experi-
enced in Colombia in the 1990s, the subsequent recession and 
that affected most of the 2000s and the last cycle (2006-2007 
boom and the international financial crisis of 2008).

Panel 1d presents the output gap measures and the Hodrick-
Prescott filter for the Colombian gdp. Note that, although all 
three measures comove they are not equal, showing that the 
economic models have additional information when compared 
to the statistical filter. 

The most notorious differences are in the 1994-1996, 2000-
2004 and 2006-2009 periods. In the first period the forward 
looking model presents a higher (positive) output gap than the 
other models ( joining the hp filter only until 1997). In the sec-
ond period, the backward looking and hybrid models identify 
a closed output gap whereas the forward looking and the hp 
filter still show a negative cyclical component. In the second 
period the models, specially the backward looking model, fail 
to recognize a great increase in the output gap, as opposed to 
the forward looking model and the hp filter, that identify a 
strong positive cycle.

Besides the differences between the proposed measures for 
the output gap and the one given by the hp filter, there are also 
differences between those measures and the consensus among 
the experts. According to them, the gap should have been posi-
tive at the beginning of the sample (as in the forward looking 
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model) and more negative at the 1998-1999 recession. The mod-
els fail to reproduce these facts because of two reasons. First, 
the Kalman filter is initialized at an arbitrary point, that does 
not necessarily reflect the true value of the states. In the previ-
ous exercise the filter was initialized as if the gap was equal to 
zero –its steady state value– in 1994Q1.6 Second, the local linear 
trend model, on top of which the proposed models are built, 
understands the data in the 1998-1999 period as a change in 
output’s trend –this means that the model is attributing part of 
the recession to a decrease in potential output, thus generat-
ing a less negative output gap. It is important to note that most 
of the models designed to extract output’s cyclical component 
fail to recognize a strong negative output gap in the 1998-1999 
period,7 but, unlike most of them, the use of the Kalman filter 
allows us to incorporate additional information about the out-
put gap, for the estimation and filtering process.8

Because of the above discussion a second exercise is carried 
out. The models are now estimated using the same database 
and prior distributions for the parameters, while allowed to ob-
serve the output gap level given by the experts for the first four 
observations of the sample and the fourth quarter of 1999 (Ta-
ble 1). This information is subject to measurement error, whose 
variance is estimated along with all the other parameters. The 
results of the estimation are summarized in Appendices C.2, 
D.2 and E.2. All models turn out to assign little variance to the 
measurement error of the output gap additional information, 

6	 In Figure 1 the output gap is not equal to zero at the first period 
because the gap measure is given by the Kalman filter smoother, 
which takes into account the whole sample for determining 
the gap value at each period. Only the forward looking model 
interpreted the data as to get the positive output gap at the 
beginning of the sample.

7	 An exception to this is the measure proposed in Cobo (2004), 
based on the production function approach.

8	 The methodology presented in Julio (2011) represents an exception 
to this, allowing the introduction of priors as linear restrictions on 
the Hodrick-Prescott filter.
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as reflected in the recovered output gap measure (Figure 2) 
and the posterior mode of the parameter (Tables 6, 8 and 10).

The output gap measures recovered from this exercise are 
able to recognize both a positive gap between 1994 and 1998, as 
well as a more negative and persistent gap following the 1998-
1999 recession, up until the mid 2000s (although the hpd re-
gions in panels 2a and 2b include zero after 2001). They also 
present a somewhat higher gap at the end of the sample and 
in the 2007-2008 period. As before there is a comovement be-
tween the three measures, with differences in the timing and 
magnitude of the cycles, because of the additional information 
given to the models the differences in the recovered output gap 
are now fewer. In order to assess the models goodness of fit, we 
use the marginal likelihood value. It is found that among the 
conditioned estimation, the forward looking model is the one 
with the higher marginal likelihood and the hybrid model is 
the worst. In the case of the non-conditioned estimation, the 
backward looking model is the one with the highest marginal 
likelihood and the worst is once again the hybrid model. The 
values are presented in the Appendix.

The gaps presented also match previous findings on the Co-
lombian business cycle. As shown in Figure 3, all measures iden-
tify all the peaks and troughs presented by Alfonso et al. (2011), 
who use an accumulated diffusion index, computed with 24 Co-
lombian series,9 in order to obtain a chronology of the business 
cycle. Before the additional information was introduced only 
the forward looking matched this turning points (Panel 1c).

9	 The only variable in common between this exercise and the one 
of Alfonso et al. (2011) is the nominal interest rate.

Table 1

OUTPUT GAP PRIOR INFORMATION
(percentage)

Period Value Period Value Period Value Period Value Period Value

1994Q1 1.35 1994Q2 1.62 1994Q3 2.03 1994Q4 2.38 1999Q4 –5.72
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Figure 2
OUTPUT GAP MEASURES - PRIOR INFORMATION

) B L M ) H M

) F L M ) O G  H-P F

Figure 3 also makes clear that there is a strong positive cor-
relation between the output gap measures and the core infla-
tion, defined as the cpi less food items inflation.10 Moreover, 
the output gap precedes the movements in the core inflation 

10	 Core inflation gap is defined as the current level of inflation 
less the target.
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to some extent. Note for example the inflation’s peaks after 
the 1995, 1997 and 2007 peaks in the output gap, as well as the 
falls in inflation after the 1998 and 2009 falls in the output 
gap. This can also be seen when computing the correlation be-
tween the core inflation and the current and lagged values of 
the output gap (Table 2), the correlation is always above halve 
and is greater for the first and second lagged values than for the 
contemporaneous one (except in the forward looking model).

Finally, the output gap can be decomposed into the effects 
of the shocks by using the state space representation of the 
model (Canova, 2007). The historical decomposition for the 
output gap measures is computed and reported in Figure 4. 
The exercise consists in identifying which shocks affected the 
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Output gap given by the backward looking, hybrid and forward looking models with 
prior information about the output gap level in 1994 and 1999Q4, and  less food 
items inflation relative to the inflation target. Grey areas correspond to peak-to-trough 
periods of the Colombian business cycle according to Alfonso et al. (2011). Series are 
all quarterly for the period 1994-2011. Calculations were made using Dynare.
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Figure 3
OUTPUT GAP MEASURES VS CORE CPI INFLATION
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economy in the sample period using the observed macroeco-
nomic series, along with the economic structure of the models. 
After the shocks have been identified it is possible to compute 
their individual impact over the output gap.

Since the identification and impact depend on the model’s 
structure, the decomposition is different for the backward 
looking, hybrid and forward looking models. Nevertheless 
there are common features between them. The most impor-
tant one is that the output gap is explained mostly by the effect 
of shocks to the is curve (demand shocks). This is very useful if 
one wishes to interpret the output gap as a measure of demand 
pressures in the economy. Another common characteristic is 
the low and short-lived effect of the filter’s initial values over 
the output gap, it can be seen that this effect is only determi-
nant in the first period and that only lasts for approximately 12 
periods. Another common feature is the effect of the Phillips 
curve shock (supply shocks) after the 1999 recession. Because 
of the large drop in inflation that followed the first quarters of 
1999, the models identify a Phillips curve shock that helps to 
explain such drop, as a consequence positive pressures over 
the output gap were created.

There are three other shocks that appear significant in the 
historical decomposition. The first is to the foreign interest 
rate, this shock is more relevant in Panels 4b and 4c and has a 
negative effect over the output gap for the 2000s’ period. Dur-
ing this period the foreign interest rate was low and the models 
identify this as a negative shock, associated to a real apprecia-
tion of the exchange rate. Nevertheless there must be caution 
over this result, for the models are biased toward the negative 
effects of the shock, since they do not take into account the 
positive effects of appreciation and a cheaper debt over the 
aggregate demand.

The second shock is to the real exchange rate trend, it is ex-
pansive in 2004 and 2010, both periods of real exchange rate 
appreciation. The reason for this is that the models interpret 
these appreciations as changes in the real exchange rate trend. 
When the trend is lowered the exchange rate gap becomes 
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positive, hence increasing the output gap. However this effect 
is not of great magnitude, relative to the effect of other shocks.

The third shock is to the neutral interest rate. Note that for 
the models this variable is completely exogenous and only influ-
enced by this shock. Because the models are able to extract both 
the level of the real interest rate and of the interest rate gap, the 
neutral rate of interest can be computed. The negative effect 
over the output gap of the neutral interest rate shock in the ear-
ly 2000s is explained by a decrease in the neutral rate from the 
high levels of the late 1990s, which lowered the interest rate gap. 
More about the neutral rate is discussed in the following  Section.

 B L M
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Output gap historical decomposition in shocks given by the adaptive and rational 
expectations models with prior information about the output gap level in 1994 and 
1999Q4. The series are all of quarterly frequency for the period 1994-2011. Calcula-
tions were made using Dynare.

Figure 4a
OUTPUT GAP HISTORICAL DECOMPOSITION
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6.  THE NEUTRAL INTEREST RATE 

Before discussing the models’ implications over the neutral in-
terest rate, it is important to examine the behavior of the real 
interest rate. Recall that this variable is computed in-model, 
given the nominal interest rate and the inflation expectations, 
nevertheless all three models generate similar measures (Fig-
ure 5) that are also in line with the movements and level of the 
expost real interest rate. The period under consideration is 
characterized by high and volatile levels of the real interest rate 
before the 2000, followed by a more stable period with a lower 
interest rate level. This is clear from the mean and standard 

H M
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Output gap historical decomposition in shocks given by the adaptive and rational 
expectations models with prior information about the output gap level in 1994 and 
1999Q4. The series are all of quarterly frequency for the period 1994-2011. Calcula-
tions were made using Dynare.

Figure 4b
OUTPUT GAP HISTORICAL DECOMPOSITION
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deviation of the real interest variable in all models, shown in 
the first two columns of Table 3.

The volatility; and subsequent stabilization, of the real in-
terest rate is probably explained by changes in the Colombian 
monetary policy; we refer to Giraldo et al. (2011) and the refer-
ences therein for a review of Colombia’s recent monetary his-
tory. Overall there are no drastic changes in the real interest 
rate, save from the great increase that coincides with the 1998-
1999 recession, which is explained by the large drop in infla-
tion that followed the crisis (see Figure 4).

F L M
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Output gap given by the backward looking, hybrid and forward looking models with 
prior information about the output gap level in 1994 and 1999Q4, and  less food 
items inflation relative to the inflation target. Grey areas correspond to peak-to-trough 
periods of the Colombian business cycle according to Alfonso et al. (2011). Series are 
all quarterly for the period 1994-2011. Calculations were made using Dynare.

Figure 4c
OUTPUT GAP HISTORICAL DECOMPOSITION
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Turning to the neutral interest rate, Figure 5 presents the 
neutral and real interest rate that each model recovered from 
the data. Note that all measures of the neutral interest rate are 
even more volatile than the real interest rate measures (com-
pare the standard deviations of both variables in the second 
and fourth columns of Table 3). The volatility of the real inter-
est rate, although present only before the 2000, influences the 
neutral interest rate in the whole sample, generating a chang-
ing measure of neutrality for the last decade.
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Neutral and real interest rate measures given by the backward looking, hybrid and 
forward looking models with prior information about the output gap level in 1994 
and 1999Q4 ( regions at 90%). The series are all of quarterly frequency for the 
period 1994-2011. Calculations were made using Dynare.
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Figure 5
NEUTRAL INTEREST RATE

) B L M

) F L M

) H M
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All models imply that there was a positive interest rate gap 
before the 1999 recession and a negative gap afterward, with a 
slow convergence of the neutral rate to the levels that the real 
interest rate has presented after the crisis. Then, the interest 
rate gap turns positive in the 2007-2008 period, although con-
siderably more (and sooner) in the backward looking model. 
At the end of the sample the interest rate gap becomes nega-
tive, again in a larger amount in the backward looking model.

Note, from Figure 6, that the behavior of the interest rate 
gap is countercyclical almost everywhere. It exerts a negative 
pressure over the output gap while it was positive in the pre-
1999 period, and has expansive effects afterward, up until the 
2007-2008 period, in which the output gap is again positive. Fi-
nally, the interest rate gap has positive effects after 2008, when 
there is a drop in the output gap, associated to the internation-
al turbulence that followed the recent us financial crisis. The 
countercyclality of the interest rate gap is clearly interrupted 
in the hybrid and forward looking models between 1999 and 
2001 (Panels 6b and 6c). In this period the interest rate gap 
turns positive while the output gap remains negative. This is 
attributed to a drop in the neutral interest rate (see Panels 5b 
and 5c), since this variable is exogenous for the model, this 
means that the model identifies the need of a positive inter-
est gap in order to explain the drop in the output gap in those 
periods. This is reflected in the negative correlation between 
the output and interest rate gaps for the 1994-2000 period for 
the hybrid and forward looking models (Table 3).

Yet, it must be mentioned that the interest gap reaction is 
lagged with respect to the output gap movements,11 this is clear-
er in Panel 6a for the backward looking model, and post-2006 
period in Panels 6b and 6c, where the interest rate gap turns 
positive a year after the output gap does and then remains 

11	 Recall that the interest rate gap presented in Figure 5 is smoothed 
with a fourth order moving average. This is done for clarity since 
the neutral rate measures are too volatile, and does not affect 
the findings.
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positive while the output gap fells in the 2008 financial crisis. 
In other words, given that the monetary authority can influ-
ence the real interest rate, the monetary policy, although coun-
tercyclical, has failed to anticipate the changes of the output 
gap, or at least to react strongly enough to them.

7.  FINAL REMARKS

This document presents three new measures of the Colombian 
output gap and neutral interest rate. Both variables are crucial 
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for the conduct of monetary policy and their measurement is 
subject to a great deal of uncertainty. Because of this the results 
presented here are not to be taken as final, but as an extra in-
put, useful for policy evaluation and academic research. The 
models deliver an output gap coherent with previous works for 
Colombia, as Echavarría et al. (2007), and is capable to iden-
tify all the turning points of the Colombian business cycle, as 
measured by Alfonso et al. (2011). The Colombian output gap 
begins with a positive, although variable, level from 1994 to 
1997, when there is a large drop that starts with the 1998-1999 
crisis, after this drop the output gap remains negative until 
2006. The gap turns positive in the 2006-2008 period and then 
drops in 2009, after the international turmoil that followed 
the us financial crisis of 2008. Both models imply that the gap 
has recovered from its last drop and is positive since 2011, al-
though still close to zero.

As for the neutral interest rate, the models are more hetero-
geneous in the results, but all imply a somewhat countercycli-
cal behavior of the monetary policy during most of the sample 
period, except at the time of the 1999 recession. They also im-
ply a delay between the movements of the output gap and those 
of the interest rate gap, specially the hybrid and forward look-
ing models. This may correspond to a lack of anticipation of 
the monetary authority, or the need of stronger reaction to the 
economy’s condition.

Finally, it is important to expand the methodology to account 
for model uncertainty to which the output and neutral inter-
est rate measurement is subject to; this implies the use of more 
advanced techniques that go beyond the scope of this paper. 
It is also noted that the methodology presented relies in semi-
structural models to take into account the relations between 
several macroeconomic aggregates, and there are still efforts 
to be done in order to compute a micro-founded measure of the 
output gap, and the natural interest rate, in the spirit of Wood-
ford (2003a) and Christiano et al. (2010a,b). These new mea-
sures can potentially improve our understanding of the shocks 
that affect the economy, and the design of monetary policy.
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Appendix

A.  Equations

A.1 Adaptive Expectations Model

 A.1 			                =t t ty y y+

 A.2 			           1= y
t t t ty y g ε− + +  

 A.3 			   ( ) 1= 1 g
t ss t tg g gτ τ ε−− + +

 A.4 		  ( )1 1 2 1 1 3 1= y
t t t t t ty y r r q zβ β β− − − −− − + +  

 A.5 		    ( )1| 2 1 3 1= e
t t t t t t ty q q zππ π λ λ+ − −+ + − +

 A.6 		          ( )1| 1 1 4, 1= 1e
t t t tπ λ π λ π+ −+ −

 A.7 		      ( )4, 1 2 3
1

=
4t t t t tπ π π π π− − −+ + +

 A.8 	      ( ) ( ) ( )( )1 1 1 2 4, 3= 1 i
t t t t t ti i r yγ γ π γ π π γ ε− + − + + − + +

 A.9 			       1|= e
t t t tr i π +−

 A.10 		  ( ) ( )1|= 4 e r
t t t t t t t tr r q q r r ε+− − + − +* *

 A.11 		          ( )1= 1 r
t r t r ss tr r rρ ρ ε− + − +

 A.12 		         ( )1 1= r
t t t t tr r r rκ ε− −+ − +

** * * *

 A.13 		      ( ) r
t t ss tr r

r r rρ ρ ε− + − +1= 1
** * *

* *

 A.14 			           =t t tq q q+

 A.15 			        1= q
t t tq q ε− +

 A.16 		               ( )1| 1= 1e
t t t tq q qϕ ϕ+ −+ −

 A.17 		                       1=y y y
t y t tz zρ ε− +

 A.18 			 
1=t t tz zπ π π

πρ ε− +

A.2  Rational Expectations Semi-structural Model

 A.19 			        =t t ty y y+

 A.20 			 
1= y

t t t ty y g ε− + +



260 Monetaria, July-December, 2013

 A.21 		          ( ) 1= 1 g
t ss t tg g gτ τ ε−− + +

 A.22 	    ( ) { }1 1 2 1 1 3 1 4 1= y
t t t t t t t ty y r r q E y zβ β β β− − − − +− − + + +   

 A.23 		  ( )1| 2 1 3 1= e
t t t t t t ty q q zππ π λ λ+ − −+ + − +

 A.24 		    { } ( )1| 1 4, 4 1 4, 1= 1e
t t t t tEπ λ π λ π+ + −+ −

 A.25 		        ( )4, 1 2 3
1

=
4t t t t tπ π π π π− − −+ + +

 A.26 	 ( ) ( ) ( )( )1 1 1 2 4, 4 3= 1 i
t t t t t t ti i r E yγ γ π γ π π γ ε− ++ − + + − + +

 A.27 			   { }1=t t t tr i E π +−

 A.28 		  ( ) ( )*
1|= 4 e r

t t t t t t t tr r q q r r ε+− − + − +*

 A.29 		            ( )1= 1 r
t r t r ss tr r rρ ρ ε− + − +

 A.30 		            ( )1 1= r
t t t t tr r r rκ ε− −+ − +

** * * *

 A.31 		         ( )1= 1 r
t t ss tr r

r r rρ ρ ε− + − +
** * *

* *

 A.32 			            =t t tq q q+

 A.33 			          1= q
t t tq q ε− +

 A.34 		               { } ( )1 1= 1e
t t t tq E q qϕ ϕ+ −+ −

 A.35 			      1=y y y
t y t tz zρ ε− +

 A.36 			      
1=t t tz zπ π π

πρ ε− +

B.  Prior Distributions

Table A.1 

PRIOR DISTRIBUTIONS

Parameter Description Distribution Mean
Standard 
deviation

iσ
Shock i standard 
deviation 

Inv. gamma 0.0125 ∞

τ Persistence of the 
growth process 

Beta (0,1) 0.5 0.15

1λ
Inflation expectations Beta (0,1) 0.5 0.15
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2λ
Elasticity of inflation to 
output gap 

Gamma 0.30 0.25

3λ
Elasticity of inflation to 
depreciation 

Gamma 0.30 0.25

1β
Elasticity of output gap 
to its lag 

Beta (0,1) 0.5 0.15

2β
Elasticity of output gap 
to real interest gap 

Gamma 0.30 0.25

3β
Elasticity of output gap 
to exchange rate gap 

Gamma 0.30 0.25

4β
Elasticity of output gap 
to expectations 

Gamma 0.30 0.25

ϕ Exchange rate 
expectations

Beta (0,1) 0.5 0.15

κ Persistence of foreign 
interest rate gap 

Beta (0,1) 0.5 0.15

rρ
Persistence of natural 
interest rate 

Beta (0,1) 0.5 0.15

*r
ρ Persistence of foreign 

natural interest rate 
Beta (0,1) 0.5 0.15

yρ
Persistence of is shock Beta (0,1) 0.5 0.15

πρ
Persistence of Phillips 
curve shock 

Beta (0,1) 0.5 0.15

C.  Estimation Results – Backward Looking Model

C.1 Unconditioned Estimation
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Prior and posterior density functions for the estimated parameters, prior functions are in gray 
and posteriors functions in black, the dashed vertical line indicates the parameter posterior 
mean. Calculations were made with Dynare. 
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C.2  Conditioned Estimation
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Prior and posterior density functions for the estimated parameters, prior functions are in gray 
and posteriors functions in black, the dashed vertical line indicates the parameter posterior 
mean. Calculations were made with Dynare. 

Figure 8
PRIOR & POSTERIOR: BACKWARD LOOKING MODEL
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D.  Estimation Results - Hybrid Model

D.1  Unconditioned Estimation
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Prior and posterior density functions for the estimated parameters, prior functions are in gray 
and posteriors functions in black, the dashed vertical line indicates the parameter posterior 
mean. Calculations were made with Dynare. 

Figure 9
PRIOR & POSTERIOR: HYBRID MODEL
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D.2  Conditioned Estimation
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Prior and posterior density functions for the estimated parameters, prior functions are in gray 
and posteriors functions in black, the dashed vertical line indicates the parameter posterior 
mean. Calculations were made with Dynare. 

Figure 10
PRIOR & POSTERIOR: HYBRID MODEL
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E.  Estimation Results - Forward Looking Model

E.1  Unconditioned Estimation
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Prior and posterior density functions for the estimated parameters, prior functions are in gray 
and posteriors functions in black, the dashed vertical line indicates the parameter posterior 
mean. Calculations were made with Dynare. 

Figure 11
PRIOR & POSTERIOR: FORWARD LOOKING MODEL
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E.2  Conditioned Estimation
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Prior and posterior density functions for the estimated parameters, prior functions are in gray 
and posteriors functions in black, the dashed vertical line indicates the parameter posterior 
mean. Calculations were made with Dynare. 

Figure 12
PRIOR & POSTERIOR: FORWARD LOOKING MODEL
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