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Abstract

The answer depends on how aggressively the central bank targets the inflation gap. A
baseline dynamic New-Keynesian model is used to examine optimal commitment and discre-
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1 Introduction

This paper contributes to the optimal monetary policy literature in three unique ways. First, the

paper exhibits a theoretical method for combining both commitment and discretionary optimal

policy solutions to solve for the average policy deviation in a class of dynamic general equilibrium

models. Because of the symmetric nature of the policymaker’s optimization problem the inflation

policy deviation inherits multiple dynamic processes. It is a function of past values of the output

gap and the interest rate, further highlighting the time inconsistency of optimal monetary policy

decisions. The model equations are combined to solve for the rational expectations equilibrium so

that the solution can be simulated using a relatively large subspace for the structural parameters

as well as observed output gap, inflation, and interest rate data for eight developed economies.

Second, the average potential inflation rate bias is examined for varying degrees of relative inflation

gap targeting and output gap targeting behavior. This portion of the exercise quantifies the dynamic

inconsistency over the joint trade off of the central bank’s targeting behavior. The results of this

exercise are summarized using three-dimensional plots as well as tabulated results to show the full

magnitude of policy outcomes as each countries’ monetary authority varies its policy objectives.

Finally, the model is extended to model asymmetric preference in the policy maker’s objective

function.

1.1 Literature

In a seminal paper on optimal monetary policy, Kydland and Prescott (1977) describes the dynamic

inconsistency that the central bank faces. In this paper a central bank with discretionary power

generates a level of inflation above what is optimal when it targets a level of unemployment that

is lower than the natural rate. Barro and Gordon (1983) formalizes this problem and defines the

term, inflation bias, as the artificially higher level of inflation that occurs due to discretionary policy

making rather than rules based policy. Neither of these papers define what commitment policy
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looks like. This is largely because commitment policy suffers from an initial condition problem

that is necessarily arbitrary1. Woodford et al. (1999) addresses this by defining the policy that the

monetary authority wishes it would have committed to in the distant past, the so-called timeless

perspective policy. This measure of policy has been widely used in the optimal monetary policy

literature as a next-best alternative to true commitment policy because it addresses this initial

condition problem. This paper will use this definition of commitment policy in order to define

and examine the difference between commitment and discretionary policy as it relates to inflation

outcomes2.

A separate discussion of the asymmetry of monetary policy also arose from the aforementioned

Barro and Gordon (1983)3. The asymmetric preferences literature is a theoretical attempt to ex-

plain the empirical observation that interest rates drop relatively more during recessions than they

rise during expansions of equal magnitude. The empirical literature on this originated with Ruge-

Murcia (2003, 2004), Surico (2007), and Cassou, Scott and Vázquez (2012). Another consequence

of this literature is the examination of how asymmetry impacts the inflation bias. Cukierman and

Gerlach (2003), Surico (2007), and Cassou, Scott and Vázquez (2018), discuss how the asymme-

try in the monetary planner’s optimization problem induces an additional inflation bias. It must

be noted however, that this inflation bias is somewhat different than the Kydland and Prescott

(1977)/Barro and Gordon (1983) inflation bias both in structure and magnitude. Additionally, this

literature provides some guidance when examining the different interest rate policies that occur

under commitment versus discretion.

Some estimates of the various types of inflation bias have been reported. Using a value function

iteration approach, Anderson, Kim and Yun (2010) estimate values of the inflation bias between
1It implies that policymakers committed at some point in the past and at the time there was an initial condition

for the state variables of the economy that dictated what the rule should be.
2Here the word choice is deliberate. In a sense this can be a sort of potential inflation bias, though not of the

Barro and Gordon type since that definition implies an inflation bias that could arise from both timeless perspective
policy as well as discretionary policy. It is also motivated in a different framework than the one used here. As a
result it is related to the literature surrounding the classic inflation bias.

3Also from Ireland (1999), who provided an empirical estimation of the Barro and Gordon model.
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1% to 6% over a range of policy parameter values. In that model the inflation bias is a convolution

of structural model parameters, a constant. Surico (2008) using an approach similar to Surico

(2007) provides some estimates of asymmetry induced inflation bias during the pre-Volcker era of

the Federal Reserve of about 4.5%. Cassou, Scott and Vázquez (2018) provide estimates of the

inflationary bias attributed to asymmetry and real-time data revisions. They find that the inflation

bias induced by real-time data revisions to be approximately one third of the asymmetric preferences

induced bias. Billi (2011) shows in a simulation exercise that when the central bank commits to

at least a Taylor rule with persistence, the inflation bias disappears. However, this study does

not examine the classic inflation bias in a Kydland and Prescott (1977)/Barro and Gordon (1983)

sense4.

1.2 Main findings

It is the aim of this study to produce an ex post counterfactual simulation of the inflation out-

comes that commitment policy and discretionary policy would produce for a variety of developed

economies. This is not quite the same as the aforementioned inflation biases. This type of calcula-

tion represents a total potential bias given that the monetary authority does not lack the technology

to implement both of these policies. As noted by Pesaran and Smith (2016) there are many differ-

ent meanings of the term ‘counterfactual simulations’. In this case, it is the hypothetical question,

what would be the outcome if the equilibrium reflected a particular type of policy? While the

model parameters can be measured from an empirical perspective, there is a need in the literature

to understand how changes in the model parameters directly and indirectly impact inflation rates

under the competing equilibria.

There are a few general conclusions that can be reached from both simulation exercises under-

taken here. First, extreme degrees of output gap targeting generate relatively high average inflation
4It instead incorporates an output subsidy to offset the bias so that the results can be compared to others

examining policy under a zero lower bound.
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biases when inflation gap targeting is of little importance. The weight on inflation gap deviations

is more important to inflation bias outcomes than the relative weight on output gap deviations

for all economies examined. When policymakers sacrifice their inflation mandates any weight on

output gap targeting will generate average inflation biases greater than average observed inflation.

If policymakers still place a relatively large weight on inflation gap targeting then they can tolerate

higher weights on output gap targeting also. Second, the extreme case where the monetary au-

thority places a small weight on inflation gap targeting and a large weight on output gap stability

causes the inflation bias to explode. This particular case is examined by Dennis (2010) where it is

shown that under this condition discretion outperforms timeless perspective policy from a model

evaluation (societal loss) criteria. From the perspective of inflation outcomes however, this gener-

ates a relatively large inflation bias, which is not examined in that paper. This result is highlighted

in both simulations undertaken here. Third, simulations suggest that there is an optimal amount

of asymmetry where the difference between the asymmetry induced bias and the time inconsistent

bias is minimized. This implies an additional constraint for the monetary authority that desires to

reduce the degree to which their asymmetry of preferences impacts society.

The rest of the paper is organized as follows. Section 2 describes the model and the monetary

planner’s problem. Both solutions are derived, and the average potential inflation bias is motivated.

Section 3 describes the model solution, parameterization and data employed for the simulations.

Section 4 presents the results of the simulation with some discussion. Section 5 provides some brief

concluding remarks.

2 Model

The baseline log linearized form of a New-Keynesian dynamic equilibrium model is used to sum-

marize the fluctuations of the economy5. This turns out to be non-trivial. In order for there to
5See Walsh (2003) and Woodford (2003) for a more thorough exposition of this model. Additionally, Herbst and

Schorfheide (2015) provide an intuitive explanation for estimation strategies of this model.
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be an analytical difference between commitment and discretionary monetary policy outcomes the

model must contain forward-looking conditional expectations. Additionally, these forward-looking

expectations determine in part the persistence that the inflation and interest rate policies inherit.

Equation 1 is the consumer’s Euler equation which represents the demand-side of the economy. xt

represents the output gap at time t or the log deviation in output from natural output. Alterna-

tively, it is also the log difference between output under sticky prices from output under flexible

prices such that xt ≡ yt − ynt .

xt = Etxt+1 − σ (it − Etπt+1) + εdt (1)

The interest rate and inflation rate are represented by it and πt respectively. σ is a reduced form

parameter equal to the inverse of the elasticity of inter-temporal substitution. The expectations

operator, Et, is conditioned on all available information up to time t. The error term, εdt , is added

in an ad hoc fashion to capture disturbances in xt that are not captured by movements in the other

variables. For the sake of completeness serial correlation in this error process is allowed according

to (3).

πt = βEtπt+1 + κxt + εst (2)

Equation 2 is the New-Keynesian Phillips curve (NKPC hereafter). β is the discount factor in the

household’s optimization problem. Output impacts inflation by a factor of κ. It is also a reduced

form parameter that contains the degree of price rigidity according to a Calvo (1983) lottery. As

will be shown later, for this model the value of κ determines the weight on inflation stability as well

in the policy maker’s optimal decision rule.

εdt = ρdε
d
t−1 + udt (3)

εst = ρsε
s
t−1 + ust . (4)

5



εst is a cost-push inflation shock that contains serial correlation according to (4). Modeling the

persistence in the shock terms via (3) and (4) is done primarily to account for its impact on the

rational expectations equilibrium. Preliminary simulation results showed that varying the degree of

persistence in the shocks and the variance of the shocks had relatively small impacts on the average

inflation bias.

2.1 Optimal monetary policy

Optimal monetary policy is derived from the expectational sum of loss to society. Equation 5

summarizes the corresponding loss function that the monetary authority seeks to minimize. The

quadratic nature of the policymaker’s preferences is chosen for two reasons: (i) it is relatively

conventional in the optimal monetary policy literature; and (ii) other functional forms that do not

place even weight on the positive and negative deviations in the inflation, output, and interest

rate gaps may induce an additional bias which has been previously shown in some of the literature

mentioned above.

Lt = Et

∞∑
t=0

βt
[

1

2
(πt − π∗t )

2 +
η

2
x2t +

δ

2
(it − i∗t )

2

]
(5)

Here, πt, xt, and it represent inflation, the output gap, and interest rate respectively. Deviations of

inflation from an implicit inflation target are normalized to unity so that the policymaker’s aversion

to output gap deviations and interest rate gap deviations (governed by η and δ respectively) are

relative to inflation. In this framework the inflation bias takes on a slightly different context relative

to the previous literature. In the original Barro and Gordon (1983) model the economy oscillates

around full-employment output based on the value of an indicator parameter. This oscillation

pushes the central bank to respond. In this model, deviations in the interest rate gap push the

monetary authority into action. Interest rate target, i∗t , dynamics are assumed to be linked to the
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inflation target dynamics by Equation 6.

i∗t = r̄ + π∗t (6)

π∗t = υπ∗t−1 + uπt (7)

This formulation incorporates the notion that interest rates and inflation rates are linked according

to the Fisher equation. The inflation target, π∗t , is assumed to evolve over time following a first-

order autoregressive process without trend6, Equation 7. This formulation is similar to Dossche

and Everaert (2005), Ireland (2007), and Scott (2015) and is shown to fit post-war U.S. inflation

dynamics relatively well.

Optimal commitment policy (timeless perspective) can be found by minimizing Lt, (5) w.r.t

{πt, yt, it}∞0 subject to (1) - (4). The generalized system of linear first-order necessary conditions

for this problem are characterized by Equations (8) - (12).

(πt − π∗t )− λπ,t = 0, t = 1 (8)

ηxt + κλπ,t − λx,t = 0, t = 1 (9)

(πt − π∗t ) + λπ,t−1 +
σ

β
λx,t−1 − λπ,t = 0, t = 2, 3, . . . (10)

ηxt −
1

β
λx,t−1 + κλπ,t − λx,t = 0, t = 2, 3, . . . (11)

δ (it − i∗t )− σλx,t = 0, t = 1, 2, 3, . . . (12)

These FOC’s to the monetary planner’s problem provide some insight into optimal behavior. Taken

as a whole these equations summarize the time inconsistency problem of the central bank. The

time consistent yet suboptimal policy originates from (8), (9), and (12), while the time inconsistent

and optimal policy comes from (10), (11), and (12)7.
6The trend is removed since the model is log-linearized around a zero inflation steady state.
7Please note, that the use of optimal versus suboptimal refers only to the outcomes to society that these policies

7



Equations (8) - (12) also introduce four Lagrangian multipliers into the optimal policy problem

that must be accounted for. Equation 12 implies a solution for λx,t. This definition allows for the

other three multipliers to be recursively identified. All four Lagrangian multipliers can then be

shown to equal

λx,t =
δ

σ
(it − i∗t )

λx,t−1 =
δ

σ

(
it−1 − i∗t−1

)
λπ,t =

δ

σκ
(it − i∗t ) +

δ

σβκ

(
it−1 − i∗t−1

)
− η

κ
xt

λπ,t−1 =
δ

σκ

(
it−1 − i∗t−1

)
+

δ

σβκ

(
it−2 − i∗t−2

)
− η

κ
xt−1.

These definitions, along with (10) imply a solution for optimal timeless perspective policy. After

some algebra, commitment interest rate policy is given by (13) and optimal commitment inflation

policy is given by (14)

it =
1− σκ
β

r̄ + π∗t +
σκ

δ
(πt − π∗t ) +

ση

δ
∆xt +

β + σκ

β

(
it−1 − π∗t−1

)
− 1

β

(
∆it−1 −∆π∗t−1

)
(13)

πt =
δ

β
r̄ + π∗t −

η

κ
∆xt +

δ

σκ
(∆it −∆π∗t ) +

δ

σβκ

(
∆it−1 −∆π∗t−1

)
− δ

β

(
it−1 − π∗t−1

)
(14)

The optimal rule for inflation captures much of the same underlying persistence as the interest rate

rule. This is expected given that the interest rate and inflation are linked together via the Fisher

equation.

Discretionary policy can be captured in multiple ways. In the context of the Lagrangian mul-

tipliers we can impose λπ,t−1 = λx,t−1 = 0 using the FOC’s (8) - (12). This implies then that (10)

would be equal to (8). Using our definition for λπ,t we can solve for discretionary interest rate policy

would induce. Both commitment and discretionary policy are optimal in the mathematical sense.
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as Equation 15.

it =
β + 1

β
r̄ + π∗t +

σκ

δ
(πt − π∗) +

ση

δ
xt −

1

β

(
it−1 − π∗t−1

)
(15)

Discretionary inflation policy is then given by Equation 16.

πt = −
(
β + 1

β

)
δ

σκ
r̄ + π∗t −

η

κ
xt +

δ

σκ
(it − π∗t ) +

δ

σβκ

(
it−1 − π∗t−1

)
(16)

The inflation bias literature mentioned above suggests that discretionary inflation policy would

be on average higher than commitment inflation policy. In other words, (16) should be greater than

(14). In this framework, the average potential inflation bias can be defined by (17).

ζπ = δ

(
σκ+ β + 1

σκβ

)
r̄− 1

T

T∑
t=1

δ

(
β + σκ

σκβ

)(
it−1 − π∗t−1

)
− 1

T

T∑
t=1

δ

σκβ

(
it−2 − π∗t−2

)
+

1

T

T∑
t=1

η

κ
xt−1

(17)

This equation shows that the inflation policy deviation inherits dynamics from the level of past

values of the output gap and the interest rate. Additionally, this equation suggests both a direct

and indirect channel for the output gap to impact the average potential inflation bias. This is

because the first lag in the output gap directly impacts ζπ, but it also impacts it−1. Additionally,

the presence of it−2 suggests that further lags in the output gap have persistent effects on the average

deviation.

Equation 17 also suggests direct and indirect channels for changes in the model parameters to

impact the average potential inflation rate bias. Take κ for example. κ shows up in the reduced

form coefficients in every additive portion of (17). It is not completely intuitive how an increase in κ

will impact ζπ. Additionally, in a dynamic system, κ also indirectly impacts the level of ζπ through

equations (13), (1) and (2). Generally, this implies that as the model parameters vary their impact

is not necessarily observed directly. Put another way, a small change in a model parameter might

cause the inflation bias to increase from one channel but decrease through another. Since not all

parameters have the same channels, examining this phenomenon through a simulation exercise with
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many possible values is the only way to understand what will occur when the policymaker changes

their relative preference weights.

3 Model solution and data

3.1 Solution algorithm

The degree of persistence that is modeled in the overall system as well as the argument above, that

there are direct and indirect channels with which a small change in a given parameter can impact

the inflation bias, necessitates solving the model iteratively during the simulation process. The

rational expectations equilibrium for this model is solved using Sims (2002) algorithm. Equations

(1), (2), (3), (4), (6), (7), and (13)8 comprise the system of equations to be solved. The first-order

form is defined in matrix notation by

Γ0yt = Γ1yt−1 + C + Ψzt + Πηt (18)

In this formulation the vector ηt contains only the forecast errors of the forward-looking condi-

tional expectations such that ηxt = xt − Et−1xt and ηπt = πt − Et−1πt.

Following Sims (2002) notation, we can transform the system using a generalized complex Schur

decomposition (QZ) of Γ0 and Γ1. The solution is comprised of matrices Q, Z, Λ, & Ω that in

this case are all (10 × 10) such that Q′ΛZ ′ = Γ0 and Q′ΩZ ′ = Γ1. The decomposition imposes

QQ′ = ZZ ′ = I and the matrices are re-sorted so that the largest of the eigenvalues in absolute

value are arranged to the lower left. Λ and Ω are upper triangular. Define wt = Z ′yt and pre-
8As noted above, the timeless perspective interest rate policy nests discretionary interest rate policy as a special

case. This would imply that additional persistence in the data would be captured by (13) over (15).
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multiply by Q to get

 Λ11 Λ12

0 Λ22


 w1,t

w2,t

 =

 Ω11 Ω12

0 Ω22


 w1,t−1

w2,t−1

+

 Q1

Q2

 [C + Ψzt + Πηt] (19)

We can solve the system forward by writing w2,t as a function of zt to ensure that the solution does

not explode any faster than the disturbances. Note in the state-space formulation the unobserved

elements (and the corresponding Kalman filter recursion for that matter) are assumed to follow a

stable Brownian motion with roots inside the unit circle. The explosive portion of the system can

be written as

w2,t = Λ−122 Ω22wt−1 + Λ−122 Q2 (C + Ψzt + Πηt) .

This implies a solution for Q2.Πηt+1 which along with our condition for uniqueness, Q1.Π−ΦQ2.Π

we can solve for a solution to our system in the form of

y1,t = Θ0 + Θ1y1,t−1 + Θ2zt (20)

The final state-space formulation of the solved system of linear expectational difference equations

is given by the observation equation9, Equation 21.

y′t = Hξt (21)

Here y′t is the vector of observed data,
[
it πt xt

]
, and H is the matrix of coefficients relating

the observed vector to the state vector. The state or transition equation is given by Equation 22.

ξt = B + Jξt−1 +Rut (22)
9Here I am following the notation of Hamilton (1994).
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Where the state vector is ξt = yt from above, B = Θ0, J = Θ1, R = Θ2, and ut = zt. The

state equation and the observation equation are recursively updated using the Kalman filter. The

Kalman filter one-step ahead predictions of the state vector, ξt+1|t, are used in the direct simulation

of the inflation bias, (Equation 17).

3.2 Parameterization and data

The baseline parameterization of the model is constructed so as to match prior model estimates from

U.S. data and can be found in Table 1. β is set according to both Herbst and Schorfheide (2015)

and Dennis (2010). σ is implied from Herbst and Schorfheide (2015). In their empirical estimation

they estimate 1
σ

= 2.83 which implies a value of 0.3534 in this case. κ is also set according to

Herbst and Schorfheide (2015) at 0.78. Additionally, Dennis (2010) discusses the special case of a

relatively flat value for κ equal to 0.025. More on how that study relates to this work below. η is

similar to both Rabanal and Rubio-Ramírez (2005) and Herbst and Schorfheide (2015). δ is chosen

so as to match the relative weight on output gap deviations10. It is not included in the solution for

Dennis (2010) or Herbst and Schorfheide (2015). The range that each of the model parameters are

examined under can also be found in Table 1.

[ Table 1 about here. ]

The remaining model parameters correspond to the persistence and volatility of the structural

shocks, Equations (3) and (4). The persistence in demand-side disturbances, ρd, is set equal to 0.2

according to Dennis (2010). ρs is thus defined similarly at 0.3. The standard deviations of these

disturbances is scaled according to the standard deviation of the observed output gap and inflation
10Preliminary simulations also indicated that for values greater than unity the inflation bias converged.
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data for each country respectively. This is done in order to capture the individual eccentricities of

each country’s data.

This model is simulated with the data from 8 different market economies; Australia, Canada,

the Euro Zone, Japan, Sweden, Switzerland, the United Kingdom, and the United States. Real

GDP, CPI, and the primary policy instrument of these economies are collected. The output gap is

constructed using a Hodrick-Prescott filter of the RGDP data series to calculate a measure of natural

output11. Both the natural output and level of output is logged and differenced and then converted

into a percent change. The CPI data is transformed into an annualized inflation rate12. The policy

instrument for each country is not always the same depending upon the degree of market forces

that each central bank allows for. In this way it summarizes the different strategies each monetary

authority chooses, which in turn impacts the inflation bias for that economy. Finally, it should be

noted that the length of data sets for each country is different. Some countries have relatively short

time series. For these countries, empirical estimation of a model like this is not feasible because the

lack of variation across time yields untrustworthy results. This is yet another reason for a simulation

exercise where identification of parameters is problematic.

4 Simulation results

4.1 Output gap and inflation gap targeting

In this model, the policymaker sets interest rate policy to indirectly impact the level of inflation. In

both (13) and (15) we can see the policy weights that the monetary authority places on inflationary

gap and output gap deviations is σκ
δ
and ση

δ
respectively. If the central bank places a larger emphasis

11Estimates of natural output exist for the U.S. provided by the Congressional Budget Office, but these estimates
do not necessarily exist for other countries. A conscious effort is made to maintain direct comparability among the
countries examined.

12Again, not all central banks are on record as preferring headline CPI inflation, but this measure is available for
all countries.
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on output gap deviations then the whole ratio of ση
δ
would increase while the ratio for the inflationary

gap, σκ
δ
, would decrease. Both fractions are scaled by a factor of σ

δ
because of the symmetry in the

policymaker’s objective function. This implies, as mentioned above, that κ is the unique parameter

governing policy movements around an inflation gap. Thus, η governs policy movements around an

output gap as well. Additionally, the coefficient on the lag of the output gap in Equation 17 is η
κ
.

Simulating over κ and η simultaneously shows the effect of shifting policy preferences from inflation

gap targeting to output gap targeting and its effect on the average policy deviation.

Related to this exercise are the findings of Dennis (2010) which show that for a relatively

flat NKPC (extremely small values of κ in this model) discretionary policy dominates commitment

policy. Dennis solves for an alternative measure to societal loss. He shows that for decreasing values

of κ, on the interval 0.005 to 0.03, there is an ever increasing percent of simulation runs where

discretion policy performs better than commitment policy when comparing his measure of loss.

While this provides an interesting case to examine under the current experiment, caution must be

exercised when comparing these results to those of Dennis (2010). His measure of model performance

is a closed form solution strictly of the model parameters around a steady-state equilibrium and

does not utilize observed data as this study does. Additionally, his study does not examine the

inflation outcomes that this policy would produce, which is solely the purpose here.

[ Figure 1 about here. ]

[ Table 2 about here. ]

Figure 1 shows the surface plots of a simulation examining changes to the average potential
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inflation bias for marginal changes in κ and η for each market economy. The average inflation

deviation is measured along the vertical axis, η is measured along the lower left axis over the

interval of [1.5, 10], and κ is measured along the lower right axis over the interval of [0.15, 1].

Additionally, Table 2 summarizes numerically the results in Figure 1. The simulations for all eight

economies exhibit the same general shape and indicate some broad findings. First, smaller values

for κ and larger values for η generate relatively large hypothetical average potential inflation biases.

The hyperplane lifts up at the upper left hand corner, corresponding to high η and low κ. This

is equivalent to the monetary authority placing a large relative weight on output gap targeting

and low priority on inflation gap targeting. At these extremes, the average potential inflation bias

ranges from around 28% (Switzerland) to around 35% (U.K.). The full magnitude of this case is

summarized in Column 5 of Table 2. Second, at the other extreme, relatively severe inflation gap

targeting and low output gap targeting generates hypothetical inflation deviation estimates that

are below the unconditional average of observed inflation for every economy except Switzerland

and the Euro Zone economies. (Column 1 of Table 2). Although it is difficult to see at this scale,

there is some degree of curvature around this corner. Third, for any possible weight on output

gap stability, the average potential inflation bias increases considerably as the monetary authority

places a lower weight on inflation gap stability. Even when the weight on output gap targeting

is relatively low, the average potential inflation bias varies from about 13% (Switzerland) to 20%

(Australia). This highlights the general conclusion that it is the inflation gap targeting behavior

that is more important than output gap targeting behavior when explaining average inflation policy

deviations. Fourth, if the weight on inflation gap deviations is too low (small κ), then the difference

between low levels of output gap targeting and high levels of output gap targeting (small to large

η) is greater than the unconditional average level of inflation for each economy.
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4.2 Symmetric vs asymmetric preferences

As mentioned above, there is a relatively robust literature that suggests that the monetary authority

might act asymmetrically throughout the business cycle. The asymmetric preferences hypothesis

tests whether the central bank raises its benchmark interest rate during expansions with the same

sense of urgency that it cuts this rate during recessions. Asymmetry is usually modeled in the

policymaker’s loss function like in Equation 23.

Lt = Et

∞∑
t=0

βt
[

1

2
(πt − π∗t )

2 +
η

γ2
{exp (γxt)− γxt − 1}+

δ

2
(it − i∗t )

2

]
(23)

The central banker’s reaction around the output gap, xt is warped by a factor of γ. Moreover,

as γ → 0 then Equation 23 reduces to Equation 5. This modeling change impacts the first-order

conditions of the monetary authority’s optimization problem for xt+τ , but the solution algorithm is

the same as the symmetric case above. The asymmetric average policy deviation is given by

ζπ = δ

(
σκ+ β + 1

σκβ

)
r̄− 1

T

T∑
t=1

δ

(
β + σκ

σκβ

)(
it−1 − π∗t−1

)
− 1

T

T∑
t=1

δ

σκβ

(
it−2 − π∗t−2

)
+

1

T

T∑
t=1

η

γκ
[exp (γxt−1)] ,

(24)

which is in a similar fashion to Equation 17. Here we can see that the exponentiated functional form

warps the lagged effect of xt on ζπ. The reason why this case is important is because Ruge-Murcia

(2003, 2004) and Cassou, Scott, and Vázquez (2012, 2018) shows that this asymmetry induces an

additional bias above and beyond what discretionary policy would imply. One should keep in mind

that these models are different than the framework used here. Both the objective functions and

the constraints are different than in this paper. Additionally, the inflation bias in these models is a

constant markup of inflation and does not contain any time dynamics. Comparing Equation 24 and

Equation 17 we see that γ directly impacts ζπ. As is standard with this literature, the nonlinear

portion of the Equation 24 can be linearized via a Taylor series approximation.

Comparison of these two bias equations leads to some further questions. From a simulation
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perspective, is the average bias produced by discretionary policy, Equation 17, different from the

bias produced by asymmetry of policy, Equation 24? If so, over what relevant ranges of the policy

parameters is there a difference? Since the parameters are not being econometrically identified

with data this makes hypothesis testing complicated. To address this a simple acceptance/rejection

criteria is applied when the two biases are relatively close. This criteria is most notably used in

Metropolis-Hastings MCMC algorithms when evaluating the marginal likelihood of a model under

different parameter draws from the joint posterior distribution. In this case, the direct effect of a

change in the model parameters is simulated for both biases. When the biases are relatively far

apart, they are different. When they are relatively close, the difference between the two is compared

to a draw from a uniform distribution on the open interval of [0, 1). If the difference is less than the

random draw, the biases are considered to be the same. If they are not, then they are considered

to be different. This is not a perfect substitute for a true hypothesis test since it makes one more

likely to make a type II error, but in the absence of being able to define a proper joint probability

distribution it is a working alternative.

[ Figure 2 about here. ]

Figure 2 summarizes the results from the algorithm described above for all eight economies.

Recall, that β and σ are from the consumer’s utility maximization problem and not directly chosen

by the monetary authority; they are omitted for the sake of brevity13. Along the horizontal axis

is the simulation range for each of the parameters (which corresponds to the ranges reported in

the last column of Table 1). The vertical axis represents the percentage of simulations for each

parameter value where the two average biases are the same. Each of the four policy parameters
13All model parameter results are available from the author upon request.
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shown are incremented in units of 0.001. The model is simulated 500 times for each increment of

each parameter; 450,500 simulations total for κ, 500,000 simulations total for η, 495,500 simulations

total for δ, and 1,498,500 simulations total for γ.

Figure 2 implies some general conclusions regarding each of these parameters which are irrespec-

tive of the economy the simulations pertain to. First, only for large values of η does the average

bias under asymmetry induce a bias greater than what would exist beyond discretionary policy

making. Second, changes to δ, which represents the policymaker’s aversion to interest rate gaps, do

not impact the percent of simulations where the asymmetry induced bias is greater than the time

inconsistent bias. This is expected since δ does not impact that term of the inflation bias equation

that is different, namely the last term of Equation 17 and Equation 24. Third, the parabolic shape

of the simulations for γ imply an optimal level of asymmetry if the monetary authority cares to

minimize the impact of the asymmetry of their own preferences on society. This is expected given

the modeling of asymmetric preferences and the body or literature attributed to its developement.

The linex function itself is assume at least locally (if not globally) concave. Finally, Figure 1 shows

that lower values of κ drive up the average potential inflation bias. This nonlinear effect on the

time of policy deviations closes the gap so to speak between symmetric and asymmetric preferences

induced bias. Smaller values of κ represent an ever increasing percent of simulations where the two

models are the same. As κ increases more of the difference between the two models is exhibited.

This final result is consistent with the first as well.

5 Conclusion

This paper examines a counterfactual simulation of the potential time inconsistent inflation bias in

a baseline New-Keynesian dynamic general equilibrium framework. Of particular interest is how

the potential inflation bias changes when the monetary policymaker alters its preference weight over

output gap fluctuations relative to inflation gap fluctuations. The average potential inflation bias is
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solved for and shown to be a function of the lag level of observed output gap and interest rate data.

The model is solved under a rational expectations equilibrium and simulated using data from eight

market economies over a relatively wide subspace of the model’s parameters. Results indicate that

inflation policy deviations are largely driven not only by output gap targeting behavior but also

inflation gap targeting behavior. As long as there is a relatively high weight placed on inflation gap

deviations then even extreme preferences towards output gap stability will not necessarily result

in large average inflation policy deviation. When the central bank has a sufficiently high weight

on inflation gap fluctuations it can tolerate higher degrees of output gap targeting. The average

potential inflation bias explodes when there is a high priority placed on output gap targeting and

low priority on inflation gap targeting. Asymmetry of the policymaker’s preferences is allowed

in an extended model, and the total potential bias results are compared between the two cases.

Simulations indicate that an optimal amount of asymmetry exists where the difference between the

two model biases can be minimized. The monetary authority that wishes to minimize the effect of

its asymmetric preferences on society can choose the degree of asymmetry optimally.
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Table 1: Baseline model parameterization and intervals

Parameter Description Value Range
β Discount factor 0.990 [0.5, 0.999]
σ Inverse of EIS 0.353 [0.1, 0.99]
κ Price rigidity 0.780 [0.1, 1]
η Output gap aversion 0.250 [0.001, 10]
δ Interest rate gap aversion 0.250 [0.001, 0.99]
γ Asymmetry parameter -0.200 [−3,−0.005]

Table 2: Average potential inflation bias for varying values of κ and η

Values (κ, η)
Country (1, 1.5) (1, 10) (5, 0.5) (0.15, 1.5) (0.15, 10)
Australia 3.480 4.440 7.076 23.595 34.006
Canada 2.882 3.590 5.785 19.983 30.353
EU 2.353 3.345 5.100 16.892 36.338

Japan 2.378 2.873 4.481 16.788 29.699
Sweden 2.940 3.626 5.592 18.944 33.871

Switzerland 1.941 2.387 3.812 15.104 28.085
United Kingdom 3.440 4.215 6.701 21.445 35.688
United States 2.771 3.452 5.336 17.544 35.219
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Figure 1: Average potential inflation bias for varying values of κ and η

(a) Australia: 1969:3 - 2016:3 (b) Canada: 1961:1 - 2016:4

(c) Euro Zone Area: 1999:1 - 2013:3 (d) Japan: 1960:2 - 2016:4
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Figure 1: Average potential inflation bias for varying values of κ and η

(e) Sweden: 1960:2 - 2016:4 (f) Switzerland: 1980:1 - 2016:4

(g) United Kingdom: 1960:2 - 2013:1 (h) United States: 1960:2 - 2016:4
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Figure 2: Percent of simulations where symmetric and asymmetric bias is the same

(a) Australia: 1969:3 - 2016:3

(b) Canada: 1961:1 - 2016:4

(c) Euro Zone Area: 1999:1 - 2013:3

(d) Japan: 1960:2 - 2016:4
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Figure 2: Percent of simulations where symmetric and asymmetric bias is the same

(e) Sweden: 1960:2 - 2016:4

(f) Switzerland: 1980:1 - 2016:4

(g) United Kingdom: 1960:2 - 2013:1

(h) United States: 1960:2 - 2016:4
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Appendices, code, and data are available upon request. They are not intended for publication.

A Model Solution
xt = Etxt+1 − σ (it − Etπt+1) + εdt (25)

πt = βEtπt+1 + κxt + εst (26)

εdt = ρdε
d
t−1 + udt (27)

εst = ρsε
s
t−1 + ust . (28)

Lt = Et

∞∑
t=0

βt
[

1

2
(πt − π∗t )

2 +
η

2
x2t +

δ

2
(it − i∗t )

2

]
(29)

This objective function is minimized subject to (25), (26), (27), and (28).

π∗t = υπ∗t−1 + uπt (30)

i∗t = r̄ + π∗t (31)

A.1 Symmetric Model Solution

Optimizing over {πt, yt, it}∞0

(πt − π∗t )− λπ,t = 0, t = 1 (32)
ηxt + κλπ,t − λx,t = 0, t = 1 (33)

(πt − π∗t ) + λπ,t−1 +
σ

β
λx,t−1 − λπ,t = 0, t = 2, 3, . . . (34)

ηxt −
1

β
λx,t−1 + κλπ,t − λx,t = 0, t = 2, 3, . . . (35)

δ (it − i∗t )− σλx,t = 0, t = 1, 2, 3, . . . (36)

The time-varying Lagrangian multipliers can be solved for by recursive substitution.
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λx,t =
δ

σ
(it − i∗t )

λx,t−1 =
δ

σ

(
it−1 − i∗t−1

)
λπ,t =

δ

σκ
(it − i∗t ) +

δ

σβκ

(
it−1 − i∗t−1

)
− η

κ
xt

λπ,t−1 =
δ

σκ

(
it−1 − i∗t−1

)
+

δ

σβκ

(
it−2 − i∗t−2

)
− η

κ
xt−1.

A.1.1 Symmetric Commitment Policy

it =
1− σκ
β

r̄ + π∗t +
σκ

δ
(πt − π∗t ) +

ση

δ
∆xt +

β + σκ

β

(
it−1 − π∗t−1

)
− 1

β

(
∆it−1 −∆π∗t−1

)
(37)

A.1.2 Symmetric Discretionary Policy

it =
β + 1

β
r̄ + π∗t +

σκ

δ
(πt − π∗) +

ση

δ
xt −

1

β

(
it−1 − π∗t−1

)
(38)

A.1.3 Symmetric Model Bias

ζπ = δ

(
σκ+ β + 1

σκβ

)
r̄− 1

T

T∑
t=1

δ

(
β + σκ

σκβ

)(
it−1 − π∗t−1

)
− 1

T

T∑
t=1

δ

σκβ

(
it−2 − π∗t−2

)
+

1

T

T∑
t=1

η

κ
xt−1

(39)
Additional equations needed for the model formulation:

∆π∗t = π∗t − π∗t−1 = (υ − 1) π∗t−1 + uπt (40)

πt = Et−1πt + η1,t (41)

xt = Et−1xt + η2,t (42)

A.2 Asymmetric Model Solution

The policy maker’s objective function is given by

Lt = Et

∞∑
t=0

βt
[

1

2
(πt − π∗t )

2 +
η

γ2
{exp (γxt)− γxt − 1}+

δ

2
(it − i∗t )

2

]
(43)

subject to (25), (26), (27), and (28)
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(πt − π∗t )− λπt = 0, t = 1 (44)
η

γ
[exp (γxt)− 1] + κλπt − λxt = 0, t = 1 (45)

(πt − π∗t ) + λπt−1 +
σ

β
λxt−1 − λπt = 0, t = 2, 3, . . . (46)

η

γ
[exp (γxt)− 1]− 1

β
λxt−1 + κλπt − λxt = 0, t = 2, 3, . . . (47)

δ (it − i∗t )− σλxt = 0, t = 1, 2, 3, . . . (48)

λx,t =
δ

σ
(it − i∗t )

λx,t−1 =
δ

σ

(
it−1 − i∗t−1

)
λπt =

δ

σκ
(it − i∗t ) +

δ

σβκ

(
it−1 − i∗t−1

)
− η

γκ
[exp (γxt)− 1]

λπt−1 =
δ

σκ

(
it−1 − i∗t−1

)
+

δ

σβκ

(
it−2 − i∗t−2

)
− η

γκ
[exp (γxt−1)− 1] .

A.2.1 Asymmetric Bias

ζπ = δ

(
σκ+ β + 1

σκβ

)
r̄− 1

T

T∑
t=1

δ

(
β + σκ

σκβ

)(
it−1 − π∗t−1

)
− 1

T

T∑
t=1

δ

σκβ

(
it−2 − π∗t−2

)
+

1

T

T∑
t=1

η

γκ
[exp (γxt−1)]

(49)
The nonlinear portion of this function can be approximated by a first-order Taylor series expan-

sion.

B Model Solution and Simulation
Γ0yt = Γ1yt−1 + C + Ψzt + Πηt (50)

where
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Γ0 =



1 0 −σκ
δ
−ση

δ

(
σκ
δ
− 1
)

0 0 0 0 0
−1 1 0 0 0 0 0 0 0 0
0 0 1 −κ 0 0 0 −1 −β 0
σ 0 0 1 0 0 −1 0 −σ −1
0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0


, yt =



it
∆it
πt
xt
π∗t

∆π∗t
εdt
εst

Etπt+1

Etxt+1



Γ1 =



β+σκ
β

− 1
β

0 −ση
δ
−β+σκ

β
1
β

0 0 0 0

−1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 ν 0 0 0 0 0
0 0 0 0 (ν − 1) 0 0 0 0 0
0 0 0 0 0 0 ρd 0 0 0
0 0 0 0 0 0 0 ρs 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 1


, yt−1 =



it−1
∆it−1
πt−1
xt−1
π∗t−1

∆π∗t−1
εdt−1
εst−1
Et−1πt
Et−1xt



C =



−σκ
β
r̄

0
0
0
0
0
0
0
0
0


, Ψ =



0 0 0
0 0 0
0 0 0
0 0 0
0 0 1
0 0 1
1 0 0
0 1 0
0 0 0
0 0 0


, zt =

 udt
ust
uπt

 , Π =



0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
1 0
0 1


, and ηt =

[
η1,t
η2,t

]

The system is decomposed via a complex Schur decomposition in which the stable and unstable
roots of the system are decoupled and reordered to solve the system forward. The final system takes
the form of

y1,t = Θ0 + Θ1y1,t−1 + Θ2zt (51)

The final state-space formulation of the solved system of linear expectational difference equations
is given by the observation equation

y′t = Hξt (52)
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where y′t is the vector of observed data and a state or transition equation which is defined as

ξt = B + Jξt−1 +Rut (53)

where ξt = yt, B = Θ0, J = Θ1, R = Θ2, and ut = zt.
While there is no model log likelihood in this case, the model is still recursively solved using the

Kalman filter recursion for each combination of parameter values:
Where the state-equation is updated according to the Kalman gain

Kt = JPt|t−1Θ2

(
Θ′2Pt|t−1Θ2

)−1
The updated one-step ahead forecasts of the state are given by

ξt+1|t = Jξt|t−1 +Kt

(
y1,t −Θ1y1,t−1 −Θ′2ξt|t−1

)
and the MSE of this forecast is given by

Pt+1|t = (J −KtΘ
′
2)Pt|t−1 (J ′ −Θ2K

′
t) +RΣR′

The expected values of the system generates the model data used in the simulation of the
inflation bias, Equation 39 over the range of parameter values. In this fashion both the direct and
indirect components of the total effect of the range of the parameters can be examined.

C Code
The following MATLAB codes are needed to execute the simulations for this study.

1. main.m (this is the parent file that calls the other programs)

2. full_solution.m (initializes model and calls the solution programs)

3. full_system.m (formulate the final state-space model)

4. gensys.m (Author: Christopher Sims)

5. qzswitch.m (Author: Christopher Sims)

6. qzdiv.m (Author: Christopher Sims)

7. kalman.m (Kalman filter recursion)

8. theta_gen.m (creates the large arrays of parameter sets at specified intervals)

9. grid_sim.m (creates the grid simulations for Figure 1.)

10. bias.m (evaluates the symmetric bias using the parameter sets and conditional state estimates)
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11. asym_sim.m (simulates the direct effects for Figure 2.)

12. sim_eval.m (evaluates the symmetric and asymmetric simulations randomly)

13. dyn_bias.m (evaluates the symmetric and asymmetric biases using the parameter sets and
conditional state estimates with uncertainty)

The data.mat file contains the data sets pre-formatted from the FRED data. The originally
downloaded csv files are available from the author upon request.
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