
No. 1304
2025

Policy implications of losing credibility: 
Lessons from Colombia’s post-
pandemic inflationary surge

By:
Anderson Grajales-Olarte
Franz Hamann
Sara Naranjo-Saldarriaga
José Pulido

https://crossmark.crossref.org/dialog/?domain=pdf&doi=https://doi.org/10.32468/be.1304


Policy implications of losing credibility: Lessons from
Colombia’s post-pandemic inflationary surge∗

Anderson Grajales-Olarte†1, Franz Hamann‡1, Sara Naranjo-Saldarriaga§1, and
José Pulido¶1

1Banco de la República

The views expressed in this paper are exclusively ours and do not necessarily represent those of Banco

de la República’s or its Board of Governors.

Abstract

Inflationary surges, such as those experienced in the aftermath of the COVID-19 pan-
demic, can undermine the credibility of central bank inflation targets. Using data from
expectations surveys, we test whether credibility losses occurred in Colombia and assess
their magnitude. We then use these estimates to inform a Bayesian estimation of a mone-
tary policy model in which such credibility is endogenous, depending on the central bank’s
past performance in achieving its inflation target. We implement our framework embedded
in one of the main semi-structural models for monetary policy analysis in the country, the
4GM-model (Gonzalez et al., 2020). Our implementation is designed such that the 4GM
specification is nested within our model as a particular case in which the costs of credi-
bility losses are absent. Our findings indicate that the post-pandemic inflationary surge
in Colombia represents the episode with the largest credibility loss in recent decades, and
such episodes tend to make inflation stabilization policies more costly in terms of output.
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Abstract

Brotes inflacionarios como el experimentado tras la pandemia de COVID-19 pueden so-
cavar la credibilidad de las metas de inflación de los bancos centrales. Utilizando datos de
encuestas de expectativas, evaluamos si se produjeron pérdidas de credibilidad en Colom-
bia y las cuantificamos. Posteriormente, utilizamos estas estimaciones para informar una
estimación bayesiana de un modelo de política monetaria en el que dicha credibilidad es
endógena, dependiendo del desempeño pasado del banco central en el cumplimiento de su
meta de inflación. Este mecanismo lo implementamos en el principal modelo semiestruc-
tural para el análisis de política monetaria en el país, el modelo 4GM (González et al.,
2020). Nuestra implementación está diseñada de manera que la especificación del 4GM
esté anidada dentro de nuestro modelo como un caso particular en el que los costos de
las pérdidas de credibilidad están ausentes. Nuestros hallazgos indican que el brote in-
flacionario post-pandemia en Colombia representa el episodio con la mayor pérdida de
credibilidad en las últimas décadas, y que episodios de este tipo tienden a hacer más
costosas las políticas de estabilización de la inflación en términos de producto.
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1 Introduction

The aftermath of the COVID-19 pandemic left an enduring impact on the global economic
landscape, presenting several challenges for policymakers. One of the foremost issues that
garnered attention in policy discussions was the pervasive inflationary surge recorded in many
countries. Among other issues, policymakers faced the intricate tasks of diagnosing the drivers
behind that surge, assessing its intensity and duration, and evaluating potential implications
for the design of monetary policy. One of these implications includes the possibility of a
change in the trade-off between inflation and output stabilization, potentially stemming from
the erosion of credibility in central banks’ inflation targets, in a context where inflation soared
well beyond those targets.

In this study we start by employing data from expectations surveys to assess the magnitude
of those credibility losses in Colombia, a country operating under an inflation-target regime
that had a significant post-pandemic inflationary surge.1 We build on Bomfim and Rudebusch
(2000), who uses a filtering framework to construct a metric for the time-variant credibility
of the inflation target as an anchor for agents’ expectations. Armed with that metric of
credibility, we proceed to estimate a monetary policy model in which credibility is endogenous
and contingent on a loss function that assumes that agents evaluate the central bank’s past
performance in achieving its inflation target.2 Notably, our obtained credibility metric from
expectations surveys guides the selection of the functional form for the loss function of our
model, and the Bayesian estimation of its parameter values.

Similar to recent literature where credibility is endogenous (Hommes and Lustenhouwer,
2019; Park, 2023), in our model agents’ expectations about inflation are no longer an invariant
combination of their past realizations and those under full-information rational expectations.
Instead, the weights of each component endogenously evolve depending on the size of a latent
stock of credibility, which, in turn, depends on credibility signals, i.e., the realizations of the
loss function. These expectations lead to Phillips curves that have time-variant weights on the
backward-looking and forward-looking components. In this way, the extent to which the econ-
omy deviates from one with full-information rational expectations —a departure common in
the recent behavioral New Keynesian literature — varies endogenously over time. And despite
the fact that our approach remains semi-structural (meaning that although our formulation is
motivated by theory, we do not identify all primitive parameters of the underlying structural
model), this feature of our formulation can be micro-funded by some type of learning dynam-
ics. For example, our Phillips curves’ specification is isomorphic to the obtained in "heuristic
switching" micro-funded models, where agents are either rational or adaptive/naive, and in

1 Inflation in Colombia soared to 13.3% in the first quarter of 2023, a multi-decade high. For a comprehensive
review of the determinants of the inflationary surge in Colombia, see Pulido et al. (2023).

2 The explicit communication of the inflation target by central banks following an inflation targeting strategy
allows for this ex-post measurement of monetary policy performance (Svensson, 1997).
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which the prevalence of each behavior switches according to their forecasting performance (see
e.g. Hommes and Lustenhouwer (2019); Hommes et al. (2019); Cornea-Madeira et al. (2019)).

We integrate our proposed formulation within one of the primary semi-structural models
for monetary policy analysis in Colombia, namely, the 4GM-model (Gonzalez et al., 2020).
Specifically, our implementation is structured to embed the existing 4GM-model in our frame-
work as a specific case where the costs of credibility losses are absent. This approach provides
the monetary authority with a tool tailored to the Colombian economy that is fully compatible
with the technology currently used for generating central policy forecasts. In particular, our
implementation enables the production of forecasts for endogenous variables in which costs
of credibility losses are taken into account, to construct alternative policy scenarios to those
generated by the original 4GM-model.

Our endogenous credibility specification within the 4GM-model is estimated as the final
outcome of a three-stage approach, informed by the empirical content of the expectations
surveys. Specifically, in the first stage we construct an initial credibility metric using only
data from expectations surveys and the filtering model proposed by Bomfim and Rudebusch
(2000). In the second stage, we choose the functional form of the loss function of the model
to generate credibility signals with a distribution whose moments exhibit certain desirable
properties, and develop a calibration exercise to obtain, in partial equilibrium, the parameters
related to the persistence and bounds of the stock of credibility, using the estimated credibility
metric from the first stage. Finally, in the third stage, we estimate the full module of credibility
within the 4GM-model using Bayesian techniques, which allow us to account for the effects
of general equilibrium channels. In particular, in our (constrained) Bayesian estimation of
the model we inform the priors’ support of the parameters of the selected loss function and
the persistence of the stock of credibility, using the estimated parameters from the calibration
exercise in the second stage.

Our results indicate that, in the Colombian case, the post-pandemic inflationary surge
represents the episode with the largest credibility loss in recent decades. This is confirmed by
both the metric of credibility constructed from the filtering framework and by the endogenous
stock of credibility in the model. Moreover, the fact that the Phillips curves have time-
variant weights on the backward-looking and forward-looking components means that the
trade-off between inflation and output stabilization faced by the monetary authority is no
longer fixed over time. In particular, we show that episodes with credibility losses increase
the sacrifice ratio of monetary policy, making inflation stabilization policies more costly in
terms of output. More importantly, the rate at which the rise in the sacrifice ratio occurs is
a non-linear function of the stock of credibility of the central bank’s inflation target. Thus,
episodes of large and persistent inflationary surges, such as the one followed by the COVID-19
pandemic, require a more restrictive policy stance to achieve inflation convergence, even under
the same configuration of shocks of the economy without credibility costs.

The layout of this paper is as follows. Section 2 reviews the related literature. Section 3
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presents our empirical motivation, where we construct our off-the-model metric of credibility
from expectations surveys. Section 4 introduces our module of endogenous credibility to be
incorporated within the the 4GM-model. Section 5 outlines the estimation procedure. Section
6 presents the model impulse-response functions, describes how incorporating endogenous
credibility losses affects the transmission channels of the most important shocks, compared
to the economy without costs of credibility, and computes the corresponding sacrifice ratios.
Finally, Section 7 concludes.

2 Related literature

There is a rich body of literature exploring the consequences of the credibility of central banks’
inflation targets for the implementation of monetary policy and its various effects on the
economy; see Cepeda et al. (2023) for a comprehensive meta-study. A narrower set of studies
has explored these consequences using theoretical frameworks similar to ours. Primarily, our
specification aligns with the semi-structural monetary policy models proposed by Argov et al.
(2007), Benes et al. (2017), and Chansriniyom et al. (2020) for the economies of Israel, India
and the Philippines, and Indonesia, respectively. Similarly to our approach, all these models
share three main departures from the workhorse semi-structural specification with constant
policy credibility, as enumerated by Alichi et al. (2009): i) an endogenous policy credibility
process, by which monetary policy can gain or lose credibility over time; ii) non-linearities in
the credibility generating process; and iii) an explicit loss function that recognizes the costs of
deviations of inflation from its target.

Our paper distinguishes itself from the aforementioned studies primarily through its em-
pirical focus, that allows us to validate the resulting endogenous stock of credibility in the
model with data extracted from expectation surveys. Particularly, in contrast to those studies
where the models are fully calibrated for the corresponding countries, we begin by motivating
our mechanism with a credibility metric constructed entirely from observed data, building on
Bomfim and Rudebusch (2000).3 This metric enables us first to select the functional form for
the loss function of our model and second to inform the priors in our Bayesian estimation. In
this way, we discipline the expectation formation process in the model with the help of survey
data, an approach that has been documented to improve the fit of standard macroeconomic
models (Müller et al., 2022). Moreover, our proposed strategy provides us with an estimation
of the credibility loss function in which, unlike several other studies, we do not need to invoke
either an ad-hoc penalty for inflation deviation or involve any threshold for its evaluation.4

3 Bomfim and Rudebusch’s (2000) approach is also used in other studies such as Łyziak et al. (2007) and
Demertzis et al. (2012) to construct metrics of credibility.

4 Regarding this issue, refer to Bicchal (2022) for a discussion on the shortcomings of studies that propose
credibility indexes based solely on inflation deviations, such as Cecchetti et al. (2002), De Mendonça (2007),
De Mendonça and De Guimarães e Souza (2009) or Levieuge et al. (2018).
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While we refrain from incorporating micro-foundations into our specification, our model is
also related to recent literature in the "behavioral" New Keynesian strand (Jump and Levine,
2019; Gabaix, 2020; Meggiorini, 2023) that incorporates some form of bounded rationality to
enhance the fit of the standard New Keynesian model with macroeconomic data.5 Typically,
models within this body of literature deliver a structural specification where all expecta-
tions appearing in the optimality conditions are scaled by a factor relative to their standard
coefficients. That factor generally corresponds to behavioral parameters of the agents, mea-
suring the strength of cognitive discounting, the degree of level-k thinking or the proportion
of rational agents forming expectations under full-information. In certain specifications, this
factor can even endogenously vary over time according to some type of learning dynamic,
based, for example, on the agents’ forecasting performance. Such is the case of the "heuristic
switching" models proposed by Hommes and Lustenhouwer (2019), Hommes et al. (2019) or
Cornea-Madeira et al. (2019), which, as previously mentioned, feature specifications leading
to Phillips curves with time-varying coefficients, similar to those derived from our endogenous
credibility mechanism.

Finally, our paper also relates to those studies that, within the context of the Colombian
economy, have explored different consequences of credibility losses, and to those that utilize
the 4GM model specification to examine its implications when considering additional channels
of interest. In the first vein, the study most closely related to ours is González and Hamann
(2011), which examines the effects of credibility on inflation persistence and the sacrifice ratios
of monetary policy. Their work follows the model by Erceg and Levin (2003), where some
components of the inflation target are not perfectly known by the public. Although their
conclusions are qualitatively similar to ours, our advantage lies in providing the monetary
authority in Colombia with a tool that can be fully integrated with the current model used
for generating central policy forecasts, estimated using the empirical content of expectation
surveys. In the second category, Romero and Naranjo-Saldarriaga (2023) use the 4GM model
to examine the implications of introducing weather shocks into the inflation expectations of
agents, while Méndez-Vizcaíno et al. (2021) employ it to endogenously generate risk balances
for the forecast paths in the form of predictive densities.

3 Empirical motivation and data

The COVID-19 pandemic and its aftermath have led to renewed interest in the credibility of
inflation targets, as both inflation and inflation expectations have increased. Headline inflation
in several countries, including the United States and the euro area, reached historically high

5 Particularly, to account for empirical regularities of macroeconomic data such as excess kurtosis and
stochastic volatility (Jump and Levine, 2019), to attenuate the "forward guidance puzzle" documented by
Del Negro et al. (2023) (the fact that with rational agents, forward guidance by the central bank is pre-
dicted to work very powerful, see Gabaix (2020)) or to conciliate the estimates of the structural model with
microeconomic estimates (Afsar et al., 2023)
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Figure 1 – Headline inflation and one-year ahead inflation expectations
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Sources: Central banks of each country and expectations surveys carried out by each central bank.

levels in the aftermath of the pandemic (Figure 1A). Headline inflation in the United States, for
example, peaked at 9.1% in mid-2022, the highest level since 1980. Similarly, inflation in the
euro area rose to 10.6% by the end of the same year. One-year ahead inflation expectations
have followed a similar trend. Figure 1B shows that inflation expectations for this group
of countries have behaved similarly to headline inflation, although the increases have been
somewhat more moderate.

Inflation and inflation expectations in Colombia mirrored global trends. In the first quarter
of 2023, Colombia’s total annual headline inflation reached 13.3%, above the tolerance band
since the end of 2021 (Figure 2). This level is the highest recorded in recent decades and
therefore higher than the two peaks observed in 2008 and 2016, when annual inflation was
high due to high international food and fuel prices and the El Niño phenomenon, respectively.
Inflation expectations have risen moderately relative to overall inflation, peaking at 7.5% in
the first quarter of 2023 and remaining above the tolerance band at the end of 2023.

The uncertainty and volatility of the pandemic, coupled with episodes of elevated inflation,
may have undermined economic agents’ confidence in central banks’ ability to achieve their
inflation targets, thereby undermining the credibility of monetary policy.

Assessing the credibility of the inflation target is challenging because the stock of credibility
is not directly observable. Economic literature offers several methods for estimating this stock
of credibility, including credibility measures associated with the anchoring of expectations
(Antunes, 2015; Dash et al., 2020; Gefang et al., 2012; Strohsal and Winkelmann, 2015), and
ad-hoc functional forms of loss function that penalizes deviations of the observed inflation
relative its target (Bicchal, 2022; Cecchetti et al., 2002; De Mendonça, 2007; De Mendonça
and De Guimarães e Souza, 2009; Levieuge et al., 2018). The first approach requires to analyze
the dynamics of inflation expectations and their sensitivity to inflation shocks, while the second
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Figure 2 – Annual inflation, inflation expectations and inflation target of Colombia
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Sources: Banco de la República. Annual inflation expectations from the Monthly Expectations Survey of
Economic Analysts.

involves specifying and estimating a specific loss function.
We depart from these approaches and instead construct an outcome-based, time-varying

credibility measure by adapting the methodology proposed by Bomfim and Rudebusch (2000)
using a filtering framework. This methodology has the advantage of being based directly on
data from surveys of economic agents’ expectations, which allows us to determine credibil-
ity based on agents’ perceptions. It is intuitive, easy to interpret, and consistent with the
credibility measure proposed by Svensson (1997).

Bomfim and Rudebusch (2000) argue that the credibility of the inflation target can be
measured by the weight that agents assign to the central bank’s inflation target in forming their
inflation expectations. The higher the weight given to the target, the greater the credibility
of the inflation target. This approach considers that inflation expectations are determined as
a weighted average of the current inflation target and past inflation rates, according to:

πet = λtπt + (1− λt) π̃t + ϵπ
e

t , (1)

λt = ψ0 + ψ1λt−1 + ϵλt , (2)

π̃t =
πt−1 + · · ·+ πt−q

q
, (3)

where πet represents the one-year ahead annual inflation expectations, πt is the inflation target,
πt−1 is annual headline inflation in the previous quarter, ϵλt ∼ N

(
0, σ2

)
and ϵπe

t ∼ N
(
0, γσ2

)
.6

We estimate the state-space system shown in equations (1)-(3) using as observable variables

6 We calibrate γ to ensure that the estimated λt does not exceed one.
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Table 1 – Estimated parameters for partial equilibrium credibility measure λt

Coefficient Std. Error p-value
ψ0 0.107 0.048 0.025
ψ1 0.842 0.075 0.000
σ2
ϵλ

0.012 0.150 0.000
Sources: Authors’ calculations.

the mean of the one year ahead inflation expectations from the Monthly Expectations Survey
of Economic Analysts, the annual inflation target in Colombia, and annual inflation up to four
quarters in the past (q = 4).7 The stock of credibility is thus the latent variable λt ∈ [0, 1],
which follows an autoregressive process, with ψ1 determining its level of persistence (Equation
(2)). A level of λt close to one in a given period indicates a high anchoring of expectations
and, therefore, a high level of credibility in that period. A value close to zero indicates the
opposite. Table 1 shows the estimated parameters.

Figure 3 shows the evolution of the resulting latent variable λt ∈ [0, 1] over time. Except
for the post-Covid episode, the credibility of the inflation target in Colombia has remained
relatively stable. The peaks in both headline inflation and inflation expectations that Colombia
experienced in 2008 and 2016 led to a decrease in credibility. The persistence of credibility is
high, and it typically recovers quickly after a decline. After the pandemic, the loss of credibility
of the inflation target was particularly strong, but it did not result in a total loss. Finally, as in
previous episodes of credibility loss, credibility rises rapidly from the first quarter of 2023, in
tandem with inflation expectations and headline inflation moving closer to the central bank’s
inflation target.

Finally, it is worth noting that the proposed credibility metric in Figure 3 is a partial
equilibrium measure because it does not account for the interaction of credibility with other
economic variables beyond expectations, headline inflation, and target inflation. In Section 5,
we address this limitation by using this credibility measure to inform the priors in a Bayesian
estimation of a credibility measure within a general equilibrium model, the 4GM-model. This
approach aims to provide a more comprehensive and accurate measure of credibility.

4 Theoretical framework

In this section, we explore the general equilibrium implications for macroeconomic analysis
and forecasting associated with endogenous credibility costs. To achieve this, we extend the
4GM model of Gonzalez et al. (2020) by incorporating an endogenous credibility cost channel
and non-linearities. In contrast to the existing literature, we use the initial credibility metric,

7 The Monthly Expectations Survey of Economic Analysts, conducted by Banco de la República since
September 2003, measures annual inflation expectations one year ahead for Colombia. The survey is aimed
at financial institutions or research centers that calculate inflation forecasts. It also inquires about growth,
exchange rate, and policy rate expectations, among other variables.
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Figure 3 – Colombian partial equilibrium credibility stock measure, λt
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estimated in Section 3, to inform the functional form of the credibility loss function and its
non-linearity. The resulting 4GM-model with credibility costs allows us to treat the current
specification of the model as a particular case where costs of credibility are absent. This
facilitates the comparison of relevant monetary policy scenarios.

The 4GM-model is a semi-structural New Keynesian model for monetary policy analysis
and macroeconomic forecasting in Colombia, used by the Colombian central bank to inform
its monetary policy decisions. It is based on a rational expectations framework for a small,
open, and oil-exporting economy. The model has four main behavioral equations: an IS curve,
a set of four Phillips curves, a UIP condition, and a monetary policy rule. The Phillips curves
characterize the inflation of the baskets of goods, services, food, and regulated goods, which
have different sensitivities to the output gap and the real exchange rate gap. The oil price
plays a fundamental role in the model, affecting both the potential output and the trend
component of the real exchange rate. The model is estimated using Bayesian methods and
calibrated to reflect some stylized facts of the Colombian economy. The full specification of
the 4GM-model can be found in the Appendix B.

In New Keynesian models with rational expectations, the Phillips curve tends to be hybrid,
incorporating both backward-looking and forward-looking components of inflation. In these
models, inflation expectations entering the Phillips curve are based on rational expectations
consistent with the underlying economic framework and with a constant elasticity given by
the corresponding parameter. However, this specification overlooks the potential effects of a
loss of credibility in the inflation target set by central banks. If credibility in the inflation
target falls, agents become more backward-looking, assigning greater weight to past inflation,
reducing the influence of rational expectations, and weakening the anchoring of future inflation
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projections.
To address this limitation, we propose an augmented Phillips curve that partially deviates

from the strict rational expectations assumption. Following Argov et al. (2007) and Chan-
sriniyom et al. (2020), our model incorporates a non-linearity that captures the effects of
credibility costs. In our model, agents form inflation expectations by considering both ra-
tional expectations and past observed inflation. Importantly, the weights assigned to these
forward- and backward-looking components vary over time and reflect the central bank’s abil-
ity to achieve its inflation target-that is, the credibility of the inflation target. Specifically, our
augmented Phillips curves have the form:

πjt = απjπ
e,j
t + (1− απj )π

j
t−1 + απj

rmcjrmc
j
t + ϵπ

j

t for j ∈ {G,S, F} (4)

πe,jt = ctEtπ
j
t+1 + (1− ct)π

j
t−1 + ϵπ

ej

t , (5)

where πjt represents annualized quarterly inflation, πjt−1 reflects inflationary inertia, rmcjt is the
real marginal cost, which in turn depends positively on the output gap (ŷt), the real exchange
rate gap (ẑt), and the relative price of the same sector. In Equation (5), πe,jt represents inflation
expectations that consider a credibility stock and are a weighted average of rational inflation
expectations

(
Etπ

j
t+1

)
and past inflation

(
πjt−1

)
. The model has three such Phillips curves,

augmented by a credibility channel, for goods, services, and food.8

Equation (5) implies that the weighting of the forward and backward components by the
agents depends on a credibility stock, denoted by ct ∈ [0, 1]. When the credibility stock is
equal to one, perfect credibility is reached, as in the standard New Keynesian model. However,
a credibility stock below one implies an erosion of the credibility of the inflation target.9 We
assume that this credibility stock follows a first-order autoregressive process, that depends on
a credibility signal, denoted st ∈ [0, 1], which accumulates over successive periods:

ct = ψct−1 + (1− ψ) st + ϵct , (6)

st = f
(
πt−1 − π∗t−1|ω

)
. (7)

The functional form of the credibility signal and the associated parameters in Equation
(7) significantly influence the credibility costs. However, these components are not directly
observable. Here we introduce an innovative approach to estimate both the functional form
of f(·) and its parameters. Particularly, and opposed to the economic literature that relies
on restrictive functional forms, often grounded in ad-hoc assumptions specific to the context,
we instead advocate for a data-driven strategy. By leveraging historical data, particularly
market inflation expectations, we can determine the functional form and estimate the credibil-

8 The 4GM-model has a fourth basket for regulated goods. But since regulated goods do not respond to the
same market forces as the other three baskets, it is reasonable to assume that the inflation of the basket of
regulated goods is not affected by credibility costs.

9 In the extreme case of zero credibility (ct = 0), real marginal costs affect changes in inflation rather than
its level, πt − πt−1 = αrmcrmct + ϵπt . The Phillips curve becomes accelerationist.
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Table 2 – Estimated parameters for the functional form of the credibility signal

Coefficient Std. Error p-value
ω1 ln

(
1

1−ω3

)
ω2 0.062 0.034 0.074
ω3 0.426 0.066 0.000
σ2
ϵsig

0.018
Sources: Authors’ calculations.

ity signal’s parameters. Notably, our method builds upon the metric of credibility previously
estimated in Section 3.

We begin by proposing a broadly generic functional form for the credibility signal, as
follows:

f
(
πt−1 − π∗t−1|ω

)
= e

(
−ω1−ω2(πt−1−π∗

t−1)
2
)
− ω3. (8)

This function is centered around the announced inflation target, and has three key parameters
shaping its profile: ω1 defines the highest level of the credibility signal achievable by the
central bank; ω2, determines the steepness of the function around the inflation target (where
a steeper slope indicates a more rapid erosion of credibility with deviations from the target,
while a flatter slope suggests a more forgiving public perception of smaller deviations); and ω3

represents the lowest possible level of the credibility signal. When ω3 = 0, the credibility signal
can potentially reach a level where the central bank’s ability to control inflation has completely
eroded. We use this symmetric function for the credibility signal as our baseline, but in
Appendix C we examine the robustness of our results when two more generalized asymmetric
functions are considered, producing credibility signals that do not differ substantially from the
one derived from our symmetric specification.

Our approach to estimating the parameters of the credibility signal is based on the following
regression,

λt = e

(
−ω1−ω2(πt−1−π∗

t−1)
2
)
− ω3 + ϵsigt , (9)

where the credibility metric λt from Section 3 serves as a proxy for the credibility signal st.
Table 2 presents the estimated parameters, while Figure 4 shows the estimated credibility
signal (ŝt) and Figure 5 its associated functional form.10

Unsurprisingly the main distinction between the initial measure λt and the estimate of
the credibility signal st lies in their persistence. The initial metric tends to exhibit greater
persistence over time. Both measures reveal credibility losses during specific periods. Notably,
the years 2008 and 2016 witnessed substantial declines in credibility, which were subsequently
recovered. However, the post-Covid-19 era stands out as a critical juncture. The loss of

10 In Appendix B, we examine the robustness of our results when asymmetric credibility signals are considered.
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Figure 4 – Estimation of the credibility signal ŝt
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Figure 5 – Functional form of the credibility signal st
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credibility observed during this period surpasses any previous episode since 2003. However,
throughout the analysis period, the credibility of the target remained high. Even during the
post-Covid episode, credibility was never reduced to zero.

Finally, notice that as in the case of the initial measure λt the credibility signal st is
estimated without considering general equilibrium channels. However, this estimate of the
credibility signal and the values found for its persistence and bounds, that depend on the
estimated parameters of the functional form of the loss function, will be used as priors in the
Bayesian estimation of the full general equilibrium model in Section 5.

5 Estimation

To recap, our estimation of the final credibility stock unfolds in a three-stage process, with
each stage building upon the insights gained from the previous one. In the initial stage,
detailed in Section 3, we focus on estimating an empirical measure of credibility (λt). This
initial measure captures the key relationship between the observed inflation expectations and
the inflation target, providing a data-driven foundation for our analysis. Armed with this
measure, we proceed in Section 4 to utilize λt as a proxy for the credibility signal of the
model to obtain, in partial equilibrium, a starting point to estimate the parameters associated
with its persistence and with the loss function that shape the evolution of the credibility stock.
Finally, in this section, we now incorporate the estimates from the second stage into a Bayesian
estimation of the 4GM-modified model.

We estimate the 4GM-modified model assuming that the other components of the structure
of the model and its estimated parameters remain unchanged. In particular, i) the IS curve:

ŷt = β1ŷt−1 + β2Etŷt+1 − βΦΦt + βŷ∗ ŷ
∗
t + βr̂pt r̂p

oil
t + ηŷt (10)

where ŷt is the output gap, Φt = βr̂r̂t − (1− βr̂) ẑt is the real index of monetary conditions,
which in turn depends on the real interest rate gap (r̂t) and the real exchange rate gap (ẑt);
ii) the UIP condition:

it = i∗t + φt +∆Etst+1 + ϵst , (11)

where it is the nominal interest rate, i∗t is the external nominal interest rate, φt is the country
risk premium, and st+1 is the exchange rate; and iii) the monetary policy rule:

it = ρiit−1 + (1− ρi)
(̄
it + φπ

(
Etπ

A
t+3-Etπ̄

A
t+3

)
+ φŷŷt

)
+ ϵit, (12)

where īt is the nominal neutral interest rate and
(
Etπ

A
t+3-Etπ̄

A
t+3

)
is the deviation of annual

inflation expectations from the target three quarters ahead; all remain unchanged. This as-
sumption allows us to generate a tool that is able to produce forecasts in which costs of
credibility losses are taken into account, but that at the same time, are totally compatible
to those generated by the original 4GM-model, the current tool for monetary policy analysis.
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This procedure facilitates the construction of consistent alternative policy scenarios.
We thus estimate the parameters ω2, ω3, ψ and σc in the system of equations (4)-(8)

and (10)-(12) using Bayesian techniques,11 in which we inform the priors of ω2 and ω3 with
the results presented in Table 3 and the prior of ψ with the obtained persistence of the
credibility signal estimated in the second stage.12 Table 3 presents the prior distributions
and posterior values of the key parameters associated with the credibility dynamics. As
expected, incorporating the general equilibrium channels has non-negligible effects on the
obtained estimates of the parameters of interest, compared to their priors. In particular,
compared to the values used as priors, the parameter ω2 is slightly lower, while the parameter
ω3 is higher.

Table 3 – Parameter estimates

Par. Description Prior distribution Posterior distribution
Mean 10% 90%

ω2 Steepness of the signal function beta(0.062,0.05) 0.041 0.01 0.13
ω3 Lower bound credibility signal beta(0.43,0.2) 0.66 0.17 0.70
ψ Credibility stock persistence beta(0.84,0.1) 0.84 0.83 0.86
σc Std. of credibility shock gamma(0.05,0.05) 0.02 0.018 0.021

Source: Authors’ calculations.

Armed with these estimates, in the following section we explore the implications for mon-
etary policy of including an endogenous credibility channel in the model, focusing on how the
costs of the stabilization process, in terms of output, change under different credibility values.

6 Policy implications

To understand the response of the economy to inflationary shocks under endogenous credibility,
the simulation depicted in Figure A.4 presents two contrasting scenarios that illustrate the
importance of the initial state of credibility in the economy’s response to supply shocks. In
both scenarios, a shock to the services’ Phillips curve is considered, with a deviation of 100
basic points (b.p hereafter) from the steady state. In the first scenario, characterized by
the absence of credibility losses ("high initial credibility"), we observe that monetary policy
successfully anchors expectations and controls inflation with relative efficiency.13 Although a
monetary policy effort is required to counteract the shock’s impact, the absence of credibility

11 Particularly, we approximate the posterior distributions using a MCMC Metropolis-Hastings algorithm,
with 10000 draws where 20% of those are discarded as burn-in draws

12 The standard deviation of the shock on credibility stock σc has a non-informative prior.
13 In some way, the absence of credibility costs make the model to deliver the "forward guidance puzzle"

documented by Del Negro et al. (2023), i.e. the fact that with rational agents, forward guidance led by the
central bank target is predicted to work very powerful.
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losses allows for a moderate response, minimizing distortions in the economy. In this context,
the loss of output is limited, and the economy swiftly recovers from the shock’s effects.

Figure 6 – Impulse-response functions of a cost-shock under different values of credibility
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The scenario labeled "low initial credibility" simulates the same supply shock, but with an
initial stock of credibility 40% smaller than in the first scenario.14 The results are markedly
different. Monetary policy faces greater challenges to anchor expectations and contain infla-
tion. A higher monetary policy effort is required to counteract the impact of the inflationary
shock, resulting in a greater loss of output and a larger appreciation effect in the real exchange
rate inflationary gap. Thus, the lack of credibility limits the effectiveness of policy measures,
prolonging the recovery of the economy. These results are qualitatively similar (although with
differences in their magnitudes) when a goods’ Phillips curve cost shock is considered (see
Figure A.1 in Appendix A); while in the case of demand shocks the implications of lower

14 This is achieved through a simultaneous shock to the stock of credibility ϵct . An alternative way to
recreate an economy that starts in a low-credibility regime is through multiple sequential shocks. For example,
Figure A.3 in Appendix A shows the impulse response functions to several sequential supply shocks and their
cumulative impact on the credibility stock.

14



credibility are more attenuated (see Figure A.2 in Appendix A).
Therefore, by relaxing the assumption of no credibility losses, the optimal response of the

monetary authority and its corresponding costs in terms of output depend on the degree of
credibility in the inflation target of the monetary authority. The absence of credibility losses
not only facilitates a more efficient response by monetary policy, but also mitigates the costs in
terms of economic growth. To better understand the latter costs associated with inflationary
supply shocks, we proceed to evaluate the sacrifice ratio in response to various increases in
headline inflation (100 basis points, 1000 basis points, 10000 basis points), a simulation that
also illustrates the non-linear effects on the costs associated with the output gap.

Table 4 presents the sacrifice ratios, calculated as the present value of the quarterly output
gap under the different simulated inflationary episodes, providing a measure of the economic
losses incurred. This approach captures both the immediate and long-term effects of monetary
policy decisions on the quarterly output gap. In the model with no credibility costs, the sacri-
fice in terms of the output gap is proportional to inflation increases, indicating that significant
deviations from headline inflation do not impose additional costs on the monetary authority.
Thus, the (relative) monetary effort required to anchor expectations remains constant. How-
ever, when credibility is endogenous, the sacrifice ratio increases more than proportionally,
implying that substantial deviations from the announced inflation target impose additional
stabilization costs on the central bank.

Table 4 – Policy responses to rises in headline inflation under endogenous and constant credibility

Scenarios: Increases in headline inflation 100 (b.p) 1000 (b.p) 10000(b.p)
Endogenous credibility 31.08 411.68 6217.08
Constant credibility (ss) 30.67 306.72 3067.23

Source: Authors’ calculations

In conclusion, our simulations highlight the nuanced dynamics of credibility and its impli-
cations for the effectiveness of monetary policy. Specifically, our quantitative exercises reveal
that fluctuations in credibility significantly magnify the challenges policymakers face in an-
choring inflation expectations while minimizing output losses, particularly in the presence of
supply shocks. The comparative analysis between high- and low-credibility scenarios under-
scores the importance of building credibility to reduce stabilization costs after inflationary
surges, such as the one triggered by the COVID-19 pandemic. Finally, from a practical per-
spective, an important aspect of the design of our tool is its ability to create alternative policy
scenarios to those generated by the primary semi-structural model currently used for forecast-
ing and monetary policy analysis, accounting for the additional costs of credibility losses. This
capability allows policymakers to isolate the general equilibrium effects of credibility losses by
comparing model outcomes with and without these losses.15

15 For example, Figure A.4 in Appendix A shows the differences between the forecast scenario with endogenous
credibility losses and the scenario without credibility costs generated in mid-2023.
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7 Conclusions

In this study, we delved into one of the many repercussions of the COVID-19 pandemic:
the potential erosion of central bank credibility due to the significant inflationary surge that
followed the pandemic. Using data from expectation surveys in Colombia, we constructed a
time-variant credibility metric based on a filtering framework, which served as a cornerstone
for our model estimation. We embedded endogenous credibility into the 4GM-model, one
of the main tools for monetary policy analysis in the country, providing a nuanced tool for
forecasting and scenario analysis that accounts for the intricate interplay between credibility
losses and monetary policy effectiveness.

Our estimated model revealed the dynamic nature of the trade-off between inflation and
output stabilization, contingent on the central bank’s credibility. Particularly, a crucial insight
from our analysis is the non-linear relationship between the stock of credibility and the sacrifice
ratio. This relationship suggests that restoring inflation to target levels before the pandemic
requires a more aggressive policy stance than would be inferred under scenarios devoid of
credibility considerations. Our results highlight the importance of maintaining a robust level
of central bank credibility to mitigate costs in terms of output of the stabilization process.

Considering these findings, policymakers are encouraged to prioritize the usual measures
that bolster central bank credibility, especially in the aftermath of large-scale shocks. Such
measures may include transparent communication strategies, adherence to inflation targets,
and incorporation of credibility considerations into policy models. Future research could en-
hance our model to include mechanisms currently not represented in the 4GM-model, such as
the interaction between the goods and labor markets, the explicit modeling of weather shocks,
or financial sector considerations.
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Appendix

A Additional Figures

Figure A.1 – Impulse response function to a tradable goods cost shock
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Figure A.2 – Impulse response function to a demand shock
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Figure A.3 – Impulse response function to multiple supply shocks
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Figure A.4 – Differences between escenarios with and without endogenous credibility
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B The Full 4GM-model (Gonzalez et al., 2020)

The model structure can be divided into four main blocks: 1) The IS Curve and potential
output growth; 2) the Phillips curves for each CPI basket; 3) the monetary policy rule and
definitions of other interest rates; and 4) the uncovered interest parity (UIP) and the process
for foreign variables. Shocks are denoted by εt and are normally distributed.

1) IS Curve and Potential GDP Growth

The output level in logarithmic terms yt is defined in terms of a cyclical component ŷt
(output gap) and a trend yt (potential output):
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yt = yt + ŷt (A.1)

yt = yt−1 +
∆yt
4

(A.2)

∆yt = ρ∆y∆yt−1 + (1− ρ∆y)
(
∆yss + κ∆y

(
∆proilt −∆proilss

))
+ ε∆y

t (A.3)

ŷt = β1ŷt−1 + β2Etŷt+1 − βΦΦt + βŷ⋆ ŷ
⋆
t + βr̂poilt

r̂poilt + ηŷt (A.4)

Φt = βr̂r̂t − (1− βr̂)ẑt (A.5)

ηŷt = βηŷη
ŷ
t−1 + εŷt (A.6)

where Φt is the real monetary condition index that captures the effect of the real interest
rate gap r̂t and the real exchange rate gap ẑt; ŷ∗t is the foreign output gap; r̂poilt is the real oil
price gap; and ηŷt is a demand shock that follows an AR(1) process. Notice that the law of
motion of potential growth ∆y depends on its lagged value, the long-term growth rate (steady
state) ∆yss, and deviations of the trend growth of the real oil price from its steady state rate
(∆rpoilt −∆rpoilss ).

2) Phillips Curves and CPI Aggregation

The model considers four CPI baskets j, namely Goods (G), Services (S), Food (F ), and
Regulated goods (R). Each of them has a Phillips curve of the hybrid form:

πjt = απjπ
j
t−1 + (1− απj )Etπ

j
t+1 + απj

rmcjrmc
j
t + επ

j

t for j = G,S, F,R (A.7)

where πjt is the annualized quarterly inflation and rmcjt is the real marginal cost, given by:

rmcjt =


αrmcj

ŷ ŷt + (1− αrmcj

ŷ )(ẑt − p̂rjt ) for j = G,S

αrmcj

ŷ ŷt + (1− αrmcj

ŷ )(p̂rF
⋆

t + ẑt − p̂rjt ) for j = F

αrmcj

ŷ ŷt + (1− αrmcj

ŷ )(p̂roilt + ẑt − p̂rjt ) for j = R

(A.8)

Thus, real marginal costs depend positively on the output gap ŷ, the real exchange rate gap ẑt,
and each basket relative price r̂pjt gap. In addition, the Phillips curves for food and regulated
items include the real relative price gaps of world food prices r̂pF∗

t and oil r̂poilt , respectively.
Relative prices and the aggregation of CPI are given by:
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p̂rjt = prjt − prjt for j = G,S, F,R (A.9)

prjt = pjt − pt (A.10)

prjt = prjt−1 +
∆prjt
4

(A.11)

∆prjt = ρprj∆pr
j
t−1 +

(
1− ρprj

)
∆prjss + ε∆prj

t for j = S, F,R (A.12)

pt = ωGpGt + ωSpSt + ωF pFt + ωRpRt + ηt (A.13)

0 = ωGp̂rGt + ωS p̂rSt + ωF p̂rFt + ωRp̂rRt (A.14)

Thus, relative prices prjt are the difference between the price index of sector j, pjt , and the
consumer price index (CPI), pt. Each relative price is decomposed in a long-term trend com-
ponent prjt and a gap component p̂rjt , which enter into each corresponding Phillips curve.

3) Monetary Policy Rule and Interest Rates

The monetary policy rate it is given by a Taylor rule:

it = ρiit−1 + (1− ρi)
(̄
it + φπ(Etπ

A
t+3 − Etπ̄

A
t+3) + φŷŷt

)
+ εit (A.15)

where it is the neutral nominal interest rate and (Etπ
A
t+3 − EπAt+3) captures the deviation

of annual inflation expectations from the three periods ahead target. The neutral nominal
interest rate is defined by the Fisher equation it = r+πt+1, where r is the neutral real interest
rate that is determined by:

∆z = r − r∗ + premt (A.16)

where r∗ is the neutral real interest rate of the US, premt is the country’s long-term trend
risk premium, and ∆z is the long term real depreciation that is in the steady state.

4) Uncovered Interest Parity (UIP) and Foreign Variables

One-period ahead expectations of depreciation ∆Etst+1 are determined by the UIP:

∆Etst+1 = i∗t − it + premt + εlst (A.17)

zt = st + p⋆t − pt (A.18)

ẑt = zt − z̄t (A.19)

z̄t = zt−1 +
∆zt
4

(A.20)

∆zt = ρ∆z∆zt−1 + (1− ρ∆z)
(
∆zss − ν∆z(∆pr

oil
t −∆proilss )

)
+ ε∆z

t (A.21)

where ∆st is the nominal depreciation, i∗t is the FED funds rate, and premt is the risk
premium. The real exchange rate, zt, is decomposed into a long-term component zt and a
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cyclical component ẑt.
Finally, the model has a set of exogenous paths for the following foreign variables: the

world oil relative price gap p̂roilt , the world food relative price gap p̂r⋆Ft , the foreign output
gap ŷ⋆t , the foreign headline inflation π⋆t , the nominal foreign interest rate i⋆t , the foreign real
neutral interest rate r̄⋆t , the country risk premium premt, and the long-term trend country
risk premium premt. All of them follow an AR(1) process:

(·)t = ρ(·) (·)t−1 +
(
1− ρ(·)

)
(̃·) + ε

(·)
t (A.22)

for (·) =
{
p̂roilt , p̂r⋆Ft , ŷ⋆t , π

⋆
t , i

⋆
t , r̄

⋆
t , premt, premt

}
, where ρ(·) is the persistence and (1 − ρ(·))

represents the speed of adjustment towards the corresponding steady-state value (̃·).
Our specification with credibility costs modifies the 4GM model by incorporating equations

(6) - (8) that define our credibility metric depending on the selected loss function, and changes
the system of equations (A.8) by (4) - (5) to incorporate the effects of credibility costs into
the Phillips curves.

C Asymmetry of the Credibility Signal

The response of credibility to deviations of observed inflation from target inflation may not be
symmetric. Specifically, credibility might decline more significantly - or only - when observed
inflation exceeds the target, whereas it may decrease less severely or remain unaffected when
inflation falls below the target. Determining whether the credibility response to inflation
deviations is symmetric or asymmetric is an empirical question. This appendix explores the
potential for an asymmetric credibility response in Colombia during the period 2003-2023.

To examine this, we consider two asymmetric non-linear functional forms for the credibility
signal as alternatives to the symmetric nonlinear form used in Section 4 (Equation (8)). In the
first alternative, we impose asymmetry by assuming that credibility is not affected when the
observed inflation is below the target. This specification is shown in Equation (A.23) below,
where the asymmetry assumption is achieved by setting ω5 = 0:

λt =

e
(
−ω1−ω2(πt−1−π∗

t−1)
2
)
+ ω3 + ϵsigt if πt−1 − π∗t−1 ≥ 0 with ω2 ≥ 0

e

(
−ω4−ω5(πt−1−π∗

t−1)
2
)
+ ω6 + ϵsigt if πt−1 − π∗t−1 < 0 with ω5 = 0.

(A.23)

The second alternative is more general, estimating all parameters so that the data determine
the potential asymmetry of the credibility response. This specification corresponds to:

λt =

e
(
−ω1−ω2(πt−1−π∗

t−1)
2
)
+ ω3 + ϵsigt if πt−1 − π∗t−1 ≥ 0 with ω2 ≤ ω3

e

(
−ω4−ω5(πt−1−π∗

t−1)
2
)
+ ω6 + ϵsigt if πt−1 − π∗t−1 < 0 with ω5 ≤ ω6.

(A.24)

Table A.1 presents the estimation results for the two alternatives, while Figure A.5 shows
the functional form associated with the two alternative specifications. The data suggest that
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the credibility response is indeed asymmetric, with credibility declining less when observed
inflation is below target than when it is above target. However, when comparing the estimates
of the common parameters for these two alternatives, the differences between the first alterna-
tive, where the asymmetry is imposed, and the second alternative, where the data determine
the magnitude of the asymmetry, are relatively small.

Table A.1 – Estimates of asymmetric credibility signals

Parameter Alternative 1 Alternative 2
ω1 ln

(
1

1−ω3

)
ln
(

1
1−ω3

)
ω2 0.273 0.253
ω3 0.532 0.529

ω4 ln
(

1
1−ω6

)
ln
(

1
1−ω6

)
ω5 0 0.059
ω6 0.777 0.769

Figure A.5 – Estimates of asymmetric credibility signals. Functional forms of alternative asym-
metric credibility signals
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These small differences translate into comparable credibility signals for the two asymmetric
alternatives, which, in turn, closely resemble the signal obtained using the symmetric spec-
ification in Equation (9) (Figure A.6). This similarity indicates that our estimation of the
credibility signal remains robust even when considering asymmetric loss functions.
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Figure A.6 – Credibility signals with different specifications
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