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The Excess Sensitivity of Long-term
Interest rates and Central Bank Credibility

Long-term interest rates show considerable reactions to macroeconomic and
monetary policy news. It is, however, difficult to be explained by standard
rational expectations macro-finance models widely used in policy analyses. In
this research, we demonstrate that private’s subjective beliefs and central bank
credibility can account for the excess sensitivity of long-term interest rates using
an estimated macro-finance model which incorporates private’s subjective
perceptions on future real activity and inflation and endogenously evolving
central bank credibility. We find that long-term rates respond stronger to macro
shocks and shifts in private's perceptions regarding expected real activity and
inflation when credibility is lower. In addition, the model simulation shows that
10-year yield varies substantially more when credibility is low.

Keywords: Monetary Policy, Credibility, Term Structure, Excess Volatility
JEL Classification: E03, E43, E58, D80
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Ⅰ. Introduction
The long-term rates are more closely related to real activity such as
investment decisions than the short-term rate. In this reason, policymakers have
a keen interest in the movement of long-term interest rates. The long-term
rates, however, are not under direct control of the central bank and it can
influence the long-end of the yield curve indirectly through market
engagements.1) For Instance, changes in the short-term interest rate affect
long-term interest rates as holding long-term assets should give the same
expected return with holding short-term assets sequentially by the no-arbitrage
condition.
It is well known that long-term interest rates react considerably to
macroeconomic and monetary policy news.2) At the same time, it is not trivial
to explain these reactions by standard macro-finance models which have
been widely used in policy analyses, as these models lack strong endogenous
persistence that is necessary to make macro shocks propagate to the
long-end of term structure. This paper attempts to tackle that problem by
explaining the excess volatility of long-term rates within a canonical
macro-finance model.
Some previous studies argued that the excess sensitivity of long-term interest
rates mostly comes from unanchored inflation expectations.3) Specifically, they
argue that variations in long-term inflation expectations or inflation target can
generate large volatility in long-term interest rates. On the similar reason, it
has been also pointed out that central bank credibility might be attributed for
the excess volatility of long-term interest rates.4) As central bank credibility
deteriorates, the inflation target becomes less anchored and this may generate

1) Market engagement ranges from the conventional short-term rate adjustment to Forward guidance,
Quantitative Easing or Operation Twist, etc.
2) See Gürkaynak et al. (2005), for instance.
3) For example, see Kozicki and Tinsley (2001), Doh (2012), Dewachter and Lyrio (2008b), Gürkaynak et al.
(2005), Dewachter (2008a), Dew-Becker (2014), Rudebusch and Wu (2008) and Bekaert et al. (2010) among
others.
4) For example, see Gürkaynak et al. (2005), Kozicki and Tinsley (2005) and Palomino (2012).
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the excess volatility of long-term rates. Based on these observations, we build
a theoretical model that can account for the relationship between the
movements of long-term rates and central bank credibility. To be precise, we
construct a New Keynesian model that is equipped with an endogenously
evolving central bank credibility measure and subjective beliefs on long-term
expectations following Park (2018). Then, we put the dynamic relation that
connects macro factors to the yield curve.
The main findings of this research are twofold. First, we demonstrate that
central bank credibility can be one possible explanation for the excess sensitivity
phenomenon. To do so, we simulate our model that incorporates central bank
credibility concerns and compared variability of long-term yield to that
computed in a traditional macro-finance model. The underlying mechanism
is also discussed based on the impulse responses obtained from the model.
Second, while low credibility opens the new channel that fundamental macro
shocks propagates to long-term yields, shifts in the perceived inflation target
or long-term inflation rate still play a substantial role in the movements of yields
of duration longer than five-year.
The main contribution of this research is providing a potential determinant
of the excess volatility of long-term interest rates in a micro-founded structural
model that allows economic interpretations of the underlying mechanism. This
study not only supports the current view that long-term inflation expectations
are important to account for the excess volatility of long-term rates, but also
asserts that credibility of central banks affects bond pricing behavior. The
importance of private beliefs on long-term inflation expectations and central
bank credibility has been discussed separately by previous studies. To the best
of my knowledge, it is the first study that accounts for both of them in a
standard macro-finance model based on a New Keynesian model.
Literature. Many researchers have provided explanations for the excess
sensitivity of long-term interest rates to macroeconomic shocks or news. Some
pioneering works that are closely related to this research are worth mentioning.
Gürkaynak et al. (2005) argues that standard macro models cannot generate
large enough low-frequency movements that are necessary to explain volatile
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long-term forward rates and shows that introducing the time-varying inflation
target of the central bank can magnify the volatility of long-term rates. As
supporting evidence, it is shown that forward rates derived from TIPS react
less to the macro shocks. Moreover, they find that the excess volatility
phenomenon disappeared in the UK since the Bank of England gained its
independence. This result strongly hints that the private perception on central
bank credibility is important for long-term bond pricing. Similarly, Kozicki and
Tinsley (2001) demonstrates that it is necessary to incorporate the shifting
endpoint to generate realistic predictions on long-term rates and is shown that
the shifting endpoint can be attributed to the changes in the private perception
on the inflation target of the central bank. This paper builds on their intuition
but differs from theirs as we explicitly provide a micro-foundation of macro
dynamics and connect these macro factors to bond prices.
Recently, a strand of literature that connects a NK macro model to an affine
term structure has been established. Bekaert et al. (2010) finds that the inflation
target affects term structure dynamics in a nontrivial way using a fully specified
macro-finance model. In their model, bond yields are determined by macro
factors based on the no arbitrage condition and a NK model governs the
dynamics of these macro factors.5) In that model, the inflation target evolves
exogenously whereas it is determined based on the private beliefs in this paper.
Dewachter and Lyrio (2008b) and Dewachter (2008a) are more closely related
to this research as they introduce imperfect information and explicitly consider
private agents' perceived laws of motion derived by learning mechanism into
a New Keynesian macro-finance model. The former shows that introducing
the additional potentially persistent mechanism stems from subjective
expectations is crucial to account for the variability of the long-end of the
yield curve. The latter uses a similar model and points out that learning about
the time varying real interest rate helps replicate the US yield curve
dynamics. This paper is in line with them but emphasizes the importance
of moderating rule of central bank credibility.

5) Doh (2012) utilizes a similar model to show that private agents quickly learn Fed's inflation target by
incorporating information from the yield curve.
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This paper also overlaps with the previous works that study bond risk
premia based on macro-finance models. Dew-Becker (2014) builds a
macro-finance model upon a medium scale DSGE model in which households
have recursive preferences with time-varying risk aversion and the central
bank also has the time-varying inflation target. The model fits bond yields
remarkably well and generates a large steady state term spread. In this
research, we propose central bank credibility as a potential source of the
time-varying price of risk and a possible micro-foundation for time-varying
risk aversion. Palomino (2012) provides implications of optimal monetary
policy on bond risk premia. It is shown that bond risk premia decline as
credibility improves. It analyzes bond risk premia based on an optimal
monetary policy framework whereas this paper does not consider optimal
monetary policy. Moreover, that model uses the parameter that captures the
propensity to commitment a la Kydland and Prescott (1977) as a credibility
measure but we provides the endogenous credibility measure that is
perceived by private agents within the model.
Outline. The paper is organized as follows. The underlying New Keynesian
model is briefly discussed in Section Ⅱ. Belief structures and the credibility
measure are given in Section Ⅲ. Section Ⅳ connects the macro model to bond
yields through the no-arbitrage condition. Section Ⅴ estimates the model and
Section Ⅵ and Ⅶ provide main results of the paper and their interpretations.
Lastly, Section Ⅶ concludes.

Ⅱ. Model
In this section, we introduce a canonical New Keynesian model that shares
the micro-foundations with many other models following Eusepi et al. (2015)
and Park (2018).6). Households are assumed to be near-rational and hold
subjective beliefs as will be described in the subsequent section.

6) Details on the micro-foundations can be found in Park (2018), Eusepi et al. (2015), Galí (2009) and Preston
(2005)
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A continuum of households  maximize lifetime utility
∞
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where ∈        and  are the discount factor, disutility parameter of
labor and the relative risk aversion parameter.                 and
    denote consumption, labor supply, real bond holdings, short-term

nominal interest rate, inflation, real wage and real dividends from firms. 
is an exogenous preference shifter and will be interpreted as a preference shock.
The operator 
  denotes households' subjective expectations based on
information up to time 
A continuum of monopolistically competitive firms maximize profits
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subject to the production technology and demand schedule derived from
households' problem
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where  describes probability of not being able to reset price in subsequent
period.     determines the elasticity of demand across differentiated goods
and it varies exogenously. The stochastic discount factor    is given as

   
        
   

(6)

In a symmetric equilibrium, the aggregate expectations are the same as
individual expectations though households do not recognize it since households
share

the

exactly

         



same

subjective

beliefs.

In

addition,

          and        hold for all  and  ≠ 

in this equilibrium. Log-linear approximation around the steady state results
in following decision rules for consumption and price streams.


     
 

∞



  





    
 





   
      
 
      
 
   



∞

  

 



     

   

(7)
(8)

where hat variables are log deviations from their steady states except

  and
    ln     
  ln              ln   















   ln    
 7)

The output gap is defined as the distance between the actual and the natural
output which is the level of output while assuming flexible price and it is
expressed as             Aggregating and imposing market clearing
conditions to eq.(7) and eq.(8) deliver following equations which are equivalent
to the dynamic IS and Phillips curve in a New Keynesian model.8)

7) In the remainder, hat notations are dropped for simplicity.
8) If the law of iterative expectation holds as in a rational expectations model, these two equations collapse to
usual IS and PC equations that can be found in any NK models. See Preston (2005) for details.
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(9)

(10)

The slope of the Phillips curve is denoted by           is an
cost-push shock due to fluctuations in elasticity of demand    An exogenous
disturbance    
 

    reflects changes in households' preferences.
We assume the following Taylor rule that describes the policy actions of the
central bank to complete the model.
            

(11)

The central bank tries to stabilize inflation and output gap.  describes the
monetary policy shock and it is assumed to be exogenous.

Ⅲ. Subjective Beliefs and Credibility
Following Park (2018) and Eusepi et al. (2015), we employ a perceived laws
of motion which are learned by households to formulate subjective beliefs
explicitly. Private agents use the forecasting model expressed below
   
     Ω    

   
  


(12)

where           ′ is a vector of endogenous variables and         ′
denotes a vector of observable exogenous states.        ′ indicates a vector
of unobserved time-varying terms.9)  and  can be regarded as real and
nominal factor. The nominal force represents uncertainty about the inflation

9)  denotes the estimate of  , that is unobservable to private agents.

The Excess Sensitivity of Long-term Interest rates and Central Bank Credibility

8

target, while the real force reflects fundamental uncertainty about long-term
technological advance.10) Under this assumption,  is constructed as below:
 

  

  




(13)



Following Eusepi et al. (2015), we assume    Thus,  can be considered
as a factor loading of the real factor on the nominal interest rate.
Exogenous states follow the stationary AR(1) process
        

(14)

where  are i.i.d. shocks. The parameters that govern reactions to fundamental
states Ω are assumed to be known to private agents and are the same with
the rational expectations' solution. Therefore, private agents only required to
learn about the unobserved drift terms in the model.
Given the estimated time-varying drift terms    upto time    and the
belief structure, private agents form their own forecasts  ∙ as

              Ω    

(15)

Private agents update  using the steady state Kalman filter recursion
               Ω    

(16)

where the time-invariant Kalman gain matrix is

10) The real factor can be also understood as a shock to higher-order beliefs, or private agents' sentiments,  la
Angeletos and La'O (2013). For instance, persistently positive waves of the real factor can be regarded as an
optimistic view of the economy, as perceived by private agents.
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   ′    ′    

(17)

             ′  and  denotes priors about the covariance matrix
of the observation error terms   perceived by private agents.
The central bank is near-rational and has its own PLM as follows
   Ω    

(18)

Note that this PLM coincides with the rational solution to the model. Compared
to the forecast model of private agents, the central bank's model clearly shows
that central bank's expectations are anchored, as there is no time-varying term



The central bank communicates its own forecasts  ∙ after observing
the realization of states.
 
 

     Ω

(19)

Central bank credibility is measured as the tendency of households' reliance
on the central bank's announcement in forming expectations on future variables
following Park (2018). To be precise, the central bank credibility measure
 is the relative weight on the central bank's forecasts other than households'

own forecasts in the private agents' ensemble forecasts and resulting
expectations as shown below


        
              

(20)

As the credibility measure determines the relative weight on each predictor,
it can be naturally pinned down by evaluating the relative accuracy of them.
That is, credibility deteriorates when the central bank's forecasts work poorly
compared to the private's one. In the model, we assume that  is determined
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by a modified version of dynamic predictor selection problem of Brock and
Hommes (1997) and sluggish law of motion for credibility as below.
exp  

   
exp     exp   

(21)




×   exp   
              ′                

where

   

∞

  


 



           ′                 

(22)

      
     

(23)

for ∈     and

 is a weighting matrix and  and  are intensity of choice parameters.
∈    measures sluggishness of the credibility measure.

Emphasizing the importance of aligning predictions of both central bank
and private in shaping credibility has been shared by many policymakers
(Kocherlakota, 2011; Plosser, 2010). If the predictions announced by the central
bank are less accurate than those of the private agents, central bank credibility
will be questioned. One thing that is worth-mentioning is that it is irrelevant
whether the private agents doubt central bank's resolution to keep the economic
developments close to their pre-announced target or predictions or its ability
to achieve the target or predictions. Separating these two behaviors might be
important in the theoretical settings. However, the private agents do not have
information or knowledge to distinguish these two possible reasons for missing
predictions in practice. Hence, we ignore the distinction between these two cases
while modeling central bank credibility.
Finally, the actual laws of motion(ALM, hereafter) for the economy can be
derived by combining (15), (19) and (20) with policy rule equations (9), (10)
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and (11) as follows.11)
         Ω 

(24)

The ALM and equations (21), (22) and (23) fully characterize the model
dynamics. The ALM derived above nests the rational expectations solution as
a special case if fit is exogenously imposed to be one. Therefore, any RE model
can be treated as a special case that the central bank is perfectly credible in
any circumstances.

Ⅳ. Term structure
In this section, we derive the term structure of bond yields based on the
no-arbitrage condition and affine term structure specification. From the
first-order condition of households' intertemporal problem, following asset
pricing relationship holds at the equilibrium12)
 

  
     

(25)

 
where the log-linearized stochastic discount factor(SDF) 
can be


expressed as

 
   
   











 
 
 




(26)

 
Notice that the stochastic discount factor 
should be interpreted slightly


11) See Appendix A for details.
12) The underlying model is homoscedastic and variables are in deviations from their steady states so we ignore
the covariance of SDF here. This practice is common in the literature that embeds an affine term structure
specification into a New Keynesian model (Wu, 2006). See Bekaert et al. (2010) for details regarding the
assumption.
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differently in this model. As explained above, private agents make decisions
at time  based on the credibility level    and perceive that credibility will
be maintained at the current level. Therefore, their pricing kernel should be
also conditioned on the current level of credibility. The superscript   
denotes the conditioning credibility explicitly. Equation (25) implies that the
price of risk can be expressed as following
 


            

(27)

where        ′ ′    ′ is a vector of extended disturbances which stacks
estimated real and nominal factor disturbances   and fundamental disturbances
   and   is the price of risk. The price of risk is a vector which consists

of structural parameters of underlying macro model. Specifically, it can be
derived as following
 
    
        
        
 
   
    
    
   
                      



 
    
    
        
        
 


  

     





         
  

(28)

                  
 
   

   
   



         
  

Therefore, the price of risk   can be expressed as a vector containing structural
parameters.
       
                 

(29)
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where             and
  
   















    
   
           hold. It is clear that the price of risk
   
   

is time-varying and depends on credibility of the central bank. Specifically,
private agents price disturbances on real and nominal factors based on
credibility of the central bank. This result seems intuitively plausible. For the
same level of nominal factor disturbances that affect inflation expectations,
private agents will care more about future inflation if the central bank is less
credible. When credibility is lower, private agents will consider nominal factor
disturbances as strong signals of deviation from the inflation target and concern
about persistent inflation dynamics arises from the nominal factor disturbances.
This can cause ‘inflation scare’ which, in turn, affects bond pricing, especially
for long-term bonds.
Under the no-arbitrage condition, the log price of no coupon bond with
maturity  at time  ,   satisfies
 

   
  
            

(30)

If log bond prices are linear functions of state variables, it can be expressed as
      


(31)

where    is the maturity  and time  specific loading matrix that consists
of structural parameters and the credibility level     
    ′    ′  ′ is a vector
that stacks real and nominal factors and fundamental states. Substituting
equation (25) and (31) into equation(30) gives the recursive relationship between
   and      
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(32)

            

  is the vector that describes the actual law of motion for the short-term

interest rate that is derived in the previous section and this vector also depends
on the credibility measure     13)  is given as following
  

  

(33)

One caveat is that we apply the following to derive the above recursion.

         
                     

(34)

Since private agents perceive that credibility will be fixed at the current level
when they make decisions, they evaluate the expectation on the loading matrix
       as if this matrix is fixed 
                Bond yields can be
derived from bond prices as        holds. Therefore, bond yields can
be expressed as functions of state variables.
      


(35)

where         holds.

Ⅴ. Estimation
We begin the section by providing the data set used to estimate the model.

13) It can be easily shown that      and      
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We choose GDP deflator and the three-month treasury bill rate as the reference
inflation and short-term interest rate. For the output gap measure, the real
GDP detrended by HP-filter is used. We include 1, 5 and 10-year treasury yields
to fit the macro-finance model. Zero-coupon yields data are obtained from
Gürkaynak et al. (2007). The sample period runs from 1979Q3 to 2007Q4.
We exclude the Global Financial Crisis and its aftermath period from our sample
following previous literature as the model lacks zero lower bound (ZLB)
restriction (Dew-Becker, 2014).14)
We fix some parameters before estimating the model such as the discount
factor  two intensity of choice parameters,  and   weights on past
prediction errors,  and weighting matrix.  is set to 0.995.  and  are
chosen as 15 to ensure that the resulting behaviors mimic the classical choice
behavior. The weighting matrix  is set as following
  



  



(36)

  

That is, private agents only use the prediction errors related to inflation when
evaluating central bank credibility. This is a reasonable assumption as
maintaining stable inflation is the primary goal of central banks.15)  and 
both affect the persistence of the credibility measure. We fix  as zero and
estimate  that solely determines the persistence of the credibility measure.
We estimate the model by implementing a Metropolis-Hastings Particle Filter
(MHPF) algorithm. We repeat this procedure in 220000 iterations and discard
first 20000 draws to remove the possible influence of the choice of initial values.
The scaling parameter varies along the iteration so that the acceptance rate
reaches the value in between 0.2 and 0.3. The number of particles is set to
80000. Lastly, the standard deviations of observation errors are set to 20 percent

14) We also estimated the model by extending the sample period up to 2015Q2 without ZLB restriction but the
parameter estimates were not affected significantly.
15) This assumption is innocuous as using alternative assumptions such as the identity matrix does not change
the results considerably as noted in Park (2018).
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of the standard deviations of corresponding data following Herbst and
Schorfheide (2015). See Appendix B for details.
Table 1 contains details about priors and estimated posterior distributions.
Priors for Calvo parameter   , relative risk aversion   , monetary policy
reaction function parameters     and parameters governing exogenous
shocks              are standard in the New Keynesian literature.

Table 1. Estimated parameters: priors and posteriors
Parameters

Prior
Distribution

Posterior

Para(1)

Para(2)

Mode

Mean

[0.05, 0.95]



Beta

0.7

0.08

0.72

0.72

[0.71, 0.72]



Gamma

2

0.5

1.97

1.99

[1.95, 2.04]



Gamma

0.12

0.1

0.03

0.06

[0.02, 0.11]



Gamma

2

0.15

1.85

1.91

[1.75, 2.10]



Beta

0.7

0.12

0.75

0.75

[0.74, 0.75]



Beta

0.7

0.12

0.63

0.62

[0.59, 0.64]



Beta

0.7

0.12

0.47

0.50

[0.39, 0.63]



Normal

0

0.5

-0.02

-0.04

[-0.11, 0.02]



Uniform

0

1

0.69

0.70

[0.69, 0.73]



Uniform

0

1

0.99

0.99

[0.97, 1.00]

 

IGamma

0.5

4

0.47

0.48

[0.46, 0.50]

 

IGamma

0.5

4

0.36

0.36

[0.32, 0.40]

 

IGamma

0.5

4

0.22

0.28

[0.20, 0.37]

Beta

0.7

0.12

0.57

0.60

[0.55, 0.66]



Uniform

-1

1

0.21

0.18

[0.13, 0.22]



Uniform

-1

1

-0.03



Uniform

-1

1

0.08



Uniform

-1

1

-0.18



Uniform

-1

1

0.10

0.10

[-0.04, 0.16]

Uniform

-1

1

0.25

0.23

[0.20, 0.26]




Marginal Likelihood

-0.04 [-0.06, -0.02]
0.05

[-0.04, 0.12]

-0.13 [-0.20, -0.03]

-932.27

Notes: 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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Table 2. Fitting error statistics for 1, 5, 10-year zero-coupon yields
1-year

5-year

10-year

This model

1.75

1.47

Bekaert et al. (2010)

0.45

-

1.69

Dew-Becker (2014)

0.17

0.17

0.17

0.59~1.10

0.56~1.96

0.54~2.16

Dewachter and Lyrio (2008b)

1.78

Most of priors for parameters specific to this paper          are chosen
to be not informative: they are assumed to have dispersed Normal or Uniform
distributions.
Parameter estimates are quite standard and in line with the previous New
Keynesian literature. Some results are, however, noteworthy. The elasticity of
the real factor  on the short-term nominal interest  turns out to be negative.
That is, perception of a high level of real activity is related to a low level of
nominal interest rate. This result is in line with that in Eusepi et al. (2015).
In addition, as is evident from the estimates of   and   subjective belief factors
are persistent, especially for the nominal factor   Finally, the credibility
measure is modestly persistent  We rely on the posterior modes in

Figure 1. Fitted and actual 1, 5, 10-year zero-coupon yields
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subsequent analyses.
Figure 1 shows the fitted and actual zero-coupon yields for 1, 5, 10-year
maturities. The model fits the yield curve quite well given the parsimonious
structure. Key statistics for the fitting errors for 1, 5, 10-year zero-coupon yields
are provided at the Table 2. The model fit is comparable to other standard
macro-finance models such as Bekaert et al. (2010), Dew-Becker (2014),
Dewachter and Lyrio (2008b), among others. In many cases, fitting errors
rise as the maturity lengthens but the model fit is quite stable across the
maturity. That might be attributed to private agents' subject belief terms
that exert lower frequency shifts in interest rates at the expense of overall
loose fit due to the complex underlying model dynamics.

Ⅵ. Credibility and the Responses of Long-term Rates
In this section, we explore the role of credibility in shaping the price of
risk and variability of long-term interest rates to macroeconomic shocks based
on the estimated model.

1. Price of Risk
To begin with, we analyze how credibility affects the risk compensation for
each (perceived) shock. As is evident from equation (29), the prices of risks
associated with structural shocks (preference, cost-push and monetary policy
shock) are not directly affected by changes in credibility. However, their indirect
effects through the private's perception on long-run technological progress (‘real
factor’) and on inflation target (‘nominal factor’) depend on the level of
credibility. The structural shocks shift private belief factors through the learning
mechanism and private investors demand compensations for these perceived
risks. While pricing these risks, private agents take central bank credibility into
account. When private agents perceive that the inflation target becomes higher
after their learning process, they will ask for higher yields to compensate higher
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inflation in the future. In addition, investors will consider this inflation risk
more prevailing when the central bank is less credible. Therefore, the perception
regarding the inflation target affects more in asset pricing as credibility
deteriorates. Similar reasoning also applies to the real factor. Private agents
perceive that higher current and future real activity is associated with low interest
rates. Hence, investors ask for lower yields in this case.
To show the above relationship in quantitative setting, Figure 2 presents the
relationship between credibility and the price of risk (in absolute terms)
associated with 0.1 increment in each perceived factor. The risk compensation
for each disturbance is decreasing in credibility as macro variables will respond
more strongly to shifts in private's perception when credibility is lower. The
price of risk associated with these factors declines linearly as it is a linear
function of credibility as shown in Equation (29). The price of risk converges
to zero as credibility approaches one. This is obvious since the influence of
private beliefs on macro variables vanishes as credibility gets closer to one.
The result is intuitive. As an example, let's consider a situation where the
nominal factor rises and credibility falls at the same time. Based on the model
description, private investors will view falling credibility as the situation that
the inflation goal becomes more uncertain in the sense that their perception

Figure 2. The prices of risks associated with subjective belief terms
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regarding long-run inflation becomes more influential compared to the official
announcement of the central bank. As a result, the price of risk associated with
the nominal factor will be more sensitive to fluctuations in the nominal factor.
This observation is consistent with the view that there was a change in the
pricing of risk since the mid-1980s in the US since the inflation target were
less firmly anchored before the mid-1980s as argued in Rudebusch and Wu
(2007) and Wu (2006).

2. Responses to structural shocks
Next, we examine the responses of macro variables and long-term rates to
structural shocks. Specifically, based on the impulse response analysis, we unveil
the reason why lower credibility injects additional volatility in the long-term
interest rates. Before getting into the results, it is noteworthy that the impulse
response functions are not unique in this model, as the responses of endogenous
variables to structural shocks depend on the initial conditions regarding
credibility and private beliefs. There are two ways to present impulse responses
in this environment. First, generalized impulse responses that take uncertainty
of responses due to the initial state of the economy into account might be used.
Second, usual impulse responses could be presented while choosing the specific
initial conditions explicitly. In this analysis, we rely on the second method as
this method helps understand underlying mechanism better compared to the
first one.
Figure 3 shows impulse responses of macro variables and long-term rates
to one standard deviation cost-push shock. We only present responses to the
cost-push shock in the main text and leave responses to the other shocks in
Appendix C as the underlying mechanism is the same. The green dotted line
presents impulse responses derived in the rational expectations model. The
blue solid line and the red dashed line depict the impulse responses when the
initial credibility is given as 0.8 (high credibility case) and 0.2 (low credibility
case), respectively. For the initial private beliefs, we assume that the real factor
is null (    ) and the nominal factor is 0.15 (high credibility case) and 0.3
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Figure 3. Impulse responses to one standard deviation cost-push shock

Notes: The blue solid line and the red dashed line represent the impulse responses derived from the
benchmark model while assuming       and       respectively. The green
dotted line is the impulse responses from the underlying rational expectations model.

(low credibility case), respectively. We choose a higher value of the nominal
factor for low credibility case since the perceived long-run inflation or inflation
target tend to be higher when central bank credibility is lower.
When a positive cost-push shock hits the economy, credibility falls, as the
private forecast regarding inflation becomes more accurate given that private
agents believe that inflation would be positive due to their perception regarding
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the positive nominal factor while the central bank predicts zero inflation. While
credibility enhances quickly for the high credibility case, it takes more time
for the low credibility case. Specifically, credibility remains at the lowest level
for about three years for the low credibility case while full credibility is achieved
within two and half years for the high credibility case.
This discrepancy in the speed of convergence affects the dynamics of real
and nominal factors, in turn. In both cases, private agents update their beliefs
downward for the real factor and upward for the nominal factor as the output
gap falls and inflation rises when the cost-push shock arrives as in a usual New
Keynesian model. However, these belief terms converge to null more quickly
when credibility is higher. High initial credibility limits influence of private
beliefs on macro variables and prevents volatile movements in macro variables
which are very different from the responses in the rational expectations model.
Specifically, inflation is higher for low credibility case due to higher inflation
expectations formed based on the private beliefs and it pushes up inflation
even further. Hence, higher credibility in the initial period helps regain
credibility and regulate macro variables to remain close to the neighborhood
of rational expectations response. This cycle makes the impulse responses of
macro variables and long-term rates be similar to those from the rational
expectations model.
On the contrary, the speed of convergence in private beliefs gets slower as
credibility deteriorates as these factors deviate from the null more and this
makes the output gap and inflation more negative and positive, respectively.
As explained above, this again contributes to more negative real factor and
more positive nominal factor and creates a vicious cycle. As inflation remains
higher for an extended period in the low credibility case, the short-term interest
rate also remains higher due to the monetary policy reaction. Because long-term
rates are linked to the short-term rate through the no-arbitrage condition,
5-year and 10-year yields also remain at the higher level for an extended period.
Next, we analyze the response of the yield curve to structural shocks which
is the primary interest of the paper. Again, we focus on the response of the
curve to the cost-push shock and put the responses to the other shocks in the
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Figure 4. The response of the yield curve to one standard deviation
cost-push shock

Notes: The blue solid line and the red dashed line represent the impulse responses derived from the
benchmark model while assuming       and       respectively. The green
dotted line is the impulse responses from the underlying rational expectations model.

Appendix C. Figure 4 shows the response of the yield curve to the cost-push
shock. When the shock arrives, the central bank raises the policy rate as a
response to a higher inflation. Therefore, the short-term interest rate rises. For
the next periods, the short-term rate will decrease and return to its steady state
level. The no-arbitrage condition and expectations hypothesis imply a
decreasing yield schedule as shown in Figure 4.
The figure reveals that the responses of yields are stronger for all maturities
as credibility deteriorates. When credibility is lower    the responses
are 25 times greater compared to the rational expectations case which implicitly
assumes full credibility. While the responses of long-term rates are close to zero
in the rational expectations model, the difference due to additional volatility
seems to be substantial as maturity lengthens. Hence, the influence of credibility
is particularly important for the yields of long-term bonds. As traditional
macro-finance models can be regarded as a special case that central bank
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credibility is fixed at the maximum level, this lack of credibility consideration
may aggravate the problem of low sensitivity in long-term rates observed in
the traditional models.

3. Responses to changes in private perceptions
Next, we analyze the impact of changes in private perceptions on the yield
curve. While subjective belief terms  and  not directly linked to
fundamentals and are by-products of private agents' learning process under
imperfect central bank credibility, they can affect the real economy by shifting
private expectations on the future course of macroeconomic variables.
To this end, we derive the responses of the yield curve to perceived shocks
to subjective beliefs. Figure 5 shows the responses of the yield curve to a perceive
change in private belief terms. The left and right panel depict the responses
to 0.1 increment in the real and nominal factor, respectively. The blue solid
line and the red dashed line represent the responses when initial credibility
is assumed to be 0.8 (high credibility case) and 0.2 (low credibility case),
respectively.
These figures clearly show that the entire yield curve responds more to the
same amount of shifts in the belief terms when credibility is lower. Notably,

Figure 5. Impulse responses of yield curve to subjective belief shifts

Notes: Figure 5a and Figure 5b present impulse responses of yield curve to 0.1 increment in real and
nominal factor, respectively, while assuming   and    The blue solid line and the red dashed
line represent the responses when the initial level of credibility is    and    respectively.
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Table 3. Standard deviations of simulated 10-year yields
Model

standard deviation

RE model

≈0

Baseline model

0.36
Credibility in the upper half

0.13

Credibility in the lower half

0.52

the responses are more than twice larger under low credibility case even for
the 10-year yield. This suggests that lower credibility can inject more volatility
to the long-end of the yield curve through the shifts in private perceptions
on the long-term predictions about real activities and the inflation target. In
addition, the yield curve is more affected by an increment in the nominal factor
that represent private agents' uncertain perception regarding the inflation target
or long-term inflation level compared to the real factor. Moreover, the effect
caused by the nominal factor diminishes in a much slower rate than that by
the real factor. Hence, the overall movement in the long-end of the yield curve
is much larger for the nominal factor shift.
In sum, we obtain two main findings. First, the volatility of long-term rates
decreases in central bank credibility. Second, shifts in private's perception on
the inflation target or long-term inflation substantially contribute to the changes
in long-term rates when central bank credibility is low. These findings are in
line with the previous literature. Bianchi et al. (2009) find that the volatility
of the yield curve diminished after the introduction of inflation targeting in
1992 that can be interpreted as a transition to a more transparent and credible
policy regime. This result is similar to our conclusion that higher credibility
reduces the volatility of long-term rates. Gürkaynak et al. (2005) argue that
shifts in long rates reflect fluctuations in perceived inflation and Barr and
Campbell (1997) explain that in the UK around 80 percent of the shifts in
long-term rates appears to be due to shifts in expected long-term inflation.
This finding overlaps with ours as the impact of shift in perceived long-term
inflation is larger than any other forms of economic shocks. Similarly,
Rudebusch and Wu (2007) show that the changes in the behavior of the term
structure after mid-1980s appears to be the consequence of changes in the price
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of risk associated with a level factor which reflect changes in the dynamics of
the Federal Reserve's inflation target perceived by investors.

4. Volatility of Long-term Interest Rates
As the another evidence that lower credibility increases variability of the
long-term interest rates, we simulate the model and obtain the standard
deviations of 10-year yield across different models and levels of credibility.
Table 3 contains the standard deviations derived from the simulated data.
The first row clearly shows that the rational expectations model produces
negligible variation in 10-year yield. This emphasizes the problem of traditional
macro-finance models that lacks enough variation in long-term interest rates.
On the other hand, the baseline model that accounts for evolution of central
bank credibility generates sensible variation in 10-year yield. In addition, we
compute the standard deviations of 10-year yield for the sub-periods which is
divided based on the level of credibility. The third and fourth rows depict the
standard deviations during the sub-periods with credibility above or below the
median. It clearly presents that the standard deviation is about 39 basis point
larger when credibility is lower than the median compared to the period with
credibility greater than the median. This result confirms the finding derived
above that lower central bank credibility expands volatility of long-term interest
rates.

5. An Interpretation of Subjective Beliefs
In the previous subsections, it turned out that accounting for private's
perception on future environment, especially the expected long-term inflation
or the inflation target, is important to explain the volatile shifts in long-term
rates. In this subsection, we connect implications obtained in this paper to the
previous literature. To be precise, we interpret private's subjective belief shifts
in terms of factors, for instance, the level and slope factor, widely used in the
affine term structure models.
In the previous literature, statistical factors are extracted to explain the
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movements of the yield curve. Specifically, it is well-known that only two or
three factors are sufficient to explain the shifts in the yield curve. These factors
are named as the level, slope and curvature factor. While these factors lack
any structural interpretations in many cases, they are closely related to the
economic variables. For instance, Diebold et al. (2005) argue that the level factor
is correlated with inflation and the slope factor is correlated with real activity.
Similarly, Ang and Piazzesi (2003) show that output shocks affect significantly
on intermediate yields and curvature while inflation has large effects on the
level of the entire yield curve.
The nominal factor discussed in this paper can be linked to the level factor
discovered in the literature for several reasons. Firstly, they share the same
interpretation: both the nominal factor and the level curve are associated with
the inflation target or long-term inflation expectations. Linking the overall level
of interest rates to the inflation target of the central bank is common in the
recent macro-finance literature. For instance, Rudebusch and Wu (2007,
2008); Diebold et al. (2005) interpret the level factor as the medium-term
inflation target of the central bank as perceived by private investors, which
is very similar to the interpretation of the nominal factor in this paper.
Secondly, as is evident from the right panel of Figure 5, the nominal factor
affects the entire yield curve and has a significant impact on the long-end of
the yield curve. Lastly, shifts in the nominal factor affects the long-end of the
yield curve the most compared to the other shifters such as the real factor or
structural shocks.
The real factor that reflects the uncertain real activity expectations in the
medium-to long-run horizon is closely related to the slope factor. First of all,
it shares the same interpretation as the slope factor which summarizes
information regarding business cycle fluctuations or monetary policy reactions
to them. For instance, Dewachter and Lyrio (2006) shows that the slope factor
has a strong business cycle component that reflects the perception of current
business cycle condition of investors and Diebold et al. (2005) argues that the
slope factor is highly correlated with real activity. Second, the real factor in
this paper affects substantially more on short-term rates than long-term rates
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and this behavior is also observed by the slope latent factor analyzed in the
empirical term structure literature.
In sum, our findings are in line with the interpretations of the previous
literature on the yield curve movements. In particular, we derive an additional
finding that central bank credibility matters for the volatility of long-term yields
while providing structural interpretations of well-known empirical factors.

Ⅶ. Conclusion
In this paper, we argue that low central bank credibility helps explain the
excess sensitivity of long-term interest rates which has been a difficult
phenomenon to account for standard macro-finance models using an
estimated model that incorporates endogenously evolving central bank
credibility. In this model, lower central bank credibility can inject additional
volatility in the yield curve by allowing private agents' perceptions on
expected real activity and inflation target affect the macroeconomic dynamics
and pricing of risks.
It turns out that the long-end of the yield curve reacts stronger to macro
shocks and shifts in private's perceptions regarding expected real activity and
inflation as credibility deteriorates. When credibility enhances, the influence
from private beliefs to the yields decreases. Hence the volatility of the shifts
in the yield curve falls. This result provides a structural explanation why the
excess volatility has been diminished after mid-1980s in the US and the
introduction of the inflation targeting in many other countries documented in
the previous literature.
In addition, we explain private's subjective beliefs in terms of well-known
‘level’ and ‘slope’ factors that have been widely used in the literature to explain
the yield curve movements. Specifically, the nominal and real factors resemble
the level and slope factors, respectively, in terms of responses of the yield curve
and structural interpretations.
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Appendix A. Actual Laws of Motion
We can derive the MSV solution for the Rational Expectations model by
method of undetermined coefficients.
                        
               
            

The MSV solution is given as
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Combining equations (15), (19) and (20), we can obtain expectations on
endogenous variables

                              

                               

                                        

Inserting above expectations into policy rules, equations (9), (10) and (11), the
following system of equations can be obtained:

 
      
      
                     

   

     







             

   



          

   



          

    

          
     
              
   
   

      
         
      

 
  
      
  
  
            

This system can be expressed in a matrix form:

(38)
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Inverting the leading matrix on the left-hand side, the Actual Laws of Motion
can be derived.
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Here,        Note that the solution is identical to that of the Rational
Expectations model without credibility as    is assumed to be one
   when t     for all  and  
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Appendix B. Estimation
Before estimating the model, we adjusted the data to make this align with
the model assumption. Assuming the inflation target is 2 percent per annum,
the growth rate of GDP deflator has been subtracted by 0.5 percent point to
match the model specification of zero inflation target. Assuming    the
steady state real interest rate is 2 percent per annum. Therefore, the implied
steady state nominal interest rate is 4 percent per annum and the three-month
t-bill rate is subtracted by 1 percent point.
The measurement equation is given as following.
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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 a proposal parameter vector  from the Markov chain
2. Generate particles of exogenous disturbances 
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3. for     
(a) Propagate state variables  given particles   and initial states   
(b) Evaluate likelihood functions          
(c) Resample the particles weighted by their likelihoods
     weighted by likelihoods of
(d) Approximate the time fit likelihood 

each particle
4. Approximate the likelihood function 
       by summing up
log-likelihoods from    to   



       
     
5. With probability         min   
             
 








otherwise,        where   is the prior distribution
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Appendix C. Additional Figures
Figure 6. Impulse responses to one standard deviation preference shock

Notes: The blue solid line and the red dashed line represent the impulse responses derived from the
benchmark model while assuming       and       respectively. The green
dotted line is the impulse responses from the underlying rational expectations model.
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Figure 7. Impulse responses to one standard deviation monetary policy shock

Notes: The blue solid line and the red dashed line represent the impulse responses derived from the
benchmark model while assuming       and       respectively. The green
dotted line is the impulse responses from the underlying rational expectations model.
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Figure 8. The responses of the yield curve to structural shocks

Notes: Figure 8a and Figure 8b present the impulse responses of the yield curve to one-standard deviation
preference shock and monetary policy shock, respectively, while assuming       and   
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<Abstract in Korean>

장기이자율의 변동성과 중앙은행 신뢰도
박광용*
장기이자율이 거시경제 및 통화정책뉴스에 대해 유의한 반응을 보인다는
점을 잘 알려져 있으나 정책분석에 널리 사용되는 일반적인 합리적 기대 거
시-금융모형에서는 이 현상이 잘 설명되지 않는다는 문제점이 있다. 본고에
서는 중장기 실물경제 및 인플레이션에 대한 가계의 주관적 기대 및 내생적
으로 변동하는 중앙은행 신뢰도를 도입한 거시-금융모형을 통해 이러한 장
기이자율의 거시경제뉴스에 대한 높은 반응성을 설명할 수 있음을 보였다.
또한 중앙은행의 신뢰도가 낮을수록 장기이자율의 거시경제뉴스에 대한 반
응도가 증가할 뿐만 아니라 변동성 역시 증가함을 시뮬레이션을 통해 확인
하였다.
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