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Resumen

Este trabajo examina cémo la credibilidad imperfecta de la politica monetaria condiciona la transmisién y la
efectividad de distintos marcos de politica en una economia pequefa y abierta, utilizando Uruguay como
caso de estudio. Sobre la base de Carballo (2025), se extiende un modelo neokeynesiano semiestructural con
credibilidad endégena para comparar el desempeno de una regla tipo Taylor, una regla basada en el
pronéstico de inflacién (IFB) y una politica de control 6ptimo bajo compromiso. El anédlisis combina el
célculo de fronteras eficientes de politica con un conjunto de simulaciones ilustrativas —incluyendo shocks
de costos, proyecciones incondicionales y una reduccién permanente de la meta de inflacién— con el fin de
evaluar las compensaciones entre la estabilizacién de la inflacién, la volatilidad del producto y la dindmica de
la credibilidad. Los resultados muestran que la credibilidad condiciona de manera decisiva dichas
compensaciones: niveles altos de credibilidad mejoran la frontera de variabilidad inflacién—-producto y
reducen las pérdidas de politica en todos los regimenes considerados, mientras que niveles bajos amplifican
los costos de desinflacién y debilitan la transmision de la politica. Las politicas de control éptimo generan las
menores pérdidas y la recuperacién mas rapida de la credibilidad, aunque la regla IFB presenta un
desempeno similar en varios escenarios. En conjunto, los resultados subrayan que preservar y reconstruir la
credibilidad es fundamental para disenar una politica monetaria robusta, especialmente en procesos de
desinflacion o frente a shocks adversos de oferta.

Abstract

This paper examines how imperfect monetary policy credibility shapes the transmission and effectiveness of
alternative policy frameworks in a small open economy, using Uruguay as a case study. Building on Carballo
(2025), | extend a semi-structural New Keynesian model with endogenous credibility to compare the
performance of a Taylor-type policy rule, an inflation-forecast-based (IFB) rule, and an optimal control policy
under commitment. The analysis combines efficient policy frontiers with a set of illustrative simulations—
including cost-push shocks, unconditional forecasts, and a permanent reduction in the inflation target—to
assess the trade-offs between inflation stabilization, output volatility, and credibility dynamics. The results
show that credibility crucially conditions these trade-offs: high credibility improves the inflation—output
variability frontier and reduces policy losses across all regimes, while low credibility amplifies the costs of
disinflation and weakens the transmission of policy. Optimal control policies deliver the lowest losses and
fastest credibility recovery, though the IFB rule performs similarly in several scenarios. Overall, the findings
highlight that safeguarding and rebuilding credibility is essential for designing robust monetary policy,
especially when pursuing disinflation or responding to adverse supply shocks.
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1 Introduction

Monetary policy credibility reflects the degree to which the public trusts that the cen-
tral bank will achieve its stated objectives over time. This trust is essential, as it helps an-
chor inflation expectations and reduces uncertainty in the economy. Credibility, however,
is not determined by monetary policy alone; it also depends on the perceived coherence
and consistency of the broader policy framework. When credibility weakens—such as
in the aftermath of economic shocks—inflation dynamics often become more persistent
and backward-looking, while output performance deteriorates. In this context, inflation
expectations act as a vital signal of the central bank’s credibility. If households and firms
are convinced that the central bank is committed to its inflation target and has a his-
tory of meeting it, their expectations are more firmly anchored. A rich body of research
underscores the importance of credibility in shaping monetary outcomes, with particular
attention devoted to incorporating endogenous credibility mechanisms into New Keyne-
sian models (Alichi et al. (2009), Argov et al. (2007), Benes et al. (2017) and Benes et al.
(2017), among others).

This paper analyzes the interaction between imperfect credibility and monetary policy
rules using Uruguay as a case study. This paper provides a practical illustration of how the
endogenous credibility model can provide different policy insights when combined with
Taylor-type monetary policy rules or optimal control policy rules. To this end, I extend
the reference model proposed in Carballo (2025). Besides the Taylor-type monetary policy
rule, this document considers an inflation-forecast-based (/FB) rule and an optimal
control policy specification based on a loss function under commitment. An optimal
control policy framework in the context of imperfect credibility explicitly considers the
potential consequences of credibility erosion. Although the results are contingent upon
the manner in which credibility is modeled, the insights obtained may assist in the design
of a more robust and effective monetary policy.

Section 2 presents the model. Section 3 computes the efficient policy frontier implied
by the optimal control policy framework. Section 4 examines the dynamic responses to
cost push shocks and analyses the monetary policy options in the forecasting exercise.
Section 5 explores the effects of a permanent one-percentage-point reduction in the in-
flation target on the endogenous credibility model. Section 6 presents some concluding

remarks.

2 The model with endogenous credibility

I adopt a semi-structural New Keynesian framework with endogenous credibility (Car-
ballo, 2025). The model comprises aggregate demand, credibility-dependent expectation

formation, aggregate supply in tradable and non-tradable sectors, uncovered interest par-



ity, and a monetary policy specification alternatively defined by a Taylor-type rule, an
inflation-forecast-based rule, or an optimal control policy. This section outlines the cred-
ibility and expectations mechanism, the associated price dynamics, and the monetary
policy specification. The complete model is reported in Appendix C and discussed in
greater detail in Carballo (2025).

2.1 Credibility, expectations and price dynamics

Credibility is introduced by a variable C; that links the formation of expectations to
the past:
EtTrt+1 = Cf/ﬂf—i—l + (1 - Ot)ﬂ't,1 (1)

C; follows an auto-regressive process that evolves around a credibility update signal,

M-

Cy = p°Crq + (1= p°)my + £, (2)

where €f represents a shock (positive or negative) that affects the credibility of the
central bank. C} ranges from 0 to 1. Cy=1 implies full credibility; C;=0 implies lack of
credibility in which case expectations are formed in a backward looking way.

The credibility signal, denoted by the symbol 7;, quantifies the extent to which infla-
tion outcomes align with the targeted inflation rate. The central bank increases credibility
by achieving the monetary policy target (Alichi et al., 2009). According to Argov et al.
(2007), the public perceives the possibility of two distinct inflation regimes, character-
ized by low and high inflation, respectively. In the context of a low inflation scenario,
it is reasonable to anticipate that inflation would ultimately converge on the announced
inflation target. The high inflation scenario is indicative of the public’s perception that
monetary policy may result in an inflation rate that is significantly higher than the an-
nounced target. These potential scenarios are employed to define a credibility coefficient,
or credibility signal. This signal is indicative of the extent to which inflation outcomes are
perceived to align with the low inflation scenario. In a similar vein, this research employs
a functional form for the credibility signal that follows IRIS-Solutions-Team (2022)." As
posited in the aforementioned specification, which is utilized in Savolchuk & Grui (2022),

the credibility signal depends negatively on quadratic inflation deviations from the target:

—w( yoy _
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(3)

where w is a parameter that graduates the agents’ tolerance to deviations of inflation

n=e

from the long-term inflation target. In this document, I consider w = 1, implying a

single-point inflation target. In this case, the credibility signal n; is rapidly reduced when

Thttps://github.com /IRIS-Solutions-Team/tutorial-endogenous-credibility



inflation deviates from the target.? Although the credibility signal in equation (3) is sym-
metric in inflation deviations, the resulting credibility dynamics are not. Persistence and
inflationary “memory” arise endogenously from the interaction between the credibility
updating process and expectation formation: low credibility increases the backward-
looking component of expectations, thereby amplifying inflation persistence and slowing
the rebuilding of credibility.

Elevated values of the credibility signal 7, result in an increase in the credibility stock
C;. The persistence of the credibility stock is calibrated at 0.7. Consequently, to achieve
substantial enhancements in credibility, it is necessary to systematically observe signals
aligned with the inflation target. This is a non-linear process: in cases of low credibility,
it is necessary to implement a more assertive monetary policy to achieve disinflation.
Conversely, at elevated levels of credibility, the required policy responses are of a reduced
magnitude.

Central bank credibility affects the forward-looking component of inflation. As the
credibility of the central bank decreases, inflation persistence increases and vice versa.
When C; — 0, the influence of future expected inflation is diminished, causing current
inflation to be more dependent on its own past performance. As a result, inflation tends
to exhibit more sluggish and persistent behavior.

Incorporating this modeling of expectations, the Phillips curve for non-tradable is
expressed by equation (4):

e,ntr

T = 0y O 4 (1 — )T + oy + gy + €7 (4)

Analogously, the Phillips curve of the tradable component is expressed as in equation

(5).

™" = auCymy 4+ (1 — auCo)mi™ ) + ol + e + (5 — 2-a) + er” (5)

The remaining CPI components, including fruits, vegetables, and administered items,
denoted by 77" are not directly related to macroeconomic equilibrium or monetary
policy and are therefore considered exogenous. However, given an environment of low
credibility in the inflation target, it is to be expected that administered prices, which
represent 89% of this component, shall exhibit a more persistent behavior. Consequently,
the expression for the rest of CPI inflation is given by:

rest

T = perm Y + (1= per)(Cem + (1 = C)m"Y) + €7 (6)

2The lower w, the greater the tolerance for deviations of inflation from the target. Carballo (2025)
uses w = 0.5 for historical filtration purposes and w = 1 in the case of the simulation exercises.
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2.2 Monetary Policy

The appropriate setting of interest rate policy depends fundamentally on the objec-
tives that society assigns to monetary policy and on the structural characteristics of the
economy. To achieve these objectives monetary policy should be conducted in a system-
atic, rule-based manner. These rules may pertain either to the instruments of policy or
to the targets that policy seeks to achieve (Svensson, 2019).

Monetary policy tends to be more effective when it is predictable. Predictability
requires that central banks articulate a clear plan that describes the systematic response
of policy to evolving economic conditions. This response is often referred to as the policy
reaction function, and it constitutes a core component of the monetary policy strategy.

However, announcing a monetary policy strategy is insufficient if the public does not
believe it will be followed. By committing to some future policies the central bank is
able to influence expectations in a way that improves its short-run trade-offs, but this
may create time inconsistency problems. If expectations are rational, policymakers will
have an incentive to alter their initial plan at a later date, once the desired economic
behavior—partially motivated by expectations of the original plan—has been achieved
(Taylor, 1979).

In this document, I assume that policymakers place weight on the long-run effects of
monetary policy and therefore commit to following a systematic strategy. Such commit-
ment may be supported by institutional arrangements, such as incentive structures or
legal frameworks, that enhance credibility and reduce the temptation to deviate. In this
sense, commitment technologies are institutional mechanisms that ensure adherence to
stated policy strategies. Within the model, I consider three alternative strategies: two

interest rate rules and an optimal control policy.

2.2.1 Interest rate rules

The central bank’s reaction function is represented by a Taylor-type monetary policy
rule (equation (7)), in which the policy rate (i;) responds to deviations of quarterly
inflation from its target (m, — 7) and to the output gap (9;). The rule also includes an
interest rate smoothing term to capture policy inertia, as well as a monetary policy shock

term (£!) to account for deviations from the systematic rule:

it = piitfl + (1 — pz)ﬁt + Oéﬂ—(ﬂ't — 7?) —+ Oéygt] —+ Efi, (7)

Beyond this specification, and following the literature on inflation-forecast-based (I F'B)
rules, I also consider an alternative reaction function in which the policy rate responds
to projected rather than contemporaneous inflation, thereby allowing monetary policy to
operate in a forward-looking and preemptive fashion (see, e.g., Svensson, 1999; Batini &
Haldane, 1999; Levin et al., 2003; Levine et al., 2007). As suggested by Bernanke (2010)
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and in line with Clinton et al. (2015) and Alichi et al. (2015), among others, the policy
rate responds to the expected deviation from the target of year-over-year inflation three

quarters ahead:

ir = pite—1 + (1 — Pz‘)ﬁt + aﬁ(ﬁ’i% —7) + ay?)t] + 511;7 (8)

This forward-looking design enhances the central bank’s ability to act preemptively,
aligning monetary policy with expected inflation developments, rather than waiting for
realized deviations from target. By responding to forecasted inflation at a specified hori-
zon— typically one to four quarters ahead— (I F'B) rules can smooth policy adjustments
(Bernanke, 2010; Clinton et al., 2015).

A key advantage of [F'B rules lies in their consistency with the expectations channel
of monetary policy. Since agents form expectations about future inflation and output,
reacting to forecasted inflation helps anchor expectations around the target and enhances
policy credibility. In contrast, Taylor-type rules, which respond to current inflation,
may generate a more reactive policy stance, leading to delayed and potentially amplified
fluctuations in interest rates and output. In this sense, I F'B rules may strengthen the
link between policy actions and private-sector expectations, enhancing credibility and
reducing the persistence of inflation deviations from target. However, in highly forward-
looking environments, an aggressive response to expected inflation—particularly at longer
horizons—may heighten the risk of equilibrium indeterminacy, as the rule may not provide
a sufficiently firm anchor for expectations. In such circumstances, private agents may
engage in coordination on self-fulfilling inflation paths, thereby generating belief-driven
fluctuations and sunspot equilibria that become detached from economic fundamentals
(Bernanke & Woodford, 1997). Ensuring a unique rational-expectations equilibrium,
therefore, necessitates that monetary policy exert a sufficiently strong influence on current
or near-term inflation dynamics (Clarida et al. (1999); Woodford (2003)).

2.2.2 Optimal Control Policy

An alternative framework for determining policy decisions involves the application of
an optimal control framework. Within this context, the optimal control policy (OCP)
prescribes how a policymaker should respond to evolving economic conditions in order
to maximize a given objective function—typically interpreted as the utility of the poli-
cymaker or, more generally, social welfare. Conceptually, this framework is equivalent to
optimizing utility or, conversely, minimizing a loss function.

OC'P serves as a valuable benchmark, as it characterizes the most favorable policy out-
comes achievable under the constraints imposed by the economic structure, particularly
the behavior of the private sector. When policy objectives refer to specific institutional

mandates, like those of a central bank, the resulting policies remain optimal relative to



the specified objective function, regardless of whether that function is welfare-oriented or
otherwise.

In this model the monetary policy choice is guided by a loss function. Following the
literature (Clarida et al. (1999), Benes et al. (2017)) the loss function is described by the

following expression:

lossy = (V% — T)2 + MD2 4 Xo(iy — ip_1)? (9)

The quadratic formulation of the loss function implies that significant deviations from
the desired levels carry greater weight in the objective function than minor deviations.
This assumption is reasonable in light of the fact that monetary policy actions are taken
under conditions of uncertainty. Consequently, it would be prudent for policymakers to
focus on attempting to avoid significant errors.

The loss function penalizes squared deviations of inflation from the target and output
from the natural level, as well as large short-term interest rate changes. The penalty for
abrupt policy rate changes reflects the policymaker preference for gradual adjustments.
Smoothing interest rate movements allows the central bank to manipulate long-term
rates, and therefore aggregate demand, with more modest changes in the short-term
rate. Additionally, this is a prudent strategy when the economy faces shocks that create
a high degree of uncertainty.

The overall policy loss is the expected discounted sum of the period losses as shown

in equation (10):

loss =Y _ ['Loss; (10)
=0

where 5 € (0,1) is the discount factor. The weights A;_; o represent the cost that
policymakers attach to each of these terms.
The optimal control problem is formally stated as:
oo

min loss = min Z B'Loss,
t=0

subject to the constraints given by the structure of the economy.

The minimization problem is formulated as the selection of a sequence for the policy
instrument that constitutes a contingent plan over current and future periods, reflecting
a commitment-based approach to monetary policy. The solution is obtained subject to
the economic structure, particularly the behavior of the private sector, ensuring internal
consistency between policy actions and agents’ expectations. The resulting policy is
characterized by a state-contingent decision rule that maps the relevant state variables
of the economy into instrument settings, thereby aligning policy conduct with long-term

objectives.



3 Efficient policy frontier

There is a long run trade-off between fluctuations in output and fluctuations in in-
flation. This trade-off can be illustrated with an empirical efficiency locus or efficient
policy frontier that represents the best long-term trade-off between output stability and
inflation stability. This efficiency locus is measured in terms of the fluctuations of output
and inflation relative to target values (Taylor, 1979).

The primary source of this long-run trade-off can be attributed to the occurrence of
shocks to aggregate supply (Taylor, 1998). For instance, a sudden increase in oil prices
results in a brief surge in inflation while simultaneously leading to a contraction in output.
In response to an oil price shock, policymakers may choose to raise the monetary policy
rate. However, this action may result in a more pronounced decline in output. Similarly,
if monetary policymakers opt to ease monetary policy in order to mitigate the effects of
the oil price shock on output, their action will serve to exacerbate the inflationary impact.
Therefore, within this framework, the recurrent occurrence of shocks to aggregate supply
compels policymakers to select between stabilizing output and stabilizing inflation. In
contrast, shocks to aggregate demand do not present the same trade-off, as addressing an
aggregate demand shock has the effect of stabilizing both output and inflation (Bernanke,
2004).

The position of the curve is contingent upon the structure of the economy, particularly
the variances of the shocks that impact the economy, and the conduct of monetary policy
(King, 1999). The Taylor curve plots the locus of combinations of inflation and output
variability that can be attained by appropriate monetary policies. It is delineated by
modifying the central bank’s preferences between inflation and output gap variability,
thereby modifying the implicit time horizon necessary to achieve the inflation target.
The direction of movement down the curve from left to right is equivalent to choosing a
longer horizon over which to bring inflation back to target, thus increasing the variability
of inflation and lowering the variability of output.

The efficient policy frontier illustrates the trade-off implied by the model (figure 1).
This frontier characterizes how the unconditional standard deviations of output (o)
and inflation (o) under optimal control policy vary with central bank preferences to
stabilize output relative to inflation, as defined by A;. The frontier is computed under
the simultaneous realization of all structural shocks, in order to capture the unconditional
stabilization trade-offs faced by monetary policy in the presence of multiple sources of

uncertainty.?

3The policy frontier is obtained by computing the asymptotic standard deviations of inflation and
output under optimal control for a range of different weights of output in the loss function. For this
exercise, I consider the standard deviations of shocks listed in Appendix B. Subsequently, the calculated
points are employed to construct policy frontiers that illustrate the trade-offs confronted by the central
bank. For the computations, the interest rate smoothing preference parameter is kept constant at the
baseline calibration (A2 = 0.5). All the shocks take place simultaneously.



Figure 1: Efficient Policy Frontier (A = 0.5)
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In (0, 0,) space, the locus is downward sloping and convex to the origin. The position
on the curve depends on the monetary authority’s level of aggressiveness in addressing
inflation variability (Chatterjee, 2002). As A increases (indicating relatively greater pref-
erence for output stability), the optimal control policy implies a lower standard deviation
of output at the expense of higher inflation volatility. In contrast, when \; approaches
zero (reflecting a strong relative preference for inflation stabilization), the optimal control
policy results in reduced inflation volatility, which is accompanied by increased volatility
in the output gap. This feature is particularly pronounced in the context of zero prefer-
ence for interest rate smoothing (A = 0) as illustrated in figure (2). Furthermore, values

of Ay from 0.1 onward imply a reduced output volatility of a similar magnitude.



Figure 2: Efficient Policy Frontier for different calibrations of A,
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Table 1 depicts the output-inflation variation under optimal control policy for values
of Aj, in the baseline calibration with a preference for smoothing interest rates (i.e.
Ay = 0.5) and in the case of a nil preference (i.e. Ay = 0). A policy of actively addressing
discrepancies in inflation relative to the target (for example with A; = 0.1) will result
in a scenario where the output gap variability is relatively high, but the inflation rate
variability is low. Conversely, a less assertive policy of addressing deviations in the
inflation rate (for example for A\; = 1.0) will yield a scenario where output variability is

low, but inflation rate variability is relatively high.
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Table 1: Resulting output-inflation variation under optimal control policy for values of
)\1 and )\2

A =0.5 A =0
Standard deviation Standard deviation
A1 | Inflation  Output gap Inflation Output gap
0.01 1.4 4.5 0.8 7.1
0.05 1.4 3.9 1.1 4.7
0.1 1.5 3.4 1.2 3.8
0.2 1.5 2.9 1.4 3.0
0.3 1.6 2.6 1.5 2.6
0.4 1.7 2.4 1.6 2.4
0.5 1.7 2.2 1.7 2.2
0.6 1.8 2.1 1.7 2.0
0.7 1.8 2.0 1.8 1.9
0.8 1.9 1.9 1.9 1.8
0.9 1.9 1.8 1.9 1.7
1.0 2.0 1.7 1.9 1.6

Source: Own elaboration.

In the case where Ay = 0.5, the variability of inflation ranges from 1.4% for \; = 0.01
to 2% for A\; = 1, while the variability of the output gap ranges from 1.7% to 4.5%. The
case of optimal control policy without interest rate smoothing exhibits a higher amplitude,
with a variability of inflation ranging from 0.8% to 1.9%, whereas the variability of output
gap lies between 1.6% and 7.1%.

The policy frontier is a useful analytical tool; however, the results are contingent upon
the specific model employed. Furthermore, the curve is likely to undergo a shift over time,
dependent upon the evolution of the variances of the shocks impacting the economy.
The credibility of monetary policy may also influence these trade-offs. To examine this,
I conduct stochastic simulations under optimal control policy for various assumptions
regarding A; (holding A = 0) and compute the standard deviations for output gap and
inflation in the respective simulations. The stacked-time method (appendix E) is based on
identifying a sequence of numbers that represents a valid simulation of the model, yet does
not yield an analytical solution. Consequently, to examine the shape of the distribution

implied by the model, it is necessary to employ stochastic simulations.*. Figure 3 depicts

4In this specific case, the exercise entails simulating the variables within the model as a function of
a series of shocks over a time-span of 100 periods. Table 10 in Appendix F depicts the shocks involved
in the stochastic simulation.
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the policy trade-off under high initial credibility and low initial credibility °.

Figure 3: Estimated Policy Frontier under optimal control policy for different initial
conditions of credibility
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Figure 3 illustrates the role of central bank credibility in shaping the inflation-output
variability trade-off. When credibility is high, the central bank achieves a more favor-
able balance between inflation and output stabilization across all calibrations of A\;. By
contrast, under low credibility the trade-off deteriorates, highlighting the importance of
policy consistency and the preservation of trust. This effect is stronger the higher the
value of the parameter A\;. For A\ = 0.025 the results obtained are not significantly

different, whereas for \; = 1 both inflation and output exhibit greater volatility.

5Table 11 in appendix F shows the results of the simulation.
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4 TIllustrative simulations

Optimal control policy exercises offer valuable insights for robust monetary policy
design. However, the results are model-specific and depend on the model parameters.
Thus, to prevent systematic policy errors, monetary policy should not be implemented
mechanically based on optimal control policy models. In contrast, monetary policy design
should be based on robust policies rather than optimal control policies. This is because
of the significant uncertainty surrounding the precise functioning of the economy and
the fact that optimal control experiments or exercises are highly model-specific. In light
of these considerations, it would be prudent to focus efforts on identifying policies that
demonstrate reasonable efficacy across a diverse range of circumstances. Rather than
striving for optimal control policies, it is more beneficial to pursue policies that can
prevent the occurrence of significant systematic errors. For instance, monetary policy
reaction functions are effective in this regard, as such functions constitute a robust tool
for describing the systematic conduct of a central bank. Although the ultimate objective
should be a policy that performs well across a wide range of circumstances, optimal
control policy models can be employed to inform the design of a robust monetary policy.
Optimal control policy experiments can be used to this extent.

The introduction of credibility in an optimal control policy framework will yield dis-
tinctive elements, as the model will explicitly consider the damage induced by reducing
credibility. This is a model-specific result, therefore the outcome will depend on how
credibility is modeled; consequently, a multitude of different results will be obtained from
different specifications. However, the insights gained from these results will assist in the
design of a more robust policy.

This section presents the results of some illustrative simulations, a supply side shock
under different assumptions and a monetary policy forecasting exercise. Model solution
and simulations were carried out in IRIS toolbox in Matlab using the stacked time method
(Brayton, 2011).% The disturbances considered are unanticipated shocks. The variables
are presented as year-over-year growth, with the exception of the interest rate, the output
gap, the credibility index and the credibility signal, which are displayed in levels. The

effects are expressed as percentages.

4.1 Cost Push Shocks

The objective of this simulation is to illustrate the transmission mechanism of a cost-

push shock in the endogenous credibility model, under the optimal control policy with

6The materials and codes used in this work were provided in the model based macroeconomic
projections course hosted by the Inter-American Development Bank (IDB) and the Central Bank of
Brazil (BCB) in may 2022. https://github.com/OGResearch-Workshops/banco-central-do-brasil—iris.
The codes are also available on the Iris-Solutions Team website. https://github.com/IRIS-Solutions-
Team/tutorial-endogenous-credibility.
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A1 = 0.5 and Ay = 0.5, the policy rule and the inflation forecast based [F' B reaction
function. Figure 4 illustrates the impact of a 25 basis point inflation shock on the quar-
terly growth of CPI components under high initial credibility conditions (Co= 1).” The
optimal control policy and the rule-based frameworks display resilience, maintaining a
high level of credibility and achieving a rapid stabilization of inflation. The inflationary
pressures give rise to a contractionary monetary policy response, manifested in the form
of rising interest rates in all frameworks, with the most assertive response observed under
the rule-based policy that reacts to deviations of quarterly inflation. The interest rate
increase results in an appreciation of the domestic currency. The consequence of elevated
interest rates and currency appreciation is a reduction in aggregate demand. This decline
in demand serves to stabilize inflationary pressures over time. The Expected Discounted
Policy Loss behavior offers a quantitative illustration of the overall efficacy of monetary
policy in the cases presented. The optimal control approach results in the smallest losses,

followed closely by the [ F'B reaction function.

Figure 4: IRF to Cost Push Shocks
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However, it should be noted that the overall efficacy of monetary policy may vary
according to the public confidence in the capacity of the central bank to effectively manage
inflationary pressures. Table 2 summarizes the expected discounted policy loss across

alternative monetary policy frameworks for varying initial credibility conditions, and

"This exercise is based on a simulation of a positive shock of 25 basis points to the Phillip curve for
non-tradable (equation (4)) and tradable goods (equation (5)), as well as to the equation that describe
the dynamics of the rest of the CPI, in the endogenous credibility model, under an optimal control policy,
the policy rule and the I F' B reaction function.
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reports, for rule-based policies, the proportional increase in loss relative to the optimal

control policy.

Table 2: Cost push shock scenario: Expected discounted
policy loss under high, medium and low credibility initial
conditions (8 = 0.99).

Value of loss and percentage increase relative to loss under the op-
timal control policy (A1 = 0.5, Ay = 0.5)

Optimal IFB rule Policy rule

Value of Loss control eatd T,
L(Co=1) 05 0.6 0.9
L(Cy = 0.5) 1.0 1.0 1.3
L(Cy = 0.1) 1.3 1.3 1.7
Percentage increase

L(Cy=1) . 15% 66%
L(Cy = 0.5) . 8% 41%
L(Cy = 0.1) ; 5% 32%

In contexts of low initial credibility, the effectiveness of the monetary policy frame-
works under consideration diminishes, and the stabilization of cost-push shocks becomes
more costly. Under the optimal control policy, the associated loss rises from 0.5 with
high initial credibility to 1.3 with low credibility. Rule-based schemes, on the other hand,
are more robust in low-credibility scenarios with increases in losses smaller than under
optimal control. Particularly for the rule responding to quarterly inflation, the expected
loss under low credibility is approximately 32 percent above that of optimal control, com-
pared with 66 percent under high credibility. For the I F'B reaction function, the expected
loss is estimated at around 5 percent above optimal control under low credibility and 15
percent under high credibility.

Beyond the role of credibility, the transmission mechanism and the associated credi-
bility dynamics under the optimal control policy are also sensitive to the relative policy
weights assigned to inflation and output stabilization, captured by the parameter \;.
Figure 5 presents the dynamic responses to a cost-push shock under alternative calibra-
tions of A\; within the optimal control framework, holding Ay = 0.5 constant. Figure 6
facilitates comparison across alternative values of \; by displaying the responses of the

output gap and inflation deviation in a unified layout.
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Figure 5: IRF to Cost Push Shocks under optimal control policy for values of Ay
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Figure 6: Output gap and inflation deviation in the cost-push shock scenario for values
of )\1
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The results highlight the trade-off between inflation and output stabilization embed-
ded in the policy design. When a greater weight is placed on inflation stabilization
(A1 = 0.1), the contraction in output and aggregate demand is deeper, but inflation,
inflation expectations, and credibility are stabilized more rapidly. By contrast, when a

greater emphasis is placed on output stabilization (A\; = 1), the decline in output is less
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pronounced, but inflation and expectations display more persistent deviations, leading
to a larger deterioration in credibility and a higher policy loss. The baseline calibration
(A1 = 0.5) delivers intermediate dynamics, balancing output costs and inflation stabiliza-

tion.

4.2 Monetary policy options in the forecasting exercise

In this section we perform an unconditional forecasting exercise under the three alter-
native monetary policy frameworks considered in the previous section: the Taylor-type
policy rule, the IFB reaction function and the optimal control policy with A\; = 0.5
and Ay = 0.5. The simulations are based on assumed initial conditions in Uruguay as of
2025Q1, with an output gap of -0.3 percent, a monetary policy rate of 8.8 percent and
a rate of annual inflation of 5.3 percent, above the inflation target of 4.5%. Inflation

expectations are 5.4% and the stock of credibility is estimated at 0.68.8

Figure 7: Monetary policy options in the forecasting exercise
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The monetary policy rate rises in the short term under all policy frameworks, with the
policy rule that reacts to quarter inflation generating a more pronounced initial increase.
By contrast, in the case of the [ F'B reaction function, the short-term adjustment in the
policy rate is comparatively modest. Within the optimal control framework, the sharper

response of inflation expectations induces a higher real interest rate, thereby reinforcing

8The forecasting exercise is unconditional, in the sense that the projected paths of the variables
are generated exclusively from the model’s internal dynamics and the historical sequence of estimated
shocks, without the imposition of additional exogenous assumptions.
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the disinflationary process. This framework is further distinguished by a faster recovery
of credibility, as reflected in the credibility signal and stock.

Under the Policy rule and the I F'B reaction function, inflation and inflation expecta-
tions gradually decline, yet their convergence to the target is slower relative to the optimal
control strategy. In contrast, the credibility gains achieved under the loss function frame-
work —stemming from a stronger and more transparent commitment to the inflation
objective— facilitate a more rapid alignment of both inflation and inflation expectations
with the target, thereby reducing the associated adjustment costs.

In the preceding optimal control policy analysis, the calibration of the loss function
implies that stabilizing inflation is twice as important as stabilizing output (A= 0.5). To
assess the robustness of these results, two alternative calibrations of the loss function are
considered. The first assigns equal weights to inflation and the output gap (A;=1), while
the second places a tenfold greater weight on inflation relative to the output gap (A;=0.1).

Figure 8 presents the outcomes under all three optimal control policy configurations.

Figure 8: Monetary policy options in the forecasting exercise
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As shown in Figure 8, the dynamic responses of key macroeconomic variables show
some differences across these policy configurations. When a relatively higher weight is
assigned to inflation stabilization (A;=0.1), the policy reaction becomes more forceful,
resulting in a sharper yet shorter-lived contraction in output and a faster convergence
of both inflation and inflation expectations toward the target. In contrast, when equal
weights are allocated to inflation and the output gap (A\;=1), the adjustment path is more

gradual, characterized by a slower disinflation process and a smoother output trajectory.
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The baseline calibration (A;=0.5) lies between these two extremes, balancing inflation
stabilization and output smoothing. These trade-offs are reflected in the behavior of
other variables: the monetary policy rate and real interest rate exhibit more pronounced
responses when inflation receives a higher weight, while the credibility signal and the
credibility stock improve more rapidly, reinforcing the anchoring of expectations. Overall,
the results suggest that placing greater emphasis on inflation stabilization enhances policy
credibility and expedites the return to equilibrium, albeit at the cost of higher short-term

output volatility.

5 Disinflation under different levels of credibility

The attainment of a central bank’s inflation target depends on how much the targets
set by the bank affect inflation expectations. The ability of a central bank to shape the
public’s expectations depends on the evolution of its credibility. The public revises its
inflation expectations according to the set inflation target only if it perceives the central
bank as having the ability to attain the target. Credibility facilitates the formation of
future expectations by loosening their attachment to the past. If current prices mirror
expectations, reducing inflation expectations can control inflation without adopting a
higher interest rate. Thus, the disinflation process will result in reduced costs, in terms
of output and employment.

This section explores the effects of a permanent one-percentage-point reduction in the
inflation target on the endogenous credibility model, under the three types of policies: the
policy rule, the I F'B reaction function and the optimal control policy. For the simulations
I consider A; = 0.5, Ay = 0.5 and 5 = 0.99 and a high initial level of credibility (Cy = 1).

In the event of a permanent reduction in the inflation target, inflation and expectations
adjust downward, albeit with some delay (see Figure 9). The real interest rate and the
real exchange rate deviate from their equilibrium levels. This results in a contraction
in aggregate demand, which, in conjunction with the domestic currency’s tendency to
appreciate, leads to a consolidation of the reduction in the inflation rate. The process
of establishing a novel objective is accompanied by an initial inflation deviation, which
can lead to disruption of credibility. Indeed, credibility is eroded in all frameworks, and
therefore the inflation rate and expectations adjust downward at a slower pace. The
policy rule (based on goq inflation deviations) produces a more pronounced tightening in
the short term, resulting in a deeper but short-lived output contraction. The [ F'B rule
and the optimal control policy yield a smoother adjustment path, with milder fluctuations
in output and interest rates. As the inflation trajectories are largely comparable under
the three policy regimes, the expected loss follows a similar adjustment pattern over
time. The optimal control policy consistently achieves the lowest overall policy loss,

indicating a more efficient trade-off between inflation and output stabilization. The I F'B
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rule performs similarly. The Taylor-type rule based on quarterly inflation deviations

shows a slightly higher loss associated with the higher volatility of output.

Figure 9: Disinflation
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Besides the baseline case with an initial credibility index of one ("High credibility"),
I also consider two other scenarios, "Medium credibility" with an initial credibility con-
dition of 0.5, and "Low credibility" with an initial credibility condition of 0.1. In the
latter two cases, inflation shows a more persistent behavior, and greater output gaps
and more significant currency appreciations are necessary to reduce inflation (see figure
10). Therefore, the overall policy loss becomes greater. While the optimal control policy
delivers the lowest losses across all scenarios, it should be interpreted as a theoretical
upper bound on performance rather than a directly implementable policy. In environ-
ments characterized by low credibility, commitment technologies are limited, and simpler
rule-based frameworks may offer greater robustness, even at the cost of higher welfare

losses.
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Figure 10: Disinflation for different levels of credibility
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Table 3 displays the overall policy loss in the disinflation event under high credibility
and presents the policy losses under low credibility (Cy = 0.1) and medium credibility
(Co = 0.5), expressed as a percentage growth relative to the policy loss under high-
credibility conditions (loss(Cy = 1)).

Table 3: Disinflation: Expected discounted policy loss un-
der high, medium and low credibility initial conditions
(8=0.99, A\; =0.5, Ay = 0.5).

Value of loss and percentage increase relative to loss under high ini-
tial credibility

Optimal IFB rule Policy rule

Value of Loss control Ty o
L(Cy=1) 1.6 1.6 1.7
L(Cy = 0.5) 2.5 2.6 2.8
L(Cy=0.1) 3.3 3.5 3.9
Percentage increase

L(Cp=0.5

Mt -1 53% 56% 60%
Mt —1 103%  113% 124%

A decline in credibility is associated with an increase in policy losses across all regimes.

The OC'P framework delivers the lowest losses across all credibility scenarios. Under low
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initial credibility (Cy = 0.1 ) the estimated loss under OCP is 103% higher than under
high initial credibility, while under medium credibility the increase is estimated at 53%.
Rule-based frameworks exhibit slightly higher increases in the estimated loss relative to
the high-credibility scenario. In the case of the I F'B reaction function, the loss increase
under low initial credibility reaches 113%, compared to 124% under the policy rule.
Table 4 reports the implied sacrifice ratio under high, medium, and low initial credibil-
ity conditions, measured as the cumulative output loss associated with a one-percentage-

point reduction in inflation during the disinflation episode.

Table 4: Sacrifice ratio in the disinflation process.
Under high, medium, and low initial credibility conditions

Optimal IFB rule Policy rule

Sacrifice Ratio control eatd 7Tt

Co=1 -0.6 -0.7 -0.7
Co=0.5 -0.9 -1.1 -1.2
Co=0.1 1.2 15 1.6

The sacrifice ratio rises as initial credibility declines across all policy frameworks.
Lower credibility is associated with larger cumulative output losses required to achieve a
given reduction in inflation, reflecting higher inflation persistence and a greater backward-
looking component in expectations. While the optimal control policy yields the lowest
sacrifice ratios, differences across policy regimes widen as credibility deteriorates, high-
lighting the central role of credibility in determining the real costs of disinflation.

To further clarify the impact of the assumed monetary policy framework in a disin-
flation event, figure 11 displays the dynamic responses of key macroeconomic variables
under three alternative optimal control policies, differing in the values assigned for the

relative preference of output stabilization (\).
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Figure 11: Disinflation under optimal control policy
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The results illustrate the trade-off between the speed of disinflation and the associ-
ated real costs. Under the policy placing a stronger emphasis on inflation stabilization
(A = 0.1), both inflation and inflation expectations decline more rapidly, leading to a
faster convergence toward the target. This strategy, however, entails a deeper tempo-
rary contraction in the output gap and a more pronounced increase in the real interest
rate, as the monetary policy rate decreases more slowly in the short term. The result-
ing appreciation of the nominal exchange rate reinforces the disinflation process through
lower import prices. In contrast, policies that assign relatively higher weight to output
stabilization (A\; = 1) yield a smoother adjustment path. Inflation declines more gradu-
ally, and the associated output losses are less severe, reflecting a more measured policy
response and smaller real interest rate fluctuations. Regarding credibility dynamics, all
specifications show an initial deterioration in the credibility stock, followed by a gradual
recovery as inflation stabilizes. The stronger and more decisive policy restores credibility
more rapidly, consistent with the faster reduction in inflation expectations. Finally, the
expected discounted policy loss declines most rapidly under the aggressive disinflation
strategy, despite its higher short-run output costs. This reflects the intertemporal advan-
tage of achieving credibility and inflation stabilization early in the adjustment process.

Table 5 presents the overall policy loss during disinflation under the optimal control
policy across different values for the relative preference of output stabilization (\;) and
distinct initial conditions for the stock of credibility. As credibility declines, losses increase

in a gradual yet consistent manner. As the relative preference for output stabilization
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(A1) increases, the sensitivity of the OC' P framework to credibility erosion also grows. For
A1 = 0.1, the policy loss increases 43% and 82% under medium and low initial credibility,

while when A\; = 1 the increase is estimated at 57% and 110%, respectively.

Table 5: Disinflation: Expected discounted policy loss
for values of A\; (8 =0.99, A\ = 0.5) and different ini-
tial conditions for credibility.

Value of loss under optimal control policy and percentage in-
crease relative to loss under high credibility

AM=01 M=05 N=1

Value of loss

High credibility 1.3 1.6 1.8
Medium credibility 1.9 2.5 2.9
Low credibility 2.5 3.3 3.8
Percentage increase

Medium credibility 43% 53% 57%
Low credibility 82% 103% 110%

Source: Own elaboration.
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6 Concluding Remarks

This paper examines the interaction between imperfect credibility and monetary pol-
icy rules using Uruguay as a case study. This research provides a practical illustration
of the manner in which the endogenous credibility model can provide different policy in-
sights when combined with Taylor-type monetary policy rules or optimal control policy.
For this purpose, I extend the reference model proposed in Carballo (2025), analyze the
policy frontiers and perform simulations of cost-push shocks, monetary policy options in
the forecasting exercise and disinflation.

The policy frontier is a valuable analytical instrument that facilitates comprehension
of the trade-offs confronting central banks in pursuit of their objectives. Central banks can
more adeptly navigate these trade-offs by adjusting the weight allocated to inflation and
output stability in the loss functions. Furthermore, the credibility of monetary policy can
exert a substantial influence on the trade-offs, with higher credibility potentially enabling
more favorable outcomes.

The experiments conducted with the endogenous credibility model highlight the trade-
offs central banks face when designing policies under different conditions. Simulations
of shocks, such as cost-push disturbances, provide a valuable platform for evaluating the
implications of different policy frameworks. By illustrating the trade-offs and dynamics
of inflation stabilization, these exercises can inform the design of robust policies that
account, for credibility and reduce overall policy losses. Optimal control and rule-based
policies are effective at maintaining credibility and stabilizing inflation following cost-push
shocks. The policy rule based on quarterly inflation deviations exhibits the most assertive
response to shocks, while the optimal control framework achieves the smallest policy
losses, thereby emphasizing its efficiency in managing inflationary pressures. This result
highlights the importance of aligning expectations management with policy objectives to
enhance overall efficacy and maintain public confidence in the central bank’s credibility.

The forecasting exercise highlights the importance of the credibility channel and policy
design in shaping the transmission of monetary policy. While all policy settings achieve
convergence toward the inflation target, the optimal control policy consistently yields the
lowest loss and the fastest credibility recovery, owing to its stronger expectations man-
agement and policy commitment. Rule-based approaches—particularly the Taylor-type
and inflation-forecast-based rules—remain operationally robust but entail slower disin-
flation. These results illustrate that enhancing credibility and commitment strengthens
the transmission of monetary policy and improves the efficiency of disinflation.

Achieving a lower inflation target is contingent upon the credibility of the central
bank. Higher credibility facilitates more efficient adjustments in inflation expectations,
thereby reducing the costs associated with disinflation. Conversely, a lack of credibility

can prolong the adjustment process, leading to more persistent inflationary pressures and
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greater economic costs. Across various policy frameworks, the optimal control policy con-
sistently yields the lowest overall losses, closely followed by the inflation-forecast-based
rule. Quantitatively, the simulations demonstrate that a decline in credibility from high
to low credibility more than doubles the expected policy loss, thereby underscoring the
significant macroeconomic costs of weak credibility. Within the optimal control frame-
work, policies that prioritize inflation stabilization have been shown to expedite credibility
recovery and mitigate long-term losses, even in the face of deeper short-term contractions.
The optimal control policy, however, should be interpreted as a theoretical upper bound
on performance. In environments of low credibility, commitment technologies are limited,
and simpler rule-based frameworks may offer greater robustness despite higher losses.
In summary, minimizing disinflation costs requires central banks to prioritize policies
that preserve and enhance credibility. The results of this study reinforce the importance
of aligning policy design with expectations management, ensuring that credibility remains

a fundamental element of effective monetary policy.
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Appendix
A Variables

Table 6: List of variables

Variable Source Data description
CPI INE, BCU Consumer price index
CPI tradable INE, BCU Consumer price index
for tradable goods

CPI non-tradable INE, BCU Consumer price index

for non-tradable goods
CPI rest of CPI INE, BCU  Consumer price index for fruits,

vegetables and administered prices

GDP BCU Gross domestic product
Inflation target BCU Mid point of the official range
International prices BCU Consumer price index for

commercial partners

International Product BCU Gross domestic product for

commercial partners

Nominal exchange rate BCU Nominal exchange rate

(pesos per dollar)

Risk premium RAFAP Uruguayan Bond Index
Monetary Policy rate BCU Short term interest rate
Fed Funds rate FRED Federal Funds Effective Rate
International neutral GPMN US: Real Interest Rate Trend

interest rate

Source: Own elaboration.
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B Shocks

Table 7: Classification of shocks and standard deviation used for Kalman filtration

Classification Shock Standard deviation
Trend output growth, 7 0.25
Non tradable inflation, " 0.7
Supply Tradable inflation, 7" 0.7
Rest of CPI inflation, 7" 0.35
Price level, &7 1
Demand Aggregate demand, 5? 0.5
Exchange rate, €} 1
Financial Risk premium, ¢ 1
Credit premium, &;” 1
External demand, ef* 1
International International inflation, &f 1
International interest rate, e’ 1
Monetary Policy gl 1
Credibility ¢ 1
Expectations Non tradable inflation expectations, e7”"" 0.5
Tradable inflation expectations, 7" 0.5
Inflation target ef 0.25
Neutral interest rate, &} 0.1
Neutral international interest rate, ] 1
Trends Trend real exchange rate, &7 0.25
Trend relative price for non tradable, sfpm 0.22
Trend relative price for tradable, 5273“ 0.11

Source: Own elaboration.
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C Endogenous credibility model

In this study, I employ a semi-structural New Keynesian model with endogenous cred-
ibility (Carballo, 2025). In the model §, 7, 2, J; represent the deviations of output, real
interest rate, real exchange rate, and foreign output from their respective non-inflationary
(natural) levels, 7% 7% represent non-tradable and tradable inflation, 77 is the inflation
target, (2, — 2,_4) captures the direct effect of international inflation, s, is the nominal
exchange rate, Az represent changes in the trend of the real exchange rate, 7, is the
nominal neutral interest rate and i; is the nominal interest rate. Structural shocks are
denoted by e. All variables are expressed in logarithmic form, except for interest rates.

The model consists of six behavioral equations that represent aggregate demand, pri-
vate sector’s expectation formation, aggregate supply for both non-tradable and tradable
sectors, the uncovered interest parity condition, and the monetary policy rule. In addition
to the behavioral equations, the model incorporates several identities. Their expressions

are given by:

Is curve

Ot = Bilir + Bo(P + 1) + Badi + By + €7

where ¢ = popr—1 +¢f is a persistent shock to interest rate premiums.

Credibility signal

—w(mY%Y 77_r)2

n=e

Stock of credibility
Cy = p°Cror + (1= p°)my + &5,

Inflation expectations for tradable
By = Comiy + (1= Comy + 7
Phillips curve for tradable
T = Ol 4+ (1 — ouCHTl | + sy + sl + ar (3 — 2iy) + €7
where 2% = 2, — rpl*
Inflation expectations for non-tradable

e,ntx

ntx ntx,e ntx T
Byl = Gy + (1= CYm] + ¢
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Phillips curve for non-tradable

ntx

ntr __ e,ntx ntx ~ antx s
T = o0q Oyt + (1 — oaq Cy)mt + aoly + g™ + ¢
where 2P = 2, — ypp*® 9

Uncovered interest rate parity
2, - _ i . s
St = elEtSt-i-l + (1 — 01)(375—1 + 1(77 — 7r* + AZt)) + (Zt + Ot — Zt) + Et
Monetary policy rule
iv = pitr—y + (1 — pi)[ie + ax(m — ) + ayfie] + ¢
where i, = 7 + 7Y
Inflation-forecast-based reaction function (I F B):

i = piie—1 + (L= pi)[ie + o (774 — T) + ] + €}

Monetary policy loss function

loss; = ()% — 7)% + \G7 + Na(iy — is_1)* + Agmax(m — 7 — 7,0)°
Overall policy loss function:

o0

loss = Z B Loss,

t=0
where 5 € (0,1) is the discount factor. The weights \j—; 23 represent the cost that

policymakers attach to each of these terms.

Rest of CPI inflation

ﬂ_;*est _ pwrﬂ_z‘islt + (1 — pﬂ,r)(Cﬂ_T + (1 — Ct)ﬂ{islt) + 5?

General price level and relative prices

__, ntx, ntx tx, tx ntx txr\, rest p
pr = WP + W p" + (1= W™ =W )p + €

9This correction of the real exchange rate gap enables an approximation of the relevant relative price
for the formation of these prices. In light of the fact that z —rp™® = s+p* —p— (p™* —p) = s+p* —p"t®,

the expression 2Z; — rAplm is seen to correspond to the real exchange rate gap of non-tradable.
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where ¢} = /| + &} is a persistent shock derived from using the logarithmic approx-

imation.

nitx ntx

Py =Dy — Dt

Arp?t:v — A,rfp?tw + Tf\p?tm

—nt
ntx rp"te

where Arpi*™® = p1, Arpit 4 &}
oy =" — by

Arpl® = Arpl® + rp*

_ _ ntx
where Arpl* = p, Arpt® | + &F

0= wntmrp?tm + wtacrfpi:v + (1 . wntm o wtz)rfpl‘est + 6?

rest rest

Py = Dy Dt

_ ~ +
A,r,p:est — Arp:est + Tp:es

Definitions/Identities
Ut =Y — Ut

Ty =Ty — Ty
Zt — 2t — 5,5

Ty © =Pt — Dt—4
Tt = (pt —pt—l) * 4
; yoy

Ty = 1 — Ty

2 = S+ p; — Dt
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Trends

— = —% 4
Az =T — T — 0y + €

where €] = p,€ef_1 + &7
AZ = ps Az + (1 — pz)AZgs + &7
Z = Zi-1 + 0.25Az
T = piti—1 + (1 — pr)Tss + 5?
Ay, = pﬂAgtfl + (1 - /)g)Asts + 5?
External block
Ui = pg-ii_q + el
it = piei;_y + (1= pie) (7} +77) + )
Ty =1y — T
7= ppiry + (L= ph)Te, + e
Pr=r[—T,
7Tz>€k = pﬂ*ﬂ-:—l + (1 - pﬁ*)fr:s + 5?*

p; = p;_; +0.257;
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D Calibration

Table 8: Coeflicients

Parameter Value Source
IS curve
Persistence I3} 0.65 Estimation (Dynare*)
Interest rate Ba -0.12  Estimation (Dynare*)
Real exchange rate B3 0.13  Estimation (Dynare*)
External demand Ba 0.14  Estimation (Dynare*)
Non Tradable Inflation
Forward-looking ay 0.70  Estimation (Dynare*)
Domestic marginal cost Qg 0.10  Estimation (Dynare*)
Imported marginal cost as 0.01  Estimation (Dynare*)
Tradable Inflation
Forward-looking ay 0.61 Estimation (Dynare*)
Domestic marginal cost as 0.02  Estimation (Dynare*)
Imported marginal cost ag 0.04 Estimation (Dynare*)
International inflation ay 0.10  Estimation (Dynare*)
Uncovered Interest Parity
Forward-looking 04 0.65  Estimation (Dynare*)
Monetary Policy Rule
Persistence pi 0.66  Estimation (Dynare*)
Inflation deviation o 2.15  Estimation (Dynare*)
Output deviation Qy 0.47  Estimation (Dynare*)
Stock of credibility
Persistence Pe 0.70 Calibration
Credibility signal
Inflation Deviation Tolerance w 1 Calibration

Source: Own elaboration

*In all cases 'Dynare’ refers to bayesian estimation.

35



Table 9: Calibrated parameters

Parameter Value Source
General price level
Non-tradable share in CPI Wit 0.34  Calibration
Tradable share in CPI Wig 0.41  Calibration
Trend relative prices
Non-tradable persistence Pntx 0.75 Calibration
Tradable persistence Dt 0.75 Calibration
Inflation target
Persistence T 0.80  Calibration
Steady state T 4.5  Calibration
Trend GDP growth
Persistence Py 0.80  Calibration
Steady state Ayss 2.5  Calibration
Trend interest rate
Persistence pr 0.90 Calibration
Steady state Tos 2.5 Calibration
Trend real exchange rate depreciation
Persistence Pz 0.90 Calibration
Steady state AZgs 0 Calibration
Trend real exchange rate expected depreciation
Persistence Po 0.50  Calibration
External block
External output gap persistence Py 0.90 Calibration
International interest rate persistence P; 0.90  Calibration
International neutral interest rate persistence P 0.55  Calibration
International neutral interest rate steady state The 0.75  Calibration
International inflation persistence P 0.30  Calibration
International inflation steady state Ths 3 Calibration

Source: Own elaboration

*In all cases 'Dynare’ refers to bayesian estimation.

E The Stacked-time method

In models with consistent expectations, there are two sources of nonlinearities or
deviations from the first-order solution, nonlinear functional forms and stochastic nonlin-
earities (second and higher moment properties of the shocks). The stacked-time method
is designed to deal with nonlinear functional forms. This approach is based on finding a
sequence of numbers that represents a valid simulation of the model. The stacked-time
method performs the following steps. First, the expectation operator is removed, which
means that the second source of nonlinearities in the model is eliminated. Second, the

equations are written as a large static system of NxT equations and Nx7T unknowns.'’

OFor more details please refer to the following link:  https://github.com/OGResearch-
Workshops/banco-central-do-brasil—iris/tree/master /iris /simulation
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The stacked time method is a numerical iterative method. In each iteration, each
equation is evaluated by comparing the left-hand side to the right-hand side, and the
simulation ends when the discrepancy is less than some threshold. To evaluate the equa-
tions, it is necessary to supply the initial conditions and the terminal condition. The
initial conditions refer to what happened before the simulation started in (t — 1, t — 2..).
These conditions are supplied by the user or iterations may start from a first order sim-
ulation. As for the terminal condition, it is necessary to specify what happens after the
simulation ends (7"), what to assume for 7'+ 1, T4 2... The default option in Iris toolbox
is the first-order solution. The method used to solve the non-linear equations corresponds
to the Augmented Quasi-Newton-steepest-descent algorithm.

In a stacked time simulation, since the model is solved as a large static system written
for all simulation periods, it implies that it is consistent with expected shocks. The shock
is observed from the beginning of the simulation. To combine expected and unanticipated
shocks in the stacked time simulation, the simulation is divided into simulation frames
determined by the changes in the information set and the occurrence of shocks.

The stacked-time method can be used at the prediction step to run the Kalman filter

in models with non-linear equations.!!

F Stochastic simulations

The stacked-time method is based on identifying a sequence of numbers that represents
a valid simulation of the model, yet does not yield an analytical solution. Consequently,
to examine the shape of the distribution implied by the model, it is necessary to employ
stochastic simulations. In this specific case, the exercise entails simulating the variables
within the model as a function of a series of shocks over a time-span of 100 periods. Table

10 depicts the shocks involved in the stochastic simulation.

HMore information may be found in this link: https://github.com/IRIS-Solutions-Team /IRIS-
Toolbox/blob/bleeding/StructuralModeling /%40Model /kalmanFilter.m
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Table 10: Standard deviations of shocks used for the Stochastic Simulation

Shock Standard deviation
Trend output growth, &7 0.25

Non tradable inflation, 7" 0.7
Tradable inflation, €] 0.7

Rest of CPT inflation, 7' 0.35
Aggregate demand, &7 0.5
Exchange rate, €} 1
Monetary Policy, & 1

Non tradable inflation expectations, e7~"" 0.5
Tradable inflation expectations, e 0.5

Source: Own elaboration.

Table 11: Resulting output-inflation variation under Optimal Control Policy for values
of )\1

Standard deviation
High credibility Low credibility
A1 Inflation Output gap Inflation Output gap

0.025 0.1 0.9 0.1 1.0
0.05 0.2 0.8 0.2 0.9
0.1 0.2 0.7 0.2 0.7
0.2 0.2 0.6 0.3 0.6
0.3 0.3 0.5 0.3 0.6
0.5 0.3 0.5 0.3 0.5
0.7 0.3 0.5 0.4 0.6
1.0 0.4 0.5 0.4 0.6

Source: Own elaboration.
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