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Central Bank Credibility and Monetary 
Policy

A numerical measure of central bank credibility, which can be 
incorporated into a New Keynesian model under bounded 
rationality, is proposed and analyzed. This measure arises mainly 
due to the existence of the drifts in private long-term predictions, 
which are different from those of the central bank. It is shown that 
central bank credibility matters for macroeconomic stability. As the 
credibility increases, macroeconomic variables vary less. This 
generates endogenous volatility changes. Lastly, the magnitude of 
response of inflation to monetary policy depends on the level of 
credibility. This suggests that ignoring credibility changes might 
leads to overestimate of the cost of disinflation.
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Ⅰ. Introduction 
 

During the last 20 years, many central banks in advanced countries 

introduced inflation targeting as their way of conducting monetary policy. 

By introducing inflation targeting, the notion of central bank credibility 

became more important for policymakers. Despite the importance of the 

credibility for conducting monetary policy, there has been little research 

quantifying central bank credibility in a New Keynesian framework, which 

has been a workhorse for central banking studies in recent decades. In 

stylized New Keynesian models, it is implicitly assumed that the central 

bank is fully credible in a sense that private agents1) believe that the 

central bank follows a predetermined rule and tries to achieve the policy 

target, even if they are unknown to the public, without any doubt. 

Therefore, the results derived from previous studies might be too 

optimistic and overestimate the efficiency of the monetary policy.2) 

In this paper, a numerical measure of central bank credibility is 

proposed in a version of a New Keynesian model under imperfect 

knowledge, and its implications on macroeconomic stability and the 

effectiveness of monetary policy are analyzed. The credibility is defined as 

a degree of households' reliance on the central bank's predictions in 

forming expectations of future endogenous variables. Based on the 

conventional idea that the central bank credibility is related to anchoring 

long-term expectations, this model connects these concepts in a 

straightforward way. As the central bank builds a good track record of 

conducting monetary policy and forecasting endogenous variables, it can 

enhance its credibility, thereby anchoring private expectations.

Two major results are drawn from this research. First, perpetual 

assessments of the central bank credibility can generate endogenous 

changes in the volatilities of endogenous variables, such as inflation and 

1) In this paper, ‘private agents’ indicate the set of atomic agents who form households and operate firms. 
2) Goodfriend and King (2015) also pointed out this.
   “(…) forecasts, and policy, should not be based solely on forecasts from a model that assumes full credibility 

in the stated policy path.” See Goodfriend and King (2015) for details.
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the output gap. Specifically, the baseline model generate 45 percent 

higher standard deviation of inflation compared to the associated rational 

expectations model. We also show that the volatilities of endogenous 

variables increase as credibility decreases. Comparing the volatilities of 

inflation between periods with the credibility level above and below the 

middle value, inflation varies 67 percent more when the credibility level is 

below the middle value. As a central bank builds a credible reputation, 

private expectations become more anchored around a zero steady state, 

which is the target of the central bank, and this helps stabilize the 

economy by preventing vicious cycles produced by self-referential effects of 

expectations formation. This suggests that allowing endogenous change in 

the central bank credibility might be a source of volatility changes in 

macro variables.

Second, higher credibility helps stabilize the macro economy. As the 

credibility deteriorates, initial conditions, such as the credibility and private 

beliefs, have a greater effect on the dynamics of endogenous variables. For 

this reason, initial shocks have prolonged effects and endogenous variables 

even show non-monotone movements. This makes it harder, once more, 

for the central bank to make predictions and contributes to triggering a 

vicious self-referential effect. Therefore, the economy converges to the 

steady state faster after exogenous shocks hit the economy as the 

credibility level is higher.

This paper contributes to the monetary policy credibility literature. 

Various researchers have provided different definitions of the credibility of 

central banks. One of the widely used definitions is related to imperfect 

information and/or knowledge. Erceg and Levin (2003) defined imperfect 

credibility as a status wherein private agents cannot directly observe the 

inflation target of the central bank and infer this by solving a filtering 

problem. In their paper, it is shown that inflation persistence and 

substantial disinflation costs in the Volcker era can be explained in a 

rational expectations model. Cukierman and Meltzer (1986) uses this term 

to describe the speed with which the public recognizes changes in the 
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objectives of the policymaker, under the assumption of imperfect 

information about the monetary policy procedure. Ball (1994, 1995) 

describes a credible disinflation as a course of monetary policy that follows 

a pre-announced policy path. In these papers, it is argued that staggered 

price-setting is not a major impediment to disinflation, whereas credibility 

is. Schaumburg and Tambalotti (2007) defined credibility as the probability 

that the central bank reneges on the predetermined optimal commitment 

and found that most of gains from commitment accrue at low credibility 

region. Our research differs from previous literature, as we allow 

endogenous changes in the level of central bank credibility evaluated by 

private agents, based on the central bank's announcements and economic 

outcomes within a single framework.

On the other hand, many previous studies in the literature have 

measured the credibility of a central bank and/or analyzed how the 

credibility affects macroeconomic stability. These studies share the same 

concept of credibility, which is either a deviation of (long-term) inflation 

expectations from the central bank's target rate or a distance between the 

realized inflation and the target rate. Bomfim and Rudebusch (2000) uses 

a numerical measure of central bank credibility that is in line with 

previous empirical works. They incorporate this into a FRB/US model and 

find that a deliberate policy can reduce the duration and costs of 

disinflation, compared to an opportunistic policy, since the former can 

achieve a faster rise in the credibility. Ours differs from theirs in some 

aspects. First, we explicitly specify the belief structure and build a 

micro-founded model that is consistent with the underlying belief, whereas 

Bomfim and Rudebusch (2000) only modified the expectation formation 

on the inflation target in the existing model so that the internal 

consistency might be questioned. Second, the credibility measure they 

suggested is not bounded, so it is difficult to interpret and compare. 

Gibbs and Kulish (2015) also studies disinflations using a structural model 

that is close to ours. The credibility measure represents the proportion of 

households who form expectations rationally. Our approach differs from 
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this in some ways. First, the credibility measure is fixed in their model, 

making it impossible to study the interaction between the evolutions of 

the credibility and macro variables. In addition, they do not specify 

explicitly the underlying belief structure that can result in such an 

expectation formation. Hommes and Lustenhouwer (2015) study the 

stability of a heterogeneous expectations model under a boundedly 

rationality assumption. Although they incorporate an endogenous 

credibility measure that is similar to ours, the expectations formations in 

their model are too restrictive: some stick to policy targets and the others 

rely on past observations to forecast future variables. Demertzis et al. 

(2010) employs the same measure of credibility defined in Bomfim and 

Rudebusch (2000) and empirically shows that inflation expectations are 

well anchored after the introduction of the inflation targeting policy in 

many countries. Johnson (1997, 1998) implement a similar credibility 

measure to evaluate Canadian monetary policies and conduct an 

international comparison, based on survey data on expected inflation rate. 

Our research is distinct from previous studies, as none of which 

introduced their credibility measure in a fully specified DSGE model. 

Therefore, this paper justifies why the credibility measure suggested here 

can be derived from the beliefs of agents.

This paper is closely connected to learning literature. The 

micro-foundations are in line with Preston (2005), and the belief structure 

applied in this paper is close to that of Eusepi et al. (2015). Eusepi et al. 

(2015) shows that long-term drifts in expectations constrain the 

effectiveness of monetary policy. This paper enlarges their model to deal 

with a credibility measure proposed in this research. This work is also 

closely related to learning with a heterogeneous expectations framework. 

Branch and Evans (2006) shows that multiple predictors can be used 

simultaneously in a macroeconomic model, and Branch and McGough 

(2009) suggests axioms that a heterogeneous expectations operator in a 

bounded rational New Keynesian model should satisfy to result in the 

same functional form as in a rational expectations model. Branch and 
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McGough (2010) and Hommes and Lustenhouwer (2015) extend the 

previous model to incorporate dynamic predictor selection along the lines 

of Brock and Hommes (1997) as in this paper. De Grauwe (2011) 

introduces heuristic forecasting rules in a macroeconomic model and shows 

that the dynamic predictor selection can produce endogenous waves of 

optimism and pessimism that can be interpreted as ‘animal spirit.’ Branch 

and Evans (2011) argues that, if agents employ parsimonious 

heterogeneous predictors, multiple equilibria may still exist, even when the 

Taylor principle is satisfied. Our paper differs from the existing literature, 

as we do not rely on simple heuristic expectations. Heterogeneous 

expectations are derived from different parties, based on their own beliefs, 

and private agents form an ensemble forecast from them.

The paper is organized as follows. The micro-foundations of the model 

are explained in Section 2. Belief structures and a credibility measure are 

proposed in Section 3. Section 4 contains information on the calibration 

and stability of the model. Sections 5 and 6 discuss implications of the 

credibility on macroeconomic stability and the effectiveness of monetary 

policy. Section 7 provides evidences of the robustness of the results. 

Finally, Section 8 concludes. 

Ⅱ. A Simple Model

This section develops a variant of the canonical New Keynesian model 

which shares micro-foundations with many other models. Details of the 

micro-foundations can be found in Preston (2005). In this model, 

near-rationality is assumed, and households hold subjective beliefs. 

Naturally, it is possible to form different expectations for the future 

endogenous variables across households. The formation of expectations will 

be discussed in detail in the subsequent section. 

A continuum of households, i, on the unit interval maximize their 

lifetime utility
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where ∈  is the discount factor,     measures disutility of labor 

and   is the relative risk aversion parameter, subject to the following 

budget constraint
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and the No-Ponzi condition
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 ≥              (3)

The variables  ,  ,  ,  ,  ,   and    denote consumption, 

labor supply, real bond holdings, nominal interest rate, net inflation rate, 

real wage and real dividends from firms.   is exogenous preference 

shifter. The operator  
  denotes private agents' subjective expectations 

based on information up to time .

A continuum of monopolistically competitive firms maximize profits
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                      (4)

subject to the linear production technology,     , and demand 

function derived from the households' problem

      

  
 

                 (5)

where   is the Calvo (1983) parameter and denotes probability of not 
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being able to reset price in subsequent period,   and   are the price 

charged by the firm   and the aggregate price level. In addition,   

and   present output produced by firm   and the aggregate output, 

respectively.     depicts the elasticity of demand across differentiated 

goods and follows an exogenous process. The stochastic discount factor 

  is given as

    






 

                         (6)

In a symmetric equilibrium, private agents share the same subjective 

beliefs; thus, aggregate subjective expectations are the same as individual 

expectations, although agents do not perceive this. Log-linear 

approximation around the zero-inflation steady state gives following 

decision rules for consumption and price streams.
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where hat variables are log deviations from their steady states except 
  ln    ,  ln     , and 

  ln
. In the 

remainder, hat notations which denote log deviations from the steady 

states are dropped for simplicity as there is no confusion arises from this 

notational simplification.

Define the output gap as     
    . That is, the output gap 

is the difference between the actual output and the natural output, which 

is the level of output under a flexible price environment. Aggregating and 

imposing market clearing conditions to Equation (7) and (8) yield 

following equations which are counterparts of the dynamic IS and Phillips 

curve in a canonical New Keynesian model.3)
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The slope of the Phillips curve is given by     .   is 

an autoregressive cost-push shock due to variations in firm's markup 

reflecting fluctuations in elasticity of demand  . An exogenous disturbance 


  

   arises due to changes in households' preferences and it 

can be interpreted as fluctuations in the natural interest rate.

One point is worth noticing. In learning literature, various studies, such 

as Branch and Evans (2006) and Branch and McGough (2010), among 

others, have employed so-called Euler equation learning. Unlike the 

anticipated utility approach used in this paper and, among others, Eusepi 

and Preston (2010, 2011), that approach replaces rational expectations 

operators with subjective expectations operators, and the rest of the model 

structure is not changed from a conventional rational expectations model, 

as is shown below4)

 
     


 
    

                  (11)

                             (12)

In this paper, the anticipated utility approach is employed for two 

3) The decision rules are comparable to the other models with bounded rationality, for instance, Gabaix (2018) 
which extends a canonical New Keynesian model by incorporating sparsity-based limited attention 
suggested in Gabaix (2014, 2016) as the current consumption gap is determined by the streams of future 
consumption gaps and real interest rates in both models. However, expectations formations differ as Gabaix 
(2018) introduces the term structure of attention allocations while we explicitly specify subjective beliefs 
held by private agents.

4) Equation (9) and (10) can be reduced to the ordinary Euler(Equation (11)) and dynamic Phillips 
curve(Equation (12)) if subjective expectations are formed rationally. Since these conditions should hold 
under any arbitrary expectations, they are also satisfied under rational expectations, in which private agents 
have complete knowledge of the tastes and beliefs of others. This can be shown by leading the equation and 
applying the law of iterated expectations. See Preston (2005) for details.
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reasons. First, this approach is more appealing when studying the role of 

long-term expectations. The Euler equation approach assumes that only 

one-period ahead expectations matter in current decision making; thus, 

the effects of long-term expectations are limited in this setting. Second, as 

Preston (2005) and Eusepi and Preston (2015) assert, the Euler equation 

approach does not capture the optimal decision rules made by private 

agents with subjective beliefs. See aforementioned papers for detailed 

arguments on this issue.

The model is closed with a version of the Taylor rule that describes 

the behavior of the central bank. 

                                                     (13)

The central bank reacts to inflation and output gap.   is the 

monetary policy shock and follows AR(1) process.

Ⅲ. Beliefs, Forecasts and Credibility

In this research, we rely on near-rationality assumption and a learning 

mechanism as private agents have imperfect knowledge about how the 

central bank conducts its policy and credibility will evolve in the future as 

we will discuss in detail in the subsequent sections. Moreover, This is a 

good way to sidestep technical problems that arise in rational expectations 

models due to the presence of higher-order beliefs. Strategic interaction 

exists, because the actual laws of motion of economy depend on both 

private agents' and the central bank's predictions; thus private agents and 

central banks should make expectations on expectations of the other, and 

expectations on expectations on expectations of the other, and so on. 

Based on this assumption, it is possible to make the central bank's 

expectations, given exogenously to private agents, affect those of private 

agents, which are endogenous in a rational expectations framework. 

However, this departure from rational expectations is minimized by 

assuming that the credibility only matters in non-fundamental drift terms 
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in the perceived law of motion(PLM, hereafter) and that the other parts 

of the model share the same structure as a rational expectation model 

without a credibility measure, as shown in detail in the subsequent 

sections.

1. Belief Structure

Private agents have the forecasting model expressed below

      
    

                          (14)

where    t i t ′  is a vector containing endogenous variables that 

private agents need to predict and   
 ut mt ′  denotes a vector that 

observable exogenous disturbances are stacked.   indicates a vector of  

unobserved time-varying terms, possibly random walk drifts. Following 

Eusepi et al. (2015), it is assumed that the number of the underlying 

driving forces of drift terms, , is equal to two and denote as   and   

respectively.5) These can be regarded as nominal and real factor. The 

nominal force reflects uncertainty about the inflation target of the central 

bank, and the real force represents fundamental uncertainty about 

long-term technological advance.6) This specification is supported by 

empirical analysis in Eusepi et al. (2015). It is also intuitively plausible 

based on the Fisher equation. Movements in long-term expectations of the 

interest rate cannot be decoupled from those of the inflation rate, 

provided that the real interest rate does not deviate substantially from its 

steady state. Under this assumption, the drift term attached in the interest 

rate forecasting equation,  can be expressed as   
 

 . 

5)  denotes the estimate of  , which is unobservable to private agents.
6) The real factor can be also interpreted as a shock to higher-order belief, or private agents' sentiments, à la 

Angeletos and La’o (2013). For example, persistent positive waves of the real factor can be considered as 
strong optimism of the real activities in the economy, as perceived by private agents.



11 BOK Working Paper No. 2018-45

Following Eusepi et al. (2015), we assume   . Thus,   can be 

interpreted as a relative contribution of the real factor on the nominal 

interest rate.

Exogenous disturbances follow the stationary AR(1) process

                                 (15)

where   are i.i.d. shocks. It is also assumed that parameters that govern 

reactions to fundamental disturbances   are known to private agents and 

coincide with the rational expectations' counterparts. This assumption does 

not change the qualitative results of this paper, since learning procedures 

for constants and coefficients attached to structural disturbances are totally 

separated. This assumption can simplify analysis and help place greater 

focus on the dynamics of long-term expectations, whereas it minimizes 

deviations from the rational expectations model. Hence, private agents 

only need to learn about the unobserved drift terms.

Based on the estimated time-varying drift terms     upto time    

and the beliefs given above, private agents compute their own forecasts as


 

                                                (16)

If time-varying drift terms   are more persistent than are structural 

disturbances  , long-term expectations are driven more by time-varying 

drift terms than by disturbances. For example, if   have unit roots, then 

infinite horizon long-term expectations are simply given by current 

time-varying drift terms.

lim
→∞


 

                                                      (17)

  is updated using the steady state Kalman filter recursion
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                                      (18)

where the time-invariant Kalman gain matrix is

   ′ ′                                           (19)

    
  ′  and  denotes private agents' priors about the 

covariance matrix of the observation error terms   which are linear 

combinations of underlying structural shocks in their prediction equation 

(14).

The central bank is also near-rational and has its own PLM, which can 

be used to predict future endogenous variables. PLM of the central bank 

is given as follow

                               (20)

which coincides with the rational expectations solution to the model. 

Compared to that of private agents, PLM of the central bank clearly 

shows that central bank's expectations are well anchored, as there are no 

time-varying terms  . This formulation seems reasonable as many central 

banks predict their economy by using their country-specific DSGE models 

with rational expectations. In addition, Mokhtarzadeh and Petersen (2017) 

show that central banks interested in maintaining inflation stability should 

communicate forecasts solely based on rational expectations in their 

laboratory experiment. On the other side, the actual law of motion nests 

that of the rational expectations, under this assumption, as shown later. 

This characterization sets a natural comparison of the model, thereby 

facilitating interpretation of the results. 

The central bank announces its own forecasts of endogenous variables, 

including the nominal interest rate, after observing the realization of 

disturbances.
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                           (21)

The belief structure can be justified under the assumption that no 

commitment device exists. This is a reasonable assumption, as there is no 

credible commitment device. It is neither allowed nor possible to inform 

the public credibly of the central bank's internal decision procedure, 

including objectives and rules. A notion of credibility arises due to this 

point. Even if a central bank deliberately conducts monetary policy and 

follows its target, private expectations can diverge from the target, because 

the central bank cannot commit to the target and communicate its policy 

credibly. Private agents continuously evaluate the central bank's resolutions 

and abilities to achieve the target from the history of the outcomes. The 

formal definition of credibility used in this paper is presented below. 

2. Credibility Measure

The tendency of private agents' reliance on the central bank's 

predictions in forming expectations on future endogenous variables defines 

the credibility.

Definition (Credibility). The central bank credibility   is the time-varying 

relative weight attached to the forecasts made by the central bank, other 
than private agents' own forecasts, when private agents derive ensemble 
forecasts and form expectations to make decisions based on those 
expectations at each period. Specifically, private agents use following 
subjective expectations




    



      

 

             (22)

Although this formulation seems similar to those of previous studies, 

such as Bomfim and Rudebusch (2000) and Hommes and Lustenhouwer 

(2015), it differs from them in several ways. First, it does not employ past 
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realizations to make expectations behave adaptively. In those cases, the 

credibility measure can be interpreted as the degree of forward-looking. 

On the contrary, the two predictors used above are forward-looking, and 

the credibility reflects private agents' confidence in the predictors 

announced by the central bank. Second, it is more plausible to account 

for central bank communications. In Hommes and Lustenhouwer (2015), 

the credibility measure represents the proportion of households who use 

policy targets as their future forecasts. However, as the interim targets may 

not coincide with pre-announced policy targets, it seems more plausible 

for households to implement the central bank announcements to forecast, 

rather than just relying on long-run policy targets. In this case, the 

central bank's predictions announced in the current period should be 

more relevant for private decision making than for the policy target. This 

is also close to the credibility measure used by Gibbs and Kulish (2015). 

In their paper, expectations formed by rational expectations and adaptive 

learning are used. Some households use rational expectations, and others 

form expectations based on their perceived laws of motion, acquired by 

adaptive learning of model coefficients. This measure, however, does not 

evolve endogenously, but is given exogenously. Moreover, in their paper, 

households learn model coefficients, whereas, in our paper, households 

learn the unobserved driving force of the economy.

The way of defining credibility in this paper is also related to the 

literature regarding forward guidance, especially Delphic effects of forward 

guidance studied in, among others, Campbell et al. (2012, 2017). The 

central bank's forecasts described in this model are closely related to 

forward guidance as they hint the future course of the economy and 

communicate information held by the central bank. In this literature, most 

of analyses implicitly assume full credibility so that private agents believe 

what the central bank says and focus on information flow from the central 

bank to public. If the private agents do not think that the central bank is 

fully credible, the described Delphic effects might disappear. Therefore, it 

can be inferred that Delphic effects of announcements and credibility have 
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a positive feedback relationship. 

In addition, the proposed credibility measure is also related with 

transparency issues. For instance, Bianchi and Melosi (2018) study to what 

extent transparency of central banks can affect social welfare. In that 

paper, transparency can be achieved by announcing the expected duration 

of passively accommodating monetary policy to public. In terms of the 

proposed credibility measure, higher transparency can be carried over into 

higher credibility as the central bank can anchor private expectations due 

to this disclosure. Bianchi and Melosi (2018) found that higher 

transparency leads to higher welfare and this result is consistent with the 

results obtained in this paper as will be shown in the subsequent sections.

This formulation reflects the views of central bank credibility perceived 

by policymakers. Svensson interpreted a large gap between Riksbank's 

announced repo rate path and market expectations as being low 

credibility.7) Yellen (2006) also described credible monetary policy as a 

situation in which “market participants correctly anticipate the actions that 

the Fed will make in response to economic news and shocks.” In addition, 

Blinder (2018) pointed out that not receiving the messages that were sent 

by the central bank is almost same thing as not believing the central 

bank.

In this paper, we consider central bank communications, especially 

announcements of forecasts, as important sources for shaping credibility. As 

private agents cannot observe internal procedures, such as actual targets 

and the policy rule, of the central bank, the central bank's announcements 

are the sole sources for measuring its credibility. 

As the proposed measure determines the relative weight among 

forecasters, it can be determined naturally based on the relative accuracy 

of two forecasters. Specifically, the credibility measure is determined by the 

distance between private and central bank predictions and the relative 

accuracy of these predictions. Specifically, if the central bank's predictions 

are close to those of private agents, there is no reason for the agents to 

7) See Goodfriend and King (2015)
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disregard the predictions announced by the central bank, because they 

believe that the central bank shares their views on the economy. In that 

case, private agents will perceive the central bank to be credible and will 

make use of it.8) At the same time, if private predictions are more 

accurate than are those of the central bank, private agents will question 

the credibility of the announced policy targets and predictions of the 

central bank and will place more reliance on their own predictions. 

Therefore, poor central bank predictions decrease the central bank's 

credibility. Kocherlakota (2011) stated the same point.9) This is also in line 

with Plosser (2010)'s prescription of achieving credibility.

One might raise a question whether central bank's credibility can be 

high independently of the central bank's ability of keeping inflation stable 

if the central bank's staff become very good at forecasting inflation and 

GDP, to a point where private sector's expectations totally rely on the 

central bank's forecasts. In this model, central bank credibility is not 

independent to the central bank's ability of keeping inflation stable. 

Definitely, credibility rises if the central bank's forecasts are good enough. 

However, it is necessary to consider what makes the central bank's 

forecasts better. In general, the central bank's forecasts become more 

accurate when non-fundamental beliefs ( ) which determine the long-run 

expectations are suppressed. These non-fundamental beliefs emerge when 

inflation and output gap diverge from the pre-announced targets. 

Therefore, stabilizing inflation and output gap is required to achieve high 

credibility and to make private agents rely more on the central bank's 

8) Some policymakers acknowledged this point in their speeches. For example, Bernanke (2004) argued that 
“The (…) way in which clear and open communication enhances the effectiveness of monetary policy (…) 
is by helping to align financial-market participants' expectations about the future course of monetary policy 
more closely with the policy committee's own plans and projections.”

9) “I've been emphasizing the importance of communication and communication matters greatly. But, 
ultimately, the public's beliefs about the FOMC's inflation objective will also depend on inflationary 
outcomes. If annual inflation averages less than 1.5 percent for more than three or four years, onlookers will 
begin to suspect that the FOMC's true objective for inflation is lower than its declared ‘two percent or a bit 
under.’ Correspondingly, if inflation is persistently higher than 2 percent, then the public will begin to 
believe that the FOMC's true objective for inflation is higher than 2 percent. In either case, inflation 
expectations could become unmoored, and the FOMC could lose control of inflation itself. Communication 
can only be effective if the FOMC also retains credibility.”
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forecasts. In this reason, The proposed measure is related to the central 

bank's ability of stabilizing the economy.

One advantage of this formulation is that the aggregate economic 

outcomes do not necessarily influence credibility directly. This means 

higher inflation realizations than the announced target do not 

automatically decrease the credibility. If the economy is hit by a severe 

exogenous shock, aggregate variables can deviate from the pre-announced 

policy targets. Private agents understand this and take a lenient stance in 

relation to these deviations, in the sense that the deviations do not reduce 

the credibility by much. This seems realistic, because central banks 

implement ‘flexible inflation targeting,’ which is advocated by Svensson 

(2011), and private agents also acknowledge this point.

  is determined jointly, by following a dynamic predictor selection 

problem, modified from that of Brock and Hommes (1997) and a possibly 

sluggish law of motion for the credibility.
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exp 


exp
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where

 


  

∞

    

    

   ′   

     

         (24)

for ∈ and

                             (25)

 is a weighting matrix and   and   are intensity of choice parameters. 

∈  controls inertia of credibility measure. As it approaches one, 

inertia does not exist and the law of motion becomes   . This sluggish 

process allows slow, rather than drastic changes, in beliefs about credibility.

This formulation of credibility is similar to those of Bomfim and 

Rudebusch (2000) and Hommes and Lustenhouwer (2015). For example, 
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Bomfim and Rudebusch (2000) used   as a measure of credibility in 

following equation

 
  

      

where 
 ,  

  and     stand for the inflation target, private agents' 

perceived inflation target and actual inflation at the previous period, 

respectively. However, the characteristics of the credibility measure 

suggested in this paper are superior to those of Bomfim and Rudebusch 

(2000) and many other empirical studies on credibility.10) First, our 

credibility measure is ex-ante bounded in the unit interval, making it easier 

to interpret and compare. Second, what matters in determining credibility 

is the relative accuracy of predictions, not the distance between either the 

actual or the predicted inflation and pre-announced inflation target. In our 

case, deviation of inflation from the target, which arises due to large 

shocks, does not necessarily damage credibility crucially, because the public 

understand that it is inevitable and that their own predictors also perform 

badly.

Combining expectations formation equations (16), (21) and (22) with 

policy rule equations (9), (10) and (13), the actual laws of motion(ALM, 

hereafter) for this economy can be obtained.11)

                               (26)

  is the factor loading matrix and this changes endogenously as the 

credibility measure     is contained in this. The ALM and equations (23), 

(24) and (25) governing the dynamics of the credibility measure fully 

characterize the model.

10) The credibility measure used by Bomfim and Rudebusch (2000) is given as     


 or 
       

.
11)  See Appendix A for details.
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Proposition 1. If the central bank credibility measure   is exogenously 

imposed to be one, the ALM becomes identical to that of the rational 
expectations model.

Proof. See Appendix A.  □

From this proposition, the ordinary RE model can be considered as a 

special case, in which the central bank is fully credible in any 

circumstances. The ALM, however, becomes similar to that of learning 

models and the effect of the subjective beliefs magnifies as the credibility 

measure moves away from one.

Ⅳ. Calibration and Stability

As this paper focuses on quantitatively measuring the influence of the 

central bank credibility on the economy, it is necessary to estimate the 

model to discipline the parameters. Because the model is highly nonlinear, 

it is not possible to implement a Kalman filter to estimate the model, 

which includes unobserved variables. For these reasons, we estimate the 

simplified version of the model to calibrate the parameters. The remaining 

parameters not estimated by the simplified model are calibrated based on 

the existing literature and observed data as will be explained shortly. In 

this simplified model, it is assumed that only two extreme levels of the 

credibility are allowed and the credibility measure follows an exogenous 

process, as in regime switching literature.12)

It is also possible to estimate the model by implementing a nonlinear 

filtering method. Hence, we estimate the full nonlinear model, using a 

Bootstrap Particle filter Metropolis-Hastings algorithm to evaluate 

likelihood functions and draw parameters from posteriors.13) However, we 

mainly focus on the result acquired by the simplified model estimates and 

12) See the appendix for the details regarding the simplified model.
13) See Herbst and Schorfheide (2015) for theoretical discussion on this method and comparison with the 

other nonlinear filters.
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only use the nonlinear estimates as a robustness check, because the state 

variables estimated from a Kalman filter are easier to interpret, as they 

are point estimates rather than distributions in a Particle filter, and to 

conduct a policy analysis of the Fed's credibility, using the estimated state 

variables.14)

1. Data

The GDP deflator and a 3-month treasury bill rate are used for 

estimation. For the output gap measure, HP-detrended real GDP is used 

as a baseline. The sample period is from 1979Q3 to 2015Q2. As the 

model assumes an identical policy regime, we use data after the 

pre-Volcker period to avoid a possible structural break in monetary policy.

2. A Simplified Model Estimation

We use the Metropolis-Hastings Bayesian technique to estimate the 

simplified model. First, 10,000 samples are drawn to initialize the MCMC 

procedure. Then 150,000 draws are obtained to generate posterior 

distributions. In this research, the modes of the posterior distributions are 

used to calibrate the model.15)

Before estimating the simplified model, we directly set some parameters 

which are not estimated in the model. This set of parameters include the 

subjective time discount factor,  , two intensity of choice parameters,   

and  , weights on past prediction errors,  , the weighting matrix, , 

and the persistence of credibility,  in eq.(25). The subjective time 

discount factor   is set to 0.995. The weighting matrix  is set as 

following

14) The parameter estimates are robust and quite similar to those from the Particle filter. The result from the 
Particle filter is available in the appendix.

15) When constructing a Kalman filter during the estimation, the Kalman gain is set as fixed and not updated 
from the steady state Kalman filtering assumption in the theoretical model in the previous section. 
Allowing updates, however, does not change the results significantly. We also estimated the model with 
time-varying volatility in the structural shocks, but this too did not change the results qualitatively.
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                           (27)

This means that private agents only consider forecast errors on 

inflation when they evaluate the central bank credibility.16) This form is 

mainly chosen for computational simplicity, but it is also intuitively 

plausible, as the central bank that introduced an inflation targeting policy 

explicitly announces its target rate and communicates about it frequently, 

meaning that private agents give more weight to inflation forecast errors 

when they evaluate the credibility. Lastly, the resulting credibility is 

compatible with the empirical credibility that we will discuss shortly. 

Remaining four parameters are chosen to minimize the distance 

between the probability of high credibility regime in the model and the 

empirical credibility measure that will be explained below. As a result, 

   ,    ,     and    are chosen.17)

Table 1 shows prior and posterior distributions for model parameters. 

Some results are worth mentioning. The result for   and   confirms 

that the long-term inflation predictions are highly persistent, not 

anchored, and close to the random walk process. This supports calibration 

and interpretations in Eusepi et al. (2015).

16)  Choosing the weighting matrix as    does not change the result significantly.
17) Different values of  and  are used to check the robustness as they control the persistence of the 

credibility measure.
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3. Credibility of the Fed

Table 1. Estimated Parameters: priors and posteriors
Prior Posterior

Parameters Distribution Mean S.D. Mode [0.025, 0.975]

 Beta 0.6 0.03 0.78 [0.69,0.80]

 Normal 2 0.4 1.98 [1.73,2.15]

 Normal 0.125 0.15 0.32 [0.23,0.40]

 Normal 1.5 0.15 1.21 [1.10,1.41]

 Beta 0.7 0.05 0.71 [0.66,0.76]

 Beta 0.7 0.05 0.62 [0.56,0.70]

 Beta 0.7 0.05 0.81 [0.75,0.84]

 Normal 0 0.5 -0.02 [-0.05,0.07]

 Beta 0.5 0.22 0.90 [0.64,0.94]

 Beta 0.95 0.02 0.98 [0.93,0.99]

 IGamma 0.5 5 0.21 [0.08,0.30]

 IGamma 0.5 5 0.37 [0.25,0.40]

  IGamma 0.5 5 0.48 [0.37,0.57]

 IGamma 0.5 5 0.05 [0.03,0.19]

 IGamma 0.5 5 0.30 [0.20,0.33]

P(       ) Beta 0.9 0.1 0.99 [0.94,0.99]

P(       ) Beta 0.9 0.1 0.99 [0.96,0.99]

log-likelihood -172.881

As a by-product of the estimation procedure, a proxy of the Fed's 

credibility, the probability of       regime can be obtained. It is natural 

to ask whether this proxy captures the credibility measure defined in the 

previous section. To answer this question, we build a credibility series in 

line with our theoretical model. Using a Greenbook forecast and SPF data 

from 1979Q3 to 2009Q4, we constructed a credibility series based on the 

predictor selection criteria suggested as in the previous section.18)

The credibility measure constructed from the data captures the trend of 

18) There are multiple numbers of Greenbook forecasts in a given quarter. In this procedure, we choose the 
first Greenbook forecast in the quarter to comply with the assumption that forecasts are announced at the 
beginning of the period in the model. Lastly, the median forecast of SPF is used for private predictions.
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the model generated credibility measure, as shown in Figure 1. The top 

panel shows the empirical credibility series constructed from Greenbook 

forecasts and SPF data. The bottom panel presents the credibility series 

implied by the Kalman filter. The correlation coefficient between them is 

0.52; thus, we can conclude that the proxy for the credibility mimics the 

actual credibility measure, despite its simple construction.

Figure 1. Credibility of the Fed, 1979Q4-2010Q1

Note: The top panel depicts the credibility measure constructed using Greenbook and SPF data, the 

bottom panel shows the estimated probability of   regime from the Kalman filter. Shaded 

areas are NBER recession dates.

A notable distinction between two series exists around the mid-2000s. It 

might be caused by different views about the economy among the Fed 

staffs and FOMC members. Romer and Romer (2008) find that economic 

projections of FOMC members, contained in the Monetary Policy 

Report(MPR) submitted to Congress twice a year, differ from the 

Greenbook forecasts, provided by the Fed staffs. Faust and Leeper (2015) 

provide the similar finding; the FOMC members, including Chairman 
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Greenspan, considered other factors that can influence on the dual 

mandate of the Fed and deviated from the policy that the conventional 

view would have prescribed during that period. Based on this possibility, 

we build an alternative empirical credibility measure by partially using 

MPR forecasts. Specifically, we replace the Greenbook forecasts with the 

mean forecasts of FOMC members from 2000Q1 to 2006Q4, because MPR 

forecasts are more policy relevant projections under this circumstances.19) 

Consequently, we find that the resulting empirical credibility gets closer to 

the model implied credibility measure as is shown in Figure 2. The 

correlation coefficient between two credibility series is 0.60.

Figure 2. Credibility of the Fed, 1979Q4-2010Q1

Note: The top panel depicts the alternative credibility measure constructed using Greenbook, MPR and 

SPF data, the bottom panel shows the estimated probability of   regime from the Kalman 

filter. Shaded areas are NBER recession dates.

These figures show that the Fed's credibility was at a low level at the 

beginning of Volcker's tenure but built credibility slowly over the 1980s. 

19) Precisely, these empirical credibility measures are not fully compatible, because MPR contains PCE 
inflation while we use GDP deflator from Greenbook and SPF.
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This seems plausible, based on narrative analyses, such as Romer and 

Romer (2004), of the Fed's policy. Credibility remained relatively high until 

the early 2000s. Both series show relatively low levels of credibility around 

the late 2000s. These periods overlap the periods identified as high 

volatility and/or passive monetary policy regime in previous research, for 

example, Baele et al. (2015), among others. This result suggests that the 

Fed might be considered not to be credible in these periods, because of 

passive monetary policy.

To obtain the historical determinants of the Fed's credibility, we derive 

model implied credibility series, which are constructed by suppressing 

exogenous shocks one by one. For example, the contribution of the 

monetary policy shock to credibility is defined as the difference between 

the actual credibility and the credibility under a zero monetary policy 

shock.

Figure 3. Decomposition of the Fed’s Credibility, 1980Q2-2015Q2

Low credibility in the early 1980s can be attributed to the initial 

private beliefs. In other words, high inflation expectations drove the actual 

inflation higher and reduced the credibility during the early 1980s.20) It 

seems that the monetary policy shock had a big effect on credibility after 
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the mid-80s until the end of 90s. Specifically, the monetary policy shock 

enhanced the Fed's credibility during this period. Based on the results that 

will be described in the consequent sections, the Fed's policy during 

so-called ‘Great moderation’ period contributed to improve the Fed's 

credibility and macro stability, in turn. 

It requires caution when we interpret the contribution of monetary 

policy shocks to the Fed's credibility after 2008, because we are abstract 

from the zero lower bound(ZLB). The negative contributions of monetary 

policy shocks might be captured by hitting the zero lower bound at the 

end of 2008. In fact, at the beginning of ‘Great recession,’ when ZLB was 

not binding, monetary policy shocks actually contributed to increasing the 

Fed's credibility significantly.

It is also noteworthy that the cost-push shocks have always acted as 

decreasing the Fed's credibility. One possible explanation on this matter is 

their distinct characteristic; cost-push shocks prevent achieving the dual 

mandate as they increase inflation and decrease the output gap, unlike 

preference shocks, at the same time and it is impossible to offset these 

movements simultaneously by monetary policy. Equipped with only one 

instrument, it is impossible to stabilize both inflation and the output gap 

so that it is inevitable to miss at least one of the policy target announced 

previously.  

4. Does it measure the credibility?

Lastly, it is a legitimate question to ask whether the credibility measure 

proposed in this paper really provides a good index for the central bank's 

credibility. As policymakers and academic economists have asserted, a high 

level of credibility is closely related to anchored private expectations that 

are shared by market participants, including the central bank. In this 

model, private agents give more weight to their own forecasts, which are, 

20) In general, private beliefs are driven by exogenous shocks. Since we do not have shocks before 1979, it is 
impossible to decompose attributions of shocks to initial beliefs. Thus, we leave them as independent 
exogenous shocks.
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by construction, not anchored when the credibility deteriorates. Figure 4 

provides convincing evidence of this argument, based on US data. SPF 

dispersion represents one-quarter-ahead GDP price index forecast 

dispersion, measured by the distance between 25th and 75th percentile 

responses among private forecasters.21) The model implied and the 

empirical credibilities are reciprocals(   ) of the credibility proxy from 

the Kalman filter and the empirical credibility series constructed above.

As it is clear from the figure, these series comove. The correlation 

coefficient between the model implied credibility measure and the 

dispersion of SPF is 0.78 and that between the empirical credibility and 

the dispersion is 0.56. As smaller dispersion can be considered as 

representative of more anchored forecasts or expectations, it provides 

evidence of the linkage between the credibility proposed in this paper and 

anchored expectations. This is also in line with the interpretation of a 

dispersed information model provided in Rondina and Walker (2014). A 

lower credibility level, which is connected with more weight on the private 

forecasts, can be interpreted as a higher signal-to-noise ratio of the private 

information, and it naturally results in more dispersed private forecasts.

Figure 4. Credibility of the Fed(right) and dispersion of SPF(left), 

1979Q4-2010Q1

21) We compute the five-quarter window moving average of the dispersion to remove volatile changes. Using 
four-quarter-ahead GDP price index forecast dispersion does not change the result.
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5. Model Stability

Combining equation (18) and equation (26) gives

                        (28)

As explained in Eusepi et al. (2015), the self-referentiality of beliefs can 

lead to instability. This occurs if any eigenvalue of the matrix 

   lies outside the unit circle. This approach is, however, not 

possible in this case, because the model stability depends on the evolution 

of the credibility measure . Specifically,   contains , so an evolution of 

credibility affects the dynamics of beliefs. For this reason, we analyze a 

Jacobian matrix of this non-linear system following Hommes and 

Lustenhouwer (2015) and Branch and McGough (2010), among many 

others. Before proceeding, we need to simplify the model to obtain 

analytic expressions. In this subsection, it is assumed that households have 

short memories about past forecast errors. Specifically, it is assumed that 

  is equal to zero.

Under above assumptions,   is determined by following.
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We introduce an auxiliary variable   which is defined as below.
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Using this auxiliary variable and evaluating the distance between two 

predictions,   can be simplified as below.

 

  
 exp 
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The model can be summarized as a system of non-linear equations.

        

        

        

        

       

      

   

                      (32)

Before analyzing the stability, we show that there is a steady state in 

this system. 

Proposition 2. A steady state of the model exists and this steady state 
satisfies   ,   ,    ,    ,    ,    and    .

Proof. It is easy to show that   ,    ,    ,    ,   ,    and 

   solve the system of equations.  □

As this steady state with    ,    and     coincides with that of a 

rational expectations model, we call this steady state the fundamental 

steady state.

The next proposition provides the global stability result of the model. 

The main idea behind this result is that as zero credibility is the most 

de-stabilizing condition, the system is globally stable if the eigenvalues of 

the Jacobian are inside the unit circle when the credibility measure  is 

fixed at zero for all .

Proposition 3. The fundamental steady state is globally stable under 
baseline calibration.

Proof. If full credibility,    for all , is imposed, the economy has a 

globally stable steady state, which is the fundamental steady state, as the 

belief terms  do not affect the dynamics, and the steady state is exactly 
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the same with that of the underlying rational expectations model. As  

moves away from one to zero, the influence of the belief terms  on the 

system increases proportionally, and the economic dynamics become more 

unstable. Therefore, if the economic system is stable under zero credibility, 

it is globally stable. Under the assumption that    for all , the system 

can be written as follows.  

            

      

   
                   (33)

Then, we can obtain the following Jacobian matrix.
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where

     

  
  

   
  

   

 

  

 
 

 
 

 



 

 

where     ,      and  denotes 
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 element of the Kalman gain matrix. It has three zero and five 

non-zero eigenvalues, which are all inside the unit circle under baseline 

calibration. Therefore, the fundamental steady state is globally stable. □

Ⅴ. Macroeconomic Stability

In this section, the calibrated model is simulated 10,000 times, for 

2000 periods each, to gauge the credibility effect on macroeconomic 

stability.22) First, standard deviations of the output gap and inflation are 

computed and compared to those from the rational expectations model to 

show how the volatilities of macro variables change when a notion of 

credibility is introduced to a New Keynesian model. Second, standard 

deviations of macro variables are calculated for different levels of 

credibility to analyze the relationship between the credibility measure and 

macro volatilities. To this end, simulated series are divided into two 

groups of sub periods: one contains variables at periods that satisfy 

    , and the other contains variables at periods with      . 

Standard deviations are obtained for each group.23)

The results are summarized in Table 2. This table contains the mean 

and standard deviation obtained from the simulations across models and 

sub-periods. For better contrast of the results, we also report standard 

deviations derived by simulating the same sets of shocks under rational 

expectations in the second column. There is no change in credibility in 

the RE model, but we also report  ,  ,  , and   based on 

the credibility level of the benchmark model calculated from the same 

shocks. 

In general, introducing a credibility measure in a New Keynesian model 

raises the volatility of endogenous variables, especially that of inflation. 

The standard deviation of inflation is 45 percent higher in our model and 

the increment seems significant. On the other hand, that of the output 

22) First 1000 periods are discarded to remove any effects from initial condition.
23) As a baseline calibration, we choose   and   , as explained in the previous section. Under this 

parametrization, private agents have a long memory about past forecast errors.
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gap increases by only negligible amount, which is also statistically 

insignificant. This difference magnifies when we divide the simulated series 

into two groups, as specified above. Inflation and the output gap vary 72 

percent and 1 percent more when the credibility is lower than 0.5. 

However, volatilities are almost the same across the models when the 

credibility level is high. This is reasonable, as our model converges to a 

rational expectations model as the credibility level increases. It suggests 

that the credibility of the central bank can influence the volatilities of key 

macro variables significantly, especially for inflation.

Table 2. Volatility of macro variables

RE Baseline Baseline/RE

 0.92 (0.03) 0.92 (0.03) 1.00

 0.92 (0.04) 0.92 (0.04) 1.00

 0.93 (0.04) 0.94 (0.04) 1.01

  1.01 1.02

 0.29 (0.01) 0.42 (0.05) 1.45

 0.29 (0.01) 0.30 (0.01) 1.03

 0.29 (0.01) 0.50 (0.07) 1.72

  1.00 1.67

Note: The mean and standard deviation(in parentheses) obtained from the 
simulations. Subscripts ‘h’ indicate standard deviations computed from periods 

with   
 and ‘l’ from   

.

It also clearly shows that the variations of endogenous variables increase 

as credibility decreases. The standard deviations of the output gap and 

inflation are 2 percent and 67 percent higher in the low credibility 

periods. It is appropriate to ask whether this difference is fully caused by 

introducing the credibility concerns in the model. Some portions of the 

increments might be caused just by selecting low volatility realization 

periods as the high credibility group. This concern can be resolved by 

comparing   and   ratios across different models. As 

shown in Table 2, accounting for the credibility of the central bank 

significantly increases the ratio for inflation. The endogenous evolution of 
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the credibility generates an additional 67 percent and 1 percent 

increments in standard deviations of inflation and the output gap. Thus, 

we can conclude that increases in standard deviations are mainly 

generated by introducing endogenous credibility in the model.

Next, it is still not clear whether there is monotonic negative 

relationship between the credibility measure and standard deviation of 

endogenous variable. To answer this question, we divided the simulated 

series into finer credibility bins as in Figure 5. It clearly shows that the 

standard deviations of output gap and inflation increase monotonically as 

credibility decreases. In addition, the variability of the output gap is 

relatively small and the rates of change across credibility bins are quite 

stable. However, The variability of inflation increases exponentially as 

credibility decreases. This suggests that most of the benefits of higher 

credibility accrue at low credibility region. This result is also in line with 

the result discussed in Schaumburg and Tambalotti (2007).

In sum, based on our baseline model, the output gap and inflation 

vary by 2 and 67 percent more when the credibility is lower than 0.5. 

Therefore, the result suggests that changes in the central bank's credibility 

provides an explanation for volatility changes in macro variables, especially 

for inflation, as this model can successfully generate endogenous volatility 

changes. This also strongly supports the claim that maintaining the 

credible reputation of the central bank helps stabilize an economy and the 

result emphasizes the role of the central bank in stabilizing inflation.

It is not difficult to trace the mechanism behind this by investigating 

the ALM of the model. As private agents set prices based on future 

expectations of real activities and inflations, both real and nominal factors 

affect inflation dynamics. Private agents' long-term inflation predictions are 

highly persistent and close to a random walk; thus, they can move away 

from the announced target if monetary policy is not credible. For this 

reason, private agents' expectations of future inflations can deviate from a 

zero steady state and cause a self-referential effect on actual inflation. 

Moreover, expecting higher future real activities also pushes current 
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inflation upward. Thus, as the central bank builds a high level of 

credibility, private inflation expectations rely more on the central bank's 

predictions, which are well-anchored at a zero steady state, helping to 

stabilize private inflation expectations and actual inflation outcomes by 

preventing the self-referential effect. On the other hand, if a central bank 

fails to maintain a high level of credibility, private agents rely heavily on 

their own predictions, which are not anchored and can diverge from a 

zero steady state, to form expectations of future inflations. This will pull 

actual inflations away from a zero steady state before inflation is stabilized 

and the central bank eventually regains credibility.

Figure 5. Standard deviations of output gap and inflation

The volatility of the output gap can also vary across different credibility 

groups. It is obvious from the ALM that the effect of   and   is 

inversely related to the credibility level. Therefore, low credibility may 

activate an additional volatility channel for the output gap. The real factor 

directly injects an additional variation. As noted in the previous section, 

the real factor can be interpreted as a psychological sentiment or ‘animal 

spirit,’ supporting the view that subjective beliefs can affect real activities. 

The direction of the influence from the nominal factor to output gap is 

not clear ex-ante, as it depends on the value of    . Under the 

baseline estimates, it is negative; thus, an increase in   reduces the 
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output gap. This parametrization implies that private agents perceive that 

the effect of an increase in the future prices due to a higher   is 

dominated by anticipating a contractionary monetary policy.

The results delivered in this section have important implications. First, 

they suggest that central bank credibility may generate endogenous 

volatility changes. Without introducing exogenous regime switching in 

volatilities of exogenous disturbances and/or in monetary policy rule, this 

model can generate changes in the volatilities of endogenous macro 

variables. Second, it is shown that the central bank can achieve 

macroeconomic stability by maintaining a high level of credibility. This 

conclusion theoretically supports the traditional view that maintaining a 

credible reputation helps stabilize inflation.

The quantitative result given in Table 2 can be partially supported by 

the experimental result of Mokhtarzadeh and Petersen (2017). In that 

research, the central bank credibility is measured by the fraction of 

forecasts that coincide with the central bank's projected value, which is 

quite similar to the credibility defined in this paper. As predicted in this 

paper, it is shown that credibility decreases when the central bank makes 

larger forecast errors in their experiment.24) Mokhtarzadeh and Petersen 

(2017) also provide the standard deviations of output and inflation 

obtained from their laboratory economies. When we interpret their ‘no 

communication(NoComm)’ and ‘rational output and inflation 

projection(DualProj)’ treatment as low credibility and high credibility in 

Table 2, the experimental result can explain the theoretical result in this 

paper strikingly well. First, when credibility is higher, volatilities are almost 

identical to those from RE model. Second, when credibility is lower, 

standard deviations of output and inflation increase. Especially, volatility of 

output increases by quantitatively small amount whereas that of inflation 

increases by 50 percent. These quantitative results are surprisingly in line 

with the theoretical predictions provided in this model. 

24) Credibility decreases considerably when the central bank communicates either a rational interest rate 
projection or an adaptive output and inflation projection. However, a decrease is not significant when the 
central bank communicates a rational output and inflation projection.
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Ⅵ. Impulse Response Analysis

The effectiveness of monetary policy is analyzed by computing impulse 

response functions. In this model, however, impulse responses are not 

unique, and they depend on a realization of history due to the 

non-linearity of the model. In particular, the level of credibility in 

addition to the real and nominal factors when a shock hits the economy 

are important determinants of impulse responses. For this reason, we 

derive impulse response functions with different initial conditions for two 

factors   and   and the credibility measure .25) Since two initial values 

for subjective factors are required to generate impulse response functions, 

we assume       for simplicity.26) It is noteworthy that impulse 

response functions obtained in    and    cases are almost identical 

to those in the rational expectations model. Impulse responses are 

calculated by differencing simulated series, both with and without a 

specific temporary shock.

First, we report impulse responses to one standard deviation preference 

shock. For brevity, we only exploit impulse responses derived from 

different initial   and  in the main text.27) As in the first case, it is 

assumed that  
    and  

   . Figure 6 shows impulse responses for 

different initial levels of credibility. Overall, the impulse responses of 

endogenous variables do not differ significantly as the initial credibility 

changes. As noted earlier,     case is almost identical to the rational 

expectations case. They are slightly different, as the credibility decreases by 

a small amount. The output gap increases sharply due to the preference 

shock, and then returns to the steady state, and the three impulse 

responses are very close to each other. Inflation also increases initially and 

then moves back to the steady state. Although negligible, inflation 

25) Alternatively, we may compute generalized impulse responses as in many empirical literature. However, 
we follow this strategy to understand transmission mechanisms in the model better.

26) In this section, we use the same parametrization as in a benchmark case.
27) Impulse responses obtained under different initial   can be found in the online appendix to the paper.
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converges slowly when initial credibility is lower. As initial factors  
  and 

 
  are zero, there is little room for the credibility measure to affect 

endogenous variables. However, it can still affect endogenous variables, 

because the credibility slowly converges to one. As long as the credibility is 

below one, it affects the model dynamics, because subjective factors build 

up and disturb endogenous variables. Moreover, their effects grow stronger 

as the credibility decreases. for this reason, inflation adjusts slowly when 

the credibility is lower. The credibility decreases more when the initial 

level is lower, because the subject belief factors change by more. In the 

first period, private and central bank forecasts coincide, and the credibility 

should be improved. However, private forecasts become relatively accurate 

as subjective beliefs pick up some proportion of persistent movements of 

endogenous variables in subsequent periods and this slightly reduces the 

credibility, which has humped-shape responses.

Figure 6. Impulse responses to one standard deviation preference shock

Note:  
   and  

   case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from  
 .

In the second case, we depict impulse responses, assuming  
   and 

 
   , in Figure 7. When     , subjective factors   and   do not 
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affect the output gap and inflation, even if these factors have non-zero 

values. Therefore, they do not reduce the credibility and this result further 

limits their effects on endogenous variables in subsequent periods. For this 

reason, impulse responses are similar to those of the rational expectations 

model, regardless of subjective factors, when the credibility measure is 

equal to one. As the credibility deteriorates, however, the model dynamics 

change considerably, and this change is not proportional to changes in the 

credibility measure. When   is positive, a positive preference shock 

reduces the credibility much as positive   makes private forecasts 

relatively more accurate compared to the central bank's forecast. 

Specifically, the central bank's forecast on time zero inflation, based on 

information at time   , is zero, whereas that of private agents is strictly 

positive. Thus, the credibility drops when      and remains at a low 

level for long periods when    .28)

Figure 7. Impulse responses to one standard deviation preference shock

Note:  
   and  

   case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from  
 .

28) Impulse response of the credibility when  
  remains at zero initially, because it is already at the lower 

bound.
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Inflation both overshoots and lasts longer when initial credibility is 

lower. As the credibility decreases, private expectations of future inflation 

increase, because of a higher  . When the economy is hit by a positive 

preference shock, it increases inflation instantly and feeds into a higher 

nominal factor   and this stimulates inflation again. If private agents 

expect higher inflation in the future, this drives current inflation upwards, 

due to the nominal rigidity. When the credibility is low, initial inflation 

starts at the high level and feeds into a higher   again, so that    

slowly returns to the steady state. This makes the central bank's forecasts 

inferior and further contributes to low credibility and high inflation. This 

self-referential effect becomes stronger as the credibility decreases. The 

output gap increases sharply initially due to the shock. However, private 

agents expect higher nominal interest rates in future periods, and the 

central bank increases the nominal interest rate to stabilize inflation when 

the credibility is lower: these effects drag down the output gap paths. If 

the credibility is sufficiently low, private agents anticipate much higher 

inflation and nominal interest rates in the future, and this may cause a 

negative output gap in some periods, as shown in Figure 7.

It is noteworthy that impulse responses are amplified more for the 

    case than for the     case. It is necessary to understand the 

two channels that make up the self-referential effect. The first channel 

revises the belief factors. As inflation increases surprisingly at    , this 

drives   upwards and stimulates future inflation. The second channel is 

the credibility adjustment. As is evident from the     case, private 

belief factors can only negligibly affect the economic dynamics if the 

credibility level is sufficiently high. Thus, an exogenous shock that 

deteriorates the credibility can increase the effect of private beliefs on the 

endogenous variables. In this situation, only the first channel is effective 

for the      case, because the credibility is already at its lower bound 

whereas both are effective for the     case, as there is still room for 

lower credibility.
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Figure 8. Impulse responses to one standard deviation preference shock

Note:  
   and  

  case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from  
 .

Next, we consider the  
    and  

    case. In this case, the 

effect of subjective beliefs and credibility have the opposite effect 

compared to the previous case. In general, a positive preference shock 

enhances the credibility as negative   makes private forecasts relatively 

less accurate than are the central bank's forecasts. The central bank's 

forecast of time zero inflation, based on information at time   , is zero, 

whereas that of private agents is strictly negative. As the positive 

preference shock increases inflation, it favors the central bank's forecast 

and enhances the credibility. However, it may take a long time if the 

credibility and nominal factor are very low. In     case, the credibility 

measure remains at the lower bound for a long periods. However, it can 

generate opportunistic inflation and force households revise their forecasts 

closer to the zero inflation target. As a result, it helps escape deflation 

and enhance credibility in the longer horizon. In general, the movement 

of the impulse response of     is similar to that in the  
   case 

examined previously but the magnitude and the turning point of the 

response differ from Figure 7. Similarly, inflation increases by slightly more 
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in the     case, because private agents revise   faster, due to the 

positive preference shock.

Figure 9. Impulse responses to one standard deviation cost-push shock

Note:  
   and  

   case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from  
 .

Second, impulse responses to one standard deviation cost-push shock 

are reported below. As noted above, we only analyze impulse responses 

derived from different initial   and  here. In Figure 9, impulse 

responses for the  
   and  

   case are given. Impulse responses 

of endogenous variables do not differ significantly, as underlying subjective 

beliefs are null. The output gap drops and inflation hikes due to the 

cost-push shock; they then converge to the steady states. The output gap 

and inflation converge slowly when the initial credibility is lower, and 

these variables even exhibit humped-shape behavior if the credibility level 

is sufficiently low, although the differences are negligible. Compared to the 

preference shock case, there is more deterioration of the credibility and 

subjective beliefs become more influential.
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Figure 10. Impulse responses to one standard deviation cost-push shock

Note:  
   and  

   case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from    .

When  
    and  

  , the cost-push shock contributes to lowering 

the credibility, as private agents anticipate positive inflation, whereas the 

central bank expects zero inflation. Just as in the previous case, the 

output gap and inflation overshoot and are more persistent as the 

credibility decreases. Facing a cost-push shock, private agents revises the 

nominal factor   upward and resulting in a higher inflation path. It also 

pulls down the output gap due to a higher interest path. As opposed to 

the previous case, the cost-push shock helps enhance the credibility, 

because the shock pushes inflation upward, whereas private agents 

anticipate negative inflation in the  
   and  

    case. In general, 

responses of the output gap and inflation are similar to those for    , 

in Figure 10. In this case, the credibility level remains at the lower bound 

for a long period; thus, impulse responses are not very different. Impulse 

responses differ, however, when    . Specifically, the credibility 

improves immediately in this case and attenuates the credibility adjustment 

channel, whereas it deteriorates in the previous case. An immediate 

improvement in the credibility prevents volatile and persistent movements 
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of endogenous variables.

Figure 11. Impulse responses to one standard deviation cost-push shock

Note:  
   and  

  case. The blue solid line represents impulse responses from  
  and 

the red dashed line represents impulse responses from  
 . The green dotted line represents 

impulse responses from    .

Lastly, impulse responses to one standard deviation monetary shock are 

provided below. Figure 12 shows the baseline  
   and  

   case. 

As explained previously, the credibility decreases slightly in subsequent 

periods, and the magnitude increases when the initial credibility is lower. 

The paths of the output gap and inflation do not differ by much. The 

output gap and inflation plunge due to the monetary policy shock, as 

shown in Figure 12.
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Figure 12. Impulse responses to one standard deviation monetary 

policy shock

Note:  
   and  

   case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from    .

As the monetary policy shock improves the relative accuracy of the 

central bank forecasts, it should enhance the credibility when  
    and 

 
    and non-zero positive inflation expectations exist, as it is shown in 

Figure 13. When     , the credibility enhances immediately, but it 

remains low and recovers slowly in the      case. This is caused by 

large  . In the latter case, inflation is still positive, even after 

contractionary monetary policy, and improves the credibility by small, as 

  is too high. Impulse responses of the output gap do not differ by 

much across initial credibility levels but are slightly lower for lower 

credibility levels.
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Figure 13. Impulse responses to one standard deviation monetary 

policy shock

Note:  
   and  

   case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from  
 .

This result provides a policy implication on the cost of disinflation. 

High inflation periods are usually associated with high perceived inflation 

target and low central bank credibility. Therefore, any policy actions that 

can counter both high inflation perception and low credibility can reduce 

inflation more efficiently. Contractionary monetary policies revise the 

nominal factor downward as it produces lower inflation than private agents 

expected and improve the credibility so that the influence of private 

agents' belief diminishes. Both effects stabilize inflation but they have not 

been fully analyzed in the literature. Thus, the cost of disinflation during 

high inflation periods, such as Pre-Volcker era, might be smaller than the 

cost implied by models that do not consider the credibility and private 

beliefs.
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Figure 14. Impulse responses to one standard deviation monetary 

policy shock

Note:  
   and  

  case. The blue solid line represents impulse responses from     and 

the red dashed line represents impulse responses from    . The green dotted line represents 

impulse responses from  
 .

When  
   and  

   , the credibility moves in the opposite 

direction to its movement in the previous case. The output gap and 

inflation, however, evolve in a similar way, as shown in Figure 14. In this 

situation, inflation slightly overreacts when    , as the monetary 

policy shock enlarges the credibility adjustment channel. As this reduces 

the credibility level considerably, private belief   becomes more influential 

and drags the inflation path downwards. The impulse response for the 

    case is not very different from that in Figure 13, as the private 

belief   still overwhelms the exogenous shock.

In sum, impulse response analyses show three major results. First, 

impulse responses, especially those of inflation, vary considerably across 

different initial conditions. This implies that it is more difficult to predict 

economic dynamics as central bank credibility changes endogenously. When 

the credibility is lower, the effects of private beliefs are enhanced, thereby 

making the initial conditions much more important. This also implies that 

it is extremely difficult for policymakers to fine-tune the economy when its 
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credibility deteriorates, given highly asymmetric reactions due to different 

initial conditions. Second, higher credibility is more stabilizing, especially 

for inflation, in the sense that endogenous variables converge to steady 

states both faster and monotonically. Lastly, impulse responses to the 

monetary policy shock suggest that the cost of disinflation is smaller than 

the cost calculated in RE models when the effects of credibility and 

private belief adjustments are considered. Inflation decreases by more 

when initial credibility is lower while the change in the output gap is not 

affected significantly.

Ⅶ. Robustness Check

To check the robustness of the result, we compute standard deviations 

for different values of   and  . As is apparent in Table 3, main results 

are preserved, regardless of the parametrization. Accounting for the central 

bank credibility induces additional volatilities, compared to the rational 

expectations model, and volatilities increase as the credibility deteriorates.

‘pr(h)’ in Table 3 indicates the proportion of times that credibility 

remained in a higher credibility region. Therefore, it may be deduced that 

the average level of credibility is higher for a higher value of pr(h). 

Under     case, private agents have shorter memories about past 

forecast errors. Specifically, private agents almost forget past errors within 

4 years. Due to the shorter memory, private agents discount past forecast 

errors more heavily and this shifts the average credibility level upwards, as 

is evident from ‘pr(h).’ The shorter memory assumption, however, does 

not change the result. Introducing credibility concerns into a New 

Keynesian model generates additional volatility and the volatilities of 

endogenous variables increase as credibility declines.  
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Table 3. Volatility of macro variables

RE   RE    RE   


0.92 

(0.03)

0.93 

(0.03)

0.92 

(0.03)

0.92 

(0.03)

0.92 

(0.03)

0.93 

(0.03)


0.91 

(0.03)

0.91 

(0.03)

0.92 

(0.03)

0.92 

(0.03)

0.92 

(0.04)

0.92 

(0.04)


0.94 

(0.04)

0.95 

(0.04)

0.92 

(0.04)

0.93 

(0.04)

0.92 

(0.03)

0.94 

(0.04)


0.29 

(0.01)

0.37 

(0.04)

0.29 

(0.01)

0.35 

(0.03)

0.29 

(0.01)

0.45 

(0.05)


0.29 

(0.01)

0.30 

(0.01)

0.29 

(0.01)

0.31 

(0.01)

0.29 

(0.01)

0.30 

(0.01)


0.30 

(0.01)

0.46 

(0.07)

0.29 

(0.01)

0.40 

(0.06)

0.29 

(0.01)

0.54 

(0.06)

pr(h) 0.65 0.61 0.45

Note: The mean and standard deviation(in parentheses) obtained from the simulations. Subscripts ‘h’ 

indicate standard deviations computed from periods with   and ‘l’ from 

 . pr(h) is the proportion of sample periods stayed in ‘h’ group.

The credibility measure evolves in a more sluggish way as   gets 

smaller. We consider both higher and lower   cases. In both cases also, 

the main results do not change. The average credibility in simulations 

increases as   becomes smaller, because good forecasting records of the 

central bank survive longer. In this regard, the standard deviations of 

endogenous variables are smaller when   is small. Nonetheless, the main 

results of the paper are still valid even under the small  case.

Ⅷ. Conclusion

In this research, a numerical measure of central bank credibility has 

been proposed and the Fed's credibility has been estimated. The 

estimation suggests that the credibility of the Fed improved after Volcker 

took office at 1979 and maintained high levels of credibility until 
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mid-2000. 

The main contributions of this paper are to show to what extent 

accounting for the credibility affects both macroeconomic stability and the 

effectiveness of the monetary policy. At first, it is shown that, when the 

credibility is low, volatilities of the output gap and inflation increase, due 

to private beliefs. Because of the self-referential effect of private beliefs, 

this model can generate endogenous volatility changes without any 

exogenous volatility regime changes. This result theoretically confirms the 

idea that maintaining a reputation of credibility for the central bank helps 

to anchor private expectations and achieve macroeconomic stability. The 

impulse response analysis also supports this result by showing that macro 

variables return to the steady states faster, as the central bank is more 

credible when the economy is hit by fundamental shocks. Thus, we can 

conclude that the monetary policy is more effective for stabilizing the 

economy, as it builds a credible reputation. 

Despite their importance, these results have not yet been fully analyzed 

in a New Keynesian framework with endogenous central bank credibility. 

This paper provides a structural analysis that can be widely used and 

understood in economic research to answer these questions and supports 

the intuition that building a reputation of credibility for the central bank 

helps stabilize the economy.

On the other hand, the study findings also suggest that it is extremely 

difficult to analyze and forecast the output gap and inflation, as they are 

influenced by private beliefs and the central bank's credibility. Therefore, 

further investigation of the relationship between economic outputs and the 

central bank's credibility is necessary to find better prescriptions for policy 

interventions. 
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Appendix A. Actual Laws of Motion

First, obtain a MSV solution for the Rational Expectations model below 

by method of undetermined coefficients.

               
 

      
    

                 (35)

A unique and bounded solution exists if         holds. 

Note that this condition is satisfied in a current calibration.

The MSV solution is given as
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Combining eqautions (16), (21) and (22), obtain future expectations on 

endogenous variables

      
    

 
  

  
    

 

      
    

 
  

  
    

 

      
    

 
    

  
  

  
    

 

Inserting these expectations into policy rules, equations (9), (10) and 

(13), gives following system of equations:
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In matrix form, this system can be expressed as following:
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By inverting the leading matrix in the left-hand side, we can obtain 

the Actual Laws of Motion
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where  . Note that ALM and future expectations are identical 

to those of the Rational Expectations model without credibility as  

converges to one as stated in the proposition 1 in the main text. To see 

this, note that   when   for all  and . Therefore, ALM 

reduces to MSV solution of underlying rational expectations model as  

converges to one. This proves the proposition 1.

Appendix B. Estimating the simplified model

Following state space model has been estimated by implementing 

Bayesian Metropolis-Hastings algorithm. Prior distributions are given at the 

table 1 in the main article.

Measurement equation
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Transition equation
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where

                     

     

                     

     

   

                   (41)

                     

      

                     

       

                     

       

and   is a first-order Markov chain with a transition probability  .   

satisfies following:

    if   

 if   
                        (42)

    is the information set up to time   and   is a ×  

measurement error matrix.

Appendix C. Full Model Estimation

First, we describe data set used to estimate the model. For inflation 

and short-term interest rate measure, GDP deflator and three-month 

treasury bill rate are used. For the output gap measure, HP-detrended real 



Central Bank Credibility and Monetary Policy 58

GDP is used. We also include private predictions series on inflation and 

interest rate from Philadelphia Fed's Survey of Professional Forecasters(SPF) 

to match model generated private predictions.* The sample period 

includes 1981Q3-2015Q2. Since the model implicitly assumes identical 

policy regime, we use data after Volcker period to avoid possible structural 

break in monetary policy.

We also fix some parameters which are difficult to be accurately 

identified in the estimation such as two intensity of choice parameters,   

and  , weights on past prediction errors,  , and weighting matrix.   

and   are chosen as 15 to mimic a classical choice behavior. The 

weighting matrix  is set as following










  

  
  

                             (43)

Both of   and  control the persistence of the credibility measure. We 

fix   as 0.9 and estimate  directly.† We estimate the Kalman gain 

matrix   instead of solving the Kalman filtering problem inside the 

estimation procedure to reduce computational burden. Lastly, we set the 

standard deviations of observation errors to 20 percent of the standard 

deviations of corresponding actual data series following Herbst and 

Schorfheide (2015).

We estimate the model by constructing a Metropolis-Hastings Particle 

Filter(MHPF). Proposal parameters are drawn from a Markov chain. We 

implement this procedure in 100000 iterations. Then we construct 

marginal posterior densities from the chain. The scaling parameter is set 

to vary along the iteration so that it guarantees the acceptance rate in 

between 0.2 and 0.3. Lastly, the number of particles is set to 80000.

* One-quarter ahead and four-quarter ahead predictions are used here.
† For robustness, we tried different values for $\omega$ but it didn't change the estimated credibility 

qualitatively.
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Measurement equation
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where
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The transition equations consist of laws of motion which are derived in 

the main text and deterministic identity equations.
The estimation procedure can be summarized by following

1. Draw   from the Markov chain (proposal parameter)

2. Generate particles of exogenous disturbances 

3. for      ,

   (a) Propagate state variables   given particles   and initial states   

   (b) Evaluate likelihood functions   

   (c) Resample the particles weighted by their likelihoods

   (d) Approximate the time  likelihood    weighted by likelihoods 

of each particle

4. Approximate the likelihood function    
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5. With probability     min       

    






, set     

otherwise,      where  is the prior distribution 

Table 4 shows prior and posterior distributions for model parameters. 

We chose diffuse priors for  ,  ,   and   as they are this 

model-specific and there is no consensus on the choice of these prior 

distributions. Especially, we do not impose any restriction on each element 

of   matrix. The choice of prior of   responds to a mild degree of 

inertial in the credibility measure. Other priors are quite general in the 

literature. 

In general, these estimates are in line with those from Kalman filter. 

Some results are worth mentioning. The result for   and   confirms 

that the long-term inflation predictions are highly persistent, not anchored 

and close to random walk process. This supports calibration and 

interpretations in Eusepi et al. (2015).
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Table 4. Estimated parameters: priors and posteriors 

Prior Posterior
Parameters Distribution Para(1) Para(2) Mode [0.025, 0.975]

 Beta 0.7 0.08 0.7066 [0.7043, 0.7101]

 Gamma 2 0.5 2.0231 [2.0184, 2.0264]

 Gamma 0.12 0.1 0.1545 [0.1481, 0.1545]

 Gamma 2 0.15 2.2649 [2.1996, 2.2649]

 Beta 0.7 0.12 0.8857 [0.8426, 0.8857]

 Beta 0.7 0.12 0.7416 [0.7327, 0.7416]

 Beta 0.7 0.12 0.8220 [0.7939, 0.8220]

 Normal 0 0.5 -0.1916 [-0.1916, -0.1583]

 Uniform 0 1 0.8706 [0.8702, 0.8818]

 Uniform 0 1 0.9095 [0.8991, 0.9097]



 IGamma 0.5 4 0.3584 [0.3583, 0.3933]



 IGamma 0.5 4 0.0975 [0.0975, 0.1959]



 IGamma 0.5 4 0.4734 [0.4720, 0.4763]

 Beta 0.7 0.12 0.6057 [0.6056, 0.6198]

 Uniform N/A N/A 0.1359 [0.1217, 0.1359]

 Uniform N/A N/A 0.1289 [0.1066, 0.1289]

 Uniform N/A N/A 0.1548 [0.1155, 0.1548]

 Uniform N/A N/A -0.2504 [-0.2504, -0.2036]

 Uniform N/A N/A 0.2245 [0.1697, 0.2245]

 Uniform N/A N/A 0.0157 [0.0090, 0.0167]

Note: Para(1) and Para(2) correspond to the mean and standard deviation of Normal, Gamma and Beta 

distributions and to the lower and upper bounds for Uniform distribution. For Inverse Gamma 

distribution, they refer to   and   where ∝  
  

.
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중앙은행 신뢰도와 통화정책

 박광용*

본고는 중앙은행에 대한 신뢰도를 측정할 수 있는 측도를 개발하고 이 

측도를 제한된 합리성을 가정한 뉴케인지안 모형에 적용하여 신뢰도가 통

화정책의 효과에 미치는 영향을 분석한다. 민간 경제주체는 경제변수들에 

대해 중앙은행과는 다른 장기예측을 가질 수 있으며 이에 따라 둘 사이에 

존재하는 예측 성과의 차이에 의해 민간 주체의 중앙은행에 대한 신뢰도가 

형성된다. 분석 결과 중앙은행의 신뢰도가 높아질수록 거시변수들의 변동

성이 감소하여 중앙은행 신뢰도가 거시경제 안정화에 큰 기여를 하는 것으

로 나타났다. 신뢰도가 낮아질수록 펀더멘탈 이외의 민간의 기대 요인에 

의해 내생적으로 거시경제변수들의 변동성이 커짐을 확인하였으며 이는 

중앙은행 신뢰도가 거시경제 안정화에 필수적인 요소라는 기존의 연구결

과들을 이론적으로 뒷받침한다고 할 수 있다.           

핵심 주제어: 통화정책, 신뢰도, 학습, 제한된 합리성
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