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Abstract

In a stylized economy with price and wage stickiness, this paper argues that delegating
a nominal wage target to a central bank operating under discretion generally deliv-
ers better social outcomes than delegating price level or inflation targets. Although
both policies impart inertia into central bank actions, wage targeting dominates price
level targeting because the former delivers a more favorable tradeoff between the sta-
bilization goals appearing in the social welfare function, namely, price inflation, wage
inflation, and the output gap. Delegation of a dual policy featuring both price level and
nominal wage targets, however, nearly replicates the efficient outcome accompanying
the precommitment policy from a timeless perspective.
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Since the early 1990’s, numerous countries that have formally adopted inflation targeting
as a framework for monetary policy have gone on to accomplish a permanent reduction

! These developments have motivated a voluminous

in the level and volatility of inflation.
literature that examines the effects of inflation targeting policies in the context of various
models of the economy (e.g., Svensson (1997), Rudebusch and Svensson (1999), and Svensson
and Woodford (2005)). For conducting policy analysis, Svensson (1999a) argues that the
stabilization objectives of an inflation targeting central bank can be usefully summarized
with a social loss function defined over a weighted sum of the variances of inflation and the
output gap. Moreover, the relative weight attached to the output gap objective determines
how quickly inflation is returned to target in the aftermath of shocks.

In addition to the real-world success experienced by many inflation-targeting central
banks, the case for jointly pursuing inflation and output gap objectives can also be made
on the basis of theory. Recent work on the analysis of monetary policy has been conducted
in the context of a class of models described by Goodfriend and King (1997) as the “New
Neoclassical Synthesis.” Models belonging to this family synthesize many of the dominant
features of classical business cycle models, such as intertemporal optimization and rational
expectations, with distinctively Keynesian elements like staggered price-setting (e.g., Rotem-
berg and Woodford (1997) and McCallum and Nelson (1999)). Because they are specified at
the level of preferences, a natural criterion for policy evaluation is readily available, that is,
the utility function of the representative consumer. Woodford (2003) demonstrates that un-
der certain conditions, a quadratic loss function specifying price inflation and the output gap
as explicit stabilization objectives constitutes a valid approximation to average household
utility.

Although the evidence points to a common set of appropriate stabilization objectives

!'Notable examples include New Zealand, Australia, the United Kingdom, Canada, and Sweden. For a
more comprehensive list, see Mishkin and Schmidt-Hebbel (2002).



for monetary policy, there is some dispute about how policy should be directed towards
achieving those objectives. Svensson (1999b), Dittmar and Gavin (2000), and Vestin (2000),
for instance, argue that assigning a price level target to a central bank operating under
discretion actually delivers a more favorable inflation-output gap variance tradeoff than the
pursuit of an inflation target. Jensen (2002), Walsh (2003), Nessén and Vestin (2005), and
Soderstrom (2005) establish that similar improvements can be manufactured by assigning
alternative target variables, such as the growth rate nominal income, the growth rate of
output relative to potential, a multi-period average rate of inflation, or the growth rate of
the money stock. The intuition for these seemingly contradictory results is as follows. In a
model that emphasizes forward-looking behavior, inflation targeting under discretion fails to
impart the inertial response to supply shocks observed under the fully optimal commitment
policy.? In contrast, stabilizing a variable that demonstrates intrinsic persistence (like the
price level or nominal income growth) requires a sustained policy adjustment provided a
real objective is also included in the loss function. If commitments are not possible, a
discretionary central bank can engineer inertia by redirecting policy towards stabilizing any
one of these alternative target variables.

In this paper I take the position that the central bank is unable to commit to an optimal
policy, so the prevailing regime is one of discretion. The goal is to identify policies that
achieve a set of recognized objectives embodied in a social loss function. To that end, I
adopt the Rogoff (1985) concept of monetary delegation as a framework for policy. Delegation
involves the action of two separate agents: a policymaker and a central banker. First, the
policymaker empowers the central banker with the authority to conduct monetary operations
through control of a short-term nominal interest rate. Second, the central banker moves
to stabilize a set of target variables designated by the policymaker. The chosen target

variables, represented by an assigned quadratic loss function, may be very different from

2Woodford (1999) describes this inefficiency as the “stabilization bias” of discretionary policymaking.



those appearing in the true social loss function. Nevertheless, the policy weight coefficients
associated with each variable are preselected to insure minimum social loss. In this way,
monetary delegation can be viewed as the establishment of a particular targeting regime. I
use these terms synonymously throughout the paper.

The analysis presented here departs from the current delegation literature along two im-
portant dimensions. One, each set of authors referenced above rely on models that implicitly
assume only a single source of nominal stickiness. In light of recent contributions that col-
lectively call into question the ability of sticky price models to generate plausible business
cycle fluctuations (e.g., Chari, Kehoe, and McGratten (2000) and Christiano, Eichenbaum,
and Evans (2005)), I use a version of the model developed by Erceg, Henderson, and Levin
(2000) that incorporates two sources of nominal stickiness in the form of staggered prices
and wages. Two, alternative targeting regimes are ranked on a welfare basis according to a
social loss function that is derived by taking a quadratic approximation to the representative
consumer’s lifetime utility. As illustrated by Rotemberg and Woodford (1997) and Erceg et
al. (2000), adoption of a utility-based measure of social loss reveals the stabilization objec-
tives consistent with household optimization and determines the preference weights that the
policymaker should attach to each. The model used in this paper implies three stabilization
goals, goods-price inflation, nominal wage inflation, and the output gap. This step repre-
sents a departure from the existing delegation literature that consistently appeals to “ad
hoc” welfare criteria normally defined over a weighted sum of the variances of price inflation
and the output gap.

Using the delegation framework in the context of a sticky price and wage economy, I
evaluate a set of alternative targeting regimes under discretion. The emphasis is on com-
paring outcomes under price level targeting to regimes that give prominence to a nominal
wage target. Foreshadowing a number of the principal results, price level targeting regimes

are often welfare-dominated by inflation targeting regimes when defined over a combination



of goods-price and nominal wage inflation. The poor performance occurs despite the abil-
ity of the former to impart the kind of inertia that has been shown to generate improved
outcomes in previous studies. Conversely, an optimally designed nominal wage target has
more desirable stabilization properties that reduce the cost of achieving a given degree of
price and wage inflation volatility. For numerous parameter configurations, wage targeting
strictly dominates price level and inflation targeting.® The results indicate, however, that
wage targeting can be improved in most cases by jointly pursuing a price level target. In fact,
a dual price and wage policy nearly replicates the optimal commitment equilibrium under
the timeless perspective and is robust to significant variation in the underlying structural
parameters. Finally, price and wage targeting policies are compared to a number of other
regimes that have demonstrated good performance in single-friction models, in particular,
interest rate smoothing (Woodford (1999)), speed limit policies (Walsh (2003)), nominal in-
come growth (Jensen (2002)), and average inflation (Nessén and Vestin (2005)). Outcomes
under wage targeting are shown to be quite competitive with these alternative regimes in a
sticky price and wage framework.

The remainder of this paper is structured as follows. Section 1 presents the structural
model and the corresponding social loss function. Section 2 characterizes the optimal equilib-
rium using the timeless perspective concept of commitment. Section 3 discusses the various
targeting regimes considered and describes how to solve the optimal delegation problem.
Section 4 records the performance of each regime and examines the sensitivity of the results
to variations in the structural parameters. Within the sticky price and wage framework,
section 5 compares the performance of price and wage targets to a number of alternatives

studied in the existing literature. Section 6 concludes.

3This finding echoes the main conclusion reached by Canzoneri, Cumby and Diba (2004) and Levin,
Onatski, Williams, and Williams (2005). Using a variety of different optimization-based models, each set
of authors demonstrate that a simple instrument rule delivers a superior welfare outcome when it features
contemporaneous feedback from nominal wage inflation alone.



1 A Sticky Price and Wage Model

The economic model is a modified version of the one developed by Erceg et al. (2000)
driven by shocks to productivity and aggregate supply. It belongs to a larger family of
New Keynesian models that combine monopolistic competition and nominal rigidities in
an optimizing-agent framework. Profit-maximizing firms set prices in a staggered fashion
and manufacture differentiated products output using labor and a fixed quantity of capital.
Utility-maximizing households choose optimal sequences of consumption and supply a dif-
ferentiated variety of labor in monopolistically competitive factor markets. Households set
wages according to the same staggering mechanism that firms use to set prices, and each
pools the income risk associated with the constraints on price and wage-setting by trading

in complete state-contingent securities markets.

1.1 The Economy

The aggregate demand component is derived from first principles by taking a log-linear
approximation of the intertemporal Euler equation characterizing the representative house-
hold’s optimal consumption path. Denote x; the output gap, or the log deviation of real
output from a hypothetical level that would prevail in a “distortionless” economy absent
nominal rigidities, and m; the inflation rate (log difference in the price level p; between

periods t — 1 and t). The output gap is determined by the familiar equilibrium condition
Ty = Et.fEtJrl — O'il(it — Etﬂ't+1 — T';l) (1)

where 7, is the single-period nominal interest rate, and E, is the expectations operator
conditional on information available through date ¢t. The parameter ¢ > 0 represents the

inverse of the intertemporal elasticity of substitution, and 7} is a stochastic disturbance



summarizing the exogenous variation in the natural rate of interest, the equilibrium real
interest rate obtained under flexible prices and wages.

The structural equations comprising aggregate supply are log-linear approximations of
the first-order conditions of a dynamic general equilibrium problem in which monopolistically
competitive firms and households stagger price and wage contracts in the manner pioneered
by Calvo (1983). Denote 7" the rate of wage inflation (log difference in the aggregate
nominal wage n; between periods t — 1 and ) and w, the log of the real wage. Goods-price
and nominal wage inflation and the aggregate real wage are determined by the following

conditions:

«
T = BEma+ & (ﬂ) Tt ép(wt —wy') + Emt (2)
T = BEmS + & <L + U) Ty — Sw(wy — W) + €wy (3)
T = wy— wi + Wy (4)

where w? is the natural real wage and 3 € (0, 1) measures the subjective discount factor.*
The slope parameter §, measures the contemporaneous impact of variations in average
real marginal cost on goods-price inflation. Likewise, &, determines the sensitivity of wage
inflation to departures of the real wage from the households’ average marginal rate of sub-
stitution between labor and consumption. Both parameters are nonlinear functions of the
primitive coefficients governing the tastes and technologies of households and firms. Specif-

ically,
(1 —ep)(1 = Pey)

_ (I —ew)(d — Bew)
S0+ 2 0) and &, =

cw(l+xn)

& =

where ¢, € [0, 1] and ¢, € [0, 1] carry information regarding the frequency of price and wage

adjustments, while § > 1 and 1 > 1 are the elasticities of demand for alternative varieties of

4For a detailed discussion of the model, refer to Woodford (2003, Chapter 3).



goods and labor.> The parameter y > 0 measures the inverse of the Frisch (wage) elasticity
of labor supply, and « € (0,1) is the capital elasticity of output.®

Woodford (2003) demonstrates that (2) is simply a generalization of the standard New
Keynesian Phillips curve that links inflation to the output gap and expected future inflation.
Profit maximization ensures that firms select prices as a markup over a discounted stream
of real marginal cost. In the event that wages are flexible, the average level of real marginal
cost is positively related to variations in the output gap alone. Wage stickiness, however,
implies that real marginal cost co-moves with deviations of both output and the real wage
from their respective natural rates. When wages are perfectly flexible, €,, = 0 and the block
given by (2) — (4) reduces to a single equation recognized as the conventional New Keynesian
Phillips curve.

In order to generate more substantial policy tradeoffs, I follow Clarida, Gali, and Gertler
(1999) by amending the supply equations with two additive disturbances.” The terms e, ,
and e, reflect “cost-push” shocks summarizing all exogenous variation in price and wage
inflation not attributed to fluctuations in excess demand.® For the following analysis, e,

and e, are first-order autoregressive processes

Crt = p7r67r,t—1+u7r,t (5)

Cwt = pwew,t—1+uw,t (6)

where pr, p,, € [0,1) and v, and u,,, are independent, mean-zero innovations with standard

®Using the “Calvo” terminology, €p (ew) corresponds to the fixed probability that a randomly selected
firm (household) will be unable to optimally reset its price (wage) in any given period.

6The consequence of incorporating fixed capital manifests itself in the mapping between e, and &,. As
illustrated by Woodford (2005), the absence of a rental market reduces the value of &, for any given frequency
of price adjustment.

"Erceg et al. (2000) demonstrate that incorporating sticky wages creates an endogenous tradeoff between
stabilizing inflation and the output gap. Nevertheless, supply shocks are included because the policy response
under full commitment and discretion to fluctuations in wj* alone are not very different.

8] assume that the incidence of supply-side shocks leaves the distortionless equilibrium undisturbed. For
instance, the shocks could be the result of time variation in the markups as in Smets and Wouters (2003).



deviations o, and o,.

Finally, the model’s equilibrium dynamics are determined in part by the stochastic prop-
erties of w and r7'. Under flexible prices and wages, allocations depend entirely on shocks
to preferences and technologies. To simplify the following exposition, a single productivity
disturbance will constitute the only source of exogenous variation in w;’ and 7. Denote a,

the productivity shock assumed to obey the following autoregressive process:
ar = PaQt—1 + Uqg,t (7)

where p, € [0,1) and u,; is a mean-zero innovation with standard deviation o,. It follows

that w}' and r' can be expressed in terms of a; and the underlying structural coefficients as

+o 1+
w = <—>1<_“ ) ay and ry = (_U(l_z)a _ pa)> ay
t — | ax t = ot .
o T O T2 10

«

Consequently, w;* and 7" inherit the same stochastic properties as a;.

1.2 The Social Loss Function

The singular duty of monetary policy is to minimize the distortions in the allocation of goods
and labor that result from the inability of firms and households to freely adjust individual
prices and wages. A natural metric for evaluating the magnitude of these distortions is the

household’s utility function.

W, = U(C)) — /0 V(H,(i))di (8)

W, is an equally weighted average of household welfare, comprised of positive utility flows
from consumption services U(C;) and negative utility flows from supplying labor v(H,()).

Denote W7 the period welfare function consistent with perfectly flexible prices and wages.



The central bank ranks alternative policies using a criterion that measures the expected
deadweight loss (L) associated with an equilibrium induced by a chosen policy relative to
the frictionless equilibrium.

— - tWt — W?
L= —-E tZ:; G T.0)C (9)
The welfare departures W, — W? are scaled by U,.(C)C' in order to express loss as a fraction
of steady-state consumption. Accordingly, IL represents the equivalent variation associated
with a given policy, the lump-sum increase in consumption required to make households
indifferent between the realized allocations and those obtained in a flexible price and wage
environment.

In order to evaluate loss using (1) — (4), I follow Rotemberg and Woodford (1997) and

Erceg et al. (2000) by constructing a quadratic approximation of (9) around a zero-inflation

steady state.
L~ By {2 + Ao’ + Mg} (10)

t=0

Equation (10) indicates that the welfare departures can be approximated up to second order
by the cumulative effect on the second moments of price inflation, wage inflation, and the
output gap.’ Ej is the mathematical expectations operator conditional on a particular value
of the initial state vector observed prior to the implementation of policy. For the exercises
that follow, I assume that at time zero all relevant state variables correspond to their non-
stochastic steady state values and are thus invariant to changes in policy. This ensures that
the economy begins from the same initial point regardless of the policy considered.'®

The nonnegative coefficients {\;, Ay, A, } are preference weights that measure the strength

9The assumption of monopoly power implies that potential output is inefficiently low, and so (10) should
include a positive target value for the output gap. I assume that it is the duty of fiscal policy to mitigate
the steady-state distortions caused by imperfect competition, thereby avoiding unnecessary complications
concerning an average inflation bias when the output gap target is positive.

0Kim, Kim, Schaumburg, and Sims (2003) have noted that the welfare ranking of alternative policies
depends upon the value of the initial state vector. If instead it is taken as a random vector, then welfare
depends on its assumed distribution function.



in which the policymaker pursues each stabilization goal. The use of a utility-based welfare

criterion places the following restrictions on the size of the policy weights:

0
_ nl-o)
Aw = T (12)
1 (x+a
Ao = 5(1—a+0) (13)

A potential criticism of the recent work by Jensen (2002), Walsh (2003), Vestin (2000),
and Soderstrém (2005) is the failure to confront the relationship between the social loss
function and the model of the economy. These authors stipulate an “ad hoc” objective
function and then examine the impact of variations in the policy weights while holding the
structural parameters fixed. By making the objectives of households, firms, and the central
bank mutually consistent, I impose an unambiguous relationship between the policy weights
and the structural parameters. For example, when the frequency of price changes falls, ¢,
rises and &, falls, increasing A, while leaving A,, and A, unchanged. Thus, increases in the
average duration of price contracts weakens the policymaker’s preference for stabilizing wage
inflation and the output gap relative to price inflation. Similarly, when the frequency of wage
adjustments falls, ¢, rises and &, falls, causing A\, to rise. So in contrast, increasing the
mean duration of wage contracts strengthens the policymaker’s resolve for stabilizing wage

inflation relative to the output gap and price inflation.!!

HFor a complete derivation of the welfare function, refer to Erceg et al. (2000) and Woodford (2003,
Chapter 6).
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2 Optimal Policy From a Timeless Perspective

As a benchmark for the comparison of alternative targeting regimes under discretion, it
is useful to identify the equilibrium process {m, 7}, x;, w; }32, that minimizes (10) under
commitment subject to the behavioral constraints given by (2) — (4).' The Lagrangian for

this problem is

00
L = min EO Zﬁt{)\ﬂﬂ'? + )\le';UQ -+ )\xl’tz -+ 2vt[wt — Wp_1 + T — W;U]

oo
{xt}t:O =0

(8}
+ 207 o[ — BT — & <1 — a) Ty — Ep(wy — wi') — exyl

+2<Pwt[ 67‘}4-1 §uw (—+U) xt‘f‘fw(wt_w?)_ew,t]}
where ¢, @uwt, and vy are the Lagrange multipliers associated with constraints (2), (3),

and (4), respectively.

Differentiating the Lagrangian delivers a system of first-order conditions

ATt + Org — Prp—1+ 0 = 0 (14)

ATy 4 Pt — Pwi—1 — V¢ = 0 (15)

Aoy — &, ( ) —&w (— + U) Ywr = 0 (16)
Uy — Eprt + EwPuwt — BEww1 = 0 (17)

for any ¢t > 0. The optimality requirements (14) — (17), together with (2) — (4) and the initial
conditions ¢r (1) = @u,(-1) = 0, fully characterize the optimal state-contingent solution
{me, T, T4y Wey Pty Pty Ve }o- The equilibrium, however, is not time consistent. Woodford

(2003) demonstrates that there is an alternative concept of commitment generating the

12T treat the output gap as the policy instrument, and then subsequently use (1) to find the interest rate
plan that is consistent with the optimal path of the output gap.
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optimal response to the exogenous shocks that also satisfies the principle of time consistency.
Instead of imposing the boundary conditions ¢r (—1) = @u,(—1) = 0, imagine that (14) — (17)
hold for any —oo < t < oo. Woodford describes this notion of equilibrium as optimal from a
“timeless perspective” because it forbids the policymaker from exploiting the existing stance
of private sector expectations in the initial period.

To find such a policy, eliminate the Lagrange multipliers from (14) — (17). All of the
information collapses to the following time-invariant criterion that involves only leads and

lags of the variables in the loss function:

K()‘ﬂgpﬂ-t - )‘wgwﬂ-g}) + (gp + fw)Qt + [Qt —Gt—1 — ﬁEtQt—&-l + 6Et—1Qt] =0 (18)

where the variable ¢; satisfies

[0
qr = >\7r€p (m) T+ Awgw (% + U) W;U + )\x(xt - xt—l) (19)

and kK = &, (ﬁ + 0) -§ (ﬁ) The joint equilibrium process {m, ", x4, wy, ¢ 152, im-
plied by (2) — (4) and (18) — (19) generates the desired state-contingent evolution character-
ized above.

Denote Z1; = [at ery €wt Er_1qi qi—1 wi—1 x4—1]" the vector of predetermined state vari-
ables, Za; = [m 7" wy x; ] the vector of forward-looking variables, and u; = [ugs Ur s U t)
the vector of innovations to the shocks contained in Z;, with covariance matrix ¥,. In

compact notation, the system of expectational difference equations can be written as

Z VA Tu
1t+1 _ A 1t N t+1 (20)

EZ5 11 Loy 0

where I' and A are matrices containing the various structural parameters and policy weights,
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and T is a 7 x 3 selector matrix. I seek a unique bounded solution to the system given by
(20) of the form
ZQ,t — @Zl,t (21)

where ® is a matrix characterizing the linear mapping of the forward-looking variables into
the space spanned by the predetermined variables. Because I' is singular by construction,
I follow the technique expounded in Klein (2000) which uses the generalized Schur form to
separate (20) into stable and unstable blocks of equations. Echoing the conditions in Blan-
chard and Kahn (1980), a unique bounded solution exists if the number of stable eigenvalues
equals the number of predetermined variables. I verify numerically that the determinacy
condition is satisfied for the various parameter configurations used in this paper.

To highlight the economy’s dynamic properties under the optimal rule, Figure 1 plots the
impulse response function to simultaneous shocks to e, ; and ew,t.li” In the aftermath of a joint
shock to aggregate supply, the optimal policy response entails an immediate reduction (rise)
in the output gap (interest rate) followed by a measured ascent (descent) back to its long-run
target. In other words, monetary policy remains tight for several periods after the realization
of the shocks. Woodford (1999) labels this characteristic of commitment “optimal monetary
policy inertia.” In a model with forward-looking agents, a credible promise to impart inertia
into policy actions lowers private sector expectations of future inflation, thereby improving
the current stabilization outcome. While 7, and 7}” are positive upon impact, both variables
overshoot their respective long-run target values and remain negative for a number of periods.
The deflationary episodes cause the price level and the nominal wage to return to the same
paths anticipated prior to the occurrence of the shocks. An optimal plan, therefore, generates

stationary fluctuations in prices and wages following shocks to aggregate supply.

13GQetting pr = pw = 0 makes the “cost-push” disturbances purely transitory in this example.
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Figure 1: DyNaMIC RESPONSE To A JOINT COST-PUSH SHOCK

price inflation

wage inflation

Note: Response to a simultaneous transitory shock to e, ; and e, ¢, TP - Timeless Perspective, PD - Pure
Discretion

3 Targeting Regimes Under Discretion

I now shift focus to the central goal of this paper, the delegation of alternative targeting
regimes to a central bank operating under discretion. Following Jensen (2002), a targeting
regime is understood to be an “institutional setup” whereby the central bank minimizes an
assigned loss function whose policy weight coefficients are preselected to insure the lowest
possible value of social loss as measured by (10).'

The family of policy regimes are defined over a set of target variables that include m;, m°,

“4The concept of delegation used here is closely related to what Svensson (1999a) calls a targeting rule,
the selection of a particular loss function that specifies a set of target variables (stabilization goals) and
corresponding policy weights.

14



xy, the price level p;, and the nominal wage n;. I nest each regime in a general loss function

of the form

o

Loss = Eg Y B{(1+ fo)m? + (s + fuo)mi™ + Aa? + gy + gan?) (22)
=0
where )\, = ’/\\—1: and \, = :\\—: are the same coefficients appearing in (10) normalized by the

weight on 7;. Because prices and wages are stationary under the timelessly optimal rule, a
policymaker may find it desirable to make p; and n; explicit stabilization goals. The idea is
that if the precommitment policy is not feasible, the central bank can mimic commitment-
like behavior by directing policy towards stabilizing the price level or the nominal wage.
The loss function weights { fr, fuw, gp, 9n} are chosen optimally to minimize (10) prior to the
delegation of monetary policy. Each regime is demarcated by certain constraints placed on
the values of the chosen weights.

The first regime is pure discretion (PD) in which case fr = fu, = ¢, = g, = 0. PD
amounts to discretionary optimization of the social loss function because the target variables
are identical to those in (10) and the weights are simply the normalized values of A, A, and
Az. It provides a natural reference point for quantifying the gains from designing alternative
targets.

The second regime is inflation targeting (IT) in which case the central bank directs
policy toward stabilizing price and wage inflation by setting f, € [—1,00), fu € [—S\w, 00),
and g, = g, = 0. Although the target variables coincide with the ones in (10), the weights
assigned to these objectives may differ. Values of f, > 0 or f,, > 0, for instance, correspond
to the appointment of a “conservative central banker” in the sense of Rogoff (1985) because
the policymaker places additional emphasis on attaining inflation stability relative to output
gap stability.

Vestin (2000) argues that under certain conditions, a suitably designed price level target

15



is equivalent to inflation targeting under commitment. In light of this finding, the third
regime, price level targeting (PT), requires that g, € [0,00), fr = —1, fu, = — Ay, and
gn = 0. Under PT, the central bank directly pursues stabilization of only the price level and
the output gap.

Due to the success of PT in some forward-looking models, I also explore the possible
benefits of implementing an explicit wage target. The fourth regime, nominal wage targeting
(WT), is defined as the case where g, € [0,00), fr = —1, fu, = —Ay, and g, = 0. Under
WT, stability of the nominal wage and the output gap are the sole objectives of policy.

The fifth regime considered is called price and wage targeting (PWT), a combination
policy where g, € [0,00), g, € [0,00), fr = —1, and f, = —Xw. A PWT strategy seeks
an optimum balance in price, nominal wage, and output gap stability. Clearly, PWT en-
compasses PT and WT as special cases. The combination policy serves primarily as an
illustration of the gain from implementing joint price and wage targets.!®

To solve for the equilibrium dynamics implied by discretionary optimization, cast the
model into state-space form. First, rewrite the aggregate supply equations in terms of the
price level and the nominal wage using the identities 7, = p; — pr—1, 7" = ny — ny—1, and
wy = ng — pp. Denote X4 = [a €t €y Pr—1 ne—1]' the vector of exogenous and endogenous
predetermined variables and Xo; = [p; n¢’ the vector of forward-looking variables. Recall
that u; = [Ugt Unt Uwy) 18 the vector of innovations to the structural shocks contained in

X1, Again, it is convenient treat the output gap x; as the policy instrument. Next, stack

the policy constraints in the following way:

X X Nu
1,641 _ 4 1t + Bu, + t+1 (23)

QFE X511 Xoy 0

15Each of the targeting regimes considered is “flexible” in the usual sense of the word because the policy-
maker values a certain degree of real stability as measured by variation in the output gap.
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where €2, A, and B are matrices of structural parameters, and N is a 5 x 3 selector matrix.
Similarly, denote T} = [m; 7" x; py ny)' the vector of target variables. T; is related to the

state vector and the policy instrument by the following linear relationship:

X4
Xoy
where ) ) o
000 -1 0 10 0
000 0 —-101 0
C=1000 0 0 00 and D= |1
000 0 0 10 0
(000 0 0 01 |0

Reformulating (22) in terms of T3, the central bank’s loss function can be written as

o o o O

Loss = E Z BT QT Q= 0 0 A\, O
=0
0 0 0 g
0 0 0 0 g,

where () is a diagonal matrix whose nonzero elements are the policy weights. The dis-
cretionary outcome corresponds to a Markov-perfect equilibrium in which the central bank
reoptimizes (22) subject to (23) every period taking the expectations of households and firms
6

as exogenous.!

To determine the weights characterizing an optimal regime, perform a numerical search

16S5derlind (1999) demonstrates how to perform the optimal control exercise when the constraints are
forward-looking.
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over acceptable values of {fr, fu,9p, gn}. For a given set of weights corresponding to a
particular regime, use the reduced-form solution to the model under discretion to calculate
the asymptotic value of the social loss function (10). Continue searching over the allowable

parameter space until social loss reaches a minimum.

4 Comparative Regime Performance

In this section I assess the welfare properties of the targeting regimes defined above. As the
conclusions depend heavily on the chosen parameterization, I first discuss model calibration,
using values consistent with recent empirical studies and then repeat the exercise for a broad

range of values to demonstrate robustness.

4.1 Model Calibration

Of critical importance are the parameters governing the distributional properties of the
structural shocks. Regarding the persistence and volatility of productivity shocks, I set
0, = 0.007 and p, = 0.95, identical to the values chosen by Cooley and Prescott (1995) and
close to the ones used in the King and Rebelo (1999) survey of real business cycle models.
Concerning the properties of the “cost-push” shocks, Smets and Wouters (2005) and Levin et
al. (2005) estimate models that feature stochastic markups in goods and factor markets and
conclude that wage markup shocks are more volatile than price markup shocks in U.S. data.
Because there is no established consensus on this topic, however, I set o, = o, = 0.005,
imposing equal volatility of shocks to prices and wages. Initially, I fix p, = p,, = 0, but later
relax this assumption to examine whether serial correlation alters regime performance.

I set 5 =1.03"1/* so that the model is consistent with an annualized mean real interest
rate of 3 percent, and I fix « = 1/3, implying a steady-state share of labor income of

approximately 67 percent. As for the parameters describing household preferences, I fix
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Table 1: BASELINE PARAMETER VALUES

Parameter Description Calibration
I} subjective discount factor 0.99264
a capital elasticity of output 1/3
o inverse of the intertemporal elasticity of substitution 2
X inverse of the Frish elasticity of labor supply 1
0 elasticity of demand for goods 11
n elasticity of demand for labor 11
Ep fraction of firms unable to reset prices 0.6
Ew fraction of households unable to reset wages 0.6
Oq standard deviation of technology shock 0.007
Or standard deviation of price inflation shock 0.005
Ow standard deviation of wage inflation shock 0.005
Pa serial correlation of the technology shock 0.95
P serial correlation of the price inflation shock 0
Puw serial correlation of the wage inflation shock 0
Ao optimal relative weight on wage inflation 1.2308
A optimal relative weight on the output gap 0.0151

o = 2 and xy = 1, implying an inverse of the intertemporal elasticity of substitution of 0.5
and a unitary Frish elasticity of labor supply, respectively.!”

Concerning the parameters that govern price and wage-setting, I set § = n = 11, implying
a 10 percent steady-state markup in both product and factor markets and reasonably close to
the empirical estimates reported by Rotemberg and Woodford (1997), Amato and Laubach
(2003), and Christiano et al. (2005). Many of the same empirical studies, however, are
largely inconclusive about the parameters characterizing the frequency of price and wage
adjustments. Smets and Wouters (2005) and Levin et al. (2005), for instance, conclude that
ep and €, span values of 0.75 to 0.9, meaning that the average lifespan of a price or wage
contract ranges from 4 to 10 quarters. Christiano et al. (2005), on the other hand, report

values of €, = 0.6 and ¢,, = 0.64, suggesting that while wage contracts last longer than price

"The chosen values for ¢ and x are well within the range of estimates provided by Smets and Wouters
(2005) and Levin et al. (2005). Each set of authors use Bayesian methods to estimate the parameters of a
stochastic dynamic general equilibrium model with the same utility structure as the one employed here.
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contracts on average, neither exceeds 3 quarters. Thus, I initially set ¢, = ¢,, = 0.6 and then

subsequently vary both along the entire unit interval.

4.2 Policy Evaluation

The following tables report the welfare cost of deviating from the frictionless equilibrium,
the optimal policy weight coefficients, and the standard deviations of {m;, 7}, z;}. Recall
that L measures the onetime increase in consumption needed to make households indifferent
between the realized allocations and those prevailing under flexible prices and wages. The
welfare calculation actually reported in the tables corresponds to (1 — F)L, the equivalent
increase in steady-state consumption sustained over an agent’s lifetime. The leftmost column

of numbers are those associated with the optimal timeless perspective (TP) policy.

4.2.1 Baseline Configuration

Table 2 reveals the principal inefficiencies of PD and IT. The implied standard deviations
of {m, m}", x;} are uniformly larger than their counterparts under TP, and the welfare cost
associated with PD or IT is equivalent to a permanent loss of consumption of 0.529 percent
relative to the frictionless equilibrium. To understand the results, return to Figure 1 which
plots the dynamic response function for simultaneous shocks to e, ; and e,, ; under the TP and
PD policies.'® PD is characterized by a single-period output gap (interest rate) contraction
(expansion) following the joint “cost-push” shock and stands in sharp contrast to the inertial
property observed under commitment. The absence of a sustained output gap reduction
prevents m; and m;” from mimicking the optimal overshooting behavior, generating non-
stationary fluctuations in p; and n;. As current outcomes depend on expectations of future

price and wage inflation, a commitment to prolong the contraction partially insulates m; and

18] do not display the response function associated with IT because it is essentially identical to PD under
the baseline configuration.
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Table 2: STATISTICS FOR BASELINE PARAMETER VALUES

TP PD IT PT WT PWT
Cons. Equiv. | 0.463 0.529 0.529 0.601 0.486 0.465
Optimal f, - - 0.103 - - -
Optimal f, - - -0.022 - - -
Optimal g, - - - 0.129 - 1.028
Optimal g, - - - - 1.173  1.228
S.d. of w 0.435 0.452 0.450 0.424 0470 0.438
S.d. of 7% 0.303 0.328 0.331 0472 0.290 0.303
S.d. of x 1.829 2.095 2.087 0.568 1.767 1.821

Note: The welfare costs and standard deviations are multiplied by 100 to express these statistics in percentage
points. TP - timeless perspective, PD - pure discretion, IT - inflation targeting, PT - price targeting, WT
- wage targeting, PW'T - price and wage targeting, Cons. Equiv. - consumption equivalent or (1 — 3)L.

7" from the destabilizing effect of the shocks in the impact period. Thus, policy tradeofts
deteriorate under PD and IT because a given level of price and wage inflation volatility
requires a larger, albeit transitory, output gap contraction.

A comparison of columns three and four highlights the first basic conclusion of this paper,
that PT is dominated by IT for a plausible calibration of the model. The welfare cost of
PT is equivalent to a permanent reduction in consumption of 0.601 percent. Moreover, the
standard deviations indicate that while PT achieves a lower volatility of price inflation than
IT, it permits excess wage inflation volatility and over-stabilizes the output gap (considering
the small relative weight on the output gap in the social loss function). The poor performance
of price level targeting in the present model contrasts with the findings reported by Vestin
(2000) who demonstrates that in a purely forward-looking model with a traditional Calvo-
style Phillips curve, commitment to an inflation target is equivalent to price level targeting
under discretion for an appropriately chosen policy weight.!® Perhaps more surprising, the
same result deviates from one of the primary conclusions reached by Erceg et al. (2000),

that interest rate rules responding to fluctuations in price inflation and the output gap alone

19Walsh (2003) reaffirms this conclusion by showing that price level targeting unambiguously yields the
best outcome when the inflation process features little or no intrinsic persistence.
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perform nearly as well as the fully optimal policy. Because the models are structurally similar
(the main difference lies in the treatment of capital), the likely source of the conflicting results
is the inclusion of “cost-push” shocks in the present model.

As noted by Vestin (2000), the success of a price level target in forward-looking models
comes from the ability to harness expectations in such a way as to prevent excess inflation
volatility. Because the price level is persistent, the central bank’s optimal response to an
inflationary shock is a sustained contraction of the output gap, echoing the policy behavior
observed under precommitment to an inflation target. The anticipation of this pattern of
conduct by the private sector tapers inflation expectations, improving the current stabiliza-
tion outcome. The left panel of Figure 2 illustrates that the same mechanism is at work in
the present model. PT calls for a persistent output gap contraction in the face of a shock to
ert, generating an inflation response nearly identical to the one induced by the TP policy.

Evidently, the weakness of PT is the high volatility of ;" that comes with it, a reflection of
the inability to mitigate costly individual wage dispersion.?’ Inspection of the model reveals
that targeting the price level insulates 7" from shocks to e, only to the extent that those
shocks are transmitted to prices via their effect on the wage component of marginal cost.
Under the baseline calibration, the contemporaneous impact of n; on p; is quantitatively
small (§, ~ 0.041). Consequently, the recommended output gap adjustment following a
shock to e, under PT is small, as illustrated in the right panel of Figure 2. The result is
a much larger effect on 7" upon impact. Thus, the benefit of price level targeting identified
by Vestin (2000), namely, the inertial characteristic of policy directed towards inflationary
shocks, is not sufficient to guarantee good performance in a model with nominal rigidities
and “cost-push” disturbances in two different sectors.

The fifth column exemplifies the second major result of this paper, that a policy designed

20Erceg et al. (2000) demonstrate that the cross-sectional dispersion in wages is positively related to the
variance of aggregate wage inflation.
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Figure 2: DyNAMIC RESPONSE To EAcH CoST-PUSH SHOCK

price inflation wage inflation

0.4

Note: Left Panel - response to a transitory e, ; shock, Right Panel - response to a transitory e, ; shock, TP
- Timeless Perspective, PT - Price Targeting, WT - Wage Targeting.

to stabilize the nominal wage delivers a more favorable outcome than either a price level or
inflation targeting policy. In contrast to PT and IT, the welfare cost of WT is commensurate
with a sustained drop in consumption of 0.486 percent relative to the frictionless equilibrium.
Additionally, the standard deviations indicate that while WT generates a mildly inefficient
volatility of price inflation, the implied variance of wage inflation is nearly optimal, and
unlike PT, does not over-stabilize the output gap. Interestingly, our results mirror the
ones obtained by Canzoneri et al. (2004) and Levin et al. (2005), albeit in a somewhat

different policy environment.?! Both sets of authors maximize welfare by searching over

2IMankiw and Reis (2003) report a similar finding using a micro-founded model with informational rigidi-
ties by showing that the optimal weight in a “stability price index” places a large emphasis on the level of
nominal wages.
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the coefficients of a simple feedback rule for the nominal interest rate and conclude that a
parsimonious rule responding to wage inflation alone nearly replicates the outcome under a
fully optimal commitment policy.

To my knowledge, the welfare gains under W'T prevail for two reasons. One, for the
baseline configuration, f\—;” ~ 1.23, signaling that wage stability is moderately more important
than price stability. The implication is that the variance of 7" should be smaller than the
variance of 7m; under an optimal policy as evidenced by the standard deviations under TP.
Two, WT entails a larger cumulative policy response than PT in the aftermath of “cost-
push” shocks, improving the volatility tradeoff between m;, 7", and z;. A discretionary
central banker assigned the goals of stabilizing p; or n; on the one hand and x; on the other
will pursue a “lean against the wind” policy in the face of supply shocks. The size of the
contraction depends positively on the benefit from an incremental reduction of prices or
wages per unit of output loss, or equivalently, on the magnitude of the output gap elasticity
of inflation (i.e., the slope of the Phillips curve).?? For the baseline parameterization, the
output gap elasticity of 7}’ (.079) is greater than the corresponding elasticity of m; (.021),
implying that the policymaker should, under W'T, pursue wage stability more aggressively
than price stability under PT. This property is also reflected in the fact that the optimal
value of g, is considerably larger than that of g, (Z—Z =9.09).

Why is the more contractive nature of WT welfare enhancing? The model features
intrinsic wage persistence, enabling transitory shocks to have lingering effects on wages.
Thus, like PT, WT requires an inertial response of the output gap to “cost-push” shocks.
A more hawkish position automatically reduces expectations of future wages and, to some

extent, future prices as variations in p; impact n; through its effect on the real wage gap in

(3). The ability to efficiently maneuver market expectations enables WT to impart a more

22The coefficient —2_) measures the output gap elasticity of price inflation while &, ( =%~ + o) rep-
P\l-«

11—«
resents the output gap elasticity of wage inflation.

24



collective restraining effect on price and wage inflation than PT. Figure 2 reinforces the
concept graphically. WT calls for a sharp and persistent decline in the output gap following
a shock to e, The subsequent response of wage inflation is practically equivalent to the
efficient response under TP. Alternatively, the contraction observed under PT is small, and
consequently, the rise in wage inflation is too severe. In response to an e,; shock, WT
recommends a small reduction in the output gap, but one that persists for several periods.
Although the magnitude of the adjustment is not large, the mere understanding by the public
that the central bank will aggressively counteract shocks to wages lowers expected future
price inflation, thereby stabilizing current price inflation. In fact, Figure 2 demonstrates
that the dynamic response of price inflation in the aftermath of a shock to e,; under WT
is nearly identical to the path implied by the TP policy. The fundamental reason is that
WT makes better use of private sector expectations than PT to shoulder part of the task of
stabilization.

The sixth column of Table 2 illustrates the last major result of this paper, that the com-
bination PWT regime outperforms all others, nearly replicating the equilibrium attainable
under the TP policy. The welfare cost associated with PW'T is tantamount to a permanent
decline in consumption of only 0.465 percent and virtually identical to the corresponding
value under TP. On this point, Vestin (2000) concludes that a suitably designed price level
target can exactly replicate the precommitment solution provided the “cost-push” shock is
serially uncorrelated. Interestingly, the findings reported here suggest that this property does
not extend symmetrically to a model with sticky prices in both goods and labor markets.
A policymaker cannot in general duplicate the timeless perspective by delegating optimally
chosen price and wage targets. Regardless, PWT appears to be a pragmatic way of reaping
the benefits of policy inertia in a situation where the central bank must act in a discretionary
manner. Instead of having to convey to the public a complicated targeting criterion like (18),

the policymaker can perform the simpler task of assigning the optimal price and wage targets
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Table 3: STATISTICS FOR PERSISTENT SUPPLY SHOCKS

TP PD IT PT WT PWT
Cons. Equiv. | 2.403 3.335 2.842 3.585 2.633 2.432
Optimal f, - - 2.028 - - -
Optimal f, - - 3.174 - - -
Optimal g, - - - 0.192 - 0.525
Optimal g, — — — — 0.615 0.619
S.d. of 1.016 1.174 1.066 0.924 1.164 1.029
S.d. of 7% 0.524 0.771 0.419 1.160 0.423 0.518
S.d. of 5.613 5.420 7.391 4.041 5.445 5.636

Note: Statistics calculated for p, = p,, = 0.7.

to an otherwise independent central bank.

4.2.2 Persistent Supply Shocks

I now repeat the analysis for the case of serially correlated supply shocks by setting p, =
pw = 0.7. Table 3 shows that the difference between I'T and PD is no longer trivial. The
welfare cost of IT is equivalent to a permanent drop in consumption of approximately 2.8
percent while the same calculation for PD exceeds 3.3 percent. In addition, a significant rise
in the policy weights (f, = 2.028 and f,, = 3.174) is indicative of a much more conservative
stance towards stabilizing price and wage inflation relative to the output gap. Now that
shocks to e, and e, have lasting effects on m and 7", the prospect of a more favorable
inflation-output gap variance tradeoff increases under a conservative policy by way of the
stabilizing effects of expectations.

Because the addition of serial correlation increases the unconditional variances of e ; and
ew,t, the consumption cost rises for all policies relative to the baseline calibration. Neverthe-
less, this modification has little impact on the comparative ranking among all policies for the
same reasons discussed above. Due to the inability to offset fluctuations in 7", PT remains

inferior to I'T, generating a welfare cost equivalent to a sustained reduction in consumption
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Table 4: STATISTICS FOR LARGE PRICE SHOCKS

TP PD IT PT WT PWT
Cons. Equiv. | 3.967 4.200 4.137 4.071 4.076 3.935
Optimal f, - - -0.419 - - -
Optimal f, - - 0.758 - - -
Optimal g, - - - 0.177 - 0.822
Optimal g, - - - - 1.550 1.019
S.d. of 1.650 1.690 1.701 1.650 1.717 1.652
S.d. of ¥ 0.354 0.383 0.296 0.511 0.273 0.353
S.d. of 2.753 3.249 3.130 1976 2.083 2.734

Note: Statistics calculated for o, = 0.02.

exceeding 3.5 percent. The WT regime, on the other hand, dominates PT and IT, leading
to a permanent consumption loss of only 2.633 percent. Finally, the joint PWT regime is
again remarkably efficient, manufacturing a welfare cost equivalent to a permanent drop in

consumption of 2.432 percent, only 0.029 percent more than the corresponding cost under

TP.

4.2.3 Larger Variance of Price Shocks

I now investigate the consequences of changing the relative magnitudes of the supply shocks.
The figures presented in Table 4 are calculated under the assumption that shocks to e, are
four times the size of shocks to e, ; by resetting o, = 0.02. In the absence of serial correlation,
it is not surprising that I'T only moderately outperforms PD. In contrast to earlier findings,
however, it appears that PT dominates WT as a means of stabilizing {m;, 7}", z;}. Now that
the variance of 7; represents by far the largest contributor to social loss, PT is naturally
the preferred regime. Strikingly, the differences are marginal at best (moving from WT to
PT is equivalent to a permanent increase in consumption of only 0.005 percent), indicating
that shocks to prices would have to be unusually large relative to wage shocks for PT to

measurably outperform WT. Lastly, the dominance of PWT seems robust to changes in the
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relative magnitude of “cost-push” shocks, as the welfare departure from TP amounts to a

mere 0.032 percent of consumption.

4.3 Sensitivity Analysis

To insure that the conclusions are not overly sensitive to the chosen calibration, I repeat the
analysis for alternative values of the structural parameters. The following diagrams plot the
welfare departure of each targeting regime from the timeless perspective policy by varying
{ep, €w, 0, X, a} within a neighborhood encompassing the baseline values. For each graph,
the welfare departures are expressed as a fraction of the welfare cost under the timeless

perspective. In other words, for regime i, I plot the function

7 TP

%100 (25)

(bi(gpagquyXaO‘) = L

where i is an element of the set ¥ = {PD,IT,PT, WT,PWT}. For any i,j € U, regime i
dominates regime j for a given set of parameter values if and only if ¢* < ¢/.

The left panel of Figure 3 shows how the welfare departures vary when altering €, from
zero (flexible prices) to unity (fixed prices). Despite the ability to impart inertia, PT performs
worse than IT and PD for a wide range of plausible values. Targeting prices, however,
becomes a relatively more efficient policy as prices become stickier. As the frequency of
price adjustment falls, the output gap elasticity of price inflation &, (%) falls (because
§,(ep) < 0). Consequently, IT requires an increasingly aggressive response of x; to attain
a given level of inflation stability because it prescribes only a one-period contraction in
the aftermath of a transitory price shock. PT, on the other hand, requires a multi-period
contraction because the same shock has an inertial effect on the price level. Thus, when
prices are very sticky, the ability to distribute “policy medicine” in smaller doses over a

longer horizon becomes more valuable as it reduces the variability of both inflation and the
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Figure 3: WELFARE DEVIATIONS (¢) FOR CALVO PARAMETERS

Note: As one structural parameter is varied, all others are held fixed at their baseline values. Optimal
policy weights are recomputed for each regime and for all values of the parameter under examination. Pure
Discretion (solid line), Inflation Targeting (dotted line), Price Targeting (dash-dotted line), Wage Targeting
(dashed line), Price and Wage Targeting (solid line with circles).

output gap by harnessing the stabilizing effects of expectations.

The diagram also reaffirms the central argument concerning the effectiveness of wage
targeting. For ¢, < 0.88, WT strictly dominates PT. As prices become stickier, however,
the relative importance of stabilizing m; increases (because . (g,) = —%f;(gp) > 0). Only
when price stability becomes the principal focus of monetary policy will PT outperform W'T
(’)\\—1: = .079 for ¢, = .88). In fact, the figure suggests that if the mean duration of wage
contracts is 2.5 quarters (g,, = 0.6), the average price contract must endure for a term of at
least 2 years before PT outperforms WT. Surprisingly, even when prices are very sticky, the
welfare difference between the two policies is minimal. The reason why is due to the opposing
effect increases in €, have on the slope of the Phillips curve &, (ﬁ) Because §)(¢,) < 0,
the inflation-output gap variance tradeoff deteriorates sharply under PT as the frequency of

price adjustment falls. This partially offsets the added benefit of targeting prices when price
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stability becomes the primary goal of monetary policy.

Lastly, PWT very nearly replicates the TP policy for all values of €, effectively eliminat-
ing the “stabilization bias” of discretionary optimization. For ¢, € [0.11,0.91], it is optimal
to mandate joint price and wage targets; however, PW'T is equivalent to PT when ¢, > 0.91
and equivalent to WT when ¢, < 0.11.

The right panel of Figure 3 illustrates how the welfare departures vary in response to
changes in ¢, from zero (flexible wages) to unity (fixed wages). For ¢, € [0.27,0.83], IT
dominates PT. Like the previous illustration, PT outperforms IT for values beyond the
upper bound of this interval because the output gap elasticity of wage inflation &, (ﬁ + 0)
falls as e, rises (§,(e,) < 0), handicapping the non-inertial policies. In contrast to variations
in €,, however, IT does not uniformly outperform PT for small values of €,,. As wages become
more flexible, the goal of price stability dominates (because X (e,) = _rz(QlT—aa)&}(gw) > 0).
In the limiting case in which wages are completely flexible (g, — 0), a suitably chosen price
level target can fully replicate the precommitment solution.

The dominance of WT over PT is remarkably robust to variations in €,,. Only when wages
become relatively more flexible than prices (¢,, < 0.35), signaling a diminished weight on 7}’
in the social loss function (f\—i’: = .274 for ¢,, = .35), does PT deliver a better stabilization
outcome than WT. To further highlight the regularity with which WT outperforms PT, I
compare the welfare cost under both policies for all possible combinations of €, and ¢,.
Figure 4 is the contour version of a 3-dimensional graph plotting the welfare deviations of

WT from PT, expressed as a percentage of the loss accrued under WT'. To be precise, 1 plot

a contour map of the function

LPT — LWT

Q/J(gw,é‘p) = W x 100 (26)

in which case positive entries on the map represent those (g,,¢,) combinations where WT
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the optimal weights are computed under PT and WT and the corresponding value of 1 is recorded. CEE
- Christiano et al. (2005), AL - Amato and Laubach (2003), ACEL - Altig et al. (2005), S - Sbordone
(2004), RR - Rabanal and Rubio-Ramirez (2005), LOWW - Levin et al. (2005), SW - Smets and Wouters
(2005), K - Kim (2003), ADR. - Ambler, Dib, and Rebei (2004).

outperforms PT. A number of conclusions can be drawn from the figure. First, for every
point below the 45 degree line (points where ¢,, > ¢,), WT unambiguously dominates PT,
indicating that a suitably designed wage target offsets more of the distortions engendered by
sticky prices and wages provided the average duration of wage contracts are at least as long
as price contracts. Second, for those combinations implying that wage adjustments occur at
a moderately higher frequency than price adjustments (points just north of the 45 degree

line), WT continues to perform as well or better than PT. A survey of recent empirical
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work reveals that formal estimates of ¢, and ¢, tend to bisect the 45 degree line in the
upper right quadrant, implying that while contract renegotiations are somewhat infrequent
for both prices and wages, the question of which is stickier is debatable. Interestingly, for
any of those estimates, the corresponding welfare cost under PT exceeds the cost under WT
by as little as 5 percent but as much as 25 percent in the present model. Lastly, PT leads
to sizeable gains relative to W'T, but only in the unlikely event that wages are almost fully
flexible.

The left panel of Figure 5 graphs the welfare departures for alternative values of o, the
inverse of the intertemporal elasticity of substitution. A number of principle conclusions
still hold. First, despite the ability to impart policy inertia, PT is dominated by PD and IT
for a broad range of plausible values.?® In fact, the relative performance of PT deteriorates
sharply as o rises, or as households become increasingly unwilling to alter consumption plans
in response to changes in the real interest rate. Second, WT unambiguously outperforms PT
and IT, generating a consumption cost that exceeds the TP cost by roughly 5 percent for
all o € [1,5]. The uniform strength of WT is due to the precise way in which o enters the
structural model. While o is positively related to the output gap elasticity of wage inflation
Ew (ﬁ + a), it has no direct impact on the corresponding elasticity of price inflation. In-
creasing o, therefore, serves only to improve the inflation-output gap variance tradeoff under
WT. On this point, Gali, Gertler, and Lépez-Salido (2002) argue that direct estimates of
the intertemporal elasticity of substitution (1/¢) typically vary between 0.1 and 0.3 using
either micro-level or macro-level data. Thus, an empirically motivated value for o should
fall somewhere on the interval [3.33,10]. The results reported here indicate that expanding
the set of allowable values for o along these dimensions would amplify the already sizeable
advantages of WT relative to PT.

The right panel of Figure 5 charts the relationship between ¢ and values of y along the

21T is difficult to distinguish because it is practically equivalent to PD for o € [1,5].
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Figure 5: WELFARE DEVIATIONS (¢) FOR UTILITY PARAMETERS
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interval [0.5,5.5]. Shadowing the conclusions drawn for variations in o, the results suggest
that changes in the labor supply elasticity term have little effect on the comparative per-
formance of PT to IT. In addition, increases in y aggravate the weaknesses of PT while
closing the gap between WT and TP. Unlike the results depicted in the left panel, how-
ever, the nearly optimal performance of WT is an artifact of the relationship between y and
Aw. Increases in y actually diminish the size of the output gap elasticity of wage inflation

(because - + (X +0)&,(x) < 0), strengthening the case for PT relative to WT. At

l—«

the same time, however, increases in x elevate the importance of wage stability (because
N (x) = —77(217?51’1](@ > 0), magnifying the advantages of WT. Evidently, the latter effect
outweighs the former. Estimates of the wage elasticity of labor supply typically place y in
the range of 3 to 20, so the baseline value Y = 1 perhaps understates the salutary properties
of WT.%*

I conclude this section by examining the implications of adjusting «, the capital elasticity

of output, along the interval [0.15,0.5]. The results depicted in Figure 6 share a number of

24Gee Gali, Gertler, and Lépez-Salido (2002) for a discussion.
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Figure 6: WELFARE DEVIATIONS (¢) FOR CAPITAL ELASTICITY PARAMETER

60

similarities with Figure 5, and so I choose not to comment on them any further. Instead, I
concentrate on one key difference about the relationship between PT and WT. As illustrated
in the figure, the performance of WT diminishes sharply relative to PT as « rises. Because
the output gap elasticities of price and wage inflation are both positively related to «, the
source of the declining performance of WT originates from the impact on A\, \,, and A,.

Differentiating the policy weights with respect to « yields

L g2

M) = §<£p(1+&9)(1—a>2) 70 (2)
Ny(a) = %<0 (28)
N(a) = %((fj—aX)Z) =0 (29)

which implies that increasing the capital elasticity of output elevates the importance of price
inflation and output gap stability while reducing the importance of wage stability. Provided
that « is large enough, PT is the preferred regime. For this to occur, however, Figure 6

indicates that a > 0.5, implying a steady-state capital share of income in excess of 50
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percent and obviously beyond the range of any plausible estimate.

5 Alternative Targeting Regimes

The success of a regime directed towards stabilizing the price level and the nominal wage
is a consequence of the policy inertia it engenders. Recognizing the benefits of inertia for a
discretionary central bank has inspired other researchers to devise alternative institutional
arrangements capable of delivering such persistence. In this section, I compare the stabiliza-
tion properties of the aforementioned regimes to a number of delegation schemes that have
received considerable attention in the literature.

Walsh (2003) argues that a “speed limit” policy designed to balance the stability of
inflation and the one-period change in the output gap imparts a substantial degree of inertia,
improving upon the outcome resulting from discretionary optimization of the social welfare
function.?® 1 investigate the stabilization properties of implementing a speed limit policy

(SL) by delegating the period loss function
LPE =2 4 S\WWZ"Q + Mg (T — 241)? (30)

to the central bank. The value of Aa, is chosen optimally according to the same procedure
outlined above.

Woodford (1999) demonstrates that modifying the loss function to include a specific
objective designed to smooth interest rate changes delivers policy inertia.?® I analyze the

desirability of assigning an interest rate smoothing (IS) objective by constructing the period

25The results are demonstrated in a model that features endogenous inflation persistence in the form of a
hybrid (two-sided) New Keynesian Phillips curve.

26The social loss function in Woodford’s model includes an explicit objective for stabilizing the level of
the nominal interest rate.
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loss function

LIS = 72 4 X + Aniiy — ip_1)? (31)

where Aa; is selected to minimize the social loss function (10).

Jensen (2002) explores the possibility of targeting the growth rate of nominal income as
a means of imparting policy inertia. Denoting ¥, the log deviation of real output from its
steady state level, nominal income growth (NIG1) targeting is characterized by the period
loss function

Li\”Gl =7+ :\wﬂfﬂ + AN (Y — Y1 +m)? (32)

where A\ y; measures the optimized relative weight attached to the goal of stabilizing nominal
income growth.?” Instead of assigning (32), however, some suggest incorporating a nominal
income growth target as a substitute for the inflation target while maintaining a separate
goal of stabilizing the output gap. Accordingly, I examine this alternative notion of nominal

income growth targeting (NIG2) using the period loss function
LY = N 4+ Anr (e — o1 + m)° (33)

where )\, is the true relative weight on the output gap.

Nessén and Vestin (2005) advocate targeting a smoothed average of inflation instead
of the one-period inflation rate. Even in a purely forward-looking environment, stabilizing
average inflation requires an inertial policy response as transitory shocks have lasting effects
on variables that are averaged over multiple periods. I test the implications of mandating

average inflation targets (AIT) by assigning the period loss function

LM = Fomp + Fumy + Aot (34)

2TEquilibrium real output and the output gap are related according to the following identity: x; = y; —y7,
where y}' represents the natural rate of real output expressed in log deviation form.
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Table 5: STATISTICS FOR ALTERNATIVE REGIMES USING BASELINE PARAMETERS

Regime | Cons. Equiv. Weights S.d.(r) S.d.(7") S.d.(z) | Rank
IT 0.529 fr =0.103, f, = —0.022 | 0.450 0.331 2.087 7
PT 0.601 gp = 0.129 0.424 0.472 0.568 9
WT 0.486 gn = 1.173 0.470 0.290 1.767 5
PWT 0.465 gp=1.028, g, =1.228 | 0438 0303 1821 | 1
SL 0.477 Aaz = 0.014 0.441 0.307 1.885 2
IS 0.477 Aai = 0.008 0.441 0.307 1.899 3
NIG1 0.479 Anr = 0.014 0.438 0.308 1.922 4
NIG2 0.596 Anr = 0.581 0.450 0.445 0.756 8
AIT 0.496 fr=2624, f, =3.209 | 0.446 0307 2.053 6

Note: The welfare costs and standard deviations are multiplied by 100 to express these statistics in percentage
points. The right-most column provides an ordinal ranking for each policy. IT - Inflation Targeting, PT -
Price Targeting, WT - Wage Targeting, PWT - Price and Wage Targeting, SL - Speed Limit Policy, IS
- Interest Rate Smoothing, NIG1 - Nominal Income Growth Targeting (no output gap), NIG2 - Nominal
Income Growth Targeting (no inflation), AIT - Average Inflation Targeting.

where Ty = £(m 4+ 1) and T = (7} + m}",) are the two-period average rates of price and
wage inflation and f_ and f, are again chosen to minimize social loss.?®

Table 5 records the welfare cost of each regime, the optimized weights, and the corre-
sponding standard deviations of {m;, 7}, z;}. Among all regimes considered, PWT generates
the smallest welfare cost for the baseline parameter values. The outcomes under SL, IS,
NIG1, and AIT, however, are quite competitive with PWT, each garnering a loss equivalent
to a permanent reduction in steady-state consumption of less than 0.50 percent. In fact, the
cost of moving from PW'T to SL is a mere 0.012 percent of consumption.

Despite the absence of an explicit goal for price stability, WT performs nearly as well
as SL, IS, and NIG1, and performs better than AIT. The cost of a regime change from SL
to WT amounts to a sustained decline in consumption of a only 0.009 percent. Comparing
the standard deviations across policies, the only shortcoming of WT relative to better-

performing regimes is a slightly larger volatility of m; (0.470 under WT and 0.441 under

Z8Nessén and Vestin (2005) examine the properties of delegating two-period as well as multi-period average
inflation targets.
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SL). The quantitative impact on welfare, however, appears to be minimal. In contrast,
PT engenders the largest welfare cost of all regimes considered. Moving from SL to PT
is equivalent to a permanent consumption loss of 0.124 percent. Like NIG2 (the form of
nominal income growth targeting proposed by Jensen (2002)), the weakness of PT is the

failure to mitigate aggregate wage volatility and the tendency to over-stabilize the output

gap.

6 Concluding Remarks

The central monetary policy objective in this paper is the minimization of a quadratic, utility-
based social loss function reflecting the microeconomic distortions caused by sticky prices
and wages. Given such an objective, the optimal policy is characterized by a commitment
to administer an inertial response to shocks that generate an inflation-output gap variance
tradeoff. The position taken here is that the central bank conducts monetary policy in a
discretionary fashion, that is, commitments are not possible. Accordingly, the task facing
a policymaker is the delegation of an alternative loss function to an independent central
bank (a targeting regime) that when minimized under discretion, imparts inertia into policy
actions that would otherwise be absent under discretionary minimization of the true social
loss function. An optimal targeting regime is one that approaches the welfare-maximizing
outcome under commitment.

A number of recent studies have concluded that the design of a price level target leads to a
more favorable inflation-output gap variance tradeoff than a conventional inflation targeting
policy. The evidence presented here indicates that the benefits of targeting the price level
alone do not necessarily extend to a model featuring two types of nominal rigidities. For nu-
merous reasonable parameter configurations, price level targeting carries a larger welfare loss

than a policy designed to target goods-price and nominal wage inflation despite the ability

38



of the former to manufacture an inertial response to transitory supply shocks. It is possible,
however, to witness a reversal in their comparative performance for large enough values of
ep and €, or equivalently, for a sufficiently low frequency of price and wage adjustment.

The evidence also suggests that implementing a suitably designed nominal wage target
attenuates much of the distortion caused by price and wage rigidities. In fact, wage tar-
geting consistently outperforms price level targeting and inflation targeting for a number of
empirically relevant variations in the structural parameters. Evidently, the success of wage
targeting is driven primarily by the relative importance of wage stability in the social loss
function and on the sensitivity of wage inflation to fluctuations in the output gap, both of
which depend on the chosen parameterization. Only in the unlikely event that price shocks
are disproportionately large in relation to wage shocks, or that wages are far more flexible
than prices, does price level targeting lead to a more favorable welfare outcome than wage
targeting.

Finally, the policy exercises reveal that the advantages of wage targeting do not preclude
the gains from implementation of a suitably designed price level target. For the baseline
parameter values, a combination policy delegating joint price and wage targets delivers
an equilibrium outcome nearly as good as the precommitment policy under the timeless
perspective. This result is shown to be robust to all variations in the structural parameters
considered in the paper. In addition, the combination policy exhibits stabilization properties
that are superior to many other delegation schemes that have been the subject of considerable
discussion in the literature, namely, speed limit policies, interest rate smoothing, nominal

income growth, and average inflation targeting.
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