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Abstract: This paper estimates a New Keynesian model to draw inferences about the
behavior of the Federal Reserve’s unobserved inflation target. The results indicate that the
target rose from 1 1/4 percent in 1959 to over 8 percent in the mid-to-late 1970s before falling
back below 2 1/2 percent in 2004. The results also provide some support for the hypothesis
that over the entire postwar period, Federal Reserve policy has systematically translated
short-run price pressures set off by supply-side shocks into more persistent movements in
inflation itself, although considerable uncertainty remains about the true source of shifts in
the inflation target.
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1 Introduction

“Inflation is always and everywhere a monetary phenomenon.” Thus spoke Milton Friedman
(1968, p.39).

Once controversial, Friedman’s words now form part of conventional wisdom for academic
economists and central bankers alike, provided they are appropriately qualified as follows:
transitory movements in the measured rate of inflation can be driven by shocks of various
kinds, but large and persistent movements in inflation cannot occur without the help of
monetary policy. Indeed, Friedman himself draws this distinction when defining (p.21) the
“inflation” in his statement as a “steady and sustained rise in prices.”

An interest rate rule for monetary policy of the type proposed by Taylor (1993) highlights
exactly the same principles. Under the simplest such rule, the central bank adjusts the
short-term nominal interest rate r around its average or steady-state level r* in response
to deviations of output y and inflation 7 from their target or steady-state levels y* and 7*
according to

r=r"4+w,(y —y") +wg(mr—7"),

where w, and w, are both positive coefficients. When it adopts such a rule, the central bank
accepts responsibility for choosing the inflation target 7* and for choosing a policy response
coefficient w, that is large enough to stabilize the actual inflation rate m around its target
7*. In the short run, movements in measured inflation 7 may occur for many reasons, but
in the long run, inflation remains tied down by monetary policy.

Nothing dictates that the central bank’s inflation target must remain constant over time,
however. In fact, Figure 1 shows that even in the relatively stable postwar U.S. economy,
inflation exhibits large and persistent swings, trending upwards throughout the 1960s and
1970s before reversing course and falling during the 1980s and 1990s. Friedman’s “always
and everywhere” dictum strongly suggests that movements of the size and persistence seen in

Figure 1 could not have taken place without ongoing shifts in the Federal Reserve’s inflation



target. But the Federal Reserve has never explicitly revealed the setting for its inflation
target. Hence, a statistical or econometric model must be used to glean information about the
Federal Reserve’s inflation target from data on observable variables—that is, to disentangle
those movements seen in Figure 1 that reflect shifts in the inflation target from those that
are attributable to other types of shocks.

This paper develops such a model, drawing on contemporary macroeconomic theory
to provide the identifying restrictions needed to shed light on the patterns, causes, and
consequences of changes in the Federal Reserve’s inflation target. The macroeconomic theory
comes from a standard New Keynesian framework like those presented by Clarida, Gali, and
Gertler (1999) and Woodford (2003) and used throughout much of the recent literature on
monetary policy and the monetary business cycle. This model offers up a tight description,
not just of Federal Reserve policy, but also of the optimizing behavior of the households
and firms that populate the U.S. economy. Hence, estimates of the structural parameters
of this simultaneous-equation model not only provide a detailed interpretation of historical
movements in output, inflation, and interest rates as seen in the U.S. data, but also allow
for an equally detailed consideration of counterfactual scenarios such as: what would the
behavior of these variables have looked like if, instead, the Federal Reserve had maintained
a constant inflation target throughout the postwar period?

Blinder (1982), Hetzel (1998), and Mayer (1998) all attribute the upward secular trend in
inflation shown in Figure 1 for the period before 1980 to a systematic tendency for Federal
Reserve policy to translate the short-run price pressures set off by adverse supply shocks
into more persistent movements in the inflation rate itself—part of an effort by policymakers
to avoid at least some of the contractionary impact those shocks would otherwise have had
on the real economy. Symmetrically, Bomfim and Rudebusch (2000) and Orphanides and
Wilcox (2002) suggest that at times during the post-1980 period, the Federal Reserve took
advantage of favorable supply-side disturbances to “opportunistically” work the inflation rate

back down. To capture these ideas, the model developed here includes a generalized Taylor



rule that allows the Federal Reserve’s inflation target to respond systematically to shocks
hitting the economy from the supply side. The estimation results provide some support for a
unified version of these stories that applies to the entire postwar period, although the same
results also indicate that considerable uncertainty remains as to exactly why the Federal
Reserve allowed inflation to move as much as it did.

Before going on to provide a more detailed description of the model and results, mention
should be made of three related sets of contributions to the recent literature. First, Kozicki
and Tinsley (2001), Rudebusch and Wu (2004), Gurkaynak, Sack, and Swanson (2005), and
Dewachter and Lyrio (2006) argue that the behavior of both short- and long-term interest
rates in the U.S. data becomes easier to reconcile with the expectations hypothesis of the
term structure if one allows for shifts in the long-run inflation rate. Thus, these previous
studies help motivate the analysis performed here, which focuses solely on macroeconomic
variables in an effort to estimate more sharply exactly when those shifts took place and why.

Second, Erceg and Levin (2003), Smets and Wouters (2003), Cogley and Sbordone (2005),
Gavin, Keen, and Pakko (2005), Roberts (2006), and Salemi (2006) also develop macroeco-
nomic models that allow for continual movement in the Federal Reserve’s inflation target.
However, each of these previous studies focuses on a different set of issues: Erceg and Levin
(2003), on private agents’ inability to disentangle transitory from persistent movements in
the inflation target and the role that this incomplete information plays in accounting for the
inflationary dynamics observed during the Volcker disinflation in the United States; Smets
and Wouters (2003), on the ability of their larger-scale New Keynesian model to track the
postwar U.S. data on an expanded number of variables both in and out of sample; Cogley and
Sbordone (2005), on the stability of the estimated parameters of a Phillips curve relationship
in the face of changes elsewhere in the economy; Gavin, Keen, and Pakko (2005), on the
ability of their model to account for the persistence of inflation and the relative volatilities
of money growth and inflation in the post-1980 U.S. data; Roberts (2006), on the ability of

his model to capture the changing relationships between U.S. unemployment and inflation



since 1980; and Salemi (2006), on the relative weights placed by the Federal Reserve on
its stabilization objectives for output, inflation, and interest rates over the postwar period.
Thus, none of these previous studies focuses as this paper does on obtaining estimates of the
Federal Reserve’s continually-changing inflation target; and none of these previous studies
attempts as this paper does to model specifically those target changes as deliberate policy
responses to other shocks that have hit the economy, in order to tie together the stories told
earlier by Blinder (1982), Hetzel (1998), and Mayer (1998) on the one hand and Bomfim and
Rudebusch (2000) and Orphanides and Wilcox (2002) on the other.

Third and finally, in work that relates most closely to the present study, Kozicki and
Tinsley (2005) develop an empirical model—a generalized vector autoregression—that allows
for changes in the Federal Reserve’s inflation target that are imperfectly perceived by private
agents and that reflect, in part, the response of the central bank to supply shocks that have
hit the U.S. economy over the postwar period. But whereas Kozicki and Tinsley focus
on the differing responses of the economy to shocks of various kinds as implied by their
generalized model versus a more conventional vector autoregression that assumes a constant
inflation target and full information possessed by private agents, the focus here, again, lies
in characterizing more sharply the nature and sources of variation in the Federal Reserve’s
inflation target itself and linking the econometric results to the earlier accounts of Blinder
(1982), Hetzel (1998), Mayer (1998), Bomfim and Rudebusch (2000) and Orphanides and
Wilcox (2002). The analysis presented here also extends and complements Kozicki and
Tinsley’s earlier work by imposing more structure on the data, fully exploiting the behavioral

relationships implied by the New Keynesian model.

2 The Model

The model developed here shares its basic features with many recent New Keynesian formu-

lations, including the benchmark models of Clarida, Gali, and Gertler (1999) and Woodford



(2003), but resembles most closely the specification used in Ireland (2004a). As noted above,
one extension to previous models that appears for the first time here is a generalized Taylor
(1993) rule for monetary policy that allows the central bank’s inflation target to adjust in
response to other shocks that hit the economy. Indeed, the use of this tightly parameterized
structural model, as opposed to a more loosely constrained vector autoregression or unob-
served components model, allows for the simultaneous identification not just of movements
in the inflation target but also of the exogenous supply-side disturbances that, according to
Blinder (1982), Hetzel (1998), and Mayer (1998), prompted the Federal Reserve to accom-
modate higher and higher rates of inflation throughout the 1960s and 1970s. And, again, as
noted above, the use of this tightly parameterized structural model responds to the Lucas
(1976) critique, allowing for a detailed consideration of the counterfactual scenario in which,
instead, the Federal Reserve held the line on inflation in the face of those shocks.

The model economy consists of a representative household, a representative finished-
goods-producing firm, a continuum of intermediate-goods-producing firms indexed by 7 €
[0,1], and a central bank. During each period ¢ = 0,1,2,..., each intermediate-goods-
producing firm manufactures a distinct, perishable intermediate good. Hence, intermediate
goods may also be indexed by i € [0, 1], where firm i produces good i. The model retains
enough symmetry, however, to allow the analysis to focus on the activities of a represen-
tative intermediate-goods-producing firm, which produces the generic intermediate good 1.
Thus, a description of the model boils down to a description of the optimizing behavior of
the three representative private agents—the household, the finished-goods-producing firm,
and the intermediate-goods-producing firm—together with a description of the generalized
Taylor rule adopted by the central bank.

The representative household enters each period ¢ = 0,1,2,... with money M; ; and
bonds B;_i. At the beginning of the period, the household receives a lump-sum nominal
transfer T; from the central bank. Next, the household’s bonds mature, throwing off B;

additional units of money. The household uses some of this money to purchase B; new bonds



at the price of 1/R; units of money per bond, where R, denotes the gross nominal interest
rate between t and t 4+ 1. During the period, the household supplies a total of h; units of
labor to the various intermediate-goods-producing firms and gets paid at the nominal wage
rate W;. Also during the period, the household consumes C; units of the finished good,
purchased at the nominal price P; from the representative finished-goods-producing firm. At
the end the period, the household receives nominal profits D; in the form of dividends paid
by the intermediate-goods-producing firms. The household then carries M; units of money

into period t 4 1; its budget constraint requires that
My 1+ T, + By + Wihy + Dy > P.Cy + My + B/ R, (1)

forall t=0,1,2,....
Facing the budget constraint (1), the household chooses Cy, h;, B;, and M, for all t =

0,1,2, ... to maximize the expected utility function

oo

Eo Y B'a[In(Cy —yCyo1) + In(My/ Py) — hy),

t=0

where the discount factor 5 and the habit formation parameter v both lie between zero and
one: 1 > >0and 1> v > 0. The preference shock a, follows the stationary autoregressive
process

In(at) = p,In(ai—1) + oucat (2)

forallt =0,1,2,..., with 1 > p, > 0 and o, > 0, where the serially uncorrelated innovation
€4 has the standard normal distribution. Utility is additively separable in consumption,
real money balances, and hours worked; as shown by Driscoll (2000) and Ireland (2004b),
this additive separability is needed to derive a conventional specification for the model’s IS
relationship that, in particular, excludes terms involving money and employment. Given this

additive separability, the logarithmic specification for utility from consumption is needed, as



shown by King, Plosser, and Rebelo (1988), for the model to remain consistent with balanced
growth. Finally, habit formation is introduced into preferences following Fuhrer (2000), who
shows that this feature—and the partially backward-looking consumption it implies—helps
New Keynesian models like this one replicate the observed effects on real spending of shocks
of various kinds.

The representative finished-goods-producing firm uses Y;(7) units of each intermediate
good i € [0, 1], purchased at the nominal price P;(i) during each period ¢t = 0,1,2, ..., to
manufacture Y; units of the finished good according to the constant-returns-to-scale technol-

ogy described by
0:—1)

1 0:/(
[ / nu)””’/"tdi] > Y, (3)
0

where 0, follows the stationary autoregressive process
In(0;) = (1 — py) In(0) + py In(0:—1) + ooc0r (4)

for all ¢ = 0,1,2,..., with 1 > p, > 0 and 0y > 0, and where the serially uncorrelated
innovation ey, has the standard normal distribution. The firm acts to maximize its profits;

the first-order conditions for this problem are
Y,(i) = [R()/P]™"Y,

for all i € [0,1] and ¢t = 0,1,2, ...

These optimality conditions reveal that —f; measures the time-varying elasticity of de-
mand for each intermediate good ¢ € [0, 1]. Hence, as in Smets and Wouters (2003), Steinsson
(2003), and Ireland (2004a) random shocks to #; translate into shocks to the intermediate-
goods-producing firms’ desired markups of price over marginal cost; in equilibrium, they act
like cost-push shocks of the kind introduced into the New Keynesian model by Clarida, Gali,

and Gertler (1999). Competition drives the finished-goods-producing firm’s profits to zero



in equilibrium, determining P; as

1 1/(
o { / Pt(z')l‘etdi]
0

1-0,)

forallt=0,1,2,....
The representative intermediate-goods-producing firm hires h,(7) units of labor from the
representative household during each period t = 0,1,2,... to manufacture Y;(i) units of

intermediate good ¢ according to the constant-returns-to-scale technology described by
Zihy(i) > Yi(4). (5)
The aggregate technology shock follows a random walk with drift:
In(Z;) =In(z) + In(Z;—1) + 0.6 (6)

for all t = 0,1,2,..., with 2 > 1 and o, > 0, where the serially uncorrelated innovation
€.+ has the standard normal distribution. This random walk assumption for the technology
shock serves to distinguish its effects from those of the cost-push shock: as supply-side
disturbances, both shocks tend to move output and inflation in opposite directions in the
short run, but only the technology shock has permanent effects on the level of output.
Since the intermediate goods substitute imperfectly for one another in producing the
finished good, the representative intermediate-goods-producing firm sells its output in a mo-
nopolistically competitive market: during period ¢, the firm sets the nominal price P, () for its
output, subject to the requirement that it satisfy the representative finished-goods-producing
firm’s demand at that chosen price. And, as in Rotemberg (1982), the intermediate-goods-

producing firm faces a quadratic cost of adjusting its price between periods, measured in
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terms of the finished good and given by

¢ 410 _ 1 2 Y,

2 [ (I) =P ()
where ¢ > 0 governs the magnitude of the adjustment cost, II, = P,/P,_; so that II,_;
denotes the gross inflation rate between periods t —2 and ¢t — 1, II} denotes the central bank’s
inflation target for period ¢, and the parameter « lies between zero and one: 1 > o > 0.
According to this specification, the extent to which price setting is backward instead of
forward looking depends on how close « is to one. In particular, as shown below, when
a = 0 so that firms find it costless to adjust their prices in line with the central bank’s
inflation target, the model’s Phillips curve relation becomes purely forward looking. At the
opposite extreme, when o = 1 so that firms find it costless to adjust their prices in line
with the previous period’s inflation rate, the backward-looking term in the Phillips curve
becomes approximately equal in importance to the forward-looking term, as in Fuhrer and
Moore’s (1995a, 1995b) framework. In any case, the cost of price adjustment makes the
intermediate-goods-producing firm’s problem dynamic: it chooses P;(7) for all t = 0, 1,2, ...
to maximize its total market value, as described below in Appendix A.

The central bank conducts monetary policy according to the generalized Taylor (1993)

rule

In(Ry) = In(Ry1) = pr (/1) + py,, In(g /9”) + In(vr) (7)

for all £ = 0,1,2..., where the response coefficients p, > 0 and p,, > 0 are chosen by
the central bank. Here, as in Fuhrer and Moore (1995b), the central bank increases the
short-term nominal interest rate R, whenever the inflation rate rises above its target II;; a
strictly positive value for p, helps provide for the existence of a unique rational expectations
equilibrium under an interest rate rule of this type. Since the level of output Y; inherits a

unit root from the random walk process (6) for the technology shock Z;, (7) dictates that
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the central bank respond instead to the growth rate of output

9%1 = Y;ﬁ/Y;f—l (8)

as a stationary measure of real economic activity, increasing the short-term nominal interest
rate whenever growth output growth rises above its steady-state level g¥ = 2. The transitory

monetary policy shock v; in (7) follows the stationary autoregressive process

In(vy) = p, In(ve_1) + 0w (9)

forallt=0,1,2,..., with 1 > p, > 0 and o, > 0, where the serially uncorrelated innovation
gt has the standard normal distribution.
As noted above, a novel feature of the generalized Taylor rule (7) incorporated into this

model is the time-varying inflation target II}, which evolves according to

IH(H:) = ln(H:—l) - 59€9t - 5Z€zt + OrxErt (10)

for all t = 0,1,2, ..., where the response coefficients d9 > 0 and J, > 0 are again chosen
by the central bank, where o, > 0, and where the serially uncorrelated innovation e,
has the standard normal distribution. This addition to the Taylor rule allows the inflation
target to vary exogenously when o is strictly positive and also allows the central bank to
systematically adjust its inflation target in response to either or both of the two supply
shocks: the cost-push shock 6; and the technology shock Z;. Since adverse supply shocks
(negative realizations of ¢, and e,;) work to increase goods’ prices, and favorable supply
shocks (positive realizations of ¢, and ,;) work to decrease goods’ prices, strictly positive
values for dy and §, help the model bring together and formalize the stories told by Blinder
(1982), Hetzel (1998), Mayer (1998), Bomfim and Rudebusch (2000), and Orphanides and

Wilcox (2002), according to which the Federal Reserve acted systematically over the postwar
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period to translate the short-run price pressures set off by these shocks into more persistent
movements in the inflation rate itself.

Finally, the random walk specification for the inflation target that is built into (10)
represents an identifying assumption that, in very much the same spirit as the random walk
assumption (6) for technology, helps to distinguish the effects of changes in the inflation
target from those generated by the model’s other four shocks. This identifying assumption,
motivated by Friedman’s (1968) “always and everywhere” dictum, can be stated more simply
as: permanent changes in measured inflation I1; cannot occur without corresponding changes
in the central bank’s inflation target II7.

Preliminary econometric analysis of this New Keynesian model allowed the central bank,
through an expanded version of the Taylor rule (7), to adjust the short-term nominal interest
rate not only in response to movements in inflation and output growth, but also in response
to movements in a welfare-theoretic measure of the output gap, defined below in Appendix B
as the deviation of actual equilibrium output from its efficient, or Pareto optimal, level. As
well, preliminary analysis allowed the central bank, through an expanded version of (10), to
adjust its inflation target not only in response to the cost-push and technology shocks, but
also in response to the preference shock. Inevitably, however, the estimation routine pushed
the associated response coefficients towards zero, and so, for simplicity, these additional
variables were dropped from the final specification used here.

In a symmetric equilibrium, all intermediate-goods-producing firms make identical de-
cisions, so that Y;(i) = Y;, h(i) = h, and Pi(i) = P, for all ¢ € [0,1] and ¢t = 0,1,2,....
In addition, the market-clearing conditions for money and bonds, M; = M; ; + T; and
By = B;_1 = 0 must hold for all £ = 0, 1,2, .... The real variables Y; and C} inherit unit roots
from the process (6) for technology, as does A;, defined in Appendix A as the Lagrange mul-
tiplier on the budget constraint (1) from the representative household’s problem. However,
the transformed variables v, = Y;/Z;, ¢t = Yi/Zi, M = Zi\y, and 2z, = Z;/Z; 1 all remain

stationary, as does the output growth rate ¢g;. Similarly, the nominal variables II; and R;
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inherit unit roots from the process (10) for the inflation target II}; however, the transformed
variables m; = II;/1I}, r = R/}, and «; = II}/II}_; remain stationary, as do the growth
rate of inflation

gr = 1L/1; (11)

and the ratio of the nominal interest rate to the inflation rate
T:W = Rt/Ht' (12)

Appendix A lists the model’s equilibrium conditions, including the first-order conditions
describing the optimizing behavior of the representative household and intermediate-goods-
producing firm. When rewritten in terms of the model’s stationary variables, these condi-
tions imply that in the absence of shocks, the economy converges to a steady-state growth
path, along which y, = y = [(0—1)/0][(z—57)/(z=7)], & = ¢ = [(0 =1)/0][(z = B7) / (=),
m=1rn=r=z/0,9 =¢=2,9f =1, r]"=r"=z/B, A =A=0/(0-1), a; = 1,
0y =0, 22 = 2z, v =1, and m; = 1 for all ¢t = 0,1,2,.... The stationary system can
therefore be log-linearized around its steady state to describe how the economy responds
to shocks. Let 9, = In(y/y), & = In(ci/c), 7w = In(m), 7 = In(re/7), g = In(g{/g"),
§r = In(gr), & = In(r™/r™), A, = In(\/N), a = In(ay), 0, = In(0,/0), % = In(z/z),
0y = In(v;), and 7; = In(7}) measure the percentage deviation of each stationary variable
from its steady-state level. A first-order Taylor approximation to the economy’s aggregate
resource constraint implies that ¢, = ¢, price adjustment costs are of second-order impor-
tance around the steady state growth path. First-order approximations to the remaining

equilibrium conditions equations then imply

(2 =1 (z = BN = 7201 — (22 + By + B2 By + (2 — ) (2 — Bypa)as — 24, (13)

j\t = Etj\t—f—l + 7 — By, (14)
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(14 Ba)ity = ari_y + BEdy +0(ay — Ay) — é — it} (15)

Fr = Tt = ppfte + pg9f — 7 + O, (16)
7AT: = 0rEnt — OcEet — 0:E24, (17)
9 =G — Y1+, (18)
Gf =Ty — Ty + 7}, (19)
Ty =Ty — Ty, (20)
At = PaQi—1 + TaEat, (21)
€t = Pefi—1 + Tclet, (22)
2y = 0,64, (23)
and
Uy = PyUt—1 + TuEut (24)

for all t = 0,1,2, ..., where, in (15), (17), and (22), the cost-push shock 0, has been renor-
malized as & = (1/¢),, and the new parameters 1, d., p,, and o, have been defined as
v=(0—-1)/¢, 6. = by, p, = py, and . = g9/, so that, like ¢, €. has the standard normal
distribution.

Since (18)-(20) simply restate the definitions of the output growth rate g/, the inflation
growth rate g, and the ratio of the nominal interest rate to the inflation rate ;™ and since
(21)-(24) simply describe the processes for the exogenous preference, cost-push, technology,
and monetary policy shocks, the model’s economic content is concentrated in (13)-(17). In
particular, (14) takes the form of a New Keynesian IS curve linking the marginal utility of
consumption during period ¢ to its own expected future value and to the value of the ex
ante real interest rate, while (13) measures the marginal utility of consumption and includes

both forward- and backward-looking terms based on the habit formation specification for
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preferences. Equation (15) takes the form of a hybrid forward- and backward-looking New
Keynesian Phillips curve, with the parameter o from the price adjustment cost formulation
indexing the degree of backward-looking behavior, the parameter 1) multiplying the real mar-
ginal cost term a; — j\t, which does not depend separately on output or employment in light
of the linearity of disutility in hours worked, and the cost-push shock é; entering additively.
In particular and as noted above, (15) reveals that when « = 0, the model’s Phillips curve
relationship becomes purely forward looking, in the sense that the term involving lagged
inflation 7;_; drops out of the specification; when o = 1, on the other hand, the model’s
Phillips curve resembles Fuhrer and Moore’s (19954, 1995b), in the sense that the forward-
and backward-looking terms F;7;,1 and 7;_; receive approximately equal weights. Finally,
(16) and (17) describe the conduct of monetary policy, including the possibly endogenous
evolution of the central bank’s inflation target as well as the Taylor-type adjustment of the

nominal interest rate taken to stabilize actual inflation around its target.

3 Empirical Strategy and Results

Blanchard and Kahn (1980) and Klein (2000) describe methods for solving systems of lin-
earized expectational difference equations such as (13)-(24). These methods provide solutions
that quite conveniently take the same form as a state-space econometric model: in this case,
the solution links the behavior of the stationary model’s three observable variables—the
growth rate of output g7, the growth rate of inflation ¢7, and the ratio of the nominal in-
terest rate to the inflation rate 7;"—to the remaining, unobservable variables. Hence, the
Kalman filtering algorithms outlined by Hamilton (1994, Ch.13) can be applied to obtain
maximum likelihood estimates of the model’s structural parameters and to optimally exploit
information contained in the observable data to draw inferences about the behavior of the
unobservables including, most importantly, the unobservable inflation target 7.

Here, this econometric exercise uses quarterly U.S. data running from 1959:1 through
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2004:2. In these data, readings on seasonally-adjusted real gross domestic product in chained
2000 dollars, expressed in per-capita terms by dividing by the civilian noninstitutional pop-
ulation, age 16 and over, provide the measure of output Y;. Readings on the seasonally-
adjusted GDP implicit price deflator provide the measure of the nominal price level P,
and readings on the three-month U.S. Treasury bill provide the measure of the short-term
nominal interest rate R;. Prior to their use in the estimation exercise, these raw series get
passed through the same stationary-inducing transformations required to solve the theoret-
ical model. Hence, the empirical model assumes that all three series contain unit roots but
that the inflation and interest rates are cointegrated so that, again, the growth rate of out-
put, the growth rate of inflation, and the ratio of the nominal interest rate to the inflation
rate are the most relevant stationary variables.

Under the additional assumption that the innovations ., €., €24, €ut, and e, are mu-
tually as well as serially uncorrelated, the model has 17 parameters: z, 5, ¥, v, @, pg, pyy,
Pas Pes Pos Tas Tey Oy Oyy Ony Ogy and 0,. Values z = 1.0047 and 5 = 0.9995 for the first two
parameters on this list of fixed prior to estimation in order to insure that the steady-state
rate of output growth ¢g¥ = 2 and the steady-state ratio of the nominal interest rate to the
inflation rate "™ = z/f3 as implied by the theoretical model match the average values of the
same two variables as measured in the data. The model implies that along the steady-state
growth path, the growth rate of inflation is zero and, indeed, in the U.S. data, the sample
average of the growth rate of inflation is quite small: Figure 1 reveals that, in levels, the
inflation rate ends the 45-year sample period at approximately the same point at which it
begins, so that the average quarterly rate of change in inflation over four-and-a-half decades
is only 0.000016, that is, 0.0016 of one percent or 0.16 basis points. Hence, all variables are
accurately de-meaned prior to estimation, again in a manner consistent with the implications
of the theoretical model.

Preliminary attempts to estimate the model’s remaining 15 parameters consistently led

to very small values of 9, the coefficient on real marginal cost in the Phillips curve (15);
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since ¢ = (6 — 1)/¢, these small values for ¢ correspond to very large values for the price
adjustment cost parameter ¢. Hence, in deriving the results described below, the same
setting ¢ = 0.10 used in Ireland (2004a, 2004b) is also imposed prior to estimation. The
formulas displayed by Gali and Gertler (1999, p.211) provide a convenient way of interpreting
this setting for ¢): in a model in which firms set prices in a staggered fashion according to
Calvo’s (1983) formulation instead of facing an explicit cost of price adjustment as they
do here, a value of 1y = 0.10 for the coefficient on the real marginal cost term in a purely
forward-looking New Keynesian Phillips curve implies that individual goods prices remain
fixed, on average, for 3.7 quarters—or just under one year.

With these three parameter values fixed in advance, Table 1 presents maximum likelihood
estimates of the model’s remaining parameters. The standard errors, also shown in Table 1,
come from a parametric bootstrapping procedure similar to those used by Cho and Moreno
(2006) and Malley, Philippopoulos, and Woitek (forthcoming) and described in more detail
by Efron and Tibshirani (1993, Ch.6). This procedure simulates the estimated model in order
to generate 1,000 samples of artificial data for the growth rate of output, the growth rate of
inflation, and the ratio of the nominal interest rate to the inflation rate, each containing the
same number of observations as the original sample of actual U.S. data, then re-estimates
the model 1,000 times using these artificial data sets. The standard errors shown in Table
1 correspond to the standard deviations of the individual parameter estimates taken across
these 1,000 replications.

To assist in interpreting many of the results presented below, the table reports three
sets of estimates: the first obtained from an unconstrained version of the model with an
“endogenous inflation target” in which all 14 parameters are estimated freely, the second
obtained from a constrained version of the model with an “exogenous inflation target” in
which d. and J, remain fixed at zero while the remaining 12 parameters are estimated freely,
and the third obtained from another constrained version of the model with “backward-

looking price setting” in which a remains fixed at one while the remaining 13 parameters
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are estimated freely. For all three versions of the model, the estimates imply a degree of
backward-looking behavior of consumption, as measured by a habit-formation parameter -
around 0.25, that is significant both economically and statistically. For all three versions
of the model, the estimates reveal that both inflation and output growth enter significantly
into the Taylor rule for the nominal interest rate; the policy response to inflation, however,
appears considerably more vigorous than the associated response to output growth. And
for all three versions of the model, the estimates suggest that the preference shock is highly
persistent while the cost-push and monetary policy shocks are much less so. The estimates
of the volatility parameters o, o., 0., and o, for the innovations also remain of roughly the
same order of magnitude looking across the three specifications.

For the unconstrained, “endogenous target” model, the estimates o, = 0.0000, §, =
0.0010, and 0, = 0.0002 attribute all movements in the inflation target to the Federal Re-
serve’s deliberate response to the two supply shocks: the exogenous shock to the inflation
target plays no role in explaining the data. A clear interpretation of these parameter esti-
mates emerges from Figure 2, which plots impulse responses generated from this version of
the model. In particular, the figure shows that under the estimated policy rule, the infla-
tion target falls by 41 basis points following a favorable one-standard-deviation cost-push
shock; the model’s linearity then implies that, symmetrically, the inflation target rises by
the same amount following a similarly-sized adverse cost-push disturbance. The figure also
reveals that by adjusting the inflation target in this manner, the Federal Reserve’s policy
works to completely insulate output from the effects of those cost-push shocks: under the
estimated policy, a favorable cost-push shock causes output to fall very slightly, by 4 basis
points, before returning to its steady-state level. The smaller estimated value for ¢, im-
plies a correspondingly smaller 6.4-basis-point adjustment of the inflation target following a
one-standard-deviation technology shock.

Comparing the point estimates of d, and 9§, with their standard errors suggests that

the policy response to the cost-push shock is more important, not just economically, as
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shown in Figure 2, but statistically as well. However, Table 1 also reports the maximized
value L* of the log-likelihood function for each version of the model. Since the “exogenous
target” model is a constrained version of the endogenous target model, the likelihood ratio
statistic of 1.62, formed by doubling the difference between L* for the two models, suggests
that, in fact, the null hypothesis that 5. = 0 and 6, = 0 cannot be rejected with any
reasonable degree of confidence. Thus, while the estimates of the best-fitting, endogenous
target model do provide some support for a combined version of the stories told by Blinder
(1982), Hetzel (1998), Mayer (1998), Bomfim and Rudebusch (2000), and Orphanides and
Wilcox (2002), according to which the Federal Reserve acted consistently over the postwar
period to translate the purely transitory price pressures brought about by supply shocks—
particularly cost-push shocks—into more persistent movements in inflation, considerable
uncertainty remains about the true source of movements in the Federal Reserve’s inflation
target, so that one cannot statistically reject the exogenous target model that depicts those
movements as purely random.

On the other hand, for both the endogenous and exogenous target models, the estimate
of the Phillips curve parameter o« measuring the degree of backward-looking behavior in price
setting lies up against its lower bound of zero and has a small standard error. What’s more,
the maximized value of the log-likelihood function falls considerably when the constrained
a =1 is imposed in estimating the model with backward-looking price setting: a likelihood
ratio test firmly rejects the null hypothesis that this constraint is true. Why is backward-
looking behavior in price setting found to be unimportant here, contrasting with the earlier
results of Fuhrer and Moore (19954, 1995b) and many others? Kozicki and Tinsley (2003)
suggest that shifts in the central bank’s inflation target can substitute for the backward-
looking terms in Fuhrer and Moore’s Phillips curve in explaining inflation persistence and,
in fact, Cogley and Sbordone (2005) obtain this same result: an estimated coefficient of
zero on the backward-looking term in a New Keynesian Phillips curve that also allows for

drift in the Federal Reserve’s inflation target. Hence, the results from Table 1 indicate that
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here, the introduction of a backward-looking term in the Phillips curve not only turns out
to be unnecessary for explaining the postwar U.S. data, but actually leads to a significant
deterioration in the model’s statistical fit.

The basic workings of the better-fitting and statistically indistinguishable endogenous
and exogenous target models are most conveniently illustrated by tracing out the impulse
responses generated by the exogenous target variant, since in that case, the effects of the
cost-push and technology shocks are not distorted by the coincident changes in the inflation
target. Hence, Figure 3 displays these impulse responses. The graphs confirm that the
preference shock acts as an exogenous demand-side disturbance, moving output, inflation,
and the short-term nominal interest rate in the same direction. The cost-push and technology
shocks, by contrast, act as supply-side disturbances, moving output and inflation in opposite
directions. As noted above, the random walk specification for technology serves to distinguish
between the effects of these two supply-side shocks: a favorable cost-push shock leads to a
purely transitory increase in output, whereas a favorable technology shock permanently raises
the level of output. In addition, the larger and more persistent increase in output growth
that follows the technology shock implies that under the estimated Taylor rule, the nominal
interest rate rises after the technology shock but falls after the cost-push shock.

A one-standard-deviation innovation to the transitory monetary policy shock works to
increase the annualized short-term nominal interest rate by about 36 basis points and keeps
the interest rate above its steady-state level for two years. This exogenous monetary tight-
ening generates a decline in output of about 30 basis points and a fall in inflation of about
50 basis points; these movements in output and inflation, like that of the interest rate itself,
persist over a period of two years. Meanwhile, a one-standard-deviation shock to the inflation
target leads to a permanent 40-basis-point increase in both the inflation and nominal interest
rates. As inflation overshoots in the short run, while the nominal interest rate adjusts only
gradually, the real interest rate falls, generating an 11-basis point rise in output that persists

for more than two years.
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The last column of Figure 3 shows how the welfare-theoretic measure of the output gap,
defined in Appendix B as the percentage deviation of output in equilibrium from its efficient
or Pareto optimal level, responds to each of the model’s five shocks. The cost-push, monetary
policy, and inflation target shocks do not influence the efficient level of output in this model;
hence, the output gap moves in lockstep with output itself after each of these shocks. On
the other hand, the preference and technology shocks do impact on the efficient level of
output, generating impulse responses in the output gap that differ from those in output.
Most notably, the efficient level of output rises more strongly than equilibrium output, so
that the output gap declines even as output rises, after a positive technology shock. Gali
(2003) emphasizes this result: that the behavior of output and the output gap can differ
quite markedly in New Keynesian models such as the one used here.

Tables 2 and 3 present forecast error variance decompositions performed with the endoge-
nous and exogenous target models. According to both model variants, technology shocks
represent the dominant source of movements in output, although preference and monetary
policy shocks do play a supporting role in driving short-run output fluctuations. Preference
shocks become more important in accounting for movements in the nominal interest rate.
And both model variants attribute low-frequency movements in inflation to changes in the
inflation target, although the unconstrained model interprets these movements as reflecting
the Federal Reserve’s deliberate policy response to cost-push shocks, whereas the constrained
model views them instead as purely exogenous.

Figures 4 and 5 superimpose estimates of the Federal Reserve’s inflation target on the
graph of actual U.S. inflation shown originally as Figure 1. These estimates reflect informa-
tion contained in the full sample, that is, they are generated using the smoothing algorithms
described by Hamilton (1994, pp.394-397) and generalized by Kohn and Ansley (1983) to
handle cases like the one that arises here, where the state covariance matrix turns out to
be singular. Consistent with all of the previous results, the two model variants have very

similar implications for the evolving path of the inflation target, although the sources of

22



the inferred movements differ: those in Figure 4 are interpreted as reflections of the Federal
Reserve’s deliberate response to supply-side disturbances—mainly cost-push shocks—while
those in Figure 5 are taken as purely exogenous. For the endogenous target model, Figure 4
shows that the estimated inflation target rises from 1.24 percent in 1959:1 to twin peaks of
8.52 percent in 1974:4 and 8.12 percent in 1980:4. The estimated target hits its post-1980
low of 1.80 percent in both 1998:2 and 2002:1 before rising to 2.48 percent in 2004:2. Mean-
while, for the exogenous target model, Figure 5 indicates that the estimated target starts
at 1.18 percent in 1959:1, peaks at 7.98 percent in 1974:4 and 8.02 percent in 1980:4, falls
to its post-1980 low of 1.70 percent in both 1998:2 and 2002:1, and stands at 2.14 percent
in 2004:2. The estimates of the Federal Reserve’s inflation target shown here in Figures 4
and 5 appear slightly more volatile and hit higher peaks than those obtained and displayed
by Kozicki and Tinsley (2001, Figure 6, p.643) and Cogley and Sbordone (2005, Figure 2,
p.14), but bear a closer resemblance to those derived by Kozicki and Tinsley (2003, Figure
2, p.19), which have the target rising to about 7 percent in the mid-1970s and remaining
high until the early 1980s.

As noted above, the structural model developed and estimated here responds positively
to the Lucas (1976) critique by cleanly separating out the parameters describing the cen-
tral bank’s policy rule—parameters that will change when the conduct of monetary policy
changes—from those describing private tastes and technologies—which ought to remain in-
variant to shifts in the policy rule. Hence, the estimated model provides a detailed answer to
questions such as: how would the U.S. economy have behaved if, instead of allowing inflation
to rise and fall, the Federal Reserve had maintained a constant inflation target throughout
the postwar period? Along those lines, Figures 6 and 7 compare the actual paths for infla-
tion, the short-term nominal interest rate, and output growth as observed in the historical
data to those that, according to the endogenous and exogenous target versions of the model,
would have been realized under a constant inflation target, that is, in the counterfactual case

where instead of equalling their estimated values, the parameters o, J., and ¢, all equal
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zero. Each figure also compares the model’s implications for the evolution of the output gap
under the historical (estimated) and counterfactual policy rules.

Of course, inflation becomes much more stable under the counterfactual scenario. In
particular, estimates from the endogenous target model indicate that without changes in
the inflation target, U.S. inflation would have peaked at only 3.92 percent in 1975:1, while
estimates from the exogenous target model imply that inflation would have hit a postwar high
of 4.56 percent, also in 1975:1. Through the Fisher effect, the nominal interest rate follows
the inflation rate by becoming lower and more stable under the counterfactual scenario.
However, the two stationary measures of real economic activity, output growth and the
output gap, look much the same under the counterfactual scenario as they do historically.
This last finding echoes those shown previously in Tables 2 and 3, which attribute virtually
all of the observed movements in output to a combination of preference, technology, and
monetary policy shocks in the short run and to technology shocks in the long run, but also
raises the question of how sensitive the results are to changes in the parameter «, measuring
the degree of backward-looking behavior in price setting.

Hence, Figures 8-10 display impulse responses, smoothed estimates of the Federal Re-
serve’s inflation target, and the results of the counterfactual simulation derived using the
constrained model with backward-looking price setting described previously in Table 1. As
noted above, this model variant sets o = 1, so that the Phillips curve specification contains
forward- and backward-looking elements of roughly equal importance, similar to those used
by Fuhrer and Moore (1995a, 1995b). Naturally, some of the implications of this constrained,
“backward-looking” model differ from those of the two better-fitting endogenous and exoge-
nous target model variants for which the estimated value of « equals zero. The impulse
responses shown in Figure 8, for example, reveal that for the backward-looking model, an
exogenous shock that increases the inflation target by 24 basis points causes output to rise
by 14 basis points on impact. Since Figure 3 indicates that in the exogenous target model a

shock that increases the inflation target by 40 basis points causes output to rise by 11 basis
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points on impact, the output effects of changes in the inflation become more than twice as
large with o = 1 as they are with a = 0.

Figure 9 plots a series for the estimated inflation target derived using the backward-
looking model that is smoother than those shown in Figures 4 and 5. The inflation target in
Figure 9 also peaks at lower rates—7.14 percent in both 1974:4 and 1980:4—than those in
Figures 4 and 5. According to Figure 10, therefore, even in the counterfactual scenario with
a constant inflation target, U.S. inflation would have risen above 5 percent, to a peak of 5.72
percent in 1974:4. But while, as shown in Figure 8, the output effects of any given shift in the
inflation target are larger in the backward-looking model, the estimated movements in the
inflation target shown in Figure 9 are smaller. Hence, using a much different Phillips curve
specification, Figure 10 actually confirms the robustness of the general conclusion suggested
earlier by Figures 6 and 7: that by maintaining a constant inflation target throughout the
postwar period, the Federal Reserve could have lowered both the level and volatility of

inflation without adding much instability to the real economy.

4 Conclusions, Interpretations, Directions for Future

Work

The estimates of the Federal Reserve’s inflation target shown in Figures 4 and 5, together
with the counterfactual histories traced out in Figures 6 and 7, bring the analysis full circle,
back to Friedman’s (1968) “always and everywhere” quote shown at the outset. These
figures, derived from an estimated New Keynesian model, suggest that the Federal Reserve’s
inflation target rose from about 1 1/4 percent in 1959 to hit twin peaks at or above 8 percent
in 1974 and 1980 before falling back below 2 1/2 percent by the end of the sample period
in 2004. These figures also suggest that absent those target changes, U.S. inflation would
never have exceeded 4 or 4 1/2 percent. Thus, by attributing the bulk of inflation’s rise and

fall to Federal Reserve policy, the results confirm that to a large extent indeed, postwar U.S.
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inflation is a “monetary phenomenon.”

What’s more, estimates from the best-fitting, endogenous target version of the model pro-
vide some support for stories told previously by Blinder (1982), Hetzel (1998), and Mayer
(1998), which attribute the rise in U.S. inflation during the 1960s and 1970s to a systematic
tendency for Federal Reserve policy to translate short-run price pressures set off by adverse
supply-side shocks—particularly cost-push shocks—into more persistent movements in the
inflation rate itself. And, symmetrically, those same estimates confirm Bomfim and Rude-
busch (2000) and Orphanides and Wilcox’s (2002) suggestion that, since 1980, the Federal
Reserve has acted “opportunistically” to bring inflation back down in the aftermath of more
favorable supply-side disturbances. But while the results bring together these two sets of
stories to provide a unified explanation of inflation’s long-run rise and fall, they also indicate
that considerable uncertainty remains about the true source of movements in the Federal
Reserve’s inflation target: the best-fitting version of the model, which interprets those move-
ments as part of a deliberate policy response to exogenous supply-side shocks hitting the
economy, turns out to be statistically indistinguishable from the alternative, exogenous target
variant that depicts movements in the inflation target as purely random.

Stepping back from these literal interpretations of the two model variants and looking
more broadly at the results, some links to other recent contributions to the literature on
postwar U.S. monetary history begin to appear. The results from the endogenous target
model, for instance, also provide some support for Ireland (1999) and Chappell and Mc-
Gregor’s (2004) interpretation of the data, according to which Kydland and Prescott (1977)
and Barro and Gordon’s (1983) time-consistency problem accounts for the Federal Reserve’s
unwillingness to prevent inflation from rising in the face of adverse supply-side shocks as well
as its ability to bring inflation back down following more favorable supply-side disturbances.
Alternatively, to the extent that the adverse supply shocks that hit the U.S. economy during
the 1970s can be blamed for inaccuracies in official estimates of the output gap, the results

obtained here can be squared with Orphanides’ (2002) account of how mismeasurement of
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the output gap led Federal Reserve officials to mistakenly adopt an overly accommodative
monetary policy throughout that decade, fueling the coincident rise in inflation. Finally,
the results from the exogenous target model might be reinterpreted in line with Sargent’s
(1999) hypothesis that Federal Reserve officials actively pushed inflation higher during the
1960s and 1970s in a futile effort to exploit a misperceived Phillips curve trade-off. Clearly,
further extensions to and refinements of the empirical New Keynesian model developed here
are called for, in an effort to discriminate more sharply between these competing views of the
data, to understand more fully the policy mistakes of the past, and to guard more reliably

against similar mistakes in the future.

5 Appendix A: Equilibrium Conditions

This Appendix derives the model’s equilibrium conditions, which take the form of (13)-(24)
after they are log-linearized.

The representative household chooses Cy, hy, By, and M, for allt = 0,1, 2, ... to maximize
its expected utility subject to the budget constraint (1) for all ¢ =0, 1,2, .... The first-order

conditions for this problem can be written as

a; = At(Wt/Pt), (26)
Ay = BRE(Avy/Tiy1), (27)
M/ P; = (ar/A)[Ri /(R — 1)], (28)

and (1) with equality for all ¢ = 0,1,2,..., where A; denotes the nonnegative Lagrange
multiplier on the budget constraint expressed in real terms for period t. Equation (25)

identifies the multiplier A; with the marginal utility of consumption during period ¢, adjusted
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to account for the habit-persistence effects that carry over into ¢ 4+ 1. Since utility is linear
in hours worked, (26) equates the marginal rate of substitution between consumption and
leisure to the real wage. The Euler equation (27) relates the intertemporal marginal rate
of substitution to the real interest rate, while (28) takes the form of a money demand
relationship, implying that real balances rise as consumption rises and the nominal interest
rate falls.

The representative intermediate-goods-producing firm chooses P;(i) for all t = 0, 1,2, ...

to maximize its real market value, given by

Eo ) B'M[Di(i)/ P,

t=0

where 3'A; measures the marginal utility value to the representative household of an addi-

tional unit of real profits received in the form of dividends during period ¢ and where

20 20" 5] (5) (&) iy

measures the firm’s real profits during period ¢ in light of the requirement that it sell its

output on demand at price P;(7). The first-order conditions for this problem are

- o o ()2
¢ {Hmngf—gal(i) - 1] lnmn:)]ft—wtl(i)]

ol (52) [ or | | oem| [ca) (57

and (5) with equality for all ¢ = 0,1,2,.... In the absence of price adjustment costs, when

¢ = 0, (30) simply implies that the firm sets its price P;(i) as a markup 6;/(0; — 1) over
marginal cost W;/Z;. Hence, as suggested above, 0;/(0; — 1) can be interpreted as the firm’s

desired markup, and random fluctuations in #; act as shocks to the firm’s desired markup.
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Costly price adjustment (¢ > 0) then implies that actual markups deviate from, but tend to
gravitate towards, their desired level as firms respond optimally to the shocks that hit the
economy.

After imposing the symmetry conditions Y (i) = Y}, hy(i) = hy, Dy(i) = Dy, and P,(i) = P,
for all i € [0,1] and t = 0, 1,2, ... and the market-clearing conditions M; = M, 4 + T; and
B; =B,y =0forallt=0,1,2,.., and using (5), (26), (28), and (29) to solve for h;, Wy, M,
and Dy, the household’s budget constraint (1) can be rewritten as the economy’s aggregate
resource constraint

¢

I
Y,fzc*ﬁ—l !

[T (II) =

2 _ 1]Y 31)

and the intermediate-goods-producing firm’s optimal price adjustment rule (30) simplifies to

ay Ht Ht
ol =0 (Atzt) ¢ {Hf_lmzﬂ)“ _1] {H?_l(ﬂt)la} (32)
At+1> [ Iy } [ I ] <Yt+1>}
E, 1
roond (52 [ [meees) (5

for all t = 0,1,2,.... Equations (31) and (32), together with (2), (4), (6)-(12), (25), and

(27), form a system of equilibrium conditions that completely determines the behavior of
the thirteen variables Y;, Cy, Il;, Ry, g/, g7, 77", A¢, ar, O, Zy, vy, and IIf. When rewritten
in terms of the model’s stationary variables and log-linearized, this system takes the form of

(13)-(24).

6 Appendix B: The Efficient Level of Output and the

Output Gap

This appendix derives conditions that define the economy’s efficient, or Pareto optimal, level
of output and a corresponding welfare-theoretic notion of the output gap.

Consider a social planner who can circumvent the frictions that make markets for the

29



intermediate goods monopolistically competitive in equilibrium, that give rise to the explicit
costs of nominal price adjustment, and that imply that real money balances appear in the
representative household’s utility function. This social planner chooses an amount @); of
the finished good to allocate to the household’s consumption and an amount n,(i) of the
household’s time to allocate to production of each intermediate good i € [0,1] for all t =

0,1,2,... in order to maximize the household’s expected utility, now measured by

B> (@0~ 1Qen) - [ il
t=0 0

subject only to the aggregate feasibility constraint

0:—1)

1 0¢/(
Z { / nt(i)wt—l)/%dz} > Qy (33)
0

for all t = 0,1,2,..., reflecting the use of the same constant-returns-to-scale technologies
described by (3) and (5). The first-order conditions for this social planner’s problem can be

written as
a

. t _ Ai+1
= a=ias e n a) oy

ay = EeZ(Qu) Zy) Y Oty (1) 7/ (35)

—_
—
—

for all i € [0, 1], and (33) with equality for all t = 0,1, 2, ..., where =, denotes the nonnegative
Lagrange multiplier on (33) for period ¢.
Equation (35) implies that it is optimal for the social planner to choose n.(i) = n; for all

i€[0,1] and t =0,1,2, ..., where

ne = (Ee/an)" Z{(Qu/ Z1).-
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Substituting this last relationship into (33) yields
Et = CLt/Zt.
Hence, (34) implies that the efficient level of output (; must satisfy

1 _ 1 _ (%) 1
Zy Qr — Qi1 PrE: {( at ) (Qt+1 —’YQt>] (36)

for all t = 0,1,2,.... Equation (36) implies that, like the equilibrium level of output Y;, the

efficient level of output @); inherits a unit root from the process (6) for technology. However,

the transformed variable ¢; = Q);/Z; remains stationary, as does the output gap

ry = Qu/ Yy, (37)

defined as the ratio of the efficient and equilibrium levels of output. Log-linearized versions
of (36) and (37) can be added to the system consisting of (13)-(24) to determine how this

welfare-theoretic output gap responds to the model’s exogenous shocks.
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Table 1. Maximum Likelihood Estimates and Standard Errors

Constrained
Unconstrained Constrained Model with

Model with Model with Backward-Looking

Endogenous Target Exogenous Target Price Setting

Standard Standard Standard

Parameter Estimate Error Estimate Error Estimate Error
v 0.2553 0.0776 0.2433 0.0705 0.2374 0.0709

Q 0.0000 0.0764 0.0000 0.0855 1.0000 —
P 0.9069 0.1435 0.8594 0.1623 0.5798 0.0690
Py 0.2347 0.0465 0.2617 0.0533 0.2527 0.0433
Py 0.9105 0.0475 0.9097 0.0500 0.8935 0.0496
Pe 0.0060 0.2103 0.1310 0.2503 0.0000 0.0632
P 0.0546 0.0743 0.0711 0.0823 0.0132 0.0548
Oa 0.0281 0.0091 0.0279 0.0092 0.0286 0.0070
O 0.0007 0.0004 0.0015 0.0003 0.0038 0.0003
o, 0.0134 0.0017 0.0128 0.0023 0.0109 0.0016
Oy 0.0027 0.0003 0.0028 0.0004 0.0024 0.0003
Ox 0.0000 0.0004 0.0010 0.0002 0.0006 0.0003
Oe 0.0010 0.0004 0.0000 — 0.0004 0.0002
0, 0.0002 0.0002 0.0000 — 0.0000 0.0001

Lx 2310.6812 2309.8728 2295.4659

Notes: Where no standard error is reported, the parameter value has been constrained as
indicated. L* denotes the maximized value of the log likelihood function.
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Table 2. Forecast Error Variance Decompositions, Unconstrained Model with
Endogenous Inflation Target

Output

Quarters
Ahead

00 W =

—_
[\)

40
Inflation

Quarters
Ahead

0 W

—_
N}

40

Interest
Rate

Quarters
Ahead

OO =~

—_
[\)

Note: Entries decompose the forecast error variance at each horizon into percentages due

Preference

13.1
4.7
2.1
1.3
0.7
0.4

Preference

7.3
5.3
4.1
3.4
2.6
1.5

Preference

494
64.6
64.0
59.9
50.9
35.3

Cost-Push

0.2
0.1
0.0
0.0
0.0
0.0

Cost-Push

47.5
51.4
61.5
68.1
76.1
84.7

Cost-Push

20.6
24.0
29.3
34.7
44.6
60.9

to each of the model’s five shocks.

Technology

74.5
91.2
96.1
97.6
98.7
99.4

Technology

28.0
28.1
22.9
19.1
14.6
9.7

Technology

2.8
2.5
1.6
1.5
1.6
1.8

Monetary
Policy

12.2
4.0
1.7
1.0
0.6
0.3

Monetary
Policy

17.2
15.1
11.6
9.4
6.8
4.1

Monetary
Policy

24.2
8.8
5.1
4.0
3.0
2.0

Inflation
Target

0.0
0.0
0.0
0.0
0.0
0.0

Inflation
Target

0.0
0.0
0.0
0.0
0.0
0.0

Inflation
Target

0.0
0.0
0.0
0.0
0.0
0.0



Table 3. Forecast Error Variance Decompositions, Constrained Model with

Output

Quarters
Ahead

00 W

—_
[\)

40
Inflation

Quarters
Ahead

0 W

—_
N}

40

Interest
Rate

Quarters
Ahead

O =~

—
[\)

Note: Entries decompose the forecast error variance at each horizon into percentages due

Preference

13.5
5.1
2.3
14
0.8
0.4

Preference

8.2
5.7
4.4
3.7
2.9
1.8

Preference

53.8
67.4
66.8
62.7
53.9
38.1

Cost-Push

3.9
1.5
0.7
0.4
0.2
0.1

Cost-Push

15.3
9.0
6.9
5.7
4.2
2.6

Cost-Push

9.9
24
1.4
1.1
0.8
0.6

to each of the model’s five shocks.

Exogenous Inflation Target

Technology

66.7
87.7
94.6
96.7
98.1
99.1

Technology

26.4
23.0
18.0
14.8
10.9
6.6

Technology

8.5
4.7
2.9
2.2
1.7
1.2

Monetary
Policy

14.3
5.1
2.2
1.3
0.8
0.4

Monetary
Policy

22.2
18.6
14.5
11.9
8.8
5.4

Monetary
Policy

21.6
8.1
4.8
3.8
2.9
2.0

Inflation
Target

1.6
0.6
0.2
0.1
0.1
0.0

Inflation
Target

27.8
43.7
56.2
63.8
73.2
83.7

Inflation
Target

10.3
174
24.1
30.2
40.7
28.1



Captions for Figures

Figure 1. Inflation, United States. Measured by annualized, quarter-to-quarter percentage

changes in the GDP implicit price deflator.

Figure 2. Impulse responses from the unconstrained model with an endogenous inflation
target. Each panel shows the percentage-point response of one of the model’s variables
to a one-standard-deviation shock. The inflation and interest rates are expressed in

annualized terms.

Figure 3. Impulse responses from the constrained model with an exogenous inflation target.
Each panel shows the percentage-point response of one of the model’s variables to a one-
standard-deviation shock. The inflation and interest rates are expressed in annualized

terms.

Figure 4. Actual inflation (thin line) and the Federal Reserve’s target (heavy line), as

implied by the unconstrained model with an endogenous inflation target.

Figure 5. Actual inflation (thin line) and the Federal Reserve’s target (heavy line), as

implied by the constrained model with an exogenous inflation target.

Figure 6. Actual US data (thin lines) and counterfactual paths (heavy lines) generated
under a constant inflation target using the unconstrained model with an endogenous

inflation target.

Figure 7. Actual US data (thin lines) and counterfactual paths (heavy lines) generated un-
der a constant inflation target using the constrained model with an exogenous inflation

target.

Figure 8. Impulse responses from the constrained model with backward-looking price set-
ting. Each panel shows the percentage-point response of one of the model’s variables
to a one-standard-deviation shock. The inflation and interest rates are expressed in

annualized terms.
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Figure 9. Actual inflation (thin line) and the Federal Reserve’s target (heavy line), as

implied by the constrained model with backward-looking price setting.

Figure 10. Actual US data (thin lines) and counterfactual paths (heavy lines) generated
under a constant inflation target using the constrained model with backward-looking

price setting.

41



yo-uer
L0-uer
86-uer
ge-uer
¢6-uer
68-uer
9g-uer
€g-uer
0g-uer
L/-uer
v.-uer

L/-uer




04

Output to Preference

03
0.2
0.1

04
03
02
0.1

0.1

Inflation to Preference

Interest Rate to Preference

Output Gap to Preference

0.01
0.02
-0.03
-0.04
0.05

Output to Cost-Push

0.2
04
0.6
0.8

Inflation to Cost-Push

B

Output to Technology

0.2
0.4
0.6
0.8

Inflation to Technology

e

0.4
0.2
0.3
0.4

Output to Monetary Policy

0.1
0.2
0.3
0.4
0.5

Inflation to Monetary Policy

Output to Inflation Target

0.8
0.6
0.4
0.2

08
06
04
02

Inflation to Inflation Target

08 025
0.2
08 015
04 01
0.05
02 M
0 -0.05
0 4 8 12 16 4 8 12 16
Interest Rate to Cost-Push Output Gap to Cost-Push
0
0.01
0.02
0.03
0.04
-0.05
4 8 12 16 0 4 8 12 16
Interest Rate to Technology Output Gap to Technology
0.2 0
015 01
0.4
0.05 02
0
0.05 03
041 04
4 8 12 16 0 4 8 12 16
Interest Rate to Monetary Policy Output Gap to Monetary Policy
05 0
04 01
03
0.2
02
01 03
0 04
0 4 8 12 16 0 4 8 12 16
Interest Rate to Inflation Target Output Gap to Inflation Target
1 1
08 08
06 06
04 04
02 02
0 0
4 8 12 16 0 4 8 12 16




Output to Preference

04
03
02
0.1

0.1

Inflation to Preference

Interest Rate to Preference

Output Gap to Preference

Inflation to Cost-Push

Inflation to Technology

Inflation to Monetary Policy

04
03
02
04
0
0 4 8 12 16
Output to Cost-Push
02
015
04
0.05
0
4 8 12 16
Output to Technology
15
1
05
0
0 4 8 12 16
Output to Monetary Policy
0
041
0.2
03
0.4
4 8 12 16
Output to Inflation Target
012
04
0.08
0.06
0.04
0.02
0
4 8 12 16

Inflation to Inflation Target

08 025
0.2
08 015
04 01
0.05
02 M
0 -0.05
0 4 8 12 16 4 8 12 16
Interest Rate to Cost-Push Output Gap to Cost-Push
02
0.05 015
-0 04
015 0.05
0.2 0
4 8 12 16 0 4 8 12 16
Interest Rate to Technology Output Gap to Technology
0.25 o
02 041
015 02
04
0.05 03
0 0.4
4 8 12 16 0 4 8 12 16
Interest Rate to Monetary Policy Output Gap to Monetary Policy
04 0
03 041
02 0.2
041 0.3
0 04
0 4 8 12 16 0 4 8 12 16
Interest Rate to Inflation Target Output Gap to Inflation Target
05 042
o4 0‘;;
03 006
02 0.04
04 0.02
0 0
0 4 8 12 16 0 4 8 12 16




yo-uer
Lo-uer
86-uer
ge-uer
ce-uer
68-uer
9g-uer
€g-uer
0g-uer
L/-uer
v/.-uer
}/-uer

89-uer




y0-uer

Lo-uer

86-uer

ge-uer

c6-uer

68-uer

9g-uer

€g-uer

0g-uer

L/-uer

v/.-uer

L/-uer

89-uer

Ggo-uer

c9-uer

6G-uer




interest rate

18

y0-uer

Lo-uer

86-uer

g6-uer

z6-uer

68-uer

9g-uer

gg-uer

og-uer

L/-uer

y.-uer

L/-uer

89-uer

go-uer

co-uer

66-uer

output gap

vo-uer
L0-uer
86-uer
g6-uer
z6-uer
6g-uer
9g-uer
gg-uer
0g-uer
14-ver
v1-uer
L 2-ver
89-uer
Go-uer
zo-uer

6g-uer

inflation

yo-uer

L0-uer

86-uer

g6-uer

ce-uer

68-uer

9g-uer

€g-uer

og-uer

14-ver

v1-uer

L/-uer

89-uer

Ggo-uer

co-uer

66-uer

output growth

yo-uer

Lo-uer

86-uer

g6-uer

ce-uer

68-uer

9g-uer

€g-uer

0g-uer

14-ver

y.-uer

L/-uer

89-uer

Go-uer

co-uer

6g-uer




y0-uer y0-uer
Lo-uer Lo-uer
g86-uer 86-uer
g6-uer g6-uer
z6-uer c6-uer
68-uer 68-uer
9g-uer 9g-uer

2 o
s gg-uer <) gg-uer
? 5 -ue,
o o0g-uer 2 0g-uer

] 3
.m JJ-uep ° L/-uer
v1-uer vLeuer
LL-uer buer
89-uer go-uer
gg-uer soruer
-ue|
c9-uer corver
65-uer

b GG-UEP
RorooOOTNY

v0-uer y0-uer
Lo-uer L0-uer
86-uer g86-uer
g6-uer ge-uer
z6-uer z6-uer
6g-uer 68-uer
gg-uer < 9g-uer

H

c -

o €g-uer ° £g-uer

® (=}
= 0g-uer ] 0g-uer

E o
L/-uer 5 L.-uer

o
y.-uer y.-uep
L/-uer L/-uer
89-uer g89-uep
Ggo-uer Ggo-uep
c9-uer 29-uer
6g-uer 65-uer

N




Output to Preference Inflation to Preference Interest Rate to Preference Output Gap to Preference
05 08 04
0.4
0.6 03
03 02
02 04 '
0.1 0.1
M 02 o
0.1 0 04
0 4 8 12 16 ) 4 8 12 16 0 4 8 12 16 0 4 8 12 16
Output to Cost-Push Inflation to Cost-Push Interest Rate to Cost-Push Output Gap to Cost-Push
04 02 0 04
0
B B
; 04 ;
01 06 02 01
0 '“:15 0.3 o
0.1 1.2 0.4 0.1
o 4 8 12 16 0 4 8 12 16 o 4 8 12 16 0 4 8 12 16
Output to Technology Inflation to Technology Interest Rate to Technology Output Gap to Technology
15 041 03 01
o 0
02
! -g'; 041 by
05 03 ) 02
04 o -03
0 05 0.4 04
0 4 8 12 16 0 4 8 12 16 ) 4 8 12 16 0 4 8 12 16
Output to Monetary Policy Inflation to Monetary Policy Interest Rate to Monetary Policy Output Gap to Monetary Policy
01 041 05 01
0 0 04 0
0.1 ‘g-; 3-; 0.1
02 03 0.1 02
03 04 0 03
0.4 05 0.4 04
0 4 8 12 16 0 4 8 12 16 ) 4 8 12 16 0 4 8 12 16
Output to Inflation Target Inflation to Inflation Target Interest Rate to Inflation Target Output Gap to Inflation Target
015 04 03 015
01 03 0.25 01
02
0.05 02 0.15 0.05
0 0.1 0.1 0
0.05
-0.05 0 0 -0.05
0 4 8 12 16 [} 4 8 12 16 0 4 8 12 16 ] 4 8 12 16




y0-uer

Lo-uer

86-uer

ge-uer

c6-uer

68-uer

9g-uer

€g-uer

0g-uer

L/-uer

v/.-uer

L/-uer

89-uer

Ggo-uer

c9-uer

6G-uer




| vouer v0-uer
Lo-uer Lo-uer
g86-uer 86-uer
g6-uer g6-uer
z6-uer c6-uer
68-uer 68-uer
9g-uer 9g-uer
2 o
s gg-uer <) gg-uer
“ -
o 0g-uer a3 0g-uer
2 E
= JJ-uer ° 1/-uep
pa-uer y/-uep
LL-uer buer
89-uer go-uer
gg-uer soruer
z9-uer eoer
b GG-UEP 6g-uer
ReyuguevNo
y0-uer y0-uer
L0-uer L0-uer
86-uer g6-uer
g6-uer Ge-uer
c6-uer Z6-uer
6g-uer 68-uer
gg-uer < 9g-uer
H
.m £g-uer o £g-uep
® (=}
m 0g-uer ] 0g-uer
£ £
L/-uer w 1/-uep
y.-uer y.-uep
L/-uer L/-uer
89-uer g89-uep
Ggo-uer Ggo-uep
c9-uer 29-uer
6g-uer 6G-uep




