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ABSTRACT

Timeless Perspective versus Discretionary Monetary
Policy in Forward-Looking Models*

This Paper reviews the distinction between the timeless perspective and
discretionary modes of monetary policy-making, the former representing rule-
based policy as recently formalized by Woodford (1999b). In models with
forward-looking expectations there is typically a second inefficiency from
discretionary policy-making, besides the inflationary bias. The Paper presents
calculations of the quantitative magnitude of this second inefficiency, using
calibrated models of two prominent types; it examines the distinction between
instrument rules and targeting rules; and briefly investigates operationality
iIssues involving the unobservability of current output and the possibility that
an incorrect concept of the natural rate level of output is used by the policy-
maker.
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NON-TECHNICAL SUMMARY

This Paper provides quantitative comparisons of alternative approaches to
carrying out monetary policy when the private sector of the economy is
forward-looking.

The distinction between ‘discretion’ and ‘commitment’ in the formulation of
monetary policy is the subject of a large literature. Until recently, following the
influential work of Kydland and Prescott (1977) and Barro and Gordon (1983),
the focus of this literature has been the danger of an inflation bias that can
arise under discretionary monetary policy, when there is a short-run trade-off
between inflation and unemployment. The seminal finding refers to the case
where the central bank (CB) is discretionary — that is, it determines its policy
settings by reoptimizing its objective function each period — and its objective
function includes both inflation and deviations of output from a target value.
Then, under certain conditions, the CB will in each period set policy looser
than is consistent with its inflation target because reducing inflation to the
target value would cause a reduction in output. On average, however, welfare
is lower than optimal because there are no long-run output benefits from loose
monetary policy (the long-run Phillips curve is vertical) and there is a long-run
cost in higher inflation. Much of the literature has stressed that if the CB
follows a form of commitment policy (that is, it solves its welfare optimization
problem on a once and for all basis, and carries out the implied rule), then the
inflation bias problem can be avoided; and the intertemporal welfare outcome
is superior than under discretionary policy. It has been pointed out that this
inflation bias can be avoided while still relying on a discretionary approach to
optimization, provided that the target level of output in the welfare function
corresponds to the natural level of output. Then the CB'’s inflation and real
activity objectives are compatible (King, 1996; Svensson, 1997, 1999).

Recent developments in monetary policy analysis have, however, suggested
the importance of a different aspect of the discretion versus commitment
distinction. Macroeconomic analysis increasingly has replaced the traditional
IS-LM and Phillips curve relationships with versions of the relationships that
are based on optimizing behaviour by the private sector. For example, the
‘New Keynesian Phillips curve’ (Roberts, 1995) can be obtained from the first-
order condition for optimality of a price-setting firm which is subject to
obstacles to adjusting its price. A consequence of this development has been
the prevalence of forward-looking terms (the rational expectation of future
inflation and output) in macroeconomic models. Earlier work on forward-
looking models (Currie and Levine, 1993) suggested that a discretionary
policy took inadequate account of agents’ expectations of future policy.
Woodford (1999b) has applied this insight to modern monetary policy analysis,
and, at the same time, has advanced and formalized a form of optimal policy



that he argues is appropriate for forward-looking models, namely the ‘timeless
perspective’ policy.

With forward-looking models, there is an inefficiency that results from
discretionary policy even when the latter does not aim to keep output above
potential. Consider, for example, a model with a forward-looking Phillips curve.
With inflation depending on its expected future value, it is possible for a CB to
create lower inflation today by promising to follow a policy that keeps output
below potential for several periods. The prospect of future negative output
gaps reduces expected future inflation, reinforcing the decline in current
inflation that comes from a negative output gap today. In other words,
provided that the CB can make the private sector believe its promises
regarding future policy, forward-looking behaviour of the private sector can
augment the CB’s control of inflation. But under discretion, the CB of the
future has a reduced incentive to create negative output gaps, since the
benefit of these gaps (lower inflation) is traded off against their current cost.
Forward-looking private agents are aware of this reduced incentive, and take
into account the predictable future deviations by policy-makers from their
presently announced plans. Expected future inflation does not fall, so the only
way that a discretionary policymaker can reduce inflation is by affecting the
current output gap. The outcome is more variable inflation and output gap
behaviour under discretion — an inefficiency that prevails, as Woodford
stresses, even though the CB does meet its inflation target on average.

A policy of commitment, if followed, would avoid the inefficiency just
described. But the shortcoming of prescribing a commitment policy is the
dynamic inconsistency of the concept. The CB’s optimality conditions under
commitment take a two-part form, one dictating the policy it should follow in
the initial period, and the second indicating the policy to follow in all
subsequent periods. But as the second part of the policy would not actually be
followed if the CB could re-solve the optimization under commitment problem
after the initial period, the standard ‘commitment’ solution implies a pattern of
behaviour that seems highly implausible, and so does not provide an attractive
equilibrium concept.

The alternative advanced by Woodford is the timeless perspective (TP) policy.
Essentially, this policy is one that adopts the second part of the two-part
optimality conditions that obtain under commitment, and implements that
condition every period. Unlike the commitment solution, the TP policy gives
the CB an identical prescription, regardless of the period in which the CB
commences the policy; and, unlike discretion, the TP policy takes into account
the private sector's expectations in a manner that optimizes intertemporal
welfare. The TP concept corresponds closely to a form of ‘policy-making
according to a rule’ as well as to the concept of ‘commitment’ used in many
existing studies of commitment policy with forward-looking models.



Although theoretical work on the timeless perspective has continued (e.g.
Svensson and Woodford, 1999), there has been no systematic quantitative
comparison of the relative benefits of timeless perspective and discretionary
policies. We develop such a comparison in this Paper, presenting calculations
of the quantitative magnitude of this second inefficiency from discretion. We
use calibrated models of two prominent types. We also examine the distinction
between instrument rules and targeting rules, examining to what extent the
first order conditions for optimality can be approximated by following a simple
interest rate reaction function. We also briefly investigate operationality issues,
involving the unobservability of current output and the possibility that the
policy-maker uses an incorrect natural output concept. Finally, we compare
the size of the newly emphasized inefficiency from discretionary policy with
the inflation bias inefficiency that has been traditionally studied. Under
reasonable calibrations, it turns out that the inefficiency is at least as
guantitatively important as that from the inflation bias problem.



1. Introduction

Recent andysisby Clarida, Gdli, and Gertler (1999), Jensen (1999), Svensson and
Woodford (2000), and especially Woodford (1999a, 1999b, 2000) has been highly productive
in advancing the professon’s understanding of optimal monetary policy. Specificdly, these
papers emphasi ze the importance for policy purposes of the distinction between
macroeconomic modds (of private behavior) that are “forward looking”—i.e., that include
expectations of future values of endogenous variables—and those that are not. This
distinction—applied to the structurd form of the model—is of greeat theoretical significance,
since modds derived from optimizing andyss dmost invariably include expectations of future
variables. A mgor point of the cited literature is that thereis, in forward-looking models, an
inefficiency that resultsfrom discretionary policymaking, relative to that of an optima policy
rule, that obtainsin addition to the familiar inflationary bias. (Theinflationary bias has been
extensvely discussed in ahuge literature that typicaly uses non-forward-looking models). This
point, which isimplicit in earlier work by Currie and Levine (1993), among others, has been
vauably emphasized in the cited papers, especidly in Woodford (1999b).

There are many associated issues, nevertheless, that remain to be consdered. One of
these is the quantitative extent to which an optima policy rule provides improved outcomes
relative to (optimal) discretionary behavior. That magnitude depends, of course, on the
specification of the modd that is utilized—its parameter values and generd aspects of the
specification—and an exploration is clearly warranted. A related topic, moreover, concernsthe
ditinction proposed by Svensson (1997, 1999) between “targeting rules’ and “instrument

rules” Istherein fact amgor difference? Or can target-rule outcomes be closdy



gpproximated by instrument-rule procedures? Third, in the context of optima policy-rule
andyd's, issues concerning operationaity—stressed by McCallum and Nelson (1999b)—arise
naturdly. |Isthe superiority of rule-based over discretionary policymaking enhanced or
diminished by redigtic specification of information available to the policymaker? Findly, how
important is this newly- recognized source of discretionary suboptimaity in comparison with the
more familiar inflationary bias?

Each of the foregoing issues will be explored in what follows. 1n addition, we begin with
an expogition of the basic anadysis that emphasizes Woodford' s concept of a“timeless
perspective’ and its intimate connection to previous concepts of rule-based policymaking.

2. Basic Analysis

Asanillugrative framework, let us begin with the stylized forward-looking
macroeconomic mode that is utilized by Woodford (1999b, 2000) and also is a specia case of
themodesin Clarida, Gali, and Gertler (CGG) (1999) and Jensen (1999)." Thissmplest
version features only aforward-looking price adjustment or aggregate supply relation of the
Cavo-Rotemberg type, augmented with shocks that keep the current natural-rate level of
output from being economicaly efficient.? Denating inflation in period t by p; and the output

gap by v, thisrdationis

! The latter two papers permit first-order autoregressive processes for the shock variables, which makes their
systems somewhat richer than that considered by Woodford, and also consider model variants that include
lagged inflation and output-gap terms.

% For some discussion of the nature of the u, shock in (1) below, see Woodford (1999b, 2000), CGG (1999, pp.
1566-67), and Erceg, Henderson, and Levin (1999). Our notation differs slightly from that of any of the cited
authors.



pt=ay+bEpu + W, (1)

wherea >0, 0<b <1, and u; isthe shock term. For amplicity, we initidly assume thet the
process generating U, iswhite noise. The modd that we (and the cited authors) have in mind
actudly dso indudes an optimizing |1S-type demand relaionship of the form
Yt = By + Di(R - Bpra) + vy, b, <0 2
where R isthe centrd bank’ s interest rate instrument and v; is a preference or government
spending shock.®> But we shall at first pretend that the central bank (CB) can directly control p;
as an ingrument—an assumption that is very common in the literature and is innocuous in the
present context.” In Section 4 we will extend the anadlysisin amanner that involvesindusion of
(2) and use of an interest rate instrument.

The central bank’s objective function at timet is taken to be of the form
Minimize B Si=* b’ (P + Wyisi?), (3)
which Woodford (1999a) has shown to be consistent with individua optimality in terms of
agents preferences under certain reasonable conditions. Consequently, the CB’s problem at
some point in time, here taken (without loss of generdity) to bet = 1, can be expressed as
minimization of the Lagrangian expression
Ly = B [(p12 + wy:?) + b(p22 + wy2?) + ... (4

+ | 1(ay1+ bp2+ Up - pl) + bl z(ay2+ bp3+ Us - p2) + ]

% Since we have written (2) in terms of the output gap—a somewhat undesirable practice since the IS
relationship fundamentally pertains to aggregate demand, not the output gap—the v, term also includes the
expected changein the log of the natural rate of output.

“If therelation (2) isincluded as an additional constraint, with optimization then conducted with respect to
R aswell as y; and p, the Lagrange multiplier attached to this constraint equals zero for all t.



with respect to p1, P2, ..., and yi, Ya, ...°> Asshown by Woodford (1999b) and CGG (1999),

the optimizing conditionsinclude

E1(2wyt + al t) = O, t :1, 2, (53)
E1(2pt + | t-1- | t) = O, t :2, 3, (5b)
2p1- [ 1=0. (5C)

Here equations (1), (54), (5b), and (5¢) apparently determine optimal values of py, Wi,
and |  for period t = 1 and expected valuesas of t = 1 for periodst = 2, 3, ... But these
choices entall dynamic inconsstency, since the CB could re-solve the problem in time period 2
and would then choose 2p, —1 , =0ingtead of the condition 2p, +1 ;-1 , =0that is
suggested by (5b). Thus the sandard “commitment” solution, in which the CB implements (5¢)
and (5a)(5b) with the E; operators removed,® views the CB as sdecting vauesint =2, 3, ...
that it currently consders undesirable from the perspective of its own decision-making process.
Since such a pattern of behavior seems highly implausible, this commitment solution does not
provide an attractive equilibrium concept.

There is another equilibrium concept, however, involving a different type of
commitment, that is much more attractive—as Woodford (1999b) argues convincingly. Instead
of using (1), (58), and (5b) with the start-up condition (5¢) to determine paths of py, v, and | ¢
fort=1, 2, ..., the CB can use (1), (5d), and (5b) without any start-up condition by applying
(5b) indl periods. This gpproach, which Woodford terms the “timeless perspective,” involves

ignoring any conditions prevalling at the regime s inception—say, by imagining that the decison

®In (4), the terms Ep,., from (1) can be written without E, operators since E;Ep..; = Eyp..1, by the law of
iterated expectations.



to apply (58) and (5b) had been made in the distant past. In this case there is no dynamic
inconsstency in terms of the CB’ s own decision-making process. Thevauesof p, and y,
chosen by this processin period 2 agree with the vaues chosen expectationaly in period 1.

An dternative description of this mode of policy behavior can be obtained by specifying
that our concern is with macroeconomic performance within and across regimes, not with
trangitions from one regime to ancther. In this case the andys's supposes that the policy regime
being analysed has been in effect long enough thet initial conditions, which obtained at the time
of itsinception, have become irrdlevant. Thisis the conception adopted by Lucas (1980, p.
205), Lucas and Sargent (1981, p. xxxvii), Taylor (1979), and others. Our contention is that
thisis the most gppropriate presumption for monetary policy andyss. To usit seems
implausible that private agents could immediately begin forming expectations consstent with any
new policy regime, following aregime change, asis assumed by some aternative approaches.
The badic rationd expectations gpproach requires that a policy regime has been in effect long
enough for private agents to understand it and believe in its continuation.

It is perhagps worth mentioning that this timel ess-perspective optimality concept agrees
precisdly with what has been viewed by most anadlysts, since publication of the Barro and
Gordon (1983) exposition of the Kydland and Prescott (1977) insghts, as “policymaking
according to arule” The various quotesin Woodford (1999b) taken from McCalum (1999a)
illugtrate that agreement,” as does Woodford's placement of his analysisin asection of his

(1999b) paper entitled “Rule-Based Policymaking.” The modification that King and Wolman

® When period t+j comes around, the CB can by assumption observe Vi @nd prj, SO it can implement (5a)-
(5b) exactly.



(1999, pp. 374-5) make to the commitment case in their study of optima monetary policy, aso
corresponds to adopting atimeless perspective? It is also worth emphasizing that many studies
of optimal monetary policy in forward-looking modds have consdered policies which are
labelled “commitment,” but which (Snce these policiesignore the period 1 first order condition
and use only the remaining portion of the commitment conditions) should redly be regarded as
the timeless perspective policy. Recent examplesin thislast category of sudiesincluding CGG
(1999), Batini and Nelson (2000), and Smets (2000).

Before continuing, it will be useful to derive the counterpart of conditions (5) provided
by “discretionary” policymaking, i.e., a process that presumes period-by-period reoptimization
involving each period' s start-up conditions. In this case the derivatives with repect to the terms
in the Lagrangian expression (4) that correspond to Ep .1 in (1) are al equal to zero.” Thusthe
counterpart of (5b) becomes
E.(2p:- 1) =0 t=1,2, ... (6)
which issmilar to the firg-period condition (5¢) in the commitment optimization but now gpplies
to each period. Note that discretion can be characterised by the absence of the lagged
Lagrange multiplier in the CB’ sfirst order condition, as stressed by Woodford (1999a).

In addition, let us express the policy-optimality conditions with the Lagrange mutipliers
| ¢ substituted out. Then for the discretionary optimum we obtain from (6) and (5a) the

following:

" See, for example, Woodford' s (1999b) footnote 22.

® King and Wolman’s modification is patterned after an analogous procedure in Kydland and Prescott’s
(1980) study of optimal tax policy.

® The reason is somewhat more complex than in the Barro-Gordon (1983) model, which is not forward
looking: see Woodford (1999b, pp. 308-9) or CGG (1999, p. 1672).



P = - (W/ay. (7)

By contrast, the timel ess-perspective, rule-based optimality condition implied by (5b) and (53)
IS

pe=- (Wa) (- Yia). )

The latter expresson is equivaent to (8) or (7) in Woodford (1999b) and to (4.18) of CGG
(1999). Itisof someinterest to note that in the specia casew = a, the TPrule (8) calsfor
nomina income growth targeting. This point is related to the findings reported by Jensen (1999)
and Walsh (2000).

To determine how inflation and the output gap behave in the timeless perspective
equilibrium we obtain the rationd expectations (RE) solution to the modd congsting of the
policy rule (8) and the private behaviord relaion (1). In particular, we look for the minimal
sate variable (MSV) solution that excludes bubbles and sunspots, as discussed by McCadlum
(1999b). Thus we conjecture that p; and y; are related to the clearly-relevant state variables
Vi1 and u; asfollows:

Pe="F 11ye 1+ U (9a)
Ve =f o1 + f ol (9b)

Then Epwr =T 11(f 211 + T 22W) and subdtitution into (1) and (8) yields the undetermined-

coefficient relationships

fu=af,+bf uf » (10a)
fo=afp+bfufo+l (10b)
fu=Wwa)l- fa) (10c)



f o= - (Wa)f ». (10d)
From (108) and (10c) wefind that f ,; satisfies

bf 52 —gf 1 +1=0 (12)
whereg= (1 + b + a?w). The rdevant root, according to both the stability and MSV criteria,
IS

fx=[g- (&- 4b)*7/2p, (12)
which stisfies0 < f » < 1. Following CGG (1999), let ususethe symbol d =f ,;. Thenthe
vauesfor f 14, f 15, and f ,, canbefoundto bef ; = (W/a)(1- d),f . =1/(g- bd),f =

- (a/w)/(g- bd) and the solutions are

pe=(W/a)1- dyr1+(g—bd) 'u (13)
and
Yt = dyi.1 —[(@/w)/(g—bd)]u. (14

These can be shown, with some tedious agebra, to agree with solution expressions reported by
CGG (1999, eg. (8.1)).

Findly, to find the MSV equilibrium under discretionary optima policy, we use (7)
rather than (8) asthe policy rule. Inasystem conssting of (1) and (7), there are no dearly-
relevant sate variables other than u;, SO we conjecture a solution of the form
Pt =T 1t (15)

Ve = f 5. (16)
Then Ep:+1 = 0 and the values of f , and f , are found to be w/(w+a?) and - a/(w+a?).
Neither Woodford (1999b) nor CGG (1999) includes an analysis of the rdative

losses—the unconditional expectations of the objective function—under the two modes of



policy-making. Indeed, they do not actualy put forth any claim that the timel ess-perspective
losses are generdly smdler than those from discretionary policymaking. We do not here
attempt agenera agebraic andysis, but we wish to examine the issue quantitatively by use of
models calibrated with specific parameter vaues. Such an andysswill be included in the next

section.

3. Quantitative Analysis

Our agenda now is to specify vaues for the modd’ s parametersa, b, and w, find the
RE solutions described above, and report for a chosen vaue of the variance of u—and chosen
autocorrelation properties, if desred—the average values of the loss function. The average
vaues of the intertempora oss function (3) are proportiond to the mean of the indtantaneous
loss function, which iswhat we report.™® 1n what follows, these values are calculated using
asymptotic formulae for the moments of the variablesin the mode (e.g., Hamilton [1994, p.
265]).** We use our modification of the QZ agorithm of Klein (2000) to obtain the MSV

olution.

% Here we follow the example of King and Wolman (1999), Rotemberg and Woodford (1999), and Rudebusch
and Svensson (1999) in our use of the unconditional expectation of (3) asthe policy criterion.

" These val ues have been checked by comparison with averages of the same statistics across 100
stochastic simulations (200 periods).



Tablel

Losseswith TP and DIS Policy Behavior, Basic C-R M odel

(Reported values are losses times 10°, TP/DIS)

Vdueof w
Vdueof a 0.01 0.10 0.25 1.0
0.10 0.96/1.25 1.84/2.27 2.07/2.40 2.28/2.48
0.05 1.54/2.00 2.15/2.44 2.28/2.48 2.40/2.49
0.01 2.28/2.48 2.45/2.50 2.50/2.50 2.50/2.50
Table2

Losseswith TP and DI S Policy Behavior, C-R Model with r , =0.8

(Reported values are losses times 10°, TP/DIS)

Vdueof w
Vdueof a 0.01 0.10 0.25 1.0
0.10 5.51/9.52 29.4/80.5 48.1/117.4 83.0/147.6
0.05 16.21/41.3 59.4/131.1 83.0/147.6 | 116.4/157.2
0.01 83.0/147.6 | 133.8/159.1 | 146.8/160.0 | 158.9/160.4

10




Table 1 reports vaues of the loss function for arange of a and w vaues, with b kept at 0.99
throughout. For a, we would suggest that actud values probably lie between 0.01 and 0.05;
see, eg., theestimatesin Gai and Gertler (1999). For the central-bank preference parameter
w our range of 0.01 to 1.0 includes values thet place dmog al weight on inflation varigbility and
ones that give much weight to output variability. Since we are using quarter-year time periods,
equd weightsin terms of annudized inflation (asin the origind Taylor rule) imply w= 0.25. The
standard deviation of the white-noise u; shocks is taken to be 0.005, our variables being
measured in fractional (rather than percentage) units™ Thus the annualized standard deviation is
about 2.0 percent, dightly lessthan isredlidtic for the U.S. economy. In each entry of Table 1
there are two numbers; the firgt is the average (i.e., unconditional expectation) loss for the
timel ess-perspective (TP) solution and the second is for the discretionary (DIS) solution. From
the table it can be seen that the TP policy produces smdler losses than the DIS policy for all
examined values of a and w. The quantitative extent of the differenceis, however, rather smdll.
To consder whether this small difference represents arobugt finding, let us modify the
model somewhat. In particular, we now assume that the u, shock processis seridly correlated
according to afirst-order autoregressive specification with an autoregression parameter value of
0.8. Thischange will result in solution processes for inflation and the output gap that festure
consderable persstence, much more like actua data than those generated by the basic model
with white noise u; shocks. Weretain avalue of 0.005 for the standard deviation of the

innovation driving the u; process, so the value of the variance of u; itsalf islarger than before by

2 The value chosen for this standard deviation directly influences the values of calculated |osses, but does
not influence the relative magnitudes of the losses under timel ess-perspective and discretionary policies.

11



afactor of [1/(1- 0.8%)] = 2.78. For that reason aone the vaues of the losses will be greater
than before, but not to the extent found. These magnitudes are of some interest on their own,
but it isthe relative values for the TP and DIS policies that are of primary interest.

Results are shown in Table 2. There it will be seen that there is a somewhat greeter
difference than before in the TP and DIS outcomes. Theratios of DISto TP losses, that is, are
somewhat larger than in the case with white noise shocks. Thisis not too surprising, for the
fundamental advantage of the TP ruleisthat it takes correct account of private sector
expectations, and therefore of intertempora aspects of the situation, which are more
pronounced when serid correlation of the shocks is included.

An dternative specification that tends to generate perastence in inflation, and has been
prominent in recent research, is provided by replacement of price-adjustment relation (1) with
the falowing:
pt= ay:+bgEpus + b(1- g)pr1 + Ut 0<qg<l1 (17)
Reations of this genera type have been promoted by Fuhrer (1997) and Fuhrer and Moore
(1995), among others, and are considered by CGG (1999) and Jensen (1999). To find the TP
policy rule with (17) replacing (1), we proceed as in Section 2 and obtain the following firgt-

order conditionsin place of (5):

E]_(Z\/Vyt + al t) =0 t=1, 2, (183.)
E2pi+ql e1- | +b%(1-g)lwa] =0 t=2,3 ... (18b)
2p1-11+b%1-qg)l,=0. (18¢)



Adopting the timeless perspective, then, and subgtituting out the |  multipliers between (183)
and (18b), yields the optimdity condition

P = (W/a)[Qye1- Vi + b(1- Q)EYin] t=1,2, ... (19)
Here Eyi.1 appears instead of Y., Since the latter is not known &t t.

For the case of discretionary optimization, interestingly, there are two possible
concepts. Firgt, one might conceive of the CB asimplementing (18a) and (18c) in period 1 and
planning to implement (18a) and (18b) in each subsequent period. When period 2 arrives,
however, the CB re-solves its problem and again implements (18a) and (18c), now updated to
period 2. Indeed, in this case the CB re-solves and implements this solution in each period.
With the Lagrange multipliers substituted out, the relevant optimdity condition is
pe = - W/a)ly: — b*(1- QEysal, (20)
where again it is recognized that yi.1 is not known in period t. The second concept, used by
CGG (1999, p. 1692) and Jensen (1999), does not involve the dynamic inconsistency implied
by thefird. Instead of planning to implement (18b) in future periods, the CB recognizesin
period 1 that in period 2 it will behave just asit doesin period 1. In minimizing (3), accordingly,
Eip2inthe congraint (17) for period 1 will be replaced with r ;p,, wherer ; isaparameter of
the equilibrium solution expression p; =
I i1pe.1 + 1. Inthe present case with white noise u;, accordingly, the rlevant optimaity
condition with this conception of discretionary behavior is
pe=- Wa)[(1- bar )y - b*(1- Q)Eeyee]. (21)
Thusthere is a smdler responsveness of inflation (and larger responsiveness of output) to

shocks than would be present if policy behavior were asimplied by (20). Since (21)
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seems to reflect amore standard version of discretion than (20), it will be used in what
follows™

Results are reported in Table 3 for the case in which (17) describes price adjustment
behavior, with g = 0.5, when u; iswhite noise. Asin Table 2, theratio of DISlossesto TP
losses is somewhat larger than in Table 1, where there isllittle serid corrdation of the modd’s
variables, but not by agreat amount. In al cases covered by our a and w values, the TP losses

are samdler than the DIS |osses.

3 We proceed computationally by assuming avalue for r ;, solving the model conditional on that value,
determining the value implied by the solution, and iterating. For an alternative, dynamic programming
approach to the problem, see Steinsson (2000).
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Table3

L osseswith TP and DI S Behavior, Model Including (17)

(Reported values are losses times 10°, TP/DIS)

Vdueof w
Vdueof a 0.01 0.1 0.25 1.0
0.10 1.36/1.48 4.56/5.45 6.60/8.17 10.6/13.7
0.05 2.99/3.44 7.83/9.83 10.6/13.7 15.8/20.4
0.01 10.6/13.7 19.7/24.5 23.4/21.7 27.9/30.0




4. Target Rulesand Instrument Rules

Implementation of the optimality conditions of the previous section would correspond to
adoption of what Svensson (1997,1999) terms “target rules,” as distinct from “instrument rules.”
In these papers, as well as others, Svensson has argued that consideration of target rulesis
preferable for actua central banks and accordingly for andysts. McCallum (1999a) and
McCdlum and Nelson (1999b) have, by contrast, suggested that instrument rules are more
interesting from a normetive point of view. It could aso be argued that they are more revant
empiricdly, i.e, that the actud inflation targeting regimes currently in place in New Zedand,
Canada, the United Kingdom, and &l sewhere are more satisfactorily represented by formal
andytica models with instrument rules than with target rules™* An important part of this
argument is that no actual CB has reveded what itsloss function is—e.g., whet its vaue of w is
in expresson (3). Of course an argument of this nature can never be conclusive, but we would
point out that Woodford (1999b, pp. 287-299) has presented a sophisticated discussion that is
predominantly supportive of our position.

A drictly andytical clam made by McCallum (1999, p. 1493, fn. 17) isthat an
instrument rule can typically be written so as to imply instrument responses that would tend to
bring about the satisfaction of any (feasible) specified target rule. 1n the context of the present
andyss, for example, one could include the optimizing IS relation (2) as part of the model and
then specify an instrument rule for R that is designed to implement an optimality condition such

as (8). Inthiscasetherule could be written as

1 See, for example, the discussions of the respective central bank practices given by Archer (2000),
Freedman (2000), and King (1999).
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R=(1-m){T +pc+mpc+ (Wa)yi—yi)]l} + MR (22)
whichwithm >0, m 3 Oissimilar to an extended™ version of the Taylor (1993) rule, but with
p: + (w/a)(y: — 1) rather than p; + y; asthe target variable, i.e, the variable that the rule
seeks to keep close to some dedired value. If the economy is onein which current aggregate
demand can be influenced by R, then as m isincreased, the variability of the term in square
bracketsin (21) should be decreased, yielding an gpproximation to satisfaction of the optimality

condition (8).

To determine whether it isin fact the case that increesng m vaues would leed to
gpproximate satisfaction of (8—and likewise of the discretionary optimality condition (7)—
congder the figuresreported in Table 4. Therea = 0.05 and m = 0 are retained throughout,
with various values of w specified and m increased from the Taylor vaue 0.5 to extremely large
magnitudes™® The shock term in relation (2) includes two components, awhite noise taste

component with standard deviation 0.02 and adso

Vi- By, Wherethe naturd-rate value y comes from an AR(1) process with AR parameter
0.95 and innovation standard deviation of 0.007."" The resultsindicate thet, at leat for this
example™® the instrument rule approximates very dosdly the target-rule optimality conditions for
large m vaues, i.e,, strong feedback responses. With m 3 50, for example, thew = 1 case

gives TP and DIS|oss vaues of 2.40 and 2.49, essentidly

>].e., aversion withan R, ; term included to reflect interest rate smoothing.

®\We are using relation (1) with awhite noise shock term.

" This component must be included because the | S equation (2) is written in terms of the output gap.

'8 Similar results have also been obtained for the case in which the shock termin (1) iSAR(1) with parameter
08.
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Table4

Losseswith Interest Instrument Versionsof TP and DIS

Behavior, Basic Model with a =0.05and my=0

(Reported values are losses times 10°, TP/DIS)

Vaue of Vdueof w
m 0.01 0.10 0.25 1.0
05 2.90/2.86 7.36/4.69 23.0/5.23 41.4/4.29
5.0 2.45/2.43 3.40/2.62 3.24/2.57 2.94/2.52
50.0 1.58/2.03 2.17/2.44 2.29/2.48 2.41/2.49
500.0 1.54/2.00 2.16/2.44 2.28/2.48 2.40/2.49
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identical to the target-rule losses shown in Table 1. Thusinstrument rules can be written to

include target rules as extreme specia cases, but are more generd.

5. Operationality

Exercises such as those of the preceding sections are interesting and even enlightening,
but are far removed from the monetary policy problems facing actud centrd bankers. In redlity,
CB decison makers have only vague notions about the “true modd”—i.e., the workings of the
actud economy—and have highly incomplete and imperfect information regarding current vaues
of many variables of macroeconomic importance. Recognition of these features of redlity should
characterize serious studies of desirable policy. Here we would like to determine how such
oper ationality consderations are related to the issues regarding optimality in forward-looking
models that have been considered to this point. Clearly, a complete study is beyond the scope
of this paper but some leading problems can be consdered. We begin in this section by
consdering two particular points, ones that have been stressed in previous work by oursalves

(McCalum and Nelson, 1999b, and McCalum, 1999).

The first point of concern is the absence of knowledge by the CB of the current vaue of
real output during aperiod a the time a which it is setting its interest rate instrument for thet
period. To be more redigtic one could include the most recent period' s vaue y:. 4, but a
preferable approach would beto use E;;y:. Accordingly, we now investigate the effects of

including E.1y: in place of y; in insrument rule smulations such asthose of Section 4. In
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addition, we consder cases in which current inflation is not observed, so that E. ;p. is used by
the CB in place of p:, and in which neither of these variables is observed.™

A firgt st of resultsisshown in Table 5. There the first row repeats results from Table
4 for comparability. Then the second row gives the results with the expected current output gap
included in place of the (unobserved) current value. 1t will be seen that the magnitude of the
lossesisin this case much gregter than with full informeation, with the extent of the increase
positively related to w (i.e., to the strength of the response to the imperfectly observed gap
variable). For each w value consdered, it remains true thet the TP losses are smaller than the
DISlosses. Then in thethird row, we suppose that inflation (instead of output) is currently
unobservable. Inthis case, the losses are essentialy identical for al w vaues and for both TP
and DIS policies. Thevaue of the loss function, moreover, isdmost exactly equa to the value
of the variance of the u; shock term.

In the fourth row we suppose that both inflation and output are currently unobservable.
In this case, the TP losses jump up dragtically while the DIS losses increase but by much less. It
is understandable that losses could be very large in this case, for the setup is one in which policy
isin effect trying to stabilize current variables dthough they are not obsarvable. Inthe
discretionary case, the separation principle (see Svensson and Woodford, 1999) implies that
the attempt is being carried out as efficiently as possible when the t- 1 expectations are used in

the rulein place of current

19 Some analysts might argue that either both, or neither, of the variablesp and y; would be observable.



Table5

TP and DIS L osses with Unobser vable Output

Basic Modd with a =0.05, m=50,and n; =0

(Reported values are losses times 10°, TP/DIS)

Vdueof w
0.01 0.1 0.25 1.0
Withy; and p;
in Rule 1.58/2.03 2.17/2.44 2.29/2.48 2.41/2.49
With E. 1y; and
p: inRue 3.20/3.25 16.1/26.7 28.0/65.7 64.5/260.7
Withy, and
E..p: iInRue 2.58/2.52 2.52/2.50 2.51/2.50 2.51/2.50
With E. 1y; and
E..p: iInRue 12.4/3.00 31079/6.60 1423.9/12.6 8907/42.6
With E. 1y1+1,
E-1y;, and 3.00/3.00 6.60/6.60 12.6/12.6 42.6/42.6
E.1pt1 inRule

Although we have sympathy with the logic, we prefer here to use assumptions that seem more realistic.

21




observations, but this principle does not apply to the TP case. Inthat case, it turns out,
interestingly, thet inclusion of E.1p++1, E-1Yt+1, and Ec.1y: yields much better results. In fact the
results, shown in the fifth row of Table 5, are essentidly equivaent to those given in the fourth
row DIS cases. A second set of results, pertaining to the case in which the price adjustment
relation (17) replaces (1), isgivenin Table 6. Qualitatively, the results are much like those of
Table 5. In particular, when neither p; nor y; is currently observable, the TP performanceis
poor—~buit it can be improved by shifting forward the dates of each variable (whose values are
those expected on the basis of t- 1 data)) Infact, in this case the TP results are superior to

those based on the DI'S procedure, instead of being equal asin the last row of Table 5.

Our second point of concern is arguably of even greater practica importance. It
involves the unobservability of the naturd-rate level of output that goes into the CB’ s measure of
the output gap. In this case the nature of the problem is quite different, we contend. Rather
than reflecting merely alack of current information, the problem in this caseislargdy
conceptua—that is, it lems from the existence of various different concepts of the relevant
reference vaue (which we have been calling “naturd-rate’). That there are severd distinct
conceptsin useisimplicit in the terms used by different researchers and practitioners. In
addition to the term “potentid,” which is frequently used by practitioners, othersinvolve the
words “trend,” “capacity,” “NAIRU,” “market-clearing,” and “flexible-price,” besdes* natural-
rate.” There are perhaps fewer distinct concepts than terms, but there seem to be at least three
fundamentally different ones: trend, NAIRU, and flexible-price concepts. And of course there

are many ways of



Table6

TP and DIS L osses with Unobser vable Output

Modéd Including (17) with a = 0.05, m =50,and m; =0

(Reported values are losses times 10°, TP/DIS)

Vdueof w
0.01 0.10 0.25 1.0
With Eiyts1, Vi,
and piin Rule 3.05/3.59 7.84/9.88 10.6/13.7 15.8/20.4
With Ei. 1Y+,
Ei1yt, and p; in 4.55/4.95 44.5/56.7 105.4/155.5 368.3/693.5
Rule
With By1,Y:,and
E.;pin Rule
3.92/4.40 8.20/10.1 10.9/13.8 15.9/20.5
With E. Y11,
1Y, and Eqpri
Bea¥ and Eapin 4.39/3.79 51.2/37.6 264.9/1171 | 6021.5/590.4
Rule
With E. 1 Yo,
Y1, and
Bea¥eea, AN 3.39/4.36 11.0/26.4 19.6/62.6 56.0/243.8
E..p.1inRule

Note: y:-1 appearsin all the rules except those of the last row, where it is replaced by E;. 1y:.
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measuring trend output that are quite different in their effects. Furthermore, since reliance on
any particular concept will be maintained over time, differences will not possess the
orthogonality properties of pure “noise.”

Which of the conceptsis most appropriate theoretically? From the perspective of
dynamic, optimizing analyss, the answer isthe third of the three just listed, the flexible-price
concept—i.e., the output level that would prevail in the absence of nomind price stickiness,
There have been very few atempts to implement this type of concept empiricaly, but thereis
onein McCalum and Nelson (1999b), which we briefly review. It begins with the
assumption that output is produced according to a Cobb-Douglas production function relaing
thelog of output linearly to the logs of labor and capitd (n; and k;), a deterministic trend, and a
shock term &, reflecting the stochastic component of technologica change. Then, since k; and &
aregivenin t whether or not prices are flexible, the difference between the logs of actud and
flexible-price output (i.e., the output gap) will be proportiond to the difference between actua
and flexible-price labor input, .- 1. For amplicity we assumed that the flexible-price leved ¢
(per period, per person) isacongtant. Numerically, we measured n; for the United States,
1955.1-1996.4, astotal manhours employed in non-agriculturd private industry divided by the
dvilian labor force. We scaled the measure so that the average value of n.- T would equd
zero. The necessity of this step is undesirable, but on the positive side there was no need to
remove any deterministic trend from our n; - T, series. Then using 0.7 as the dadticity of
output with respect to labor, we constructed a series for the output gap y:, which is shown on p.

28 of our (1999b) and is contrasted with a measure based on smple log-linear detrending. This
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series, with the corresponding output series, gives us a seriesfor §..2° It has approximately the

time series properties assumed above.

An important point is that non-zero redizations of the technology shock a; affect our

measure of 'y one-for-one whereas many detrending procedures, used extensively by

academics and to some extent by centra banks, remove a, dmost entirely from each period’'s

measureof y;. The sameistrue, furthermore, for many NAIRU-based procedures. So the

question at hand is whether this conceptud discrepancy is of quantitative importance—whether
the use of amistaken concept would induce alarge extent of suboptimdlity into policy rules that
rely upon measures of the output gap. We gpproach this question by assuming that our measure
of the gap is correct but the CB incorrectly uses the measure based on linear detrending in the
context of instrument rule (22). We pretend that the CB has accurate knowledge of the true
trend, which is excessvely optimigtic, so the conceptua error as implemented is only that the

CB neglectsthe influence of a; on V+.

Results are reported in Table 7. The loss vaues reported there can be compared with
those in Table 4, in which the experiment is the same except for the postulated mismeasurement
of .. Itisclear tha the consequences of the conceptua error are quite substantial, and are
much larger for large vaues of w. Since these vauesimply giving more weight to the output
gap, the results are consstent with the suggestion of McCallum (1999a) and Orphanides (1999)
that it is dangerous to respond strongly to measures of the output gap. Furthermore, Table 7

indicates that the TP outcomes are considerably more desirable than those resulting from DIS

% Gali and Gertler (1999) also use labor market data, in adifferent but related manner, in the context of
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behavior. Thisresult isin kegping with the spirit of the suggestions of McCallum, Orphanides,
and Jensen (1999) that responding to nomina income growth may be more attractive than
responding to the level of the output gap.
6. Inflationary Bias

An issue of obviousinterest is how the magnitudes of the losses shown above in Tables
1-6 compare with those implied by the discretionary inflationary bias that is discussed in the
enormous literature that uses non-forward-looking models. The inflationary bias carries over to
the forward-looking models, as Woodford (1999b) and CGG (1999) have pointed out, if the
CB’s objective function includes terms such as p# + w(y; - k)2, with k > 0, reflecting adesire
by the CB to keep output above the natura-rate value that would obtain on average in the
absence of nomind frictions (i.e., with fully flexible prices). Inthe mode at hand, the magnitude
of thebiasisamply (w/a)k, as can be easly verified. To get aclear idea of the magnitudes
involved, let us then suppose that k = 0.01, i.e,, that the CB amsfor aleve of output that
exceeds the naturd-rate (i.e., flexible-price) vaue by one percent. Thenif w/a =1, the bias
would be 0.01 and its square, 0.0001, would be appropriate for comparison with the valuesin
Tables 1, 4, and 5. Thosetables entries are losses multiplied by 10°, of course, so in this
case the loss value comparable to the first-row, second-column entries of Table 1 would be 10.
More generdly, we have the values reported in Table 8. There it will be seen that for vaues of
w grester than 0.1 the inflationary biasis more important, if relevant, than the newly-emphasized

dynamic loss.

implementing the Calvo specification (equation (1) above).
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Itis of course, not clear that actual CBsbehave asif k exceeds zero, i.e., behave so as
to am for an output rate higher than the flexible-price (naturd rate) value. The position that
intdligent CBs do not aim for higher output values has been advanced by Svensson (1999),
King (1996), and others. To us, nevertheless, it seems possible that positive vaues of k might
well reflect the behavior of some actua CBs, even ones with intdligent and inflation-adverse
leaders, since k > 0 would be afegture of CB preferences that accord with awelfare criterion
based on individua utility functions in the presence of such red factors as monopolistic
competition or tax digtortions that imply that the flexible-price competitive equilibrium is not
socidly optimd (as shown by Woodford, 2001). Of course, CBs may regard these redl factors
as more gppropriately dedlt with through devices other than monetary policy, and this, indeed, is
the assumption about how redl distortions are treated in many recent analyses of optimal
monetary policy (including Aoki, 2000; Gai and Monacdlli, 1999; and Woodford, 2001). In
any event, knowledge of the rdlative importance of thisbiasis relevant for the Strategic decisons

of CBs.

! n these cases, the standard deviation of u, is, wethink, fairly realistically calibrated. For the other tables,
different values would have to be used.
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Table7

L osses from Responding to Incorrect Concept for Potential Output

(Reported values are losses times 10°, TP/DIS)

Vaue of Vdueof w
m 0.01 0.10 0.25 1.0
05 4.37/6.67 7.75/24.8 22.7/39.7 69.1/82.5
5.0 2.42/3.98 4.93/22.7 9.49/37.7 39.8/81.4
50.0 1.63/3.38 4.15/22.5 9.05/37.7 39.8/81.5
500.0 1.61/3.33 4.17/22.5 9.08/37.7 39.8/81.5
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Table8
DIS Losses Dueto Inflation Bias
Basic M odel

(Reported values are losses times 10°)

Vdueof w
Vdueof a 0.01 0.1 0.25 1.0
0.10 0.1 10 62.5 1000
0.05 04 40 250 4,000
0.01 10 1000 6250 100,000
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7. Concluding Remarks

Let us conclude with avery brief summary. We began by reviewing the distinction
between the timeless pergpective and discretionary modes of monetary policymaking, the
former representing rule-based policy as formaized by Woodford (1999b). In the context of
mode s with forward-looking expectations, this distinction is grester than in the models that have
been typicd in the rules-vs.-discretion literature. Typicdly, thet is, there is a second inefficiency
from discretionary policymaking, digtinct from the more familiar inflationary biss. We have
mede calculations of the quantitative magnitude of this second inefficiency or loss, usng
cdibrated modes of two types prominent in the current literature and a wide range of vaues
representing the rlative seriousness of inflation and output-gap variability. The magnitude of the
losses is ggnificant, but smdler in most cases than the inflationary bias from a one percent
excess of the central bank’ s output target over the natura rate value. Thelossestend to be
somewheat larger in modd specifications that imply inflation rate perdstence and are often (but
not universaly) larger with more objective-function weight on output-gap varihility.

In addition, we have examined the digtinction between instrument rules and targeting
rules, our results indicate that targeting-rule outcomes can be closely gpproximated by
indrument rules that respond to any failure of the targeting rule’ s optimaity condition to hold.
Using the instrument rule formulation, a brief investigation of operationdity issues, involving the
unobservability of current output and perhaps inflation, is reported. In addition, a set of cases
involving the assumption that the wrong concept of the naturd-rate or potentia level of outpt,
essential in measuring the output gap, is used by the monetary policymaker. In al of the various

cases examined in the paper, the performance of timeless perspective policymaking is at lesst as



good as that provided by optima discretionary behavior. Furthermore, these optimal rules can

be well approximated by smple feedback rules with strong response parameters.
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