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Abstract
Optimal timeless perspective commitment and discretionary policy are examined in a
medium scale DSGE model that incorporates both a wage and price Phillips curve. The
monetary authorities’ implicit price and wage inflation targets are modeled as time-varying
processes in the policy maker’s loss function. The joint restrictions of discretionary policy
are shown to be a weighted average of price and wage inflation commitments. The model is
estimated using a Metropolis Hastings MCMC algorithm. The joint posterior densities and
the posterior estimates of the state indicate that over the long-run there is no wage inflation
trade oﬀ, but there are significant deviations in the short-run to discretionary policy. Post
2010 the joint policy restriction is not credibly diﬀerent from zero with 90% certainty. At or
near the zero lower bound price inflation commitments are not credibly diﬀerent from zero.
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Introduction

This paper seeks to connect three strands of the monetary policy literature in order to examine
optimal commitment versus discretionary policy behavior in a model where the central bank differentiates between price and wage inflation and in which the implicit targets for these two types
of inflation are not directly observed. To this end, a medium-scale dynamic stochastic general
equilibrium (DSGE) model is estimated using Bayesian methods in order to approximate the joint
posterior densities of the model parameters. These posterior densities are used along with the
smoothed estimates of the implicit inflation targets to simulate for the time-varying wedge that
represents both the joint restrictions imposed by discretionary policy as well as the deviations between commitment versus discretionary optimal monetary policy. The monetary planner’s problem
is defined such that within overall inflation targeting behavior, aversion to price and wage inflationary gaps are a convex combination of each other. In this fashion, relative price inflation targeting
is realized at the expense of relative wage inflation targeting. The solution for the commitments to
timeless perspective policy are a function of this trade oﬀ.
The recent literature surrounding the economic implications of commitment versus discretionary
monetary policy making originates from Kydland and Prescott (1977). The discretionary central
banker enacts a policy in an eﬀort to achieve an overly ambitious unemployment target, their
eﬀorts are undermined via the updating of private sector expectations. The unemployment gap is
left unchanged while the economy realizes a higher level of inflation due to the policy. The problem
is later formalized by Barro and Gordon (1983) in which the term ‘inflation bias’ is coined to describe
the diﬀerence between the higher level of inflation under the discretionary policy than what would
exist in its absence. Both papers imply that optimal societal outcomes for inflation are derived
from the central banker acting according to a strategy of commitment. Woodford et al. (1999)
sharpens this discussion by defining timeless perspective policy as a form of commitment where
the policy maker avoids having to define the initial conditions of the economy that commitment is
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subject to. This strategy is characterized as the policy that the monetary authority wishes it would
have committed itself to sometime in the distant past. Related to this is a separate discussion of
monetary policy deviations, or the diﬀerence between observed interest rates and various policy
rules. More recent discussion of monetary policy deviations have centered around questions about
loose monetary policy in the years leading up to the financial crisis of 2007 (Ahrend (2010), Dokko
et al. (2011), and Taylor (2007)). In the context of this paper, both timeless perspective commitment
policy is examined as well as discretionary policy rules in a model with both price inflation as well
as wage inflation to better understand the additional constraints placed on the model and data.
Monetary policy rules such as Taylor (1993) describe the inherent dynamics of an inflationary
gap on the time path of interest rates. The relatively wide spread adoption of filtering algorithms in
macroeconomics has improved the ability to model implicit or unobserved variables such as inflation
targets. Dossche and Everaert (2005), Ireland (2007), Leigh (2008), Cassou and Vázquez (2014),
and Scott (2016a) all employ Kalman filtering to model a time-varying implicit inflation target as
a state variable, but all five employ diﬀerent functional forms. Dossche and Everaert (2005) and
Ireland (2007) model the inflation target as a function of structural components, while Leigh (2008),
Cassou and Vázquez (2014), and Scott (2016a) all assume some sort of autoregressive process. In
this model the form of Cassou and Vázquez (2014) is employed because it is the most flexible of the
autoregessive processes1 presented above. Additionally, since there are two implicit time-varying
targets, price and wage inflation targets, following a structural approach for both targets would
explode the number of parameters to estimate given the data.
This paper contributes to the overall optimal monetary policy literature in three unique ways.
First, timeless perspective commitment and discretionary policy are examined in a model where
the central banker weights overall inflation according to a convex combination of price and wage
inflationary gaps. This form implies that price inflationary gaps are targeted at the relative expense
of wage inflationary gaps. The economy is assumed to follow the model of Galı́ (2011b) where wage
1

Leigh (2008) assumes a unit root process, while Scott (2016a) employs a stable AR(1) process but with no drift.
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inflation is modeled according to a forward-looking expectational Phillips curve, similar to price
inflation. Second, both price inflation targets and wage inflation targets are modeled as timevarying processes. Their smoothed posterior estimates are calculated using the Kalman recursion
and reported under diﬀerent scenarios of relative price and wage inflation targeting behaviors. Third,
the diﬀerence between timeless perspective commitment and discretionary policy is calculated.
These monetary policy deviations represent a time-varying wedge and their posterior distribution is
a probabilistic test for discretionary policy over the sample period. Both individual commitments
as well as the joint restrictions are reported and plotted under diﬀerent relative price and wage
inflation targeting regimes.
Results indicate a few important conclusions. First, for much of the last 20 years the Fed’s
2% stated price inflation target is within the 90% credibility interval estimated for most inflation
measures and targeting behavior cases. It is not this way for the full sample period, but the dynamics
converge at the end of the sample period. Second, regardless of targeting behavior, wage inflation
commitments return to a long-run mean of zero. This result implies that in the long-run, there is not
a wage inflation trade oﬀ for the discretionary central banker. In the short-run there are prolonged
periods of deviation from the long-run mean implying that the discretionary monetary authority can
produce wage inflation eﬀects above what commitment policy would produce. Third, for all cases
estimated during the time period corresponding to the eﬀective zero lower bound price commitments
are not credibly diﬀerent from zero with 90 percent uncertainty. This implies that when nominal
interest rates and nominal price level changes are low, there is little to disincentivize the central
banker from engaging in discretionary policy. Finally, when examining the joint restrictions of
commitment versus discretionary policy, there is no eﬀective diﬀerence in policy post 2010 for the
Federal Reserve.
The remainder of this paper is organized intuitively. The Model section explains the details of
the model and describes the monetary policy problem. The Method and Data section lays out the
estimation algorithm and defines the data used. The Results section reports findings and describes
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the conclusions. The Discussion section motivates additional paths of future research.
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Model

The economy is assumed to evolve according to a relatively popular dynamic general equilibrium
framework featuring both staggered price and wage setting following Galı́ (2011a) and Galı́ (2011b).
This framework is stylized after the much celebrated Erceg, Henderson and Levin (2000) and Smets
and Wouters (2003) models in which both price and wage rigidities are modeled in their respective
markets. To this end, it is the forward-looking expectational wage Phillips curve that is of particular
interest in order to examine the wage inflation implications of discretionary policy. While one of the
important results of Galı́ (2011b) was to examine the eﬀect of optimal monetary policy to that of a
Taylor (1993) on real macro variables, particularly the unemployment rate. Here the connection of
wage indexation to the unemployment rate is not of first-order interest. Rather, the wage Phillips
curve is used as a constraint in an optimal policy model that is consistent with the larger body of
literature modeling the inflation-output tradeoﬀ of monetary policy.
The demand side of the real economy is governed by a log-linearized2 consumer’s Euler equation
(IS curve), Equation 1.
!
"
p
ỹt = Et ỹt+1 − it − Et πt+1
− int

(1)

ỹt ≡ yt − ytn is the output gap or the logged deviation of the output from the natural rate of
production at time t. Alternatively, it is the diﬀerence between logged output under a regime of
sticky prices from that of flexible price output. Et ỹt+1 refers to the forward-looking expectation of
the next periods output gap conditioned on the information set, It , that is available at the previous
p
period. πt+1
represents headline price inflation in the next period. it represents the nominal interest
2

All of the model equations describing the evolution of the economy are presented here in log-linearized form for
the sake of brevity. For a more complete derivation of these equations the reader is referred to Galı́ (2011b).
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rate, and int is the natural rate of interest which evolves according to a weighted average of technology
and preference shocks as defined by Equation 2.
int = µi − (1 − ρa ) at +

(1 − α)(1 − ρξ )
ξt
1+ϕ

(2)

A pair of inflation equations governing both price and wage inflation are given by Equations
(3) and (4). Equation 3 is the traditional forward-looking New Keynesian Phillips curve (NKPC)
for price inflation. Price inflation is determined via a factor of β by the conditional expectation of
future price inflation. Price inflation also moves according to fluctuations in economic activity. ỹt
and w̃t represent output gap and wage gap movements respectively and their impact is governed by
#
$
α
a weighted average such that κp = λp (1−α)
and where λp is a function of a price Calvo (1983)
parameter that governs the percent of firms that can adjust price.
p
πtp = βEt πt+1
+ κp ỹt + λp w̃t + εpt

(3)

Equation 4 is the wage inflation NKPC which is similar in form and interpretation to the price
NKPC. In this case the relative weights on the economic cycle components is governed by κw =
%
#
$&
ϕ
λw 1 + (1−α)
. Analogously, λw is a function of a wage Calvo lottery as well3 .
w
πtw = βEt πt+1
+ κw ỹt + λw w̃t + εw
t

(4)

α defines the returns to scale of eﬀective labor to output. ϕ describes the slope of the labor supply
3

More formally,
λp =

and

(1 − θp ) (1 − βθp ) θp
(1 − α) (1 − α + α%p )

λw =

(1 − θw ) (1 − βθw )
θw (1 + %w ϕ)

Individually θp , θw , %p , and %w , which are the Calvo markups and elasticities for final goods pricing and wages
respectively, are not individually identifiable for estimation purposes.
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curve (or equivalently the disutility of labor). Note that ϕ−1 is the so called Frisch labor supply
elasticity.
Since both inflation equations are a function of the wage gap, w̃t , it can be define as
w̃t = w̃t−1 + πtw − πtp − ∆ωtn ,

(5)

and as with the output gap, w̃t ≡ ωt −ωtn with a similar interpretation. The log-linearized equations
functionally serve as constraints to the optimal monetary policy problem.

2.1

Optimal Policy Problem

The monetary authority faces preferences derived from the expectational sum of discounted period
losses, Equation 6. The expected loss of inflation deviations from targets is a convex combination of
price inflation and wage inflation and their respective inflation targets are time-varying processes.
This convex combination is quadratically weighted such that second-order conditions can be shown
to be satisfied. The convex combination of inflation gaps are normalized to unity, thus the aversion
parameters, φ and δ are relative to inflation with expected values greater than one if the model
solution is contained in the subspace of unique solutions.
The policy parameter η ∈ [0, 1] represents the central bank’s preference towards targeting either
price inflation at the expense of wage inflation and vice versa. For an intuitive understanding of
why the Fed might behave this way one need only examine the Fed’s own Beige Book Report.
This collection of anecdotal sentiment among businesses analyzed at the district level, specifically
summarizes firm’s concerns about rising input and wage costs. This indicates that Fed recognizes
the distinction between the two types of cost shocks and is sensitive toward them. As η → 1 the
policy authority places a relatively larger weight on price inflationary gap movements and thus a
lower weight on wage inflationary gap movements. In this case the central bank responds with a
greater sense of urgency to price inflation symmetrically around a price inflation target than wage
6

inflation symmetrically around a wage inflation target. When η = 0.5 the central bank evenly
weights price and wage inflationary gap deviations. This implies that either type of inflation that is
not in line with its target rate, whether price or wage inflation, elicits an equal policy response. As
η → 0 a relatively stronger policy response is generated by wage inflationary gap movements than
price inflationary gap movements. Aside from the first-order concerns about wage inflation, this
situation implies that the central bank is relatively more concerned with the eﬀect of rising wages
on short-run aggregate supply than other input costs.

Lt = E t

∞
'
t=0

( # #
)
$
! w
" $2 φ
1
δ
2
p
p∗
w∗
n 2
β
η πt − πt + (1 − η) πt − πt
+ (yt − yt ) + (it )
2
2
2
t

∗

(6)

∗

The price inflation target, πtp , and the wage inflation target, πtw , are both modeled as timevarying processes following a general form first-order autoregressive processes whose respective error
terms are assumed to be distributed with a mean of zero and fixed variance in keeping with Cassou
and Vázquez (2014) and Scott (2016a). There is a growing body literature (Dossche and Everaert
(2005), Ireland (2007), Leigh (2008), and Scott and Barari (2017), among others) which suggests
that the Fed’s implicit price inflation target is not a degenerate process. This lack of constancy
has nontrivial implications on the functional form and thus outcomes of optimal policy reaction
functions. Equations (7) and (8) formalize this general functional form.
∗
πtp

p

− µ = ρp

#

p∗
πt−1

−µ

p

$

+ .πt

p

! w∗
"
∗
w
πtw − µw = ρw πt−1
− µw + .πt

(7)

(8)

One of the novelties of this estimation is modeling the implicit wage inflation target as an evolving
process by relaxing the assumption of constancy.
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2.2

Commitment versus discretion

Optimal commitment policy can be found by minimizing Lt , (6), w.r.t {πtp , πtw , ỹt , it }∞
0 subject to
Equations (1), (3), and (4). This dynamic optimization problem can be expressed using traditional
optimization techniques following Dennis (2010) and Scott (2016b). The generalized system of linear
first-order conditions for this problem are contained in (9) - (15).
# #
$
$
!
∗
∗"
η πtp − πtp + (1 − η) πtw − πtw
η − λπp ,t = 0,
# #
$
$
!
∗
∗"
η πtp − πtp + (1 − η) πtw − πtw
(1 − η) − λπw ,t = 0,

φỹt + κp λπp ,t + κw λπw ,t − λỹ,t = 0,
# #
$
$
!
∗
1
∗"
η πtp − πtp + (1 − η) πtw − πtw
η + λπp ,t−1 + λỹ,t−1 − λπp ,t = 0,
β
# #
$
$
!
"
∗
∗
η πtp − πtp + (1 − η) πtw − πtw
(1 − η) + λπw ,t−1 − λπw ,t = 0,
φỹt + λỹ,t−1 + κp λπp ,t + κw λπw ,t − λỹ,t = 0,
δit − λỹ,t = 0,

t=1

(9)

t=1

(10)

t=1

(11)

t = 2, 3, . . .

(12)

t = 2, 3, . . .

(13)

t=1

(14)

t = 1, 2, 3, . . . (15)

The time inconsistency of optimal plans is evident from a discretionary (sub-optimal4 , time consistent) policy perspective contained within Equations (9), (10), (11), and (15). Commitment policy
from a timeless perspective (optimal, but time inconsistent) is contain within Equations (12), (13),
(14), and (15). These equations imply a dynamic process for the time-varying Lagrangian multipliers, Λ = (λỹ,t , λπp ,t , λπw ,t ), collected in Equation 16. In this context Λ represent commitments to
optimal policy (Woodford (2010)). As noted by Woodford, if Λ ∕= 0∀t then there exists a need for
a strategy of pre-commitment, more on this below.
4

Here the phrase optimal versus sub-optimal is not referring to the mathematical property, but rather in terms
of the inflation outcomes for society. This is in keeping with the larger time inconsistency literature discussed in the
previous citations.

8

∆λỹ,t = δ∆it
# #
$
$
!
∗
1
∗"
∆λπp ,t = η πtp − πtp + (1 − η) πtw − πtw
η + λỹ,t−1
β
# #
$
$
!
"
∗
∗
∆λπw ,t = η πtp − πtp + (1 − η) πtw − πtw
(1 − η)

(16)

In the absence of the wage inflation NKPC as a binding constraint to this problem it is possible
to recursively substitute for the dynamic Lagrangian multipliers. This cannot be shown a priori,
but can and is tested for below. (15) implies a solution for λỹ,t in the form of λỹ,t = δit , which
can be iterated backward using the Law of Iterated Expectations to get λỹ,t−1 = δit−1 . These two
definitions along with Equations (12) and (13) into Equation 14 yields the commitment timeless
perspective policy reaction function Equation 17.
(
)
% #
$
&
!
∗
φ
κp
1
κw
1
∗"
∆it = ỹt +
λπp ,t−1 + δit−1 + [λπw ,t−1 ]+ [κp η + κw (1 − η)] η πtp − πtp + (1 − η) πtw − πtw
δ
δ
β
δ
δ
(17)
Interest rate dynamics inherit a weighted function of the same convex combination of relative price
and wage inflation, an autoregressive process of the level of the interest rate, as well as the output
gap. Indirectly the wage gap also determines optimal interest rate behavior.
Discretionary policy can be found similarly. Perhaps more intuitively, it is defined by the
imposition of λπp ,t = λπw ,t = 0∀t or
% #
$
! w
"&
φ
κp
1
p
p∗
w∗
∆it = ỹt + it−1 + [κp η + κw (1 − η)] η πt − πt + (1 − η) πt − πt
.
δ
β
δ

(18)

Optimal discretionary policy imparts fewer dynamics on interest rate movements and fewer crossequation restrictions from a model equilibrium perspective. The diﬀerence between discretionary
and commitment policy constitutes a time-varying commitment policy wedge, ϖt , that is defined
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by Equation 19.
λp
ϖt ≡
δ

*

α
(1 − α)

+

(
*
+)
λw
ϕ
(λπp ,t−1 ) +
1+
(λπw ,t−1 )
δ
(1 − α)

(19)

This wedge summarizes both the cross and within equation restrictions of commitment versus discretionary policy. Clearly, if λπp ,t = λπw ,t = 0∀t then ϖt = 0∀t. However, from a hypothesis testing
#
$
%
#
$&
ϕ
α
perspective, if the convolution λδp (1−α)
→ 0 or if λδw 1 + (1−α)
→ 0 then the importance of
either of the time-varying commitments on the joint hypothesis test of H0 : ϖt = 0∀t is negligible if
not null. More to the point, since all of these definitions are functions of parameters of which there
is some degree of uncertainty as to their posterior density, any hypothesis around the commitments
or their weights is one of statistical probability. The estimation of this model is then designed
around testing these hypotheses.
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3

Method and Data

The full empirical model of 13 equations to be estimated is summarized by (20). The rational
expectations equilibrium for this model is solved for using the Sims (2002) algorithm.
!
"
p
ỹt = Et ỹt+1 − it − Et πt+1
− int
*
+
α
p
p
πt = βEt πt+1 + λp
ỹt + λp w̃t + εpt
(1 − α)
(
*
+)
ϕ
w
w
πt = βEt πt+1 + λw 1 +
ỹt + λw w̃t + εw
t
(1 − α)
w̃t = w̃t−1 + πtw − πtp − ∆ωtn

πtp

∗

p
= µp + ρp πt−1
+ .πt

∗

πtw

∗

w
= µw + ρw πt−1
+ .πt

∗

p

w

φ
κp
κw
ỹt + λπp ,t +
λπw ,t
δ
δ
δ
# #
$
$
!
∗
δ
∗"
= η πtp − πtp + (1 − η) πtw − πtw
η + it−1
β
# #
$
$
!
"
∗
∗
= η πtp − πtp + (1 − η) πtw − πtw
(1 − η)

∆it =
∆λπp ,t
∆λπw ,t

at = ρa at−1 + .at
ξt = ρξ ξt−1 + .ξt

int = µi − (1 − ρa ) at +
*
+
α
n
ωt = at +
ξt
1+ϕ

(1 − α)(1 − ρξ )
ξt
1+ϕ
(20)

Equation 20 is cast into a stylized first-order form of,

Γ0 y(t) = Γ1 y(t − 1) + C + Ψz(t) + Πη(t).

(21)

The system is transformed using a generalized complex Schur decomposition of Γ0 and Γ1 . The
solution is comprised of the decomposition matrices Q, Z, Λ, & Ω. In this case they are all
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of dimension (13 × 13) where Q′ ΛZ ′ = Γ0 and Q′ ΩZ ′ = Γ1 . This decomposition imposes that
QQ′ = ZZ ′ = I. The matrices are re-sorted so that the largest of the eigenvalues in absolute
value are arranged to the lower left so that Λ and Ω are upper triangular. Define wt = Z ′ yt and
pre-multiply by Q to get
,

/,

/

,

/,

/

,

/

- Λ11 Λ12 0 - w1,t 0 - Ω11 Ω12 0 - w1,t−1 0 - Q1 0
.
1.
1=.
1.
1+.
1 [C + Ψz(t) + Πη(t)]
0 Λ22
w2,t
0 Ω22
w2,t−1
Q2

(22)

The system is solved forward by writing w2,t as a function of zt so that the solution does not explode
any faster than the disturbances. In the state-space formulation employed here the unobserved
elements, along with the Kalman filter recursion in general, is assumed to follow a stable Brownian
motion with roots inside the unit circle. The explosive portion of the system can thus be written as
−1
w2,t = Λ−1
22 Ω22 wt−1 + Λ22 Q2 (C + Ψz(t) + Πη(t)) .

This implies a solution for Q2 .Πηt+1 which along with our condition for uniqueness, Q1 .Π − ΦQ2 .Π,
fully defines our solution of the system. Armed with the solution matrices, the system is recast
into a state-space form such that the observed data is vectorized into an observation equation and
is related to the theoretical solution via the state equation. This state-space formulation is used to
estimate the model likelihood in a direct estimation of the likelihood function,

ll =

T
'
t=1

%
!
"− 1
!
"&
1
ln (2π)− 2 det vt|t−1 2 exp −0.5e′t|t−1 vt|t−1 et|t−1

The model is estimated using a random walk Metropolis Hastings algorithm. Note this estima# ∗ $
! w∗ "
∗
p∗
p
tion technique is chosen because of the time-varying parameters πt = f πt−1
and πtw = f πt−1

as well as the evolution path of the commitments, λπp ,t = f (λπp ,t−1 ) and λπw ,t = f (λπw ,t−1 ). This
flavor of MCMC algorithm employs an iterative approach where the next possible candidate of the
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joint posterior density is chosen in proximity to the last accepted draw of the posterior density.
Given not only the time-varying nature of these four unobserved components, but also that their
optimal state estimates are important to the analysis here, this approach is conservative.
An approximation of the posterior mode is used as an initial density candidate and an optimally
weighted Hessian matrix around that posterior mode estimate is calculated in order to determine
the relative width of the random walk algorithm. The joint log likelihood of the initial candidate is
calculated as the sum of the log marginal likelihood and the log model likelihood. An alternative
candidate is chosen as a random draw centered around the initial candidate. Its corresponding
joint log likelihood is also calculated. The diﬀerence in the joint likelihood of each of the candidate
densities is compared to a random draw from a uniform distribution on the closed interval of zero
to one. If the diﬀerence in joint likelihood is less than the random draw the new candidate density
is selected and preserved to become the initial density in the next iteration of the algorithm. If it is
not, then the old initial density is preserved and the algorithm repeats. In this fashion the algorithm
iteratively constructs the joint posterior density. The Hessian matrix of the initial candidate density
is scaled to ensure that the acceptance rate of the new candidate density is between 20 and 40 percent
of the burn-in phase, in keeping with standard operating procedures in this literature. A suﬃcient
burn-in period ensures that any sensitivity to the starting values of the estimation algorithm (the
initial candidate density) do not unduly influence the approximation of the posterior density, thus
allowing the data to speak for itself. Here this algorithm is simulated 350,000 iterations and the first
100,000 of these iterations is discarded. Preliminary estimations indicate that the Markov chain
converges within 20,000 iterations.
[Table 1 here]
The joint prior distribution is summarized by Table 1. There are 19 model parameters to be estimated, listed in the leftmost column. Each parameter’s domain and distribution density are located
toward the right of the table. Parameter 1 and Parameter 2 correspond to either moment conditions
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for symmetric densities, lower and upper supports for uniform densities, or hyper-parameters for
Beta and Inverse-Gamma densities. Each parameter’s prior is defined according to either empirical
exercises, to match moment conditions specified by Galı́ (2011b), or to be relatively wide in the
absence of specific information to construct a more fully-informed prior belief. Prior densities for
ϕ, α, δ, φ, λp , and λw are designed to match the calibration exercise in Galı́ (2011b). Additionally, these also match the reduced form price inflation and output responses found in Rabanal and
Rubio-Ramı́rez (2005) and Herbst and Schorfheide (2015). Additionally, the process persistence
parameters ρp , ρw , ρa , and ρξ are centered around relatively higher values as are assumed in and
estimated in both Galı́ (2011b) and Scott and Barari (2017) and found in Dossche and Everaert
(2005). The remaining parameters are designed to be arbitrarily wide so as not to impart too many
constraints on the estimation algorithm. The final model parameter, β is notoriously diﬃcult to
pin down so it has been calibrated to 0.985 which is consistent with both Galı́ (2011b) and Rabanal
and Rubio-Ramı́rez (2005).
Data for this estimation are sourced from the Federal Reserve Economic Database that is hosted
and maintained by the St. Louis Federal Reserve Bank. The interest rate is the eﬀective Federal
funds rate. Monetary policy model estimations are sensitive to inflation and output gap measures.
To account for this, two measures of price inflation are used; headline consumer price index (CPI)
inflation as well as personal consumption expenditure (PCE) inflation. Wage inflation is calculated
using a quarterly average of median weekly earnings provided by the Bureau of Labor Statistics’
Current Population Survey. These are converted to an annualized inflation rate similar to price
inflation. The output gap is measured using both real gross domestic product and the Congressional
Budget Oﬃce (CBO) estimates of potential output. It is expressed in percent deviations from full
employment production. Among combinations of output gap and price inflation types there are two
estimations per value of η 5 . The median weekly earnings data are the limiting constraint for the
5

Additional estimations using a Hodrick-Prescott filter to estimate natural output are also available from the
author upon request but are excluded here for the sake of brevity.
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overall sample size. This data is only available from 1979:Q1 to present. Additionally, the output
data are quarterly so all other data are aggregated to that frequency as well.

4

Results

The estimated posterior distributions for both price inflation measures are summarized in Table 2.
The table is subdivided by price inflation types. For each price inflation type there are three estimations pertaining to diﬀerent values of η corresponding to the diﬀerent relative inflation targeting
behaviors. For each model version the median of the posterior density is displayed along with the
90% credibility interval of each parameter. A comparison among the 6 joint posterior densities
against the prior distributions described in Table 1 indicates that most of the parameter distributions have moved away from their respective priors. This implies that the joint prior density is
relatively wide enough to not impede convergence of the Markov chain.
[Table 2 here]
Some individual and reduced form parameter densities are noteworthy. For the sake of brevity
the discussion here is limited to the monetary policy parameters. First, if one re-normalizes the
interest rate rule to conform to a type similar to a classic Taylor (1993) rule the response to price
inflation movements is in the range of 1.1731 to 1.2676 at the mean of the posterior densities.
Second, for output gap movements the response is in the range of 0.3952 to 0.6740 at the mean of
the posterior densities. Third, in terms of the implicit inflation targets, the degrees of persistence
range from 0.3928 to 0.9943 and the conditional averages of these target rates range from 0.0929 to
0.8165. The variance estimates for the implicit inflation targets are inconsistent across estimations,
but that is expected given that multiple state-space representations exist for a system of equations.
Though it is not reported here, the average signal-to-noise ratio is 0.7478.
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4.1

Unobserved Time-Varying Inflation Targets

The estimation strategy employed here allows for the identification of the posterior distribution of
the state, ξˆt+1|t . In practice, these are one-step ahead forecasts conditioned on the information set
at time t. The Kalman recursion implies a solution for the state vector, following Hamilton (1994)
#
$−1 #
$
notation, as ξˆt+1|t = Ft ξˆt|t−1 + Ft P̂t|t−1 Ht Ht′ P̂t|t−1 Ht + R
Yt − A′t Xt − Ht′ ξˆt|t−1 , where At , Ht ,

and Ft are coeﬃcient matrices and P̂t|t−1 is the optimal estimate of the MSE of the state at every
point in time. Both ξˆt+1|t and P̂t|t−1 evolve through time, and the latter updates the prior belief
about the distribution of the former. This recursion can be used to solve for the optimally smoothed
∗
estimates of ξˆt+1|t which contains the unobserved time-varying price and wage inflation targets, πtp
∗

and πtw , as well as the time-varying Lagrangian multipliers, λπp ,t and λπw ,t .
∗

Figure 1 contains the posterior estimates of the price inflation target, πtp , for both price inflation
measures from 2000 to the end of the sample period. Subfigures 1a and 1b correspond to η = 0.25,
where the policy maker places a larger relative emphasis on wage inflation. Subfigures 1c and 1d
corresponds to η = 0.5, when the monetary authority places an equal relative weight on price and
wage inflation targeting. Subfigures 1e and 1f corresponds to η = 0.75, in which case the central
bank places a higher premium on relative price inflation targeting. Each figure plots the observed
price inflation series and the mean posterior distribution estimates (red dashed line) along with a
90% credibility interval (shaded region). Figure 2, with subfigures (2a) to (2f), is the wage inflation
equivalents of Figure 1 and organized similar to (1a) through (1f) respectively. However for the
time-varying wage inflation target cases there is only one measure of observed wage inflation in all
cases. In this regard, the smoothed estimates depicted in Figure 2 communicates the eﬀects of the
diﬀerent price inflation processes as well as diﬀerent targeting behavior cases.
[Figure 1 here]
[Figure 2 here]
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Each time-varying inflation target tends to co-move generally with their respective observed
inflation rates. Most of the time the price inflation target does not drop below zero, even during the
period corresponding to the zero lower bound. It does appear to drop considerably for most cases
at the beginning of that period however as the economy experienced a relatively short-lived demand
shock that placed downward pressure on both price indices. In most cases, the time-varying price
inflation target during this time period is relatively stable for the past 20 years. The stated 2%
target inflation rate that the Fed has announced cannot be rejected at a 90% credibility for most
of the time plotted. Wage inflation target estimates generally have a lower variance than price
inflation targets. This reflects the sticky nature of wage prices relative to goods prices.
These results are comparable to the inflation target literature. The majority of the price inflation
target estimates are consistent with the endogenous inflation target estimates of Ireland (2007). The
estimates are on average noticeably higher than those reported in Dossche and Everaert (2005), but
that empirical exercise uses a GDP Deflator inflation and the model formulation is considerably
diﬀerent than this context. Figure 1 estimates are similar in shape to the implicit inflation target
estimates Leigh (2008), but during the early 2000s the inflation target diverges from observed price
inflation relatively more than the estimations below. Finally, the estimated target process in Scott
(2016a) lies within the 90% credibility interval for the corresponding PCE inflation estimates.
A comparison among these figures suggests two important results. First, higher relative weights
on price inflation over wage inflation produces a relatively wider range of uncertainty for the timevarying price inflation target. The opposite is also true. As wage inflation is targeted relative
to price inflation the time-varying wage inflation target estimates are noisier. This result reflects
the Brownian motion assumption about the time paths of these targets. As the relative weight
increases, the importance of the structural error term for that type of inflation target is increased.
This generates noisier estimates for that type of inflation target, while reducing it for the other.
From a theoretical perspective this is intuitive as well. As the central bank places a higher relative
weight on a given type of inflationary gap, the more sensitive they are to the shocks of that time17

varying target process. Second, in all but one case CPI inflation produces relatively wider bands
for both of the time-varying target estimates than PCE inflation, regardless of targeting behavior
and output gap measure. The variance of the unobserved target rate processes using CPI as the
price inflation measure are wider for most of the posterior distributions than PCE price inflation as
evidenced by Table 2.

4.2

Unobserved Time-Varying Commitments

The posterior estimated time paths of λπp ,t and λπw ,t are produced in Figures (3) - (4) respectively.
These figures are organized in the same way as Figures (1) - (2). The mean of each distribution
through time are plotted in the red dashed line while the shaded region represents the 90% credibility
intervals of the distribution. Similar to the inflation targets, the shaded region can be interpreted
as a time-varying hypothesis test to determine if either of the Lagrangian multipliers are zero for
sustained periods of time.
[Figure 3 here]
[Figure 4 here]
Estimated price commitments, λπp ,t , generally exhibit the same underlying data generating
process regardless of inflation measure or targeting behavior. For relatively larger weights on price
inflation, the volatility of state estimates increases, producing wider bands of uncertainty. This is
consistent with the time-varying price inflation target estimates above. Also for relatively larger
weights on price inflation, the correction in 2008 is more pronounced. In all cases, for the time
period corresponding to the eﬀective zero lower bound price commitments are not credibly diﬀerent
from zero with 90 percent uncertainty. This implies that at or near the zero lower bound the
opportunity cost of commitment policy is not diﬀerent from zero so that discretionary policy is not
disincentivized from a price inflation constraint perspective. Put another way, the policy maker
18

faces no credible price inflation cost when it engaged in discretionary policy during the zero lower
bound period.
Estimated wage commitments, λπw ,t , Figure 4 reduce in volatility as relative price targeting, η,
increases. In most cases the reduction is by half. In all cases, regardless of price inflation measure
or targeting behavior, wage inflation commitments return to a long-run mean of zero. This implies
that there is not a wage inflation trade oﬀ for discretionary monetary policy in the long-run. This is
not true of the short-run though. The time period corresponding to the lead up to the financial crisis
of 2007-2009 saw significant deviations from the long-run average. This implies that during that
time monetary policy faced significant incentive to adhere to a predefined strategy of commitment
of the type described by Equation 17.
4.2.1

Time-Varying Joint Commitments Restrictions

Table 3 contains the conditional expectations of the time-varying commitments discussed above, as
well as the reduced form parameters (convolutions of structural parameters) from Equation 19. The
first half of the table corresponds to CPI price inflation estimations while the bottom half is reserved
for PCE price inflation estimations. For each inflation measure there are three cases of η similar to
Table 2. The third row and the sixth row of the upper and lower portion of the table indicate the
full parameterized weight of the joint long-run constraint that commitment policy imposes on the
system of equations.
[Table 3 here]
The conditional expectation of price inflation commitment, Eλπp ,t−1 , is more often diﬀerent
from zero on average. Zero cannot be excluded from the average distribution at 90% uncertainty
#
$
λp
α
for 2 cases. The weighted long-run price inflation commitment, β (1−α) Eλπp ,t−1 , is distributed

with a mean of zero on average from 8 out of 12 cases. The remaining four are relatively close
to zero. The parameterization serves to scale the price inflation commitments even when they
19

take relatively large values. The weighted and unweighted long-run wage inflation commitment,
#
$
ϕ
λw
1
+
Eλπw ,t−1 and Eλπw ,t−1 respectively, are distributed with a mean of zero on average
δ
(1−α)
for all 12 cases. Thus the relative weighting on long-run wage commitments is unimportant to

interest rate outcomes. This implies that the weighted lag from the interest rate, which enters
into Equation 19 via the price inflation commitment channel, contributes the most to any potential
inflation bias from discretionary policy making while the weighted time-varying commitments reduce
that eﬀect.
[Figure 5 here]
Figure 5 depicts the posterior distributions of ϖt in a similar fashion to the above figures. Generally, as relative price inflation targeting increases, the volatility of the estimated joint commitment
policy restriction, ϖt , decreases. For the cases where η = 0.5 and η = 0.75 the distribution of the
joint policy restriction with a 90% credibility is zero for the last half of the 1990s and post 2010.
The same pattern is present for η = 0.25 cases, but the volatility is greater so that it oscillates
around zero during this time, but zero does not fall within the credibility interval at all times.
Generally, this evidence supports the intuition that when we observe simultaneously low inflation
and low interest rates the diﬀerence between timeless perspective commitment policy and discretionary policy is negligible. The relationship is still present however. When interest rates rise and
inflationary pressure is realized, we observe the tradeoﬀ in statistically significant ways.

5

Discussion

Employing the New-Keynesian DSGE model with wage indexation of Galı́ (2011b), optimal timeless
perspective commitment policy and discretionary policy are examined in a flexible form specification where the central bank can choose its degree of relative price inflation targeting. The joint
restrictions imposed on the model and data are specified and tested for using a Kalman filter and
20

Bayesian estimation methods. Additionally, the implicit price inflation and wage inflation targets
are modeled as time-varying processes. Smoothed estimates of the implicit target’s time path as
well as the time-varying commitments of policy are produced along with the individual posterior
densities.
Results broadly indicate that wage inflation commitments converge to zero on average in the
long-run. There is considerable deviation from this average over the short-term with a 90% credibility, but over longer periods there is no wage inflation trade oﬀ to discretionary policy in the U.S
since before 2000. The size and data generating processes of the implicit price and wage inflation
targets varies with price inflation measure. The Fed’s stated 2% price inflation target lies within
the 90% credibility region for most of the cases. Price commitments are not credibly diﬀerent from
zero at or near the zero lower bound regardless of relative targeting behavior. This implies a larger
conclusion that when nominal prices and nominal interest rates are suﬃciently low, there is little
disincentive for the activist central banker to engage in discretionary policy. Post 2010, there is no
credible diﬀerence in discretionary or timeless perspective commitment policy with 90% uncertainty.
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Table 1: Prior Parameter Distributions
Parameter

Domain

Density

Parameter 1

Parameter 2

α

[0, 1)

Uniform

0.000

1.000

ϕ

R+

Normal

5.000

1.000

φ

R+

Normal

1.500

0.250

δ

R+

Normal

12.000

0.150

λp

R+

Normal

0.348

0.100

λw

R

Normal

0.004

0.100

ρp

[0.7, 1)

Uniform

0.700

1.000

ρw

[0.7, 1)

Uniform

0.700

1.000

ρa

[0.8, 1)

Uniform

0.800

1.000

ρξ

[0.8, 1)

Uniform

0.800

1.000

µp

R+

Beta

5.000

5.000

µw

R+

Beta

3.000

5.000

µi

R+

Beta

2.000

5.000

σp2

R+

Inv-Gamma

0.500

4.000

σw2

R+

Inv-Gamma

0.300

5.000

σp2∗

R+

Inv-Gamma

0.020

2.000

σw2 ∗

R+

Inv-Gamma

0.020

2.000

σa2

R+

Inv-Gamma

0.400

2.000

σξ2

R+

Inv-Gamma

0.400

2.000

Marginal prior distribution for each model parameter. Parameter 1 and Parameter 2 correspond
to the mean and standard deviation for normal and beta distributed priors, the lower and upper
bound supports for uniform distributed priors, and hyper-parameters ν (shape) and υ (rate) where
InvGamma(σ|ν, υ) ∝ σ −ν−1 e−νυ

2 /2σ 2

and υ is the inverse scale parameter of the gamma distribution.
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Table 2: Posterior Parameter Distributions
CPI Price Inflation
η = 0.25

η = 0.50

η = 0.75

Parameter

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

α

0.0679

[0.0611, 0.0747]

0.0005

[-0.0435, 0.0299]

0.0416

[0.0005, 0.0660]

ϕ

5.5153

[5.4881, 5.5425]

5.3182

[5.3085, 5.3277]

8.2813

[8.2343, 8.3281]

φ

1.6958

[1.6951, 1.6965]

1.7899

[1.7736, 1.8062]

1.8169

[1.7631, 1.8710]

δ

12.3222

[12.3082, 12.3364]

12.2660

[12.2602, 12.2717]

12.3637

[12.3396, 12.4374]

λp

0.2519

[0.2438, 0.2650]

0.6904

[0.6829, 0.6979]

0.3790

[0.3443, 0.4146]

λw

-0.2156

[-0.2439, -0.1963]

-0.0788

[-0.0981, -0.0515]

-0.1412

[-0.1575, -0.1250]

ρp

0.9823

[0.9700, 0.9942]

0.7817

[0.7787, 0.7848]

0.7551

[0.7406, 0.7695]

ρw

0.7379

[0.7302, 0.7455]

0.9871

[0.9845, 0.9896]

0.9646

[0.9503, 0.9794]

ρa

0.8357

[0.8119, 0.8595]

0.9504

[0.9343, 0.9669]

0.9489

[0.9439, 0.9539]

ρξ

0.8884

[0.8524, 0.9241]

0.9896

[0.9714, 0.9990]

0.8222

[0.8074, 0.8370]

p

0.6495

[0.6371, 0.6619]

0.5762

[0.5472, 0.6051]

0.4712

[0.4493, 0.4932]

w

0.4126

[0.3946, 0.4306]

0.3747

[0.3649, 0.4345]

0.3284

[0.2626, 0.3940]

µ
µ

µi

0.1706

[0.1668, 0.1744]

0.3356

[0.2993, 0.3717]

0.2159

[0.1871, 0.2446]

σp2

0.9275

[0.8792, 0.9762]

1.4432

[1.4267, 1.4595]

0.0920

[0.0868, 0.0971]

σw2

0.1776

[0.1549, 0.2006]

0.9413

[0.9434, 0.9442]

0.6612

[0.6375, 0.6850]

σp2∗

0.2220

[0.2044, 0.2396]

1.0148

[1.0067, 1.0228]

3.9829

[3.9792, 3.9866]

σw2 ∗

1.7820

[1.7022, 1.8619]

0.5733

[0.5654, 0.5811]

0.1022

[0.0105, 0.2565]

σa2

2.8463

[2.7796, 2.9136]

0.5281

[0.5102, 0.5455]

0.5352

[0.5267, 0.5436]

σξ2

2.1667

[2.1484, 2.1849]

0.0037

[0.0004, 0.0094]

1.3193

[1.2942, 1.3446]

PCE Price Inflation
η = 0.25

η = 0.50

η = 0.75

Parameter

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

α

0.1166

[0.1012, 0.1306]

0.0981

[0.0221, 0.1742]

-0.0299

[-0.1966, 0.0565]

ϕ

3.3981

[3.4326, 3.4136]

6.0269

[5.1326, 6.9208]

4.9390

[4.9355, 4.9426]

φ

1.3255

[1.3189, 1.3322]

1.3459

[0.8522, 1.8452]

1.1768

[0.9869, 1.3689]

δ

12.0050

[11.9940, 12.016]

12.1976

[12.1437, 12.2555]

11.9099

[11.8588, 11.9608]

λp

0.4049

[0.4039, 0.4058]

0.3278

[0.1893, 0.4675]

0.3631

[0.3487, 0.3775]

λw

-0.2104

[-0.2423, -0.1843]

-0.2435

[-0.5958, 0.2371]

-0.2069

[-0.2438, -0.1750]

ρp

0.9812

[0.9711, 0.9915]

0.5124

[0.2706, 0.9413]

0.7760

[0.4661, 0.9746]

ρw

0.8223

[0.8101, 0.8345]

0.8887

[0.6870, 0.9885]

0.9571

[0.8947, 0.9944]

ρa

0.9107

[0.9032, 0.9183]

0.8955

[0.8196, 0.9677]

0.9579

[0.8923, 0.9956]

ρξ

0.9102

[0.8351, 0.9787]

0.8911

[0.8758, 0.9065]

0.9839

[0.9709, 0.9958]

µp

0.4315

[0.4028, 0.4601]

0.3125

[0.2730, 0.3523]

0.2271

[0.2047, 0.2497]

w

0.3449

[0.3217, 0.3681]

0.0928

[0.0647, 0.1214]

0.3180

[0.2474, 0.4382]

µi

0.4867

[0.4776, 0.4958]

0.4568

[0.4484, 0.4651]

0.2286

[-0.1830, 0.6392]

σp2

1.9696

[1.9286, 2.0103]

1.8886

[1.8721, 1.9054]

7.5495

[7.3695, 7.7300]

σw2

5.3921

[5.3910, 5.3931]

2.9653

[2.5911, 3.3425]

0.8661

[0.8428, 0.8897]

σp2∗

0.1257

[0.0723, 0.1788]

0.4878

[0.3713, 0.6047]

0.3244

[0.3222, 0.3266]

σw2 ∗

0.6187

[0.5881, 0.6491]

1.6319

[1.6272, 1.6366]

1.5131

[1.4781, 1.5483]

σa2

3.2905

[3.2801, 3.3009]

0.8163

[0.6192, 1.0147]

0.1221

[0.1093, 0.1348]

σξ2

0.2993

[0.2858, 0.3129]

1.6240

[1.5424, 1.7057]

0.2501

[0.2243, 0.2761]

µ
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Table 3: Long-run Commitments Test
CPI Price Inflation
η = 0.25

λp
δ

λp
δ

#

λw
δ

λw
δ

#

#

α
(1−α)

$

Eλπp ,t−1
$
α
λπp ,t−1
(1−α)
#
$
ϕ
1 + (1−α)

Eλπw ,t−1
$
ϕ
1 + (1−α)
λπw ,t−1

η = 0.50

η = 0.75

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

0.0015

[0.0013, 0.0017]

0.0000

[-0.0023, 0.0017]

0.0013

[0.0000, 0.0021]

35.6601

[-0.2174, 84.9905]

32.6424

[0.2593, 82.3362]

33.4517

[1.1148, 84.9225]

0.0519

[-0.0003, 0.1268]

-0.0002

[-0.1148, 0.0887]

0.0289

[-0.0045, 0.1456]

-0.1210

[-0.1369, -0.1102]

-0.0406

[-0.0502, -0.0263]

-0.1098

[-0.1235, -0.0965]

1.3021

[-15.2943, 12.0135]

0.4379

[-21.5299, 12.4224]

0.6005

[-7.7309, 5.2311]

0.0019

[-0.0224, 0.0176]

0.0000

[-0.0179, 0.0182]

0.0005

[-0.0097, 0.0072]

PCE Price Inflation
η = 0.25

λp
δ

λp
δ

#

λw
δ

λw
δ

#

#

α
(1−α)

$

Eλπp ,t−1
$
α
λπp ,t−1
(1−α)
#
$
ϕ
1 + (1−α)

Eλπw ,t−1
$
ϕ
1 + (1−α)
λπw ,t−1

η = 0.50

η = 0.75

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

Mean

[0.05, 0.95]

0.0045

[0.0043, 0.0051]

0.0028

[0.0005, 0.0061]

-0.0009

[-0.0005, 0.0018]

36.1982

[0.2566, 81.5821]

32.9994

[0.1737, 82.7656]

30.2199

[0.2816, 77.9889]

0.1510

[0.0011, 0.3741]

-0.0002

[-0.1150, 0.0889]

-0.0089

[-0.2415, 0.0784]

-0.0851

[-0.0980, -0.0743]

-0.1492

[-0.4304, 0.1490]

-0.0998

[-0.1190, -0.0817]

1.7842

[-12.0624, 13.1926]

0.5811

[-21.6023, 12.6863]

0.0505

[-9.0721, 4.3377]

0.00079

[-0.0526, 0.0569]

0.0000

[-0.0184, 0.0186]

-0.0000

[-0.0104, 0.0160]
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Figure 1: Observed Price Inflation and Estimated Price Inflation Targets
(a) CPI Inflation: η = 0.25

(b) PCE Inflation: η = 0.25

(c) CPI Inflation: η = 0.5

(d) PCE Inflation: η = 0.5

(e) CPI Inflation: η = 0.75

(f) PCE Inflation: η = 0.75
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Figure 2: Observed Wage Inflation and Estimated Wage Inflation Targets
(a) CPI Inflation: η = 0.25

(b) PCE Inflation: η = 0.25

(c) CPI Inflation: η = 0.5

(d) PCE Inflation: η = 0.5

(e) CPI Inflation: η = 0.75

(f) PCE Inflation: η = 0.75
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Figure 3: Time-Varying Price Inflation Policy Commitments
(a) CPI Inflation: η = 0.25

(b) PCE Inflation: η = 0.25

(c) CPI Inflation: η = 0.5

(d) PCE Inflation: η = 0.5

(e) CPI Inflation: η = 0.75

(f) PCE Inflation: η = 0.75
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Figure 4: Time-Varying Wage Inflation Policy Commitments
(a) CPI Inflation: η = 0.25

(b) PCE Inflation: η = 0.25

(c) CPI Inflation: η = 0.5

(d) PCE Inflation: η = 0.5

(e) CPI Inflation: η = 0.75

(f) PCE Inflation: η = 0.75
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Figure 5: Joint Commitment Policy Restriction
(a) CPI Inflation: η = 0.25

(b) PCE Inflation: η = 0.25

(c) CPI Inflation: η = 0.5

(d) PCE Inflation: η = 0.5

(e) CPI Inflation: η = 0.75

(f) PCE Inflation: η = 0.75
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