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Abstract

Most recent research on monetary-policy rules is restricted to considering a commitment to simple
instrument rules, where the central-bank instrument is a simple function of available information
about the economy, like the Taylor rule. However, a commitment to a simple instrument rule
appears inadequate as a description of current goal-directed and forward-looking monetary policy,
especially inflation targeting. The latter can to a large extent instead be seen as inflation-forecast
targeting, setting the instrument so that the corresponding conditional inflation forecast is
consistent with the inflation target. It is argued, both from a descriptive and a prescriptive
perspective, that inflation targeting is better understood as a commitment to a targeting rule, either
a general targeting rule in the form of clear objectives for monetary policy or a specific targeting
rule in the form of a condition for (the forecasts of) the target variables, essentially the equality of
the marginal rates of transformation and the marginal rates of substitution between the target
variables. Targeting rules allow the use of judgment and extra-model information, are more robust
and easier to verify than optimal instrument rules, and they can nevertheless bring the economy
close to the socially optimal equilibrium. These ideas are illustrated with the help of simple
examples. Some recent defense of commitment to simple instrument rules and criticism of forward-
looking monetary policy and targeting rules by McCallum, Nelson and Woodford are also
addressed. In the concluding section, robust and optimal rules for monetary policy are suggested.
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1 Introduction

What are the rules for good monetary policy? Here, “good monetary policy” is used in the
conventional meaning of successfully stabilizing inflation around a low average level, with some
concern for stabilizing output around potential output, what has been called “flexible inflation
targeting” in the literature (see, for instance, the contributions to the influential Jackson-Hole
symposium organized by Federal Reserve Bank of Kansas City [31]).! What answer does the
large literature on monetary-policy rules supply? Most of that literature uses a very narrow
interpretation of “policy rule.” According to this interpretation, a policy rule expresses the
central bank’s instrument (usually a short interest rate, the instrument rate; the federal funds
rate in the U.S., for instance) as an explicit function of information available to the central
bank. Such a policy rule can be called an instrument rule. In particular, most of the literature
focuses on simple instrument rules, where the instrument is a function of a small subset of the
information available to the central bank. The best-known simple instrument rule is the Taylor
rule [100], where the instrument rate responds only to the inflation and output gaps according
to

it = f 4 fa(me — 7°) + foze, (1.1)

)

where i; is the instrument rate in period ¢, f is a constant, m; — 7* is the “inflation gap,” where
m¢ is (the rate of) inflation and 7* > 0 is a given inflation target, z; = y; — y; is the output
gap, where y; is (log) output and y; is (log) potential output, and the coefficients fr and f;
are positive. The constant f equals the sum of the average short real interest rate and the
inflation target. In the original Taylor [100] formulation, the coefficients fr and f, are 1.5 and
.5, respectively; the inflation target 7* is 2% (per year), the average short real interest rate is
2%, and the coefficient f is hence 4%.2

Much research during the last two decades has examined simple instrument rules (mostly

variants of the Taylor rule), both from a descriptive and a prescriptive perspective (see, for

instance, McCallum [65] and the contributions in Bryant, Hooper and Mann [15] and Taylor

1 A noncontroversial objective of monetary policy would be to contribute to the welfare of the representative
citizen. This is not an operational objective, though. An increasing number of countries have instead announced
“price stability” (meaning low and stable inflation) as the primary objective for monetary policy, with some
implicit or explicit concern also for the stability of the real economy, with the view that this is the best contribution
monetary policy can make to citizens’ welfare.

2 Wicksell [112] and Henderson and McKibbin [43] have suggested other simple instrument rules with the
interest rate as the instrument. Meltzer [68] and McCallum [63] have suggested simple instrument rules with the
monetary base as the instrument. The first empirical estimates of interest-rate reaction functions may have been
in the 1960s by Dewald and Johnson [28] and Christian [22]. Recent general discussions of Taylor rules include
Clarida, Gali and Gertler [25], Hetzel [46], Kozicki [53] and Woodford [118].



[103]). The introduction by Taylor [101] gives a summary of the standard approach of specifying
a model, a class of simple instrument rules and a loss function for evaluating alternative simple
instrument rules in the class. From a descriptive perspective, it has been examined to what
extent simple instrument rules are good empirical descriptions of central-bank behavior (see,
for instance, Clarida, Gali and Gertler [24] and Judd and Rudebusch [48]). From a prescriptive
perspective, it has been examined how simple instrument rules perform (in the sense of stabiliz-
ing inflation around an inflation target without causing unnecessary output-gap variability) in
different macro models.

The research on instrument rules has contributed many important insights. These insights
include that stability of inflation and determinacy of equilibria in sticky-price models require the
long-run response of the short interest rate to inflation to be larger than one-to-one, the so-called
“Taylor principle” (see Taylor [102] and Woodford [118]),2 and that interest-rate smoothing, in
the sense of responding to the lagged instrument rate, may improve performance by introducing
desirable “history-dependence” that beneficially influences private-sector inflation expectations
(see Rotemberg and Woodford [75] and Woodford [115]). Other insights are that it is better that
the instrument responds to the determinants of the target variables than to the target variables
themselves (for instance, even if inflation is the only target variable (the only variable in the loss
function), it is generally better to respond to both current inflation and the output gap, since
both of these are determinants of future inflation; see for instance, Svensson [85] and Rudebusch
and Svensson [78]), and that the response coefficients in the optimal reaction function depend
on the weights in the loss function on different target variables in sometimes nonintuitive and
complex ways (see, for instance, Svensson [85]). One line of research has examined to what
extent a given simple instrument rule is “robust,” in the sense of performing reasonably well in
different macro models. Given the uncertainty about which model is the best representation of
reality, little would then be lost if central banks would apply a robust simple instrument rule.
Results to date, although arguably from not too different models of closed economies, indicate
that variants of the Taylor rule can be quite robust in this sense.?

Thus, the answer from most of the literature on monetary-policy rules to the question posed

above seems to be that central banks should commit to following a specific simple instrument

3 Several recent papers, for instance, Benhabib, Schmitt-Grohé and Uribe [5], Carlstrom and Fuerst [18] and
Christiano and Gust [23], examine determinacy and multiplicity of equilibria under the assumption that the
central bank follows Taylor-type instrument rules.

4 McCallum has in several papers, for instance, [63], examined robustness properties of a simple instrument rule
for the monetary base. Levin, Wieland and Williams [57] and Rudebusch [77] examine the robustness properties
of Taylor-type rules.



rule. Indeed, Federal Reserve Board Governor Yellen, in a discussion of inflation targeting at
the FOMC meeting in January, 1995, [33, p. 43-44], seems to prefer a Taylor-type rule as a

suitable policy rule for the Federal Reserve System:

[I]t seems to me that a reaction function in which the real funds rate changes by
roughly equal amounts in response to deviations of inflation from a target of 2 percent
and to deviations of actual from potential output describes tolerably well what this
Committee has done since 1986. This policy... is an example of the type of hybrid
rule that would be preferable [to inflation targeting] in my view, if we wanted a rule.
I think the Greenspan Fed has done very well following such a rule, and I think that
is what sensible central banks do.”

Thus, if a central bank wants to commit itself to a simple instrument rule, it should announce
the simple instrument rule and then mechanically follow it. This has the further implication
that once the decision about the instrument rule is made, the decision process of the bank is ex-
ceedingly simple and mechanical. For the Taylor rule, it just consists of regularly collecting data
on inflation and output, collecting either external estimates of potential output or constructing
internal estimates, and then calculating the output gap. (Estimating potential output is a non-
trivial matter, though, and a major challenge in practical monetary policy.) Once these inputs
in the Taylor rule are available, calculating the instrument-setting is completely mechanical. In
particular, there is no room for judgment (except that judgment may enter in the estimation of
potential output). As McCallum [66] has expressed it, policy decisions could be turned over to
“a clerk armed with a simple formula and a hand calculator.”

However, another possible answer from the literature on policy rules is that the instrument
rules proposed should not be followed mechanically. Thus, a firm commitment to the instrument
rules is not desirable. Instead, the instrument rules should be seen as mere “guidelines” for
monetary policy. This is the view expressed by Taylor, for instance in [100] and, in more detail,
in [105]. A problem with this answer and use of simple instrument rules is that the rule is then
incomplete: some deviations are allowed, but there are no rules for when deviations from the
instrument rulse are appropriate. As discussed further below, this arguably makes the idea of
simple instrument rules as mere guidlines for monetary policy too vague to be operational.

The contrast between these two alternative answers from most of the literature on monetary-
policy rules and actual monetary-policy practice is striking. First, monetary-policy reform in a
number of countries during the 1990s has to a large extent focused on (1) formulating explicit and
increasingly precise objectives for monetary policy and (2) creating an institutional setting where

the central bank is strongly committed to achieving those objectives (see, for instance, Bernanke,



Laubach, Mishkin and Posen [7]). Thus, there has been commitment to objectives rather than
to simple instrument rules. Second, central banks have developed very elaborate and complex
decision-making processes, where large amounts of information are collected, processed and
analyzed, and where considerable judgment is exercised (see, for instance, Brash [13]). Third,
any simple rules of thumb actually used are conditions for target variables or forecasts of target
variables, rather than explicit formulas for the instrument rate. This is the case, for instance, for
the rule of thumb expressed by the Bank of England and Sveriges Riksbank (the central bank
of Sweden), that normally, the interest rate should be adjusted such that the resulting inflation
forecast at an appropriate horizon (usually about two-years ahead) is on target.® No central
bank has so far made a commitment to a simple instrument rule like the Taylor rule or variants
thereof. Neither has any central bank announced a particular instrument rule as a “guideline.”

Thus, there appears to be a substantial gap between the research on instrument rules and the
practice of monetary policy. This paper discusses and proposes a way to bridge that gap. From
a descriptive perspective, it argues that, in order to be useful for discussing real-world monetary
policy, the concept of monetary-policy rules has to be broadened and defined as “a prescribed
guide for monetary-policy conduct,” including “targeting rules” as well as “instrument rules.”®
Furthermore, it argues that the monetary-policy practice is better discussed in terms of targeting
rules than instrument rules. A general targeting rule specifies the objectives to be achieved, for
instance, by listing the target variables, the targets (target levels) for those variables, and the
(explicit or implicit) loss function to be minimized. A specific targeting rule specifies conditions
for the target variables (or forecasts of the target variables), for instance, like the above rule
of thumb of the Bank of England and the Riksbank. From a prescriptive perspective, this

paper argues that a commitment to targeting rules has a number of advantages, for instance, in

5 This rule furthermore refers to constant-interest-rate forecasts, since both the Bank of England and the
Riksbank mainly rely on such forecasts.

The rule has been stated by Charles Goodhart [39], former member of the Bank of England Monetary Policy
Committee, as: “When I was a member of the MPC I thought that I was trying, at each forecast round, to set the
level of interest rates, on each occasion, so that without the need for future rate changes prospective (forecast)
inflation would on average equal the target at the policy horizon. This was, I thought, what the exercise was
supposed to be.”

The rule has been stated by Lars Heikensten, First Deputy Governor of the Riksbank, as: “Monetary policy is
normally conducted so as to be on target, defined in terms of the CPI, one to two years ahead.” Furthermore, any
departures from this general rule, due to transitory disturbances to inflation or real costs from a quick return of
inflation to target, will be announced by the Riksbank in advance (Heikensten [44, p. 16]). Heikensten and Vredin
[45] provide more discussion of the application of the rule. Berg [6] gives an extensive account and discussion of
the Riksbank’s implementation of inflation targeting.

5 Target(ing) rules have previously been discussed by Sims [80] (see footnote 37 below), Rogoff [74], Walsh
[111], Svensson [85] and [88], Rudebusch and Svensson [78], Cecchetti [19] and [20], Clarida, Gali and Gertler [25]
and Svensson and Woodford [96]. After the first versions of this paper were written, Giannoni and Woodford
have provided a derivation of an optimal targeting rule in a general linear-quadratic model in [37] and a detailed
discussion of optimal targeting rules in the basic New-Keynsian model in [38].



allowing the use of all relevant information, in particular, allowing the use of judgment, being
more robust to both disturbances and model variation than instrument rules, and likely leading
to better monetary-policy outcomes than instrument rules. Presumably, this is why real-world
monetary policy and monetary-policy reform have shunned commitment to instrument rules.

Before the rational-expectations revolution in macroeconomics, the behavior of firms and
households was frequently represented by simple ad hoc reaction functions, for instance, con-
sumption and investment functions. The rational-expectations revolution led to an emphasis on
optimizing and forward-looking behavior by private agents, and their behavior being represented
by first-order conditions, Euler conditions, derived from their objectives and constraints. Still,
the pioneers of the rational-expectations revolution continued to represent economic policy by
mechanical reaction functions, which ignores that under optimizing policy those reaction func-
tions would be as much subject to the essence of the Lucas critique (that reaction functions are
endogenous) as mechanical reaction functions for private agents.

Monetary policy by the world’s more advanced central banks these days is at least as optimiz-
ing and forward-looking as the behavior of the most rational private agents. I find it strange that
a large part of the literature on monetary policy still prefers to represent central bank behavior
with the help of mechanical instrument rules. The concept of general and specific targeting
rules is designed to provide a discussion of monetary policy rules that is fully consistent with
the optimizing and forward-looking nature of modern monetary policy. From this point of view,
general targeting rules essentially specify operational objectives for monetary policy and specific
targeting rules essentially specify operational Euler conditions for monetary policy. In particu-
lar, an optimal targeting rule expresses the equality of the marginal rates of transformation and
the marginal rates of substitution between the target variables in an operational way.”

The rest of the paper is outlined as follows. Section 2 presents the monetary-policy prob-
lem facing an inflation-targeting central bank, namely, to stabilize inflation around an inflation
target with (under realistic “flexible” inflation targeting) some weight also on stabilizing the

output gap. The central-bank objective is expressed as a conventional intertemporal loss func-

” Much monetary-policy reform during the last decade can be interpreted in terms of achieving a trinity of
(1) a mandate in the form of clear objectives for monetary policy, (2) operational independence for the central
bank, and (3) accountability of the central bank for fulfilling the mandate. Operational independence (also called
instrument-independence) protects the central bank from short-term political pressure to stray from its objectives
and accountability structures strengthens the bank’s commitment to fulfilling the mandate. This trinity can be
seen as directed towards making monetary policy goal-directed and therefore optimizing, systematic and rule-like.
New Zealand since the passing of the Reserve Bank Act in 1989, provides a good example and has been a source
of inspiration for reform in many other countries. In May 2000, I was asked by the Minister of Finance of the New
Zealand Government to conduct a review of monetary policy in New Zealand. The evaluation of the goal-directed
and forward-looking monetary policy in New Zealand raised many interesting issues and is discussed in Svensson
[91].



tion to be minimized, subject to the central bank’s information about the state of the economy
and its view of the transmission mechanism. For concreteness, two simple examples of models
of the transmission mechanism are presented, one backward-looking and one forward-looking.
Section 3 discusses a direct optimal-control approach: to solve the optimization problem for the
optimal reaction function once and for all and then make a commitment to follow that reaction
function. It is shown that even in the simple examples of the transmission mechanism used
here, the optimal reaction functions are too complex to be practicable, not to mention verifiable
(further specified in section 3). For this and a number of other reasons discussed, the direct
optimal-control approach must be judged infeasible. Section 4 discusses a commitment to a
simple instrument rule, which, although in principle verifiable, is found to be inadequate as a
positive description of real-world inflation targeting and likely to be unsuitable as a normative
recommendation for monetary policy. This section also discusses the alternative weaker proposal
that simple instrument rules should be used as mere “guidelines,” from which deviations some-
times are called for; this proposal is however found incomplete, since it doesn’t specify when
deviations are appropriate. Section 5 defines targeting rules and argues that a commitment to a
targeting rule is both an appropriate description of real-world inflation targeting and a suitable
normative recommendation for future monetary-policy developments. This section, as well as
the previous two sections to some extent, also responds to recent discussion by McCallum [66],
McCallum and Nelson [67] and Woodford [113] regarding the positive and normative role of
commitment to instrument rules and targeting rules. Section 6 summarizes and presents some

conclusions. Appendices A-C contain technical and other details.

2 The monetary-policy problem

In order to induce sufficient precision and clarity in the discussion, and to avoid the confusion and
misunderstanding in some of the literature on monetary-policy rules, it is necessary to provide
a bit of formal notation. Inflation targeting involves stabilizing inflation around an inflation
target. In practice, as discussed in a number of recent contributions (see, for instance, Federal
Reserve Bank of Kansas City [30] and [31]), inflation targeting is “flexible” inflation targeting,
in the sense that it also involves some concern about the stability of the real economy.® These

objectives are conventionally and conveniently expressed as an intertemporal loss function to

8 1 thus here abstract from any separate objective to stabilize or smooth interest rates, an objective which is
difficult to rationalize. Such objectives and their consequences are discussed separately in section 5.6.



be minimized in each period ¢, ¢t = ..., —1,0, 1, ..., consisting of the expected sum of discounted

current and future losses,
(0. ]
(1=06)) 07 Ligr | I, 2| . (2.1)

Here E[-|I;, 2!] denotes rational expectations conditional on the central bank’s information, I,
in period t about the state of the economy and the transmission mechanism of monetary policy,
and the bank’s “judgment,” 2, to be further specified below. Furthermore, § (0 < § < 1) is a
discount factor and L; denotes the period loss in period ¢. The scaling by 1 —§ is practical, since
then the scaled discount factors sum to unity, so the intertemporal loss is a weighted average
of the expected period loss and hence of the same order of magnitude. The period loss is a

weighted sum of the squared inflation gap and the squared output gap,

Lt = [(ﬂ't — 7T*)2 + A$?] s (22)

N

where A > 0 is a given weight on output-gap stabilization relative to inflation stabilization.
Since the implicit output target in (2.2) is not subject to choice but given by potential output,
the output target is not “overambitious”, so there is no conspicuous reason for an inflation bias
(average inflation above the inflation target) as in the literature on the time-consistency problem
following Kydland and Prescott [54] and Barro and Gordon [3]. “Strict” inflation targeting would
be the (unrealistic) special case of A = 0. Thus, for A > 0, we have flexible inflation targeting and
both inflation and the output gap are target variables (target variables in the sense of entering
the loss function). (The above-mentioned FOMC discussion of inflation targeting in January
1995, [33, p. 38-59], is very interesting but somewhat surprising, since all FOMC members seem
to interpret inflation targeting as strict inflation targeting, and no member seems aware of the
fact that real-world inflation targeting is flexible inflation targeting.)?

Many papers assume a loss function of the form
1
E(Var[wt] + AVar[zy]), (2.3)

the weighted unconditional variances of inflation and the output gap. This loss function can be
seen as the limit of (2.1): The limit when the discount factor approaches unity, § — 1, can be

shown to equal'®

= { 2+ AE[z)?} + = {Var[m] + AVar[z]}.

9 Note that, since the intertemporal loss function is the expected discounted future losses, this formulation
includes the realistic case when potential output, y;, is unobservable and has to be estimated.
10 The scaling by 1 — 6 in (2.1) keeps the limit finite.



Thus, if the unconditional means fulfill E[r;] = 7* and E[z;] = 0, the limit of the intertemporal
loss function is (2.3).

The monetary-policy problem for the central bank is then to set its monetary-policy instru-
ment each period ¢, 4; (usually a short interest rate, the “instrument rate”), so as to minimize
the intertemporal loss function (2.1), subject to the central bank’s information, I;, about the
state of the economy (including its view of the transmission mechanism for monetary policy,
that is, how the instrument affects the target variables) and the central bank’s judgment, 2* (see
below).

For concreteness, I will use two simple examples of standard models of the transmission

mechanism, one “backward-looking” and one “forward-looking”.

2.1 Example 1: A simple backward-looking model of the transmission mechanism

This example of a simple backward-looking model of a closed economy is a variant of that in
Svensson [85] and Rudebusch and Svensson [78].}! The model has a one-period control lag for
the output gap, and a two-period control lag for inflation. For reasons explained below in section
5.4.1, it is practical (and not unrealistic) to let the period be some 3 quarters (the period in
Svensson [85] is taken to be about a year). The main simplification of the backward-looking
model is that private-sector expectations are implicitly treated as adaptive expectations, which
simplifies the discussion considerably.

Suppose aggregate supply (the Phillips curve) is given by
T4l = T + QX + 0z 2041 + €41, (2.4)

where the coefficient «, is positive, 2,11 is a column vector exogenous variables discussed below,
o, is a corresponding row vector of coefficients multiplying the elements of z;41, so a,zi41 is
the scalar product of the two vectors, and &; is an iid “cost-push” shock with zero mean and

variance 2. Let aggregate demand (in terms of the output gap) be given by

Tip1 = Bpxe + B2i41 — B (re — ) + i1, (2.5)

where the coeflicients 3, and [, are positive, 3, is a row vector of coefficients multiplying the

elements of z;y1, r; is a short real interest rate given by

re = it — 7rt+1|t7 (26)

1 Ball [2] has later used the same model as Svensson [85].



where i; is a short nominal interest rate and the central bank’s instrument, 7 is the average
real interest rate, and 7, is an iid “excess demand” shock with zero mean and variance U%.m
Furthermore, g, ., for any variable ¢ denotes E¢q;,,; = E[gt+-|I¢], the rational expectation of
g1+ conditional on the information available in period ¢, I;. Under the assumption of symmetric
information, the private sector has the same information as the central bank, so m; ) is one-
period-ahead private-sector inflation expectations, and hence i — ;1) is the short real interest
rate. Potential output, y;, is assumed to be an exogenous stochastic process.

Let 2141 be a vector of unobservable exogenous variable called the deviation. The idea is that
it represents additional determinants of future inflation (when the corresponding elements of the
vector a, are nonzero) and the output gap (when the corresponding elements of 5, are nonzero)
than current inflation and the output gap, or the deviation of the true model of inflation and
output-gap determination from the simple model with the deviation equal to zero. Thus, the

sequence of deviations, {24+ }32_ _ can be interpreted as unobservable model perturbations, as

—o0
in the literature on robust control.!> The central bank’s estimate of zt4++ in period ¢ is denoted
by zt+rt. The sequence 2t = {2471 }22 _ of the bank’s estimate in period ¢ of past and future
deviations is identified with the bank’s judgment in period t. It represents the unavoidable
judgment (almost) always applied in monetary policy. Any explicit model is always taken as, at
best, an approximation of the true model of the economy, and monetary-policy makers always
find it necessary to make some judgmental adjustments to the results of any given model. The
so-called “add factors” applied to model equations in central-bank projections are one aspect
of central-bank judgment, see Reifschneider, Stockton and Wilcox [73]. The general notation
obviously allows for judgement affecting both future inflation and output as well as estimates of
potential output.

One simple information structure, consistent with the deviation z; being unobservable, is
when inflation 7, output y;, potential output y;, and the short real rate r; are all observable
in period ¢, but the shocks &; and 7, are unobservable. A somewhat more complex (but very
realistic) information structure would make a time-variable component of potential output un-
observable and affected by the deviation. Since what enters in the intertemporal loss function

is expected current and future period losses, the intertemporal loss function is consistent with

12° A slightly more complex variant of the backward-looking model would replace the constant average real
interest rate, 7, with an exogenous stochastic time-varying Wicksellian real natural interest rate, r;, as in the
forward-looking model below.

13 See, for instance, Hansen and Sargent [41] and Onatski and Stock [70]. However, that literature deals with
the more complex case when the model perturbations are endogenous and chosen by nature to correspond to a
worst-case scenario.



potential output and the output gap being unobservable. In the aggregate demand equation,
the deviation could be interpreted as an unobservable time-variable component of a Wicksellian
natural real interest rate.

Given this interpretation of the deviation z;41, it would be completely misleading to make a
simplifying assumption like it being an exogenous autoregressive process.'* Thus, I will refrain
from such an assumption and instead leave the dynamic properties of z;;1 unspecified (except
assuming that the unconditional mean of the deviation is zero, E[z¢4+1] = 0). Instead, the focus
will be on the central bank’s judgment 2! in period ¢ of the whole sequence of future (and past)
deviations. For simplicity, I assume that the central bank’s judgment is exogenous in any period
t. For simplicity, I also assume that there is symmetric information in that the private sector has
the same information about the economy and the transmission mechanism, and that the private

sector’s rational expectation in period ¢ of the sequence {z¢4,}22

—0o0)

denoted 2t = {2111 }72 oo

(the private-sector judgment), coincides with the central-bank judgment, z¢.'5
Thus, I assume that m; and x; are observable and known in the beginning of period t.
Furthermore, I assume that the central bank’s instrument i; is then set for the duration of

period t. Note that one-period-ahead inflation expectations, 7|, are predetermined,
T = Tt + Qule + Q2 1)1, (2.7)

in the sense that they do not depend on the instrument setting in period ¢, iy, and only depend
on ¢, ¥ and 2414, which in turn are predetermined because of (2.4), (2.5) and the assumption
that 2 is exogenous.!6

Thus, the setup implies that inflation and the output gap in the current period t are prede-
termined by previous decisions and current exogenous shocks (the shocks include the difference
between the deviation and the previous private-sector judgment, 21 —2y41);). Current inflation
expectations for the next period, 1|, are also predetermined by current inflation, the output

gap and the deviation according to (2.7). Actual inflation in the next period, m 1, will then

equal these inflation expectations plus next period’s unobservable cost-push shock, €41, and the

4 For instance, assuming that the deviation follows z;y1 = I'z¢ + 0¢y1, where T' is a matrix with eigenvalues
inside the unit circle and 6:y1 is a vector of zero-mean iid shocks with constant covariance matrix.

15 Thus, under the assumption of observable inflation and output gaps, the central bank’s and the private
sector’s estimates in period ¢ + 1 of the unobservable cost-push and excess-demand shocks are by (2.4) and (2.5)
trivially given by

Et+1,t4+1 = Et41|t41 = Te41 — Tt — Oéy(yt - yZ‘) — O 2t 1,41
and N . B
Mt1,t+1 = Megre+1 = Ye+1 — Yep1 — 5y(yt —yr) — B.zt41,641 + B,.(re — 7),

16 Intuitively, a variable is predetermined if it only depends on lagged variables and current exogenous shocks.
Formally, a variable is predetermined if it has exogenous one-period-ahead forecast errors.
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effect of any unanticipated shock to the deviation, 211 — 2;1);- Next period’s output gap, z+41,
will be determined by the current variables, current inflation expectations, the current instru-
ment setting, i;, next period’s deviation, z;y1, and next period’s output-gap shock, n,, ;. Thus,
the central bank can affect the output gap in the next period, but it cannot affect inflation until
two periods ahead. That is, the control lags for the output gap and inflation are one and two
periods (3 and 6 quarters), respectively. As shown in Rudebusch and Svensson [78], a variant of

this simple backward-looking model fits U.S. data quite well.

2.2 Example 2: A simple forward-looking model of the transmission mechanism

As another example of a standard model of the transmission mechanism, consider the so-called
New-Keynesian model with forward-looking aggregate-supply and aggregate-demand relations,
similar to the one used in Clarida, Gali and Gertler [25]. I use the variant in Svensson and
Woodford [96], where current inflation and output gap is not forward-looking but predetermined
one period (which is easily motivated as a minimum move towards realism). Instead, the one-
period-ahead inflation and output-gap expectations (or “plans”, see below), Tep1pe and Ty,
are forward-looking.!” Furthermore, I use a variant, as in Yun [119], which allows firms to index
prices to the average inflation rate rather than, somewhat arbitrary, only allowing constant
prices between opportunities for price adjustment, as in Calvo [17].18 The aggregate-supply and

aggregate-demand equations are

41 — T = 5(7rt+2|t — 7T) + a$$t+1|t + az2t+1 + €t+1, <28)

Tep1 = Tppop — Bl — Terop — 7iv1) + Bazem + 01, (2.9)

where m = E[m] is the average inflation rate, ;41 and 7, are iid “cost-push” and “excess-
demand” shocks, and 7} is an exogenous Wicksellian natural interest rate corresponding to a
“neutral” real interest rate consistent with a zero output gap in the absence of deviations (see
Woodford [117] for further discussion of the Wicksellian natural interest rate). (For simplicity,

the private-sector discount factor ¢ in (2.8) is taken to be the same as in the monetary-policy

7 Intuitively, a variable is forward-looking (non-predetermined, or a jump variable) if it depends on expectations
of future variables. Formally, a variable is forward-looking if it has endogenous one-period-ahead forecast errors.

18 The assumption that firms can index prices to average inflation between price adjustment opportunities
has the advantage that the long-run Phillips curve becomes vertical rather than positively sloped (see also the
appendix of the working-paper version of Benhabib, Schmitt-Grohé and Uribe [5]). In the common formulation,
used for instance in Clarida, Gali and Gertler [25], the Phillips curve is instead (without the assumption of prices
predetermined one period)

T = 6Myp1)e + QT

which implies that the long-run Phillips curve (when § < 1) fulfills 7 = az2/(1 —J), where m and z is the average
inflation and output gap, respectively.
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loss function (2.1).) Again, the exogenous deviation z;;1 enters both equations, to emphasize
the approximative nature of the simple model and the unavoidability of central-bank judgment.
In this model, private-sector one-period-ahead “plans” for inflation and the output gap,

Ti41)¢ and @y, are determined in period ¢ by

Tipre =T = O(Tyqop — ) + QaTygr)e + C22q1pe

. *
Tep1)t = L4201t — Br(lt+1|t = Tt42)t — 7“t+1|t) + Bzzt+1\t-

Thus, the one-period-ahead inflation plan depends on expected future inflation, m o, the
output-gap plan, 1), and the private-sector judgment, z;,1;. The one-period-ahead output-
gap plan depends on the expected future output gap, @i, s, the expected one-period-ahead

real interest-rate gap, s y1)s — Tyt — TZ+1\t =iy — and the private-sector judgment,

T:+1|t’
Z41)¢- Actual inflation and output gap in period ¢ will then differ from the plans because of the

unanticipated shocks,

Ti4l = T + az(zt+1 - Zt+1|t) + Et41,

Tep1 = Tppap + B (ripn — riap) + B2(z1 — Zevae) + Mg

Thus, in this model, the period-t expectation of the instrument in period ¢ + 1, 444y, is
what affects future inflation and the output gap. I will assume that the central bank in period
t announces what interest rate it will set in period ¢ 4 1, 4441,. Since the central bank has no
incentive to stray ex post from any such announcement (since the interest rate does not enter
the period loss function (2.2)), I assume that it will set the actual interest rate i;y; according
to its previous announcement and that the announcement hence will be credible and equal to

the private-sector expectations,'”

41 = L1t = Gyqn)se

3 A direct optimal-control approach: Commitment to an optimal instrument

rule

A direct optimal-control approach to the monetary-policy problem would be to solve the monetary-

policy problem once-and-for-all for the optimal reaction function (for a given model, or, more

19 Formally, we could say that the central bank instrument in period ¢ is really the announcement, i1 ¢, of
the future interest rate, rather than the current interest rate, i;.
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generally, for a given probability distribution of models). This would result in an optimal reac-
tion function, where the instrument in period ¢ would be a function of the information available

in period ¢, I;, and the central bank’s judgment, 2,
’it = F(It,Zt).

The optimal reaction function referred to here is the “explicit” reaction function, in the
sense that the instrument is written as a function of current and lagged predetermined variables
and judgment only. In a linear model with predetermined and forward-looking variables and
a quadratic loss function, there is a unique form of the explicit reaction function (see Currie
and Levine [27], S6derlind [83] and Svensson [88]). (This is for a given minimum set of linearly
independent predetermined variables; a model can of course trivially be expressed in terms of
alternative sets of linearly independent predetermined variables). Since, in equilibrium, the
forward-looking variables will be linear functions of the predetermined variables, the instrument
can of course be written as a continuum of linear functions of both the forward-looking and
the predetermined variables.?® In the literature, it is quite common to discuss such reaction
functions where the instrument responds not to predetermined variables but to forward-looking
variables. These can be called “implicit” reaction functions, since they express a functional
relation between the instrument and another endogenous non-predetermined variable. They are
indeed equilibrium conditions, which need to be solved together with the rest of the model in
order to determine the instrument setting. Thus, explicit and implicit reaction functions, and
corresponding explicit and implicit instrument rules, are conceptually distinct. In particular,
implicit instrument rules are not directly operational, since they involve an endogenous variable
that depends on the instrument setting. In any realistic model, current inflation and the out-
put gap are predetermined, also in the intuitive sense that they cannot be affected by current
monetary-policy decisions. Then a Taylor rule (with the current instrument rate responding to
current inflation and the current output gap) is an explicit reaction function. In many (unreal-
istic) models, current inflation and the output gap are forward-looking variables. Then a Taylor
rule is an implicit reaction function, an equilibrium condition. McCallum, in [65], for instance,

has emphasized a related point; that a Taylor rule in a quarterly setting is not operational, since

20 Tet X; and Z; denote the column vectors of predetermined and forward-looking variables, respectively.
Disregard judgment, for simplicity. Let it = FX; be the unique explicit reaction function (for simplicity, under
optimization under discretion; under commitment the optimal reaction function also involves Lagrange multipliers
of the forward-looking equations and thereby lags of the predetermined variables, see below) where F' is a unique
row vector or a matrix, depending on whether there are one or several instruments. In equilibrium (under
discretion), the forward-looking variables will be given by Z; = GX;, where G is a unique matrix. For any matrix
K of appropriate dimension, the instrument fulfills the implicit reaction function i, = KZ; + (F — KG)X;.
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output and inflation in the current quarter is reported with a lag and therefore not known in
the current quarter. However, in such a setting, as discussed in Rudebusch and Svensson [78], a
Taylor rule can be reformulated in terms of responding to the current estimates of current, yet
unreported, output and inflation. As long as these estimates rely on predetermined informa-
tion, such a Taylor rule would still be an explicit instrument rule.?! Since, in practice, data on
economic variables are revised several times, all published data, also of past economic variables,
are imperfect estimates of underlying variables. However, verification of a particular instrument
rule is of course easier if it relies on published data.

Once the above optimization problem is solved and the optimal (explicit) reaction function
is determined, the central bank would then make a commitment to follow the optimal reaction
function, and follow it mechanically ever after. Thus, once the commitment is made, there is no
more optimizing. This can be called a commitment to the optimal instrument rule.

There are many problems with this approach. For a model with forward-looking variables,
the optimal reaction function is generally not time-consistent, in the sense that the central bank
has an incentive to depart from it in the future. This is the case even if the output target is
equal to potential output and not overambitious, as is the case in the period loss function (2.2).
This is because, even if there is no problem with an average inflation bias, there is a problem
with “stabilization bias” and a lack of “history-dependence,” to be further discussed below.
Therefore the commitment to the optimal instrument rule in a forward-looking variable requires
a commitment mechanism, a mechanism by which the central bank can be bound to follow the
optimal reaction function in the future. This in turn requires the optimal instrument rule to be
verifiable. By this I mean that it can be objectively and unequivocally established whether the
central bank is diverging from the reaction function in question or not.??

In any realistic model, the technical problem of deriving the optimal reaction function is
overwhelmingly difficult, and the resulting optimal reaction function overwhelmingly complex.
Thus, even if the optimal reaction function could be calculated, it would be far too complex to
ever be verifiable. In fact, the optimal reaction function is overwhelmingly complex even for the

simple models presented above, once the optimal response to judgment is taken into account.

2! Svensson and Woodford [97] discuss problems when these estimates depend on forward-looking observable
variables.

22 See Hart [42] and Tirole [107] for discussion of the role of verifiability for commitment and incomplete
contracts.
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3.1 The backward-looking model

For the backward-looking model, (2.4) and (2.5), appendix A, equation (A.11), shows that the

optimal reaction function is given by

. l-c B
it = 7«+7r*+<1+ >(7rt+1,t—7f*)+—x$t
O‘xﬁr Br
15} 1—c .
+ =2z + Oz 2142t (3.1)
r O‘wﬁr
where it is practical to define, for 7 > 0,
0.0]
Gt = Y (00) 2y rrsss (3.2)
s=0

the discounted sum (with the discount factor dc) of judgments of future deviations in period ¢,
starting 7 periods ahead (in this case, 7 = 2). Furthermore, the coefficient ¢, given by equations
(A.10) and (A.7), depends on the parameters of the model,? is an increasing function c(\) of A,
the relative weight on output-gap variability in the loss function (2.2), and fulfills 0 < ¢(A) < 1,
with ¢(0) = 0 and c¢(oo) = limy_,»cc(A) = 1. Moreover, m 1, denotes the central bank’s

one-period-ahead forecast of inflation, given by
T4l = Tt T Qg + QzZe41t- (3.3)

This inflation forecast is predetermined in period t, so it is independent of the instrument 7; in
period ¢. (Under the assumption of symmetric information, the central-bank inflation forecast,
Ti+1,¢, coincides with private-sector inflation expectations, 7rt+1|t.)

The first row of (3.1) is not so complex, being a simple Taylor-type rule, with intercept
T4 m*, a positive response to the (predetermined) one-period-ahead forecast of the inflation gap,
Te1,6— ", with a coefficient above unity (since 1+ (1—c¢)/a,f, > 1), and a positive response to
the output gap, with the coefficient 3,,/3,. Given (3.3), this can also be expressed as a response
to the current inflation gap, m; — 7*, with a coefficient above unity, which is in line with the
Taylor principle mentioned above.

However, the second row of (3.1) shows the optimal response to judgment, which is quite
complex even for this simple model. Of course, with the simplifying assumption that the devia-

tion is an AR(1) process, the second row would be simpler and consist of a response to the vector

23 The coefficient ¢ is the smaller root of the characteristic equation of the difference equation, (A.9), resulting
from the model and the first-order conditions.
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2tt, still with a rather complex coefficient. But, as argued above, such a simplifying assumption

is totally unwarranted for any realistic form of judgment.?*

3.2 The forward-looking model

For the forward-looking model, appendix B, equation (B.15), shows that the optimal interest-
rate decision and announcement in period ¢ for the interest rate in period ¢ + 1, 44114, is given

by

. * * Qg )‘
Ly1t = T + 7+ (1 - —c(l —c)xp -1
e = b (- T 21— )
Qg

G (=5

As shown in appendix B, equation (B.7), the optimal policy has no average inflation bias, so

Je{[1 —0c(l —¢)]ozZiqor — (1 — ¢)ozziq14}- (3.5)

average inflation equals the inflation target,
=" (3.6)

The coefficient ¢ in (3.5), given by (A.10) and (B.11), although not identical to that in (3.1),
is still also an increasing function of A, ¢(}), that fulfills 0 < ¢(\) < 1, with ¢(0) = 0 and
c(oo0) = limy_,o0 ¢(A) = 1. Furthermore, Z;12; is defined as in (3.2) (for 7 = 2), although with
the new coefficient ¢(\).

Thus, for the forward-looking model, the optimal reaction function is different from a Taylor
rule. Instead, it corresponds to a response to the central bank’s forecast of the Wicksellian real
interest rate, rf,; ;, with a unit coefficient, a response to the lagged forecast of the output gap,
xt4—1, and a quite complex response to judgment. The response to the lagged forecast of the
output gap illustrates that the optimal reaction function under commitment involves responses
to lagged states of the economy, what is called “history dependence” in Woodford [115].25 In
a forward-looking model, such history-dependence has a beneficial impact on private-sector

expectations.

24 Tn the unrealistic case of strict inflation targeting, A = 0, we have c¢()\) = ¢(0) = 0, and the optimal reaction
function becomes

w=T+71" + 1+ axlﬁr)(ﬂ't+l,t —7") + g_ixt + g—izt+1,t + %;th-ﬁ-lt (3.4)
(which corresponds to (3.1) with ¢(\) = 0, when we use the convention that 0° = 1). Thus, we see how the
optimal instrument rate should respond to the one-period-ahead forecast of the inflation gap, m 41+ — 7", the
current output gap, z:, the one- and two-period-ahead forecasts of the exogenous variable, z;y1,+ and z;y2,¢. Even
in the simple case of strict inflation targeting, judgment matters (in the form of the one- and two-period-ahead
forecasts of the deviation).

25 We note that the response to the lagged output-gap forcast can be of either sign, depending on whether X is
greater or smaller than . /8,.
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Appendix B, equation (B.16), shows that the lagged forecast of the output gap fulfills

Ol C R
Ttt—1 = — b\ ZCyOézZt—j,t—l—j- (3-7)
j=0

Thus, (3.7) can be substituted into (3.5), in which case the optimal reaction function can be
written as a complex response to current and previous judgment, in addition to the one-to-one
response to the forecast of the Wicksellian real interest rate.

With forward-looking variables, the optimal reaction function is not time-consistent, and each
period the central bank has an incentive to temporarily depart from it. Thus, a commitment
mechanism and corresponding verifiability of the reaction function is necessary. However, even
in this exceedingly simple model of the transmission mechanism, the optimal reaction function

is quite complex, especially with regard to judgment, and certainly impossible to verify.?6

3.3 A commitment to the optimal instrument rule is impracticable

For several reasons, the direct optimal-control approach with a once-and-for-all calculation of
the optimal reaction function and then a commitment to this reaction function is completely
impracticable. Indeed, this conclusion seems to be part of the conventional wisdom, and a
commitment to an optimal instrument rule has no advocates, as far as I know. We have already
seen that, even in these two very simple models, the optimal reaction functions are quite complex,
as soon as there is a role for deviations from the simple model and judgment of those deviations.
This complexity makes verifiability impossible, although verifiability is necessary as soon as
there is a time-consistency problem and an incentive to temporarily depart from the optimal
reaction function. In more realistic models, the complexity increases dramatically further. The
optimal reaction function indeed requires that every conceivable contingency can be anticipated,
which is clearly impossible.

There are also more fundamental problems with the idea of a once-and-for-all commitment.
If this commitment is possible in a particular period, what is special with that period? Why
didn’t the commitment occur in a previous period, leaving no possibility to recommitment this

period? Woodford [113] has provided an ingenious solution to that problem, by proposing a more

26 In the unrealistic case of strict inflation targeting, A = 0, the optimal reaction function is (see (B.17))

. . . Qs
Y41t = Teqp1,e + 7 Zt+1,t — —— (Zt42,t — Zt41,t)-
- B, azf,
Under strict inflation targeting, there is no problem with time-consistency (because there is no tradeoff between
inflation- and output-gap stability). The optimal reaction function still involves response to judgment for one and
two periods ahead.
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sophisticated kind of commitment, “in a timeless perspective.” This involves a commitment to
recommit only to reaction functions to which one would have preferred to commit oneself far
into the past. This is a commitment not to exploit the possibility of a one-time “surprise” at the
time of the recommitment. It allows optimal recommitment, for instance when new information
about the transmission mechanism arrives, without the disadvantage of the negative effect on
expectations that the possibility of surprises otherwise induces.

But Woodford’s ingenious idea does not diminish the already overwhelming problem of
enforcement and verifiability of a commitment to a complex instrument rule. For practical
purposes, the direct optimal-control approach, with either a once-and-for-all commitment or
continuous recommitment in a timeless perspective, will only be a theoretical benchmark for
evaluation purposes. It is not a coincidence that no central bank has tried to implement this

approach. For a practical monetary-policy rule, we have to look elsewhere.

4 Commitment to a simple instrument rule

Let me start by specifying the idea of a commitment to a simple instrument rule. The first step
is to consider a restricted class of reaction functions, namely where the instrument is a function

only of a particular small subset, I;, of the central bank’s information, I,

’it - f(ft)
Typically, the instrument is restricted to be a linear function of the target variables (inflation
and (estimates of) the output gap) and the lagged instrument, which results in a Taylor-type

rule with interest-rate smoothing. Then the reaction function is
it = [+ fr(me = 7°) + fore + fiie—1, (4.1)

where the constant f and the coefficients fr, f, and f; remain to be determined. The Taylor
rule, (1.1), is the best known special case. In the realistic situation when inflation and the
output gap are predetermined, (4.1) makes the instrument a simple function of predetermined
variables, called an explicit instrument rule in Rudebusch and Svensson [78], Svensson [88] and
Svensson and Woodford [96].

Once the class of reaction functions is determined, the second step is to determine the
numerical values of its parameters; for the case of (4.1), the constant f and the coefficients f,

fz and f;). The coefficients can either be chosen so that the reaction function minimizes the
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intertemporal loss function (2.1) for a particular model (is optimal for a given model and the
given class of reaction functions), or such that it performs reasonably well for a few alternative
models (is “robust” over a class of models).%”

For the backward-looking model above, one simple instrument rule is just to forget about

the judgment part in (3.1) and instead follow the reaction function

1—
i =7+ "+ (1 + C) (T2, —7°) + &%t- (4.2)

o3, B,

As noted, this is a variant of the Taylor rule, with the predetermined one-period ahead forecast
of the inflation gap entering instead of the current inflation gap. Using the expression of the in-
flation forecast in (3.3), but disregarding the judgment part of (3.3), results in the corresponding

simple reaction function of current inflation and output gaps,

Z't_F—i-?T*—i-(l-i-axﬁf)(ﬂt_ﬂ*)"i'(am"‘lﬁ:c"i'g_i)ajt‘ (4.3)

For the forward-looking model above, the obvious corresponding reaction function that disre-

gards judgment in (3.5) would be

;‘gr)o%cu — Q). (4.4)

. * *
Btp1t =T 7 + (1=

In this case, the obvious simple reaction function differs from the Taylor rule. Also, arguably it
is not so simple, since it responds to the one-period-ahead forecast of the Wicksellian natural
interest rate, which may be difficult to estimate in practice. Furthermore, it responds to the
previous one-period-ahead output-gap forecast rather than the current output gap (estimate).
All this makes it less simple and also less easy to verify.?

The third step, finally, is for the central bank to commit to the particular simple instrument
rule chosen and then follow it ever after, or at least until there is a recommitment to a new
instrument rule. More precisely, once the simple instrument rule has been specified, the central
bank’s decision process is exceedingly simple.

In the backward-looking model, if the central bank has specified the form (4.3) of the simple
instrument rule, the decision-making process thereafter can be described as follows: (1) Collect

data on current inflation and current output. (2) Estimate potential output (which as noted

27 The contributions to the conference volume edited by Taylor, [103], provide many examples on commitment
to alternative simple instrument rules; see especially the introduction by Taylor [101]. The dominance of this
approach in current research is indicated by the fact that, in this volume, only Rudebusch and Svensson [78] also
consider targeting rules.

28 Also, recall that the response to the lagged output-gap forcast can be of either sign, cf. footnote 25.
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above is a nontrivial step) and then subtract from output to get the current output gap. (3) Use
(4.3) to calculate 7;. (4) Announce and implement ¢;. (5) In the next period, start over again.

If the central bank has specified the form (4.2) of the simple instrument rule, the decision-
making process is somewhat more elaborate after (2): (3) One alternative is to be sophisticated,
form the judgment 241 ¢, and use this together with current inflation and the output gap to form
me41,+ according to (3.3). Another alternative is to be unsophisticated, disregard any judgment,
and use only current inflation and the output gap in (3.3) to form m;41,. In the former case,
there is still some partial role for judgment, in the latter not. (4) Use w1+ and z¢ in (4.2) to
calculate i;. (5) Announce and implement ;. (6) In the next period, start over again.

In the forward-looking model, the steps are as follows: (1) Construct a one-period-ahead
forecast of the Wicksellian natural interest rate, r; 1,4 This is a nontrivial step, comparable
to estimating potential output. (2) Recall the one-period-ahead output-gap forecast from the
previous period, z¢;—1. (3) Use 77,1, and x¢y14 in (4.4) to calculate i¢yq 4. (4) Construct the
one-period-ahead output-gap forecast, x;1 ¢, to be used in the interest-rate decision next period.
This is a nontrivial step; it involves combining (5.5), (5.6) and (4.4) to solve for the resulting
output-gap forecast. (5) Announce i¢y1. (6) In period ¢+ 1, implement i;41 = 4441+ and start
over again.

The fact that the simple instrument rule (4.4) relies on the lagged one-period-ahead output-
gap forecast, and the fact that constructing this is not so easy, makes this simple instrument rule
still somewhat complex. A simpler instrument rule would be to follow a Taylor-type rule with
interest-rate smoothing, (4.1). As discussed in Svensson and Woodford [96], as long as fr > 1 so
the Taylor principle is upheld, this results in a unique equilibrium in the forward-looking model,
although the Taylor-type rule will result in a worse outcome (a larger value of the loss function
(2.1)) than (4.4). In this case, the decision process would be the same simple one as for the

backward-looking model with the instrument rule (4.2).

4.1 Advantages of a commitment to a simple instrument rule

The advantages of a commitment to a simple instrument rule are that (1) the simplicity of the
instrument rule makes commitment technically feasible, and (2) simple instrument rules may be
relatively robust.

Sufficient simplicity of the instrument rule, for instance, if it is restricted to be a Taylor-

type rule with interest-rate smoothing like (4.1), implies that it is easily verifiable. Then, a
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commitment is, in principle, feasible.

Some research indicates that a Taylor-type rule with interest-rate smoothing is relatively
robust, in the sense that it performs tolerably well for a variety of models. This idea of robust
simple instrument rules has been promoted and examined in several papers by McCallum and
recently restated in McCallum [65]. Results of Levin, Williams and Wieland [57] for a set
of models of the U.S. economy indicate that a Taylor-type reaction function with interest-rate
smoothing may be relatively robust in this sense. Intuitively, in (almost) closed-economy models
where future inflation and the output gap mainly depend linearly on current inflation, the output
gap and the instrument rate, a Taylor-type instrument rule with the right coefficients will be
optimal or close to optimal (as is for instance the case in the backward-model above, in the
absence of any deviations). The models examined by Levin, Williams and Wieland [57] are all
of this type, as is the model used in Rudebusch and Svensson [78]. On the other hand, even
for such a restricted class of reaction functions (where the Federal funds rate only depends on
the inflation gap, the output gap and the lagged Federal funds rate), there is still considerable
variation in the suggested magnitudes for the three coefficients, as is apparent from the papers
in Taylor [103]. Thus, there is far from general agreement on what the precise coefficients
should be. Furthermore, the simulations providing evidence of robustness of Taylor-type rules

all disregard the role of judgment.

4.2 Problems of a commitment to a simple instrument rule

The problems with the idea of a commitment to a simple instrument rule include that (1) the
simple instrument rule may be far from optimal in some circumstances, (2) there is no room for
judgmental adjustments and extra-model information, (3) desired development of the instrument
rule due to learning and new information will conflict with the commitment, unless sophisticated
and (arguably) unrealistic recommitment “in a timeless perspective”, as suggested by Woodford
[113], is allowed, and (4) in spite of all the academic work and promotion, no central bank has
actually chosen to do it, and prominent central bankers scoff at the idea.

A first obvious problem for a Taylor-type rule, with or without interest-rate smoothing, is
that, if there are other important state variables than inflation and the output gap, it will not
be optimal. For a large and not so open economy as the U.S., inflation and the output gap
may be the most important state variables, and the efficiency loss in not responding to other

variables may in many cases be moderate (as seems to be the case for the models examined by
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Levin, Wieland and Williams [57]). For a smaller and more open economy, the real exchange
rate, the terms of trade, foreign output and the foreign interest rate seem to be the minimum
essential state variables that have to be added (see, for instance, Svensson [90]), increasing the
number of response coefficients that must be fixed. I am not aware of any agreed-upon levels of
the response coefficients for these variables.

With forward-looking variables, the optimal reaction function is characterized by history-
dependence, as has been emphasized by Woodford [115] and as was demonstrated in (3.5) and
(3.7). The lack of history-dependence may seem to be a problem for a simple instrument rule.
However, any response to the lagged instrument rate implies some history dependence, since
(4.1) can be written

g )
- Lo+ 3 sty =)+ fe) (4.5)

Thus, a suitable choice of the coefficient f; may allow some approximation to the optimal history

1t

dependence and, as further discussed in Woodford [115], partly remedy this problem.

A second problem is that a commitment to an instrument rule does not leave any room
for judgmental adjustments and extra-model information, made explicit by the inclusion of the
deviation z; and the central-bank judgment z! above. As I believe most students of practical
monetary policy would agree with, practical monetary policy cannot (at least not yet) rely on
models only. As further discussed in Svensson [93], the use of judgmental adjustments and extra-
model information is both desirable in principle and unavoidable in practice. For instance, when
a rare event, like a stock market crash, an Asian crisis or the floating of the Brazilian real occurs,
central bankers may have to use their judgments rather than their models in assessing its likely
effect on future inflation and output. Given the lags in the effects of monetary policy, it will be
efficient to respond to such an event before it shows up in the variables that enter the simple
instrument rule, like current GDP and inflation. Indeed, Taylor [100] to a large extent discusses
the Fed’s departures from the Taylor rule and their reasons. Put differently, a commitment to
a simple instrument rule does not provide any rules for when discretionary departures from the
simple instrument rule are warranted.

A third problem with simple instrument rules would seem to be that a once-and-for-all
commitment to an instrument rule would not allow any improvement of the instrument rule
when new information about the transmission mechanism, the variability of shocks, or the source

of shocks arrives.?? A once-and-for-all commitment also faces the problem of an incentive to

2% For a linear model of the transmission mechanism and a quadratic loss function, certainty-equivalence applies
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exploit the initial situation, for instance, by temporarily increasing output by an initial surprise
inflation, and letting the simple reaction function apply only in the future. As a solution to the
problem of once-and-for-all commitments, Woodford [113] has, as discussed above in section 3.3,
suggested repeated recommitment “in a timeless perspective” to new revised instrument rules
when new information arrives. The timeless perspective is a self-imposed restriction to consider
only long-run instrument rules that do not depend on the period when the commitment is made,
and by construction it eliminates any exploitation of the initial situation.?? Presumably, though,
such recommitment to a new instrument rule would have to occur relatively infrequently and
only after substantial accumulated information has arrived. Nevertheless, recommitment to new
long-run instrument rules is at least a logically possible (and theoretically elegant) solution to
the problem of once-and-for-all commitment.

Of course, along the lines of Woodford’s recommitment in a timeless perspective, the central
bankers faced with an Asian crisis could ask: Suppose that in the past, when we designed
our current instrument rule, we had anticipated the possibility of a future Asian crisis. What
response to the crisis would we then have committed ourselves to? Answering this question
would amount to revising the simple instrument rule by incorporating this particular event.
Undertaking a substantial revision of the instrument rule may not make much sense unless the
same event is expected to occur reasonably frequently in the future, though. It would also seem
to require that the event is somehow incorporated in the models used to derive the optimal
simple instrument rule. However, if the central bank tries to incorporate too many possible
events, the instrument rule would no longer be simple, and verification of the bank’s adherence
to the rule becomes increasingly difficult. Furthermore, there could be times when a relatively
swift response is called for, without leaving much time for a thorough revision of the instrument
rule. It seems that we still lack rules for when departures from the simple instrument rule are
called for, without which the simple rule is either incomplete or inefficient.

Suppose a central bank went ahead and wanted to implement a commitment to a simple
instrument rule? How would it actually commit itself to the instrument rule? One extreme
possibility would be to have the Central Bank Act (or, in New Zealand, the Policy Targets

Agreement (PTA), see Svensson [91]) include the instrument rule in a verifiable way (and also

for the optimal reaction function. That is, the reaction function does not depend on the variance of the shocks.
Certainty-equivalence does not apply for simple reaction functions, so the coefficients of the optimal simple reaction
function do depend on the variance of the shocks (see Currie and Levine [27]).

30 The idea of commitment in a timeless perspective is worked out by Woodford [113] for optimal reaction
functions rather than simple ones (the model used is so simple that the optimal reaction function is quite simple).
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specify suitable sanctions for departures from the rule), with revisions of the law when new
information calls for revisions of the instrument rule. A less extreme possibility would be an
Instrument-Rule Report (rather than the Inflation Reports issued by many inflation-targeting
central banks), where the central bank presents its derivation and motivation of the current
instrument rule, solemnly commits itself to follow it, and invites external scrutiny of its adherence
to the rule (and criticism and embarrassment if it departs from the rule). The rule would then be
in effect until a new issue of the Instrument-Rule Report presents and motivates a new revision
of the rule. Revisions would probably have to be rather infrequent to limit the amount of
discretion.

The decision-making process inside the central bank would then be quite uneven. The
infrequent revisions of the rule would be highly active and demanding periods, using all the
bank’s intellectual capacity. During the presumably long periods in-between, monetary policy
could be conducted by a clerk with a hand calculator, or even a pre-programmed computer.
Furthermore, the central bank would be forward-looking only at the time when it reconsiders
and recommits to a new instrument rule; in-between it would not be forward-looking but behave
in a completely mechanical way.

Thus, an obvious fourth problem is that commitment to a simple instrument rule is far
from an accurate description of current monetary policy, inflation targeting or other. Such
a monetary-policy setup does not exist in the current inflation-targeting countries, nor has it
ever existed before. No central bank has (to my knowledge) announced and committed itself
to an explicit instrument rule. No central bank has issued anything similar to an Instrument-
Rule Report. Nor does there seem to be any attempt to construct a commitment mechanism,
whereby a central bank would be obliged to follow a mechanical instrument rule. In spite of the
impressive academic work on a commitment to a simple instrument rule, I doubt that we will
ever see such an arrangement materialize. Certainly, prominent current and previous central
bankers seem skeptical and maintain that some amount of discretion is inevitable. As Blinder
[11, p. 49| puts it,

Rarely does society solve a time-consistency problem by rigid precommitment... En-
lightened discretion is the rule.

As stated by King [51],

Mechanical policy rules are not credible... No rule could be written down that
describes how policy would be set in all possible outcomes. Some discretion is in-
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evitable. But that discretion must be constrained by a clear objective to which policy
is directed...

As expressed by Bernanke and Mishkin [8]:

Inflation targeting does not represent [a commitment to] an ironclad policy rule...
Instead, inflation targeting is better understood as a policy framework...

But do not simple instrument rules fit actual central-bank behavior well? Several researchers,
for instance, Clarida, Gali and Gertler [24] and Judd and Rudebusch [48], have found that
variants of Taylor-type rules with interest-rate smoothing fit U.S. data reasonably well. The
interpretation of this finding is not obvious, though. First, the similarity of the outcome of
policy decisions with a simple instrument rule is completely consistent with the forward-looking
goal-directed behavior by the central bank, say in the form of discretionary period-by-period
optimization, in a situation where inflation and the output gap are important state variables.
That is, the simple instrument rule is a reduced form rather than a primitive, the endogenous
end point rather than the exogenous starting point of monetary policy. Second, even the best
empirical fits leave one third or more of the variance of changes in the federal funds rate un-
explained.3! Thus, departures from the simple instrument rules are substantial and ask for an

explanation.

4.3 A simple instrument rule as a “guideline”

As discussed above, a firm commitment to a simple instrument rule is associated with a number
of problems, and it has, for apparently good reasons, never been tried out in the real world.
However, another interpretation of the role of simple instrument rules is as a much looser com-
mitment: An instrument rule should not be followed mechanically; instead it should be seen as a
“benchmark” or a “guideline” for assessing instrument-rate decisions. This is the interpretation
and use of policy rules that Taylor himself has proposed for the Taylor rule, for instance in the
classic article [100] proposing the Taylor rule, and, in more detail, in [105].

Taylor [105, p. 443] defines a “monetary policy rule” as “simply a contingency plan that
specifies as clearly as possible the circumstances under which a central bank should change

the instruments of monetary policy” and mentions the Taylor rule as an example. Thus, his

31 Judd and Rudebusch [48], for instance, estimate reaction functions for the Federal Reserve System during
the terms of Arthur Burns, Paul Volcker and Alan Greenspan. The best fit is for Greenspan’s term (sample
1987:1-1997:4) and the partial-adjustment form Aiy = v(i; — i1—1) + pAir—1, where 4} is given by a Taylor-type
rule, if = f+ fo(me —7*) + fu(y: —y*). The best adjusted R? is 0.67.
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definition of monetary policy rules is restricted to include instrument rules only. Furthermore,

as to the use of such monetary policy rules, he states, [105, p. 445-446]:

[J]Just because monetary policy rules can be written down as a mechanical-looking
mathematical equation does not imply that central banks should follow them me-
chanically.

To the contrary, most proposals for monetary policy rules suggest that the rules
be used as guidelines, or general policy frameworks... Because some discretion is
needed to implement the policy rule, the mathematical form becomes an approxima-
tion, much like the simplifying assumptions that underlie the models that are used
for policy evaluation... [Dlespite the mathematical form, I proposed this rule [the
Taylor rule] in the early 1990s as a benchmark or guideline for assessing interest rate
decisions. At a minimum, discretion is needed to assess monthly data on commodity
prices, employment, industrial production and other variables, in order to estimate
(or predict) the current quarterly inflation rate and the output gap.

Moreover, there will, on occasion, be a need to change the interest rate because of
some special factor that cannot be included in the policy rule. Liquidity crises in
financial markets will usually require such discretion. The 1987 stock market break
in the United States is one example. Before the stock market break of 1987, the Fed
was increasing the federal funds rate, apparently because inflation and the output
gap were increasing. But when liquidity became a concern after the break in the
market, the Fed lowered the interest rate and thereby provided more liquidity. After
the liquidity concerns dissipated, the Fed returned to its tightening mode. By doing
S0 it was able to contain the rise in inflation much earlier than in similar periods in
the 1970s. It is important to point out that such discretionary actions are relative to
the benchmark policy rule—the Taylor rule in this example. Hence, even with these
discretionary actions the policy rule has substantive content for the decisions.

I believe this quote leads to some hard questions about the idea of a simple instrument rule
as a guideline. First, the discretion mentioned about using available information to estimate
current quarterly inflation and output gap concerns constructing the given arguments of the
Taylor rule, not the Taylor rule itself, the reaction function. Thus, this is not actually an
example of a deviation from the instrument rule. Second, the quote states that deviations from
the instrument rule will be needed “on occasion” because of some special factor (other than the
inflation and output gap included in the rule). The one example given in this quote is liquidity
crises in financial markets, more precisely the 1987 stock market break. In Taylor [100], two other
examples of reasons for deviation from the rule is given: the oil-price shock after Iraq’s invasion
of Kuwait in late 1990, and the increase in long interest rates in early 1990, possibly related to
anticipations of German unification and related increased fiscal expenditure and investment in
Germany. These examples seems to refer to rather big and rare events. Does this mean that the

instrument rule should be followed mechanically except when similar big events occur? If so,
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this would seem to imply that it should be followed mechanically most of the time, since such
big events (fortunately) are relatively rare.

More generally, I find the idea of a simple instrument rule as a mere guideline not sufficiently
specific to be operational. When shall the rule be followed, and when not? More precisely, there
are no rules for when deviations from the instrument rule are appropriate. This seems to create
an inherent lack of transparency. How can outside observers then judge whether a deviation is
appropriate or not?

Nevertheless, one could possibly imagine a central bank announcing that “we are going to use
the following explicit instrument rule as our guideline, and we will carefully explain and motivate
any deviation from the rule.” But so far, no central bank has announced any instrument rule as
a guideline.

Still, the fact that historical examples of successful policy are similar to variants of simple
instrument rules, the fact that variants of simple instrument rules perform reasonably well in
a variety of different models, together with the fact that they can be derived as optimal in
some circumstances (for instance, in the backward-looking model above in the absence of any
deviation) imply that these simple instrument rules can serve a useful role as rough guidelines,
in that large departures from them have better to have good explanations. But they are not
more than very rough guidelines. They are not sufficient as rules for good monetary policy.

Thus, although alternative instrument rules can serve as very rough guidelines,3? and deci-
sions ex post may sometimes be similar to those prescribed by the simple instrument rules, a
commitment to a simple instrument rule (even with Woodford’s recommitment in a timeless per-
spective) does not seem to be a realistic substitute for the forward-looking decision framework
applied by inflation-targeting central banks. Indeed, instead of making infrequent forward-
looking decisions at the time of the infrequent recommitment to a new simple instrument rule,
it seems that central banks instead choose to be continuously forward-looking and have a regular

cycle of decision-making. To quote Greenspan [40, p. 244],

Implicit in any monetary policy action or inaction, is an expectation of how the
future will unfold, that is, a forecast.

The belief that some formal set of rules for policy implementation can effectively
eliminate that problem is, in my judgment, an illusion. There is no way to avoid
making a forecast, explicitly or implicitly.?3

32 GQee, for instance, the contributions in Taylor [103] and, with regard to the performance of a Taylor rule for
the Eurosystem, Gerlach and Schnabel [35], Peersman and Smets [71] and Taylor [104].

33 Budd [16], which alerted me to this quote, contains an illuminating and detailed discussion of the advantages of
explicitly considering forecasts rather than specifying reaction functions from observed variables to the instrument.
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Therefore, I will turn, in section 5, to a, in my mind, better way of describing current inflation
targeting, namely as a commitment to a targeting rule, more precisely, a “forecast-targeting
rule.” Before that, I will comment on a particular instrument rule that has been suggested as
an alternative to Taylor-type rules, namely so-called “forecast-based” instrument rules, which
sometimes is considered (misleadingly, in my mind) corresponding to “inflation-forecast target-

ing”.

4.4 A commitment to a “forecast-based” instrument rule

A particular class of reaction functions involves the instrument rate responding to a T-period-

ahead inflation forecast, of the form
it = f+ fa(moire — ) + fie-1- (4.6)

This class of reaction functions has been referred to as forecast-based (instrument) rules and
is promoted by, for instance, Batini and Haldane [4]. Variants of it are used in the Quarterly
Projection Model (QPM) of Bank of Canada, [26], Black, Macklem and Rose [10], and the Fore-
casting and Policy System (FPS) of the Reserve Bank of New Zealand, [9]. For a forecast-horizon
T sufficiently long, the inflation forecast is no longer predetermined but depends on the instru-
ment. For such a horizon, the forecast in most applications have been taken to be an equilibrium,
or “rule-comsistent,” forecast, meaning that it is an endogenous rational-expectations forecast
conditional on an intertemporal equilibrium of the model. Thus, this reaction function is really
an equilibrium condition that has to be satisfied by simultaneously determined variables. This is
called an ¢mplicit instrument rule in Rudebusch and Svensson [78], Svensson [88] and Svensson
and Woodford [96].

The reaction function (4.6) is sometimes said to represent “inflation-forecast targeting”; a
more precise and consistent terminology is “responding to an inflation forecast.” In this paper,
as in Rogoff [74], Walsh [111], Svensson [85] and [88], Rudebusch and Svensson [78], Cecchetti
[19] and [20], Clarida, Gali and Gertler [25] and Svensson and Woodford [96], “targeting variable
Y;” means minimizing a loss function that is increasing in the deviation between the variable

t.34

and a targe In contrast, in some of the literature “targeting variable Y;” refers to a reaction

function where the instrument responds to the same deviation. As discussed in Svensson [88,

34 This is completely in line with Tinbergen’s [106] classic treatment, where a “target variable” is defined as
a variable that enters the objective function and a “target” is the value of a target variable that optimizes the
objective function.
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section 2.4], these two meanings of “targeting variable Y;” are not equivalent. The reason is
that it is generally better (in the sense of minimizing the loss function) that the instrument
responds to the determinants of the target variables than to the target variables themselves (for
instance, even if inflation is the only target variable (the only variable in the loss function), it is
generally better to respond to both current inflation and the output gap, when both these are
determinants of future inflation; see, for instance, Svensson [85], Rudebusch and Svensson [78],
and the optimal reaction function under strict inflation targeting (3.4) in footnote 24). Note
also that, in the forward-looking model, the optimal reaction function (3.5) does not respond to
any of the current target variables but to their determinants. Thus, it seems advisable not to
confuse “responding to variable Y;” with “targeting variable Y;.”

Above, simple instrument rules were criticized for, among other things, not taking judgment
into account. However, the forecast-based instrument rule of the form (4.6) seems less sensitive to
criticism on this point. The equilibrium forecast that enters the rule can in principle incorporate
all relevant information, in particular, the judgment, 2. Nevertheless, it is unsuitable for other
reasons. A first reason, as already noted, is that it is (when responding to equilibrium forecasts)
an equilibrium condition rather than an operational explicit reaction function of predetermined
variables. Still, it could be a desirable equilibrium condition. More precisely, it could be a
desirable specific targeting rule, a reformulated first-order condition for optimal policy.?®> A
second reason is then that, unfortunately, the forecast-based instrument rule of the form (4.6) is
not an optimal targeting rule for the conventional loss function (2.1) with (2.2). As explained in
some detail in Svensson [94], one can work backwards and find the intertemporal loss function

in period ¢ for which (4.6) is an optimal first-order condition. It is of the form

1 * : > ) )
Ly = 5[5T(7Tt+T,t -7 )2 + Ai(ie — Z)Z + Anilie — Zt—l)Q]'

This loss function is such that, in each period, the central bank puts weight on both instrument-
rate stabilization and instrument-rate smoothing, A; > 0 and Aa; > 0 (that is, the instrument
rate has to be a separate target variable and enter the loss function directly, which, as noted in
section 5.6, is difficult to rationalize). Furthermore, the central bank must be concerned with
stabilizing the inflation gap at a fixed horizon T" only. Thus, in contrast with the conventional

intertemporal loss function (2.1) with (2.2), the central bank does not consider any tradeoff

35 Indeed, when (4.6) is used in in the QPM of the Bank of Canada [26] and the FPS of the Reserve Bank of
New Zealand [9], the interest rate is a 3-month interest rate, which is strictly speaking not an instrument rate but
a market interest rate over which the central bank has less than perfect control. In that case, strictly speaking,
(4.6) is not an “instrument” rule or a “reaction function,” but a “targeting” rule.
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between inflation gaps at different horizons. Indeed, the implied loss function for the forecast-
based instrument rule does not fulfill the minimum requirement of being time-consistent in the
classical sense of Strotz [84], and in any period the central bank will, with this loss function,
regret previous decisions made. In addition, the implied loss function does not incorporate any
concern for output-gap stability (except indirectly through the horizon T').

A third reason is that, in line with the above, as demonstrated by Levin, Wieland and
Williams [58], in simulations on different macro models, the performance of this particular
forecast-based instrument rule, as long as it does not utilize quite short forecast horizons (making
the forecast virtually predetermined), is inferior and nonrobust, when evaluated according to
(2.1) with (2.2) or the special case (2.3). All together, the forecast-based instrument rule of the
form (4.6) is quite problematic, in spite of its entrenched position in the QPM of the Bank of
Canada [26] and the FPS of the Reserve Bank of New Zealand [9]. (See also the discussion in
section 5.5 below.)

However, arguably a reaction function when the instrument responds to the unchanged-
interest-rate forecasts (of both inflation and the output gap) make more sense and can be seen
as a first-order Taylor expansion (around an unchanged interest rate) of the optimal specific tar-
geting rules to be discussed below, even if the central bank does not have a separate instrument-
rate stabilization and/or smoothing objective, see appendix C below, equations (C.1) and (C.2),

as well as Jansson and Vredin [47] and Rudebusch and Svensson [78].

5 Commitment to a targeting rule

5.1 Generalizing monetary-policy rules

Thus, I find that a commitment to a simple instrument rule is not a good description of current
inflation targeting, nor does the concept of instrument rules seem sufficient to discuss monetary-
policy rules. Instead, as argued in Svensson [88], the concept of monetary-policy rules needs to
be broadened.

In order to discuss alternative decision frameworks for monetary policy, it is practical to have
a consistent classification of such decision frameworks. To repeat, as in Rudebusch and Svensson
[78], Svensson [88] and Svensson and Woodford [96], a “monetary-policy rule” is interpreted

broadly as a “prescribed guide for monetary-policy conduct.”3® This allows not only the narrow

36 Indeed, the first definition of “rule” in Merriam-Webster [69] is “a prescribed guide for conduct or action.”
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“instrument rules” but also the broader, and arguably more relevant, “targeting rules”. In line
with Tinbergen [106], “target variables” are operational goal variables and variables that enter a
loss function, a function that is increasing in the distance of the target variables from prescribed
“targets” (target levels). “Targeting” is minimizing such a loss function.

A “general targeting rule” is a high-level specification of a monetary-policy rule that specifies
operational objectives, that is, the target variables, the targets and the loss function to be
minimized. A “specific targeting rule” is instead expressed directly as an operational condition

for the target variables (or for forecasts of the target variables).?”

5.2 Forecast targeting

“Forecast targeting” refers to using forecasts of the target variables effectively as intermediate
target variables, as in King’s [49] early characterization of inflation targeting, and means mini-
mizing a loss function where forecasts enter as arguments. Monetary policy affects the economy
with considerable lags. Current inflation and output are, to a large extent, determined by previ-
ous decisions of firms and households. Normally, current monetary-policy actions can only affect
the future levels of inflation and the output gap, in practice with substantial lags and with the
total effects spread out over several quarters. This makes forecasts of the target variables crucial

in practical monetary policy.

37 Sims [80], while discussing the implications of the Lucas [59] critique for VAR studies, provides an early
endorsement of targeting rules rather than instrument rules (although without using these names). As an example
of monetary policy, he first [80, p. 13| specifies assumptions, under which “... the optimal form for macropolicy
will be stabilization of the price level.” He then continues (brackets denote my comments): “If we could agree on
a stable model in which all forms of shock to the aggregate price level were specified a priori, then it would be
easy in principle to specify an appropriate function mapping past values of observed macrovariables into current
levels of policy variables in such a way as to minimize price variance [that is, to specify the optimal instrument
rule]. However, if disturbances in the economy can originate in a variety of different ways, the form of this policy
reaction function may be quite complicated. It is much easier simply to state that [the] policy rule is to minimize
the variance of the price level [that is, as a general targeting rule]. Furthermore, if there is uncertainty about the
structure of the economy, then even with a fixed policy objective function, widely understood, the form of the
dependence of policy on observed history will shift over time as more is learned about (or as opinions shift about)
the structure of the economy. One could continually re-estimate the structure and, each period, re-announce an
explicit relation of policy variables to history [that is, re-announce the instrument rule]. However it is simpler
to announce the stable objective function once [that is, the general targeting rule] and then each period solve
only for this period’s policy variable values instead of computing a complete policy reaction function [that is,
the instrument rule need not be explicitly stated]. This is done by making conditional projections from the
best existing reduced from model, and picking the best-looking projected future time path [that is, by general
forecast targeting]. Policy choice is then most easily and reliably carried out by comparing the projected effects
of alternative policies and picking the policy which most nearly holds the price level constant [that is, fulfills the
specific targeting rule].”

Summarizing the argument, Sims [80, p. 14] again states: “... an optimal policy regime and the present regime
in most countries are both most naturally specified in terms of the effects of policy on the evolution of the economy
[that is, in terms of the targeting rule|, rather than in terms of the nature of the dependence of policy on the
economy’s history [that is, in terms of the instrument rule].”

In consistency with this, reviewing the Taylor [103] conference volume, Sims also concludes [81, p. 566]: “It
seems to me that the call by RS [Rudebusch and Svensson [78]] for thinking about rules this way [as targeting
rules instead of instrument rules| is one of the most important ideas in the book.”

«

31



Assume that the transmission mechanism is approximately linear, in the sense that the future
target variables depend linearly on the current state of the economy and the instrument (as in
the above examples of the two simple backward- and forward-looking models). Furthermore,
assume that any uncertainty about the transmission mechanism and the state of the economy
shows up as “additive” uncertainty about future target variables, in the sense that the degree
of uncertainty about future target variables only depends on the horizon but not on the current
state of the economy and the instrument setting. (This is the way the deviation enters in the
backward- and forward-looking models used above.) Finally, let the intertemporal loss function
be quadratic. It is then a standard result in optimal-control theory that so-called certainty-
equivalence applies, and that optimal policy need only focus on conditional mean forecasts
of the future target variables, forecasts conditional on the central bank’s current information
and a particular future path for the instrument.?® Since this means treating the forecasts as
(intermediate) target variables (that is, putting forecasts of the target variables in the loss
function), the procedure can be called “forecast targeting.”

This decision-making process in the central bank then involves making conditional forecasts
of inflation and the output gap, conditional on different paths of the central bank’s instrument
rate, using all relevant information about the current and the future state of the economy
and the transmission mechanism.?® Then, the instrument-rate path is chosen, for which the
corresponding conditional forecasts minimize the intertemporal loss function, which, in practice,
means that the inflation forecast returns to the inflation target and that the corresponding
conditional output-gap forecast returns to zero at an appropriate pace. If the inflation forecast
is too high relative to the inflation target at the relevant horizon (but the output-gap forecast
is acceptable), the instrument-rate path needs to be raised; if the conditional inflation forecast
is too low, the instrument-rate path needs to be lowered. The chosen instrument-rate path is
then the basis for the current instrument setting. In regular decision cycles, the procedure is
then repeated. If no new significant information has arrived, the forecasts and the instrument-
rate path are the same, and instrument-rate setting follows the same instrument-rate path.
(The time-consistency problem that arises when there are forward-looking variables is further

discussed below.) If new significant information has arrived, the forecasts and the instrument-

38 For proof of the certainty-equivalence theorem for optimal-control theory, see Chow [21] for models with
predetermined variables only and Currie and Levine [27] for models with both predetermined and forward-looking
variables.

39 See Brash [13] and Svensson [91] for a discussion of the decision-making process of the Reserve Bank of New
Zealand, which provides a prime example of forecast targeting.
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rate path are updated. This is essentially the procedure recommended by Blinder [11] and
referred to as “dynamic programming” and “proper dynamic optimization.” Compared to many
other intertemporal decision problems that households, firms and investors solve one way or
another (usually without the assistance of a sizeable staff of PhDs in economics), this particular
decision problem is, in principle, not overly complicated or difficult.

Forecast targeting requires that the central bank has a view of what the policy multipliers
are, that is, how instrument-rate adjustments affect the conditional inflation and output-gap
forecasts. But it does not imply that forecasts must be exclusively model-based. Instead, it
allows for extra-model information and judgmental adjustments, as well as very partial infor-
mation about the current state of the economy. It basically allows for any information that is

relevant for the inflation and output-gap forecasts.

5.3 A commitment to a general forecast-targeting rule

Let me be more specific. Let i' = {i;1,4}>°, denote an instrument plan in period ¢. Con-
ditional on the central bank’s information in period ¢, I; (including its view of the transmis-
sion mechanism, etc.), and its judgment, 2!, and conditional on alternative instrument plans
i', consider alternative (mean) forecasts for inflation, ' = {7y, +}°°,, and the output gap,
zt = {@4174}2°, (consisting of the difference between 3!, the (mean) output forecast, and y*,
the (mean) potential-output forecast). That is, m¢ir s = Elmer | 1%, I, 2], etc.® Furthermore,
consider the intertemporal loss function in period ¢ applied to the forecasts of the target vari-

ables, that is, when the forecasts are substituted into the intertemporal loss function (2.1) with

(2.2),

1
L= oS [(Tpgre — )2 4+ Aaf ] - (5.1)
=0

By a commitment to a general forecast-targeting rule, I mean a commitment to minimize a
loss function over forecasts of the target variables. For an intertemporal quadratic loss function
like (5.1), in principle this requires that the inflation target, 7*, the relative weight on output-
gap stabilization, A, and the discount factor, d, are specified. In practice, the loss function is not

specified in this detail, and the central bank has some discretion over the translation of the stated

0 Constructing conditional forecasts in a backward-looking model (that is, a model without forward-looking
variables) is straightforward. Constructing such forecasts in a forward-looking model raises some specific dif-
ficulties, which are explained and resolved in the appendix of the working-paper version of Svensson [88]. The
conditional forecasts for an arbitrary interest-rate path derived there assume that the interest-rate paths are “cred-
ible”, that is, anticipated and allowed to influence the forward-looking variables. Leeper and Zha [55] present an
alternative way of constructing forecasts for arbitrary interest-rate paths, by assuming that these interest-rate
paths result from unanticipated deviations from a normal reaction function.
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objectives into a loss function, for instance, how the Reserve Bank of New Zealand interprets the
PTA (see Svensson [91]).4! Each period ¢, conditional on the central bank’s forecasting model,
information I; and judgment 2!, the bank then finds the combination of forecasts and instrument
plan that minimizes (5.1), the optimal forecasts and instrument plan, denoted (#*,4!,4t), and
then makes the current instrument decision according to the current optimal instrument plan
(the current instrument decision will be given by i, in the backward-looking model and 741
in the forward-looking model).

As stated, this decision-making process implies discretionary minimization each period of
a well-defined intertemporal loss function. The process will result in an endogenous reaction
function for the current instrument decision, a function F(I;, 2*) of the central bank’s informa-
tion and judgment. This reaction function need not be specified explicitly, and it need not be
followed mechanically. For a model without forward-looking variables, the resulting endogenous
instrument-setting will follow the optimal reaction function derived under the direct optimal-
control approach discussed above. For a model with forward-looking variables, this decision-
making process will result in a different reaction function than the optimal one, to be further
discussed below.

More precisely, how does the central bank find the optimal forecasts and instrument plan?
One possibility is that, conditional on the information I; and the judgment 2!, the central bank
staff generates a set of alternative forecasts (7', z') for a set of alternative instrument plans 4’.
This way, the staff constructs the “feasible set” of forecasts and instrument plans. The decision-
making body of the central bank then selects the combination of forecasts that “looks best,” in
the sense of achieving the best compromise between stabilizing the inflation gap and stabilizing

the output gap, that is, implicitly minimizes (5.1).

5.3.1 The backward-looking model

In the backward-looking model, the central bank’s forecasting model in period ¢ will be given by
(2.4)—(2.6), where the corresponding forecasts are substituted for actual values (and forecasts of

the shocks are set equal to zero),

Titr+1,t = Tiprt + OpDptrt + 024 r414, (5.2)

Tipriit = BoZigrt + Brztrriit — Brlligrt — Teprt1t —T)s (5.3)

4! In Svensson [92] and [95], T argue that the time has come for central banks to announce explicit loss functions,
including the relative weight A on output-gap stabilization.
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for 7 > 0. Thus, the forecasts fulfilling (5.2) and (5.3) are conditional on the central bank’s

. As is shown in appendix

judgment, 2' = {z;1,,}22__, and alternative instrument plans, i
A, equation (A.5), a central bank minimizing the intertemporal loss function will implicitly be

satisfying the first-order condition

Tir1t — T = Sor (0Ttiri1t — Tegrt) (5.4)
X

for 7 > 1. This is the implicit condition for forecasts of the inflation and output gaps “looking
good.” Combining (5.4) with (5.2) and (5.3) leads to the optimal forecasts and instrument path,
(7%, #%,2%), and to the instrument-rate decision, it,t, each period ¢. This instrument-rate decision
will be consistent with (3.1), the complex optimal reaction function for this model. However, the
commitment to the general targeting rule means that the central bank never need to make this
reaction function explicit; instead it just repeatedly solves its optimization problem each period
and implements its instrument-rate decision. In particular, the instrument setting incorporates

the central bank’s judgment in an optimal way.

5.3.2 The forward-looking model

In the forward-looking model, the central bank’s forecasting model will be

Tigrtit — T = O(Tpprq2t — T) + QupTiiri1t + QzZipriit, (5.5)
Tiprttt = Tiprt2t — Bplltbr1t — Tepri2t — Tri1e) + 8224410t (5.6)

for 7 > 0, given the central bank’s forecast of the natural real interest rate, r* = {ry,  ;}3,
and its judgment z¢. With forward-looking variables, straight-forward discretionary optimization
each period t of the loss function (5.1) encounters the time-consistency problem: Even in the
absence of any new information in period ¢ + 1, the optimal instrument-rate setting in period
t + 1 will deviate from the optimal instrument-rate plan in period t.

Under the assumption that the central bank instead anticipates the result of future opti-
mization each period, time-consistency is assured. Appendix B then shows (equation (B.18)
for 7 = 0), that the central bank will each period t set the instrument rate so as to implicitly
achieve the first-order condition

A
Tt41,t — T = — a_fEt—‘rl,t- (57)
T

Combining this first-order condition with (5.5) will result in optimal forecasts, (7%, 4?). Com-

bining these forecasts with (5.6) will result in the optimal instrument path, 7*. The optimal
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instrument-rate decision, %441, is then given by ¢;41; = %<1, which follows from combining
(5.6) for 7 = 0 with Zy414, Teqar, Teqan, ) 1t and 24414 The implied reaction function need
never be made explicit. It is shown in appendix B, equation (B.21), that the implied reaction

function is given by

¢ - 0 COLZe41 1+ ABL 21t
_ ‘r 1 _ Z ) 3
BT/\ [/67'>\ « ( 50)]0( Zt+27t + 67‘)\

This reaction function is clearly different from the optimal reaction function, (3.5), although

Qt+1t = Tip1 T 7+ (5.8)

there is still no average inflation bias (under the assumption that the unconditional mean of
the deviation is zero), so average inflation equals the inflation target and (3.6) holds.**> The
coefficient ¢ is different from the coefficient ¢ of the optimal reaction function. It is still a
function of the relative weight A on output gap stabilization, fulfills 0 < é(\) < 1, and is now

given by
A
A+ a2

(M)

(see (B.20)). Moreover, Z;y2; is defined as in (3.2), but with the coefficient ¢ substituted for c.

(5.9)

Thus, under discretionary forecast-targeting in the forward-looking model, the resulting in-
strument setting described by (5.8) will differ from the optimal reaction function (3.5). This
illustrates that discretionary optimization results in stabilization bias (the response to shocks in
(5.8) is different from that in (3.5)) and a lack of history-dependence (since there is no response
to previous shocks in (5.8)).

The reason why discretionary optimization does not result in the optimal outcome is that,
in the decision-period ¢ — 1, an increase in the two-period-ahead inflation forecast for ¢ + 1,
T41,—1, increases the one-period-ahead forecast, m;—1, via (5.5) when ¢t — 1 is substituted for
t and 7 = 1. However, in the decision-period ¢, the inflation forecast for ¢ + 1, m11,, can
be increased without any effect on inflation in period t, since the latter is now predetermined.
Therefore, the tradeoff (the marginal rate of transformation) involved in adjusting the inflation

forecast for t + 1 is different between decision periods t — 1 and t.

5.3.3 A “commitment to continuity and predictability”

As discussed in Svensson and Woodford [96], a commitment to a modified general targeting

rule can solve the time-consistency problem and avoid the loss from discretionary optimization.

2 Tf the unconditional mean of the deviation is zero, it follows from (2.8) that the unconditional mean of the
output gap is zero, E[z;] = 0. Using this and taking the unconditional mean of (5.7) results in E[mi11,,] = 7".
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More precisely, let Z;;—1 denote the shadow price (the Lagrange multiplier of (5.5) in (B.1),
appendix B) of the one-period ahead aggregate-supply relation in period ¢ — 1. That is, Z; 41
measures the increase in value of the intertemporal loss function resulting from an increase in
the one-period-ahead inflation forecast in period ¢ — 1, m;;—1, due, for instance, to a change
in judgment or an anticipated shock. Modify the general targeting rule by adding the term

Ett—1(me41¢ — %) to the loss function (5.1) each period ¢, which results in
oo
57’1 _ *\2 A 2 — o *
> 5 (Tt — )2+ A r ] + Etp1 (e — 7). (5.10)
7=0

This can be interpreted as a commitment to a general targeting rule that involves “continuity

)

and predictability,” in that the previous cost in period ¢t — 1 of adjusting the forecast for period
t + 1 is taken into account. It internalizes the cost of disappointing private-sector expectations
in period £ — 1 of inflation in period t 4 1, by incorporating the cost of the resulting effect on
inflation in period ¢, had the change in 741 been anticipated in period ¢ —1. It is very much in
line with the transparency, predictability and continuity emphasized in actual inflation targeting
(see, for instance, King [50]).43 44

As shown in Svensson and Woodford [96], the central bank will then each period ¢ choose

the instrument-rate plan 7;11; so as to implicitly achieve the first-order condition

A
i1 — T = — a—($t+1,t — Ty 1) (5.11)
xr

According to this first-order condition, the one-period-ahead inflation-gap forecast shall be pro-
portional to the negative of the change in the current one-period-ahead output-gap forecast from
the previous period, with the proportionality factor A\/a,. As shown in appendix B, equation
(B.9), this is the optimal first-order condition, and combining it with the forecasting model (5.5)
and (5.6) will result in the optimal forecasts and instrument plan. Consequently, the implied

instrument decision will fulfill (3.5) and be consistent with the optimal reaction function.*?

43 An increase dm;11,:—1 > 0 of the two-period-ahead inflation forecast in period ¢t — 1 would, everything else
equal, also increase the one-period-ahead inflation forecast in period t—1, by dm¢,t—1 = ddmiy1,¢, by (5.5) for 7 =0
in period ¢ — 1 (since expectations of inflation in period ¢ + 1 affects inflation in period t). The present-value cost
of this in period ¢ — 1 is ¢, ; ;6dmi41,¢, the Lagrange multiplier of the same (5.5) for 7 = 0 in period ¢ — 1. The
present-value in period t of this is then ¢, ; ;dms11,.. Thus, the second term in (5.10) amounts to internalizing in
period t the consequences for the inflation forecast for period ¢ of adjusting the inflation forecast for period t + 1,
had such an adjustment been anticipated in period ¢ — 1.

44 Adding a linear term to the loss function is similar to the linear inflation contracts discussed in Walsh [110]
and Persson and Tabellini [72]. Indeed, the term added in (5.10) corresponds to a state-contingent linear inflation
contract, which, as discussed in Svensson [86], can remedy both stabilization bias and average-inflation bias.

The observant reader notes that the modified loss function making the discretion equilibrium optimal is
related to the idea of recursive contracts by Marcet and Marimon [62].

37



5.3.4 Advantages and problems of a commitment to a general targeting rule

A commitment to a general targeting rule means specifying clear objectives for monetary policy.
Clear objectives in the form of a well-specified loss function is often taken for granted in research
on monetary policy. Nevertheless, in practical monetary policy, specifying clear objectives is a
substantial achievement. In practice, discretion in monetary policy has often meant discretion
also with respect to the objectives, as is still the case to some extent for the Federal Reserve
System. Specifying explicit objectives, together with operational independence and effective
accountability structures is rightly considered essential in an effective monetary-policy setup
(see Bernanke, Laubach, Mishkin and Posen [7] and Svensson [91]).

A major advantage with a commitment to a general targeting rule is also that the central
bank is free to use all information deemed essential to achieve its objective. In particular, it
allows the central bank to exercise its judgment and extra-model information, as demonstrated
in the backward- and forward-looking models used in the examples above.

What are the problems with a commitment to a general targeting rule? One problem is that
the objectives may still not be sufficiently well specified not to be open to interpretation. For
instance, the relative weight on output-gap stabilization in flexible inflation targeting, the X\ in
(2.2), is not directly specified by any inflation-targeting central bank (as mentioned, I argue in
[92] and [95] that it should be specified.) In practice, evaluation of inflation-targeting monetary
policy is left with examining reported forecasts of the inflation and output gaps and assessing
whether they “look good” and provide a reasonable compromise between keeping inflation close
to target and the output-gap movements necessary for this (as was the case for me in Svensson
91]).

A second potential problem, emphasized by Woodford [113], is the potential consequences of
the discretionary optimization under a commitment to a general targeting rule, more precisely
that such discretionary optimization is not fully optimal in a situation with forward-looking
variables. As we have seen, discretionary optimization results in stabilization bias and a lack
of history dependence.?0 The practical and empirical importance of the inefficiency caused by
discretionary optimization is not obvious, though. It is perfectly possible that, in realistic models
with considerable inertia and strong backward-looking elements, this inefficiency is overwhelmed

by benefits from both specifying clear objectives for monetary policy and allowing all relevant

46 The remedies Woodford [113] suggests are actually commitments to alternative specific targeting rules—
although they are not called so.
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information and judgment to bear on monetary-policy decisions. Simulations by McCallum and
Nelson [67] and Vestin [109] do not reject the hypotheses that the inefficiency is relatively small.

Furthermore, the discretion involved in a commitment to a general targeting rule may be
constrained by a few more sophisticated mechanisms. The emphasis in inflation targeting on
predictability and transparency may be interpreted as a commitment to not surprising the private
sector, effectively similar to the “commitment to continuity and predictability” introduced above
which enforces the commitment equilibrium. As discussed in Faust and Svensson [29], increased
transparency may increase the reputational costs of deviating from announced goals and this
way enforce a policy closer to the optimal commitment.*”

Remaining problems with a commitment to a general targeting rule can potentially be solved

by a commitment to a specific targeting rule, though.

5.4 A commitment to a specific forecast-targeting rule

A specific targeting rule specifies a condition for the forecasts of the target variables, which can
formally be written as

G(r', z") =0, (5.12)

where G (-, -) is a vector-valued function (possibly). This condition may be an optimal first-order
condition, or an approximate first-order condition. Indeed, the optimal specific targeting rule ex-
presses the equality of the marginal rates of transformation and the marginal rates of substitution
between the forecasts of the target variables in an operational way. Then, the monetary-policy
problem consists of finding the combination of forecasts and instrument path, (7%, &, "), that is
consistent with the central bank’s forecasting model and fulfills the specific targeting rule, (5.12).
Thus, in contrast to a commitment to a general targeting rule, once the condition (5.12) has
been specified, finding the optimal forecasts and instrument plan is not a matter of minimizing

a loss function but finding the solution to a system of difference equations.*

5.4.1 The backward-looking model

In the backward-looking model, the optimal specific targeting rule for the forecasts 7t and z!

in period ¢ is the first order condition for an optimum, (5.4) for 7 > 1, derived in appendix A,

4T Indeed, both these mechanisms arguably provide some foundations for McCallum’s [64] loosely specified idea
of “just do it.”

48 Alternatively, we can say that the central bank has a new (intermediate) intertemporal loss function to
mimimize in period ¢, namely the inner product G(n*,z")'G(r*,z"), the minimum of which occurs for (5.12).
Thus, to each specific targeting rule, we can assign a trivial general targeting rule.
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equation (B.5). When the discount factor is close to unity, § ~ 1, the specific targeting rule can

be written approximately as

A
Tearptt =T = ——(Terrire = Tetr)- (5.13)
T

That is, the inflation-gap forecast should be proportional, with the factor A/ay, to the forecast
of the change in the output gap.

This specific targeting rule follows directly from the equality of the marginal rate transfor-
mation of the output gap into inflation (following from the aggregate-supply relation, (5.2)) and
the marginal rate of substitution of inflation for the output gap (following from the intertem-
poral loss function, (5.1)). More precisely, in order to specify the relevant marginal rate of
transformation from the output gap into inflation, consider the output-gap changes necessary
for an increase in the two-period-ahead inflation forecast, dm;42; > 0, while holding the inflation
forecast at all other horizons constant, dmi4;; = 0, j # 2. From the aggregate-supply relation,
(5.2), for 7 = 1, we realize that the one-period-ahead output-gap forecast has to be increased,

dxiy14+ > 0, resulting in an increase of the two-period-ahead forecast, fulfilling
d7Tt+2’t = OdmdxtJrLt > 0. (5.14)

Furthermore, in order to keep the three-period-ahead inflation forecast unchanged, dmy13; = 0,

we realize from (5.2) for 7 = 2, that the two-period-ahead output-gap forecast must be reduced,
dripop = —dmypoi/ap = —drip1y <0,

where I have used (5.14). Thus, we need a combination of an increase in the one-period-ahead
and reduction in the two-period-ahead output-gap forecasts to get a change in the two-period-
ahead inflation forecast only. It is practical to have a compact notation for such combinations,

so I let them be denoted by the vector

Toy1t = (Teg1e, Terot) = (1L, 1)1 (5.15)

Now, let MRT (742, Z++1+) denote the marginal rate of transformation of the combination
of output-gap forecasts Z;4+1, into the two-period-ahead inflation forecast, miio¢. By (5.14), it

obviously fulfills

d
MRT(?Tt_Fg,t, it—}—l,t) = M = Q. (516)

dmtJrl’t driyot=—driy1t
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Thus we have found the relevant marginal rate of transformation. It is a generalization of the
standard marginal rate of transformation since it involves the transformation of a combination
of variables, rather than a single variable, into another variable.

It remains to find the corresponding marginal rate of substitution. Let MRS(7i4j ¢, Ttikt)
denote the (standard) marginal rate of substitution of inflation in period ¢ + j, m44¢, for the

output gap in period ¢t + k, x4+ By (5.1), it fulfills

ATyt 5k)\$t+k t
MRS(741i 4,2 = L =" 5.17
(Tt Trht) oot P 5 (Mg — 1) ( )

Let MRS(m¢42,4, T141+) denote the (generalized) marginal rate of substitution of 7424 for the
combination of output-gap forecasts Z;41,. It will be given by the sum of the marginal rates
of substitution of 7,49, for the separate changes in the output-gap forecasts (an increase one

period ahead, an equal decrease two periods ahead), hence

s dmiiaoy
MRS(742,4, Te14) = d—
Lt+1t ldc,=o, driiot=—dri41t

= MRS(mi42¢, Ti41,¢) + MRS(meq24, Tiq24)(—1).

Combining this with (5.17) gives

>\(5$t+2,t - $t+1,t>
(g2, — %)

MRS(TrtJrQ,t, i'tJrl,t) =

Thus, we have found the relevant marginal rates of transformation and substitution between

the target variables. Equalizing these,
MRT(Wt+2,t7 53t+1,t) = MRS(Wt+2,t7 53t+1,t),

gives (5.4) for 7 = 1. Repeating the argument above for w434, etc., results in (5.4) for 7 > 1.
Once the optimal specific targeting rule has been specified, the decision-making process of the
central bank each period £ is then to find inflation- and output-gap forecasts that are consistent
with the specific targeting rule. This means combining (5.4) (or its approximation (5.13)) with
the forecasting model, (5.2) and (5.3) for the judgment 2%, and finding the appropriate inflation-
and output-gap forecasts and the corresponding instrument path. In particular, this can be
done in a two-step procedure. First, the specific targeting rule is combined with the Phillips
curve, (5.2), and the optimal inflation- and output-gap forecasts, (7, #'), are determined. Then
these forecasts are used in the aggregate-demand relation, (5.3), to infer the corresponding

instrument path, #*. Again, the optimal instrument setting in period ¢ is then given by i; = Bt
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This instrument setting will be consistent with the optimal reaction function, (3.1), but this
reaction function need not be made explicit. Indeed, given (5.3) for 7 = 0, the judgment z* and

the optimal forecasts 7' and 2!, the optimal instrument-rate setting in period ¢ is given by

g =T+ M1t — = Tpp10 + 52T + == Zeg 14 (5.18)

Br /87" Br

The specific targeting rule can be formulated, using the approximation (5.13), as: “Select the
instrument path so that the marginal rate of transformation of the output gap into inflation and
the marginal rate of substitution of inflation for the output gap are equal, more specifically, that
the inflation-gap forecast equals the proportion A/a, of the change in the output-gap forecast.”
The central bank then need not optimize but just solve difference equations.

We note that the targeting rule (5.4) only depends on the parameters ¢ (the discount factor),
A (the relative weight on output-gap stabilization) and «, (the effect of the output gap on infla-
tion, the slope of the short-run Phillips curve). In particular, the targeting rule is independent
of the coefficients in the vectors «, and 3,. That is, it is independent of how the deviation
affects inflation and output, and hence also of the judgment, the forecast of the deviations. Fur-
thermore, the targeting rule (5.4) is independent of all the parameters of the aggregate-demand
relation, (5.3). Indeed, the targeting rule only depends on the loss function, (5.1), via the
marginal rate of substitution between inflation and the output gap (hence on the parameters
d and A), and the aggregate-supply relation, the Phillips curve (5.2), via the marginal rate of
transformation between inflation and the output gap (hence on the parameter «;). Since the
marginal rates of transformation only depend on the derivatives of the aggregate-supply relation
with respect to inflation and the output gap, the additive judgement (the “add factors”) do
not appear in the optimal targeting rule. This illustrates the relative robustness of targeting
rules (relative to optimal reaction functions and instrument rules) suggested in Svensson [85]

and further examined and confirmed in Svensson and Woodford [96].49

4% For the case of strict inflation targeting, A = 0, the specific targeting rule (5.4) simplifies to the trivial
Tt42,t = T *.

That is, the two-period-ahead inflation should equal the inflation target. From (5.2) for 7 = 1, it follows that the
optimal one-period-ahead output-gap forecast, Z¢41,:, must fulfill

. 1 *
Tey1,e = — a—(ﬂ't+1,t — T 4 Qizeyot).
x

Using this in (5.18) will result in the desired instrument setting, #: ¢, which will be consistent with the reaction
function (3.4). Again, this reaction function need never be made explicit.

42



A simple specific targeting rule As noted above and in footnote 5, the Bank of England
and Sveriges Riksbank have formulated a simple specific targeting rule, “set the instrument
rate so that a constant-interest-rate inflation forecast about two-years ahead equals the inflation
target.” This can be seen as an attempt to formulate an operational and simple targeting rule,
not necessarily optimal but hopefully not far from being optimal. If the two-year horizon is seen
as longer than the minimum horizon at which inflation can be affected, it can be interpreted as
corresponding to flexible rather than strict inflation targeting. Since it takes a minimum of two
periods to affect inflation in the simple model, and since I have assumed above that the period
is 3 quarters, let me interpret the approximate two-year horizon as three periods (9 quarters).

Thus, this simple rule can be interpreted as
Tt43,t = 7'['*, (519)

where the 3-period-ahead inflation forecast, w43+, is taken to be conditional on a constant
interest rate, in this case corresponding to 441 = 4 = 7. The implied reaction function
resulting from this simple targeting rule is derived in appendix A.1, equation (A.17).

Clearly, the simple targeting rule (5.19) is generally different from the optimal specific tar-
geting rule (5.4) or (5.13). Consequently, the implied reaction function derived in appendix A.1
is different from the optimal reaction function (3.1), corresponding to this simple targeting rule
not being optimal. In addition to not being optimal, there are a number of additional problems

with using constant-interest-rate forecasts, as discussed in Kohn [52].

A special case: Aggregate supply independent of judgment Consider the unrealistic
special case when the aggregate-supply relation, (2.4) and (5.2), is independent of judgment,
a, = 0, so judgment only affects the aggregate-demand relation, 5, # 0. Combination of the
optimal targeting rule (5.4) with the aggregate-supply relation (5.2) then results in a difference
equation for the inflation forecast that fulfills (see (A.8) in appendix A)

Tigr1t — T = (Tegp1,e — ) (5.20)

for 7 > 1. Here the coefficient ¢ = ¢(\), 0 < ¢(\) < 1, is an increasing function of the relative
weight A\ on output-gap stabilization, as reported in section 3.1 and derived in appendix A.
This specific targeting rule has been emphasized in Svensson [85] and [88]. It shows that, under
flexible inflation targeting (A > 0 and 0 < ¢(\) < 1), the inflation forecast should be brought

back to the inflation target gradually and exponentially (if the predetermined one-period-ahead
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inflation forecast, w11, deviates from the inflation target). Furthermore, the higher the relative
weight on output-gap stabilization, the larger the coefficient ¢(\), and the slower the approach
towards the inflation target.

But this simple and intuitive specific targeting rule for the backward-looking model is only
valid under the special and unrealistic assumption of aggregate supply independent of judgment.
(Therefore, in retrospect, I wish that I had not emphasized this particular targeting rule, (5.20),
that much, for instance, in [85] and [88].) Without that assumption, the judgment enters in a
complicated way in (5.20), as seen in (A.8). Thus, the still simple (5.4) is the more general form
of the specific targeting rule for the backward-looking model, valid also when judgment affects

the aggregate-supply relation.

5.4.2 The forward-looking model

For the forward-looking model, appendix B, equation (B.5), and Svensson and Woodford [96]

show that the optimal specific targeting rule is

A
Meprptt =T = = ——(Terire = Ttire) (5.21)
x

for 7 > 0. For 7 = 0, as discussed briefly in appendix B, equation (B.10), and in detail in [96],
x4 is interpreted as given by

Tt = Tep—1, (5.22)

the one-period-ahead output-gap forecast in the previous period, z¢;—1 (and not the current
output gap, x;), in order to be optimal in a timeless perspective.

Again, this specific targeting rule can be derived directly from the equality of the marginal
rate transformation of the output gap into inflation (following from the aggregate-supply relation,
(5.5)) and the marginal rate of substitution of inflation for the output gap (following from the
intertemporal loss function, (5.1)). Again, because the marginal rate of transformation depends
on the derivatives of the aggregate-supply relation with respect to inflation and the output gap,
the judgment part and the aggregate-demand relation do not appear.

The relevant marginal rates of transformation and substitution can thus be found with a
similar argument as above for the backward-looking model in section 5.4.1. Consider the se-
quence of output-gap forecast changes required to increase the two-period-ahead inflation fore-
cast, dmy124 > 0, while holding the inflation forecast at other horizons constant, dmyy;; = 0,

j # 2. From (5.5) for 7 = 0, we see that any increase in the two-period-ahead inflation
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forecast, dmiy2+ > 0, everything else equal, will increase the one-period-ahead inflation fore-
cast, m¢41,¢, since one-period-ahead inflation depends on expectations of two-period-ahead infla-
tion. Keeping 741+ constant then requires a fall in the one-period-ahead output gap forecast,
dzip1+ = —0dmiyas/ay < 0. Thus, we have

Oy,

5 dl‘t+1,t > 0. (523)

dmiyos = —

Furthermore, from (5.5) for 7 = 1, we see that constancy of 743+ then requires an increase
in the two-period-ahead output-gap forecast, driio; = —dmipot/0y = —dxri1,/6. Thus, the
relevant combination, %114, of one- and two-period-ahead output-gap forecasts is Z;41; =
(@p41ts Teg24) = (1, —1/0)x414. By (5.23), it follows that the relevant marginal rate of trans-
formation of this combination Z; 1 into 712 is given by

Qg
--2 (5.24)

dmiyot

MRT (7i12,t, Ter1t) = o
t+1,t

driyoi=—driy1,6/0

By a similar argument as for the backward-looking model in section 5.4.1, the relevant

marginal rate of substitution of m;;o; for this combination #;41; will be

dmigo
dxii1s

MRS(miqo.t, Tir1,) =

dL=0, dziq2,1=—dxi41,t/0

1
= MRS(m42,4, Tig1,t) + MRS(mppos, Topo,)(— 5)

M@ig2t — Teg1,r)
O(Teyot — %)

Y

with the use of (5.17). Equality of the marginal rate of transformation and the marginal rate
of substitution then results in (5.21) for 7 = 1. Repeating the same argument for m 3, etc.,
results in (5.21) for 7 > 1. Repeating the same argument for 7y, taking into account the
hypothetical effect on ;1 if this had been anticipated (that is, considering optimality in the
time-less perspective), results in (5.21) for 7 = 0 with (5.22).

Thus, the central bank should find the inflation and output-gap forecasts that fulfill the
specific targeting rule (5.21) with (5.22). This is done by combining the specific targeting rule
with the forward-looking Phillips curve, (5.5), which results in the optimal forecasts, #* and 2.
From the aggregate-demand relation, (5.6), for 7 = 0, the optimal instrument decision is given
by

. R 1. R 5
i1t = Tipre 7+ (Teg2e —7°) + 5—($t+2,t — Zyy1e) + B—Zztﬂ,t-
T T

The resulting instrument decision will be consistent with the optimal reaction function, (3.5).

Again, the optimal reaction function need never be made explicit.

45



We note that the optimal specific targeting rule for the forward-looking model, (5.21) with
(5.22), is different from the optimal specific targeting rule for the backward-looking model,
(5.4). Comparing (5.21) to the approximation (5.13) for § ~ 1, we see that the right side is
the same but have opposite signs. This is because the marginal rate of transformation between
inflation and the output gap, the dynamic tradeoff between the target variables, is different for
the two aggregate-supply relations, cf. (5.16) and (5.24). As has been observed in the literature,
the dynamics of the backward-looking and the forward-looking Phillips curves (5.2) and (5.5)
are quite different. A steady increase in inflation corresponds to a positive output gap in the
backward-looking Phillips curve but a negative output gap in the forward-looking one (see Ball
[1] and Mankiw [61]).

The simple specific targeting rule like (5.19) raises additional issues and problems in a

forward-looking model, as discussed in appendix B.2 and by Leitemo [56].

A commitment to a specific price-level targeting rule Consider a commitment to an
alternative specific targeting rule, related to price-level targeting. First, let p; denote (the log
of) the price level in period t (so m; = p; — py—1) and define a (log) price-level target path,

P = (b4}, according to

* —

A
Pip = pt+o¢_xt’t71’ (5.25)

)

Plire = Pl +mT. (5.26)

This price-level target path starts from p;; and then increases at a rate equal to the inflation
target. Since the starting point depends on the current price level which is subject to random
shocks (e; + @ (2t — 24—1)), some base drift occurs. Second, specify the specific price-level

targeting rule as

A

*
Proriit = Pryrirs = — 5Tl (5.27)
X

for 7 > 0. That is, the price-level-gap forecast should be proportional to the negative of the
output-gap forecast. By first-differenting (5.27), we see that this specific targeting rule is equiv-
alent to the optimal targeting rule (5.21) with (5.22). This illustrates the close relation between
optimal inflation targeting under commitment and price-level targeting under discretion previ-

ously discussed by Svensson [89], Vestin [108], Svensson and Woodford [96] and Smets [82].
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5.4.3 Advantages and problems of a commitment to a specific targeting rule

A commitment to a specific targeting rule has the obvious advantage of providing a more spe-
cific, more operational, and more easily verifiable commitment than a commitment to a general
targeting rule. This way it provides stronger accountability. The optimal specific targeting
rule can also overcome any inefficiency caused by discretionary optimization, while retaining
the flexibility in allowing all relevant information and judgment to bear on the monetary-policy
decision. Compared to the benchmark of a commitment to the optimal instrument rule, it is
more robust, in the sense of only depending on part of the model of the transmission mechanism,
namely the marginal rate of transformation between the target variables.

A potential disadvantage, however, is that a specific targeting rule, in order to be optimal,
depends on the precise marginal rate of transformation, the dynamic tradeoff between the target
variables. Therefore, it is not robust to different models of the aggregate-supply relation, as is
apparent in the examples of the backward-looking and forward-looking models used above. Thus,
it is clearly less robust than a commitment to a general targeting rule.

The simple specific targeting rule of the Bank of England and Sveriges Riksbank discussed
above is at most a rather preliminary attempt to formulate an operational specific targeting rule

and raises a number of problems, as discussed in Kohn [52] and Leitemo [56].

5.5 Some criticism

McCallum, for instance in [66], and McCallum and Nelson, for instance in [67], have several
times criticized various aspects of and defended alternatives to ideas presented in this paper.
First, as a defense of instrument rules involving responses to target variables only, they have
suggested that there is a benefit to discussing monetary policy without reference to explicit loss
functions. At the same time, the results of these instrument rules have been evaluated in terms
of the resulting variances of inflation and the output gap. But this is equivalent to using a loss
function consisting of a weighted sum of the variances of inflation and the output gap, (2.3), for

different values of the weight \. It seems more transparent to me, then, to be explicit about
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such a loss function.?? 51

Second, McCallum and Nelson have also argued that targeting rules can be replaced by
obvious instrument rules, thereby implying that targeting rules are redundant. Consider, for
instance, the targeting rule (5.21) with (5.22) with 7 = 0 for the forward-looking model above,
which can be written

. A
Tep1p — T + —(Teq1e — Top—1) = 0. (5.28)
X

The idea is that this can be replaced by an instrument rule of, for instance, the form

. _ . A .
ir = (1—f;) {r + 74y [m+1,t — 4 a_(mtﬂ’t — xt,tl)] } + fiig—1, (5.29)

x
where the response coefficient, ~, is very large (McCallum and Nelson [67] in simulations suggest
~v > 50) and in the limit approaches infinity. Such an instrument rule would ensure that the
term within the square brackets is arbitrarily close to zero and hence fulfills the targeting rule
(5.28). However, as discussed in detail in Svensson and Woodford [96], this is a dangerous
and completely impracticable idea. It is completely inconceivable in practical monetary policy
to have reaction functions with very large response coefficients, since the slightest mistake in
calculating the argument of the reaction function would have grave consequences and result in
extreme instrument-rate volatility. (Such interest-rate volatility does not arise in McCallum and
Nelson’s [67] simulations because no mistakes are allowed for.) The fact that McCallum has long
argued for robust instrument rules makes this idea even more surprising.®?

Third, McCallum and Nelson have also argued that the Reserve Bank of New Zealand pro-
vides an example of a central bank that is committed to an instrument rule, as an argument in
favor the practical relevance of instrument rules. It is true that the Reserve Bank uses a reaction
function of the form (4.6) in its Forecasting and Policy System (FPS) in order to generate an

endogenous future interest-rate path. However, for the first few quarters of this interest-rate

50 A common way of evaluating the outcome of alternative instrument rules is to plot the result in a graph
with unconditional inflation variance on the horisontal axis and unconditional output-gap variance on the vertical
axis and then examine the result in relation to the “Taylor curve” (see Taylor [99]) of efficient combinations of
the two variances. This is of course equivalent to using a loss function of the form (2.3), with different relative
weights A > 0. Indeed, a common way to find the Taylor curve is to optimize over a class of reaction functions
for values of \ from zero to infinity. See, for instance, Rudebusch and Svensson [78] and several other papers in
Taylor [103].

Taylor [99] plotted the standard deviations along the axes; plotting the variances has the advantage that the
(negative) slope at a preferred point on the Taylor curve can be interpreted as revealing 1/A in the loss function
above, since indifference curves for the loss function (2.3) correspond to straigth lines with (negative) slope 1/A.

51 Another problem with restricting simple rules to respond to target variables only is, as noted above, that the
general principle is that it is best to respond to the main determinants of the (forecasts) of the target variables.
The set of these main determinants is likely to include more variables than the current target variables; indeed,
the current target variables may not be among the determinants at all (which is the case when the target variables
are forward-looking variables).

52 Furthermore, on a more technical note and as examined in Svensson and Woodford [96], stability properties
of the model are not invariant between (5.28) and (5.29).
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path, the interest rate is set by discretion and judgment, and the reaction function is only used
further into the future. Hence, it is not the case that the current interest-rate decision, or even
the first few quarters of the interest-rate path, is given by the reaction function. Brash [13]
and Svensson [91] provide some further details on the decision-making process of the Reserve

Bank.?3

5.6 Interest-rate stabilization and smoothing and exchange-rate smoothing

The discussion of instrument rules and targeting rules here has, except briefly in the discussion
of the forecast-based instrument rule (4.6) in section 4.4, been under the assumption of no
separate monetary-policy objectives of interest-rate stabilization and/or smoothing. That is,
only inflation and the output gap has been considered target variables and hence entered the
loss function, and only (forecasts of) inflation and the output gap have entered the specific
targeting rules discussed.

I find the case for explicit instrument-rate stabilization and/or smoothing objectives quite
weak (see Sack and Wieland [79] for further discussion and empirical evidence). Such objectives
would correspond to adding the term \;(i; —7)% + Aai(i¢ — 3¢_1)2, where \; and Aa; are positive
weights and 7 denotes the average instrument-rate level, in the period loss function (2.2). Possible
adverse consequences for financial markets of interest-rate volatility, beyond the real effects
represented by output-gap stabilization, are hardly convincing, except in special circumstances
with an exceptionally weak financial sector. A desire to avoid too large interest-rate surprises
would rather correspond to a term of the form \;(i; — it‘t,1)2, where 4;; 1 denotes previous
market expectations of the instrument rate, but with a systematic and transparent monetary
policy as in current inflation targeting, instrument-rate surprises are small anyhow. In practical
monetary policy, there are recent conspicuous deviations from instrument-rate smoothing, in
Fed interest-rate reductions in the first half of 2001 and previously Willem Buiter’s voting in
the Bank of England MPC. Deviations from Friedman’s [34] optimal quantity of money could
motivate a quadratic interest-rate term (cf. Woodford [114]), but since most money pays some
interest these days, the distortion would seem to be minor, and it is difficult to see that such
costs could be significant compared to the costs of variability of inflation and the output gap.

Woodford [115] has shown that an instrument-smoothing objective under discretion can induce

53 In my review of the operation of monetary policy in New Zealand, [91], T actually criticize the Reserve Bank
for its use of this form of a reaction function and suggest that it considers alternatives, with reference to the same
problems as those reported in section 4.4.
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a desirable history-dependence of monetary policy. In the perspective of this paper, though, a
commitment to an optimal specific targeting rule is a more direct way of achieving such history-
dependence. The practical importance of history-dependence also remains to be established, as
noted above. Rudebusch [76] suggests that the high coefficient on the lagged federal funds rate
in estimated Fed reaction functions can be explained by the Fed reacting to persistent shocks
rather than to some separate interest-rate smoothing objective.?*

If interest-rate stabilization and/or smoothing nevertheless is a separate monetary policy
objective, the interest rate in question is also a target variable. Most of the above-mentioned
reason for such objectives would probably apply to something like a 3-month money-market
interest rate, rather than the instrument rate (which is typically a repo rate or an overnight
rate). Then this market interest rate becomes an additional target variable, separate from, but
related to (via the expectations hypothesis, for instance) the instrument rate.

The more target variables, the more complex the specific targeting rules. In particular, if
an interest rate is a target variable, the targeting rules not only depend on the loss function
and the Phillips curve, but also on the aggregate-demand relation, since the latter involves the
tradeoffs between output and interest rates. It would still be the case that additive judgement,
as in the backward- and forward-looking example models used here, would not enter explicitly
in the targeting rules. In this respect, the optimal targeting rule would still be simpler than the
optimal instrument rule, since the judgment would enter the latter, in addition in a complex
way, as we have seen in the above example models. In case the instrument rate enters the loss
function, so the instrument rate rather than a somewhat longer market rate is a target variable,
the targeting rule would be indistinguishable from an implicit forecast-based instrument rule
(although, for a reasonable loss function, of different form than (4.6)).

As an example, consider the case of instrument-rate stabilization, when the term A; (4447 ¢ —5)2
is added within the bracket in the intertemporal loss function (5.1), corresponding to a separate
objective to stabilize the instrument rate around its mean, z. Then the instrument rate is also
a target variable. For the backward-looking model, in section 5.4.1 above I specified the required
changes (dx¢i14,dri12¢) = (1, —1)dxiy1, in the output-gap forecast for a change in the two-

period-ahead inflation forecast only. By the aggregate-demand relation, (5.3), for 7 = 0 and

54 Even though the PTA for the Reserve Bank of New Zealand states that the Reserve Bank “shall seek to avoid
unnecessary instability in output, interest rates and the exchange rate,” I must confess that I, in my evaluation
[91], did not much consider stability of interest rates as a separate objective.
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7 = 1, these require changes in the instrument rate that fulfill

. 1
dig; = — 5—d33t+1,t <0,
T
; 1 agf, +1+
digp1y = dmgpor — —(dwipor — Brpdxipry) = det—&-l,t > 0,
T T
di = d ! d d = ﬁmd = Bmd
ity2t = dmerss — - (dregse — Bydriiar) = 5, dorr2e = = G dvie <0.
T T T

Thus, the relevant linear combination of target variables now includes these instrument rates and

is given by Tt11,t = (Te41,4, e, Gty G118y Gt12t) = [1, — 1, = 1/8,, (awfB,+1+48,) /By, — Bo/BrlTts1t-
With this interpretation of &1 ¢, the relevant marginal rate of transformation of ;41 ; into m42

is still given by (5.16). The calculation of the relevant marginal rate of substitution of 742 for

this combination Z;41; must now take into account the required changes in the instrument rate

and the marginal rates of substitution of w1 ;; for 4,1,

. 8" N1 — 1)

MRS(i4 15 G41t) = — FICp—

This results in

>\(5l‘t+2,t - l‘t+1,t>
(Tiq2,s — %)
N Xil(ieg =7) = 6(0wBy + 1+ By) (iry1s —2) + 6%B, (20 — 7))
8B, (iyar — )

Equality of the marginal rate of transformation (5.16) and substitution (5.30), and repeating

MRS(7¢4j,t, Teg1,t)

. (5.30)

the argument for m;43;, etc., then implies the optimal specific targeting rule

. A
Titrlt — T = o (0 tqrtt — Ttgrt)
Ai . ~ : o _
+ = [6°B, (it ri1e =) = 00wy + 1+ B) (ittre — 1) + (itr—14 — 7))
0% a3,

(5.31)

for 7 > 1. The decision problem then consists of combining (5.31) with both the aggregate-
supply and aggregate-demand relations, (5.2) and (5.3), and solving for the optimal combination
of inflation, output-gap and instrument-rate forecasts, (#*, #%,7'), and then implementing Bt

For the forward-looking model, similar reasoning results in the relevant linear combination of
target variables i1+ = (Tp16, Teqot, teps b41t, beg2t) = [1,—1/0,1/6,, —(azfB, + 1+ 6)/d5,,
1/63,]xt4+1,+ and the optimal specific targeting rule

. A
Tir+1t — T = — —(l‘t+r+1,t - $t+r,t)
Qg
A . _ ) ) . .
— ——[(wB,) (it+rt —7) = O(ittri1 — Gtprt) + (itrre — irer—14)] (5.32)
o3,

51



for 7 > 0, with (5.22) and ¢;; = 4441, t4—1+ = 4t—14—2. The decision problem then consists
of combining (5.32) with both the aggregate-supply and aggregate-demand relations, (5.5) and

(5.6), and solving for the optimal combination of inflation, output-gap and instrument-rate

t st

forecasts, (7', 4%,4), and then implementing 441 ¢.5

Are (5.31) and (5.32) targeting rules or instrument rules? Since the instrument rate appears,
they are also “implicit” instrument rules. They are not “explicit” instrument rules, since the
relations do not express the instrument as function of predetermined variables only, but as an
equilibrium condition for endogenous variables. However, (5.31) and (5.32) are fundamentally
targeting rules, in the sense that only variables who are target variables enter there. The
instrument rate being a separate target variable is a necessary condition for it to appear in
these rules. If we set \; = 0, so the instrument rate no longer is a separate target variable, the
instrument rate no longer appears in the specific targeting rule.

One can conceive of a separate objective of exchange-rate smoothing, meaning the addition
to the period loss function of a term Aas(s; — st_1)2, where Aas is a positive weight and s; is
the log of the nominal exchange rate, so s; — s;—; is the rate of currency depreciation (when
the exchange rate is measured as units of domestic currency per unit of foreign currency). It is
certainly possible for central banks to smooth exchange rates somewhat, at the cost of increased
variability in the other target variables, inflation and the output gap. One can also conceive of
separate objectives of real-exchange-rate smoothing, or even stabilization of a real-exchange-rate

“potential” real exchange rate. Additional separate

gap between the real exchange rate and a
objectives makes monetary policy more ambitious and the corresponding decision problem, and
the corresponding specific targeting rule more complex, in a similar way as interest-rate stabi-
lization causes more complexity. It therefore makes commitment and verification more difficult.
I see no good reasons for separate exchange-rate objectives, nominal or real, under flexible infla-
tion targeting in advanced countries.’® As discussed in some detail in Svensson [90], in an open
economy with CPI inflation targeting, there may nevertheless be some implicit real-exchange-

rate smoothing, depending on the share of imported final goods and the degree of exchange-rate

pass-through.>”

55 Note that (5.32) is the same optimal first-order condition as equation (32) in Giannoni [36]. Giannoni assumes
a loss function with interest-rate stabilization (A; > 0) and uses the forward-looking model with current inflation
and output being forward-looking variables rather than predetermined. Giovanni and Woodford [38] have recently
provided a detailed discussion of targeting rules when the instrument rate is one of the target variables.

56 In emerging market economies, foreign currency debt, vulnerable balance sheets and related threats to
financial stability may arguably motivate some separate weight on exchange-rate smoothing.

57 For simplicity, assume a unitary immediate exchange-rate pass-through to the CPI of a small open economy.
Its CPI inflation, 7§, can then be written as 7§ = 7 +w(q: — qt—1), where 7 is inflation in domestically produced
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5.7 Distribution forecast targeting

Under the above assumptions of a quadratic loss function and an essentially linear transmission
mechanism, together with additive uncertainty, the certainty-equivalence result implies that
the mean forecasts are the relevant target variables, regardless of the degree of uncertainty.
When the uncertainty about the transmission mechanism is “nonadditive,” that is, there is
uncertainty about the policy multipliers, or if the transmission mechanism is characterized by
significant nonlinearities, certainty-equivalence no longer applies, and the mean forecasts of
the target variables are not sufficient. Instead, the “balance of risks” and indeed the whole
probability distribution of the target variables matter. As discussed in Svensson [93] and [87],
forecast targeting can then be generalized from mean forecast targeting to distribution forecast
targeting.

Distribution forecast targeting would then consist of constructing conditional probability dis-
tributions of the target variables instead of mean forecast only. Thus, for a given instrument-rate
path, the central bank would construct the joint conditional density function of the random path
of inflation and the output gap, conditional upon all information available in period ¢, the judg-
ment, and a given instrument-rate path. Then, the intertemporal loss function is evaluated with
the help of this conditional probability distribution. First, this can be done informally, by the
decision-making body of the bank. In this case, the decision-making body could be presented
with the probability distributions of the target variables for a few alternative instrument-rate
paths and then decide which path and distribution provides the best compromise. This is,
in principle, the same problem that any economic agent is assumed to solve in countless ap-
plications of decision-making under uncertainty. Second, given a numerical representation of
the probability distributions and a specification of the parameters of the loss function, the loss
function can easily be evaluated numerically.

Inflation-targeting central banks already seem to consider the whole probability distribution
of the forecast, by considering the “balance of risks.” Furthermore, the Bank of England and
the Riksbank have developed sophisticated methods for constructing confidence intervals for
the forecasts published in their Inflation Reports (see Blix and Sellin [12] and Britton, Fisher
and Whitley [14]). The Bank of England presents fan charts for both inflation and output,

goods and services in the CPI, w is the share of imported goods in the CPI, and ¢; is the log real exchange
rate, so g, — q—1 is real currency depreciation. Then the term (7§ — 7*)? in the period loss function is equal to
(mp — )2 +w? (gt — qi—1) + 2wme(qe — qi—1), s0 the square of real currency depreciation implicitly enters the loss
function.
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and the Riksbank gives confidence intervals for its inflation forecasts. Furthermore, scrutiny of
the motivations for instrument-rate changes (including the minutes from the Bank of England’s
Monetary Policy Committee and the Riksbank’s Executive Board) indicate that both banks
occasionally take properties of the whole distribution into account in their decisions, for instance,
when the risk is unbalanced and “downside risk” differ from “upside risk.”

However, the point forecasts (the center of the confidence intervals) reported and published
by the Bank of England and the Riksbank are, by tradition, mode forecasts (that is, the most
likely outcome), rather than mean forecasts. When the probability distribution is asymmetric,
these two differ. Hence, one interpretation of the adjustment of the mode because of the balance
of risk, is that it is just a way of constructing the mean, in which case the procedure is still one
of mean forecast targeting rather than true distribution forecast targeting. It would be more
transparent to always let the reported point forecasts be the mean forecasts rather than the
mode forecasts, and then explicitly report whether the balance-of-risk considerations imply that

the banks are deviating from mean forecast targeting.

6 Summary and conclusions

This paper starts from the observation that most recent research on monetary-policy rules is
restricted to consider a commitment to a simple instrument rule, where the central-bank in-
strument is a simple function of available information about the economy, like the Taylor rule.
Alternatively, as proposed by Taylor, for instance, in [100] and [105], the proposed simple instru-
ment rules are only to be used as “guidelines” and that deviations from the rules are sometimes
called for. The paper argues that a commitment to a simple instrument rule is inadequate as
a description of current monetary policy, especially inflation targeting. Furthermore, it argues
that the proposal to use simple instrument rules as mere guidelines is incomplete and too vague
to be operational. First, monetary-policy reform in the last two decades is better described as
the formulation of clear objectives for monetary policy and the creation of institutional com-
mitment to those objectives. Second, inflation-targeting central banks have developed elaborate
decision-making processes, in which huge amounts of data are collected and processed, con-
ditional inflation- and output-gap forecasts are constructed with the exercise of considerable
judgment and extra-model information, and an instrument decision is reached with the help
of those forecasts. This process can to a large extent be seen as inflation-forecast targeting,

setting the instrument so that the corresponding conditional inflation forecast, conditional on
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all relevant information and judgment, is consistent with the inflation target and the output-gap
forecast not indicating too much output-gap variability. Third, no central bank has made an
explicit commitment to a simple instrument rule. Instead, some prominent current and former
central bankers seem highly skeptical about the idea. Neither has any central bank announced
that a particular simple instrument rule is used as a guideline. Fourth, the proposal to use
instrument rules as guidelines is incomplete and too vague to be operational, since it does not
provide any rules for when deviations from the rule are appropriate.

The paper attempts to bridge the gap between the recent literature’s focus on simple in-
strument rules and the actual monetary-policy practice by inflation-targeting central banks. It
argues that, in order to be more useful, the concept of monetary-policy rules should be broad-
ened beyond the narrow instrument rules and also include targeting rules. It argues that, both
from a descriptive and a prescriptive perspective, inflation targeting is better understood as a
commitment to a targeting rule, either a general targeting rule in the form of clear objectives
for monetary policy or a specific targeting rule in the form of a condition for (the forecasts of)
the target variables. The optimal specific targeting rule is actually an operational specification
of the equality of the marginal rates of transformation and the marginal rates of substitution
between the target variables. Targeting rules have the important advantage that they allow
the use of judgment and extra-model information. They are also more robust and easier to
verify than optimal instrument rules, but they can nevertheless bring the economy close to the
socially optimal equilibrium. These ideas are illustrated with the help of two simple examples
of the transmission mechanism. Some recent defense of commitment to simple instrument rules
and criticism of forward-looking monetary policy and targeting rules by McCallum, Nelson and
Woodford are also addressed.

Whereas simple instrument rules, like variants of the Taylor rule, may to some extent serve as
very rough benchmarks for good monetary policy, they are very incomplete rules, because they
don’t specify when the central bank should or should not deviate from the simple instrument rule.
Such deviations, by discretion and judgment, have been and will be frequent, in a descriptive
perspective (recall that simple instrument rules at most explain two thirds of the empirical
variance of interest-rate changes), and they should be frequent, from a normative perspective
(since the simple instrument rules are not optimal and do not take judgement into account).
In contrast, targeting rules should be much more complete rules, because there are few good

reasons to deviate from them, since they allow the use of judgment and extra-model information.
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Macroeconomics long ago stopped modeling private economic agents as following mechani-
cal rules for consumption, saving, production and investment decisions; instead, they are now
normally modeled as optimizing agents that achieve first-order conditions, Euler conditions.
It is long overdue to acknowledge that modern central banks are, at least when it comes to
the inflation targeters, optimizing to at least the same extent time as private economic agents;
therefore their behavior can be better modeled with the help of targeting rules than with simple
instrument rules.

As stated (several times) above, optimal specific targeting rules simply state the equality of
the marginal rates of transformation and the marginal rates of substitution between the target
variables in an operational way. Since the marginal rates of transformation depend only on
the derivatives of the transmission mechanism with respect to the target variables, the optimal
specific targeting rules are inherently simpler and more robust than the optimal instrument rules,
which depend on all aspects of the transmission mechanism. In particular, additive judgement
and “add factors” do not enter in the formulation of the specific targeting rules, because they do
not appear in the derivatives. Still, the optimal specific targeting rules are fully consistent with
the use of judgment and extra-model information, since these enter into the construction of the
forecasts that have to fulfill the specific targeting rule. In contrast, the optimal instrument rules
have to include judgment explicitly, making them overwhelmingly complex and, in practice,
impossible to verify.

In conclusion, then, what are the rules for good monetary policy, the initial question posed
in this paper? My suggestion is: (1) Specify operational objectives, the general targeting rule.
That is, specify the target variables, the targets, and the relative weight(s) on stabilizing the
target variables around their targets. (2) Estimate the dynamic tradeoffs between the target
variables, the marginal rates of transformation. In the standard case when the target variables
are inflation and the output gap, this means estimating a Phillips curve. (3) Given these
marginal rates of transformation and the marginal rates of substitution from the loss function,
calculate a first-order condition for optimal policy, that is, a specific targeting rule. If this
specific targeting rule is too complicated to be operational, simplify. In most cases, this will
result in an operational condition for the forecasts of the target variables. (4) Estimate the
rest of the transmission mechanism, that is, the dynamic impact of the instrument rate on
the target variables. (5) Conditional on the estimated transmission mechanism and on current

information and judgment, construct a set of forecast paths for the target variables for a set
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of alternative instrument-rate paths. Select the forecasts and the instrument paths that best
fulfill the specific targeting rule, and set the current instrument rate accordingly. (6) When
estimates of the marginal rates of transformation between the target variables are updated,
revise the specific targeting rule correspondingly. (7) Explain all this in transparent monetary-
policy reports, modeled on the Monetary Policy Statements of the Reserve Bank of New Zealand,
or the Inflation Reports of the Bank of England and the Riksbank.

These rules for good monetary policy acknowledge that the specific targeting rules, the Euler
conditions of monetary policy, will depend on the transmission mechanism via the marginal rates
of transformation between the target variables. Therefore, they allow for revisions of the specific
targeting rules when the estimate of these marginal rates of transformation change. This way,
the overall rules for good monetary policy are robust, but the specific targeting rule is allowed
to change with the estimated marginal rates of transformation.

There may be cases when the dynamic tradeoffs between the target variables are too complex
to result in a simple operational specific targeting rule. In such cases, the central bank may
have to abandon an attempt to find a specific targeting rule and instead have to rely on the
general targeting rule, namely selecting the forecasts and the instrument path that best seem
to minimize the intertemporal loss function. Although this can be done in more informal and
intuitive ways, given numerical representations of the alternative forecasts and a specified loss
function, the loss function can always be evaluated numerically for each forecast alternative, in
order to assist the decision-making body of the bank in finding the best alternative.

Further research on general and specific targeting rules should both lead to a better under-
standing of actual monetary-policy practice and also better contribute to the further improve-
ment of that practice: Regarding general targeting rules, how can central banks be more specific
about the loss function they (explicitly or implicitly) apply?°® Regarding flexible inflation tar-
geting, how can central banks specify the other objective(s) besides stabilizing inflation and the
relative weight(s) on this (these) objective(s)? Regarding specific targeting rules, is it possible
to provide more optimal, but still operational, targeting rules than the Bank of England’s and
the Riksbank’s “the constant-interest-rate inflation forecast about two years ahead should equal
the inflation target?” For instance, given an empirical forward- and backward-looking Phillips
curve, is there an operational close-to-optimal specific targeting rule involving inflation- and

output-gap forecasts? How robust is such a specific targeting rule to realistic revisions of the

58 Svensson [92] and [95] provide some suggestions on this point.
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Phillips curve? If some fraction of the current research on simple instrument rules were directed

towards the study of targeting rules, we would soon know the answers to these questions.

A The backward-looking model

In period ¢, consider finding the combination of forecasts and instrument plan, (7t 2t, '), that
minimizes (5.1) subject to (5.2), (5.3) and the judgment 2.

Given that the only target variables are m; and x;, this minimization can be simplified
into two stages. The first stage is to minimize (5.1), conditional on 7, m¢ 41, 2 and 2! and
including only the constraint (5.2). This results in optimal forecasts, #' = {f;1,:}°%, and
&' = {&11,4}°°,. The second stage is then to use these optimal forecasts in (5.3), which implies

8,

. _ B
Uyrt =T+ Tparylt — 5 Tedrilt + > Terrt + 3 Zitr+1,ts (A1)
T

r Br

to infer the optimal instrument plan 7 = {44, }°° . The optimal instrument setting in period
t is then % = 24, and 2;4, ¢ can be seen as a forecast of future instrument setting conditional on
current information (and the current judgment).

Consider the Lagrangian corresponding to stage 1,

o0
1 —_
L = Z 5T{§[(Wt+T,t_7r*)2+)\xt2+7-7t]+5‘:T+1,t(7rt+7'+1,t_7Tt+7',t_axxt—&-T,t_azzt—&-T—&-l,t)}y (A.2)
7=0

where Z,41, is the Lagrange multiplier of the constraint (5.2). Note that 7, x¢, m114 and
247+ are predetermined for 7 > 1, and consider the first-order conditions for an optimum, with
respect to Ti4r41,¢ and x4, for 7 > 1. They are

* —_ —_—
Tifrlt — T + 414 — 027424 =0 (A.3)

with respect to w41, and
)\$t+7—7t - (SOZxE7—+17t =0 (A4)

with respect to x4 ;. From (A.4), we have

- A
Sr4lt = S Tttrt-
xX

Using this in (A.3), we can write a consolidated first-order condition as

. A
Tipr41t — T + g(ﬂfuﬁ,t —0Tpyry1,¢) = 0. (A.5)

In order to find the equilibrium, rewrite (5.2) as

1
Ttyrt = a_(ﬂ't+‘r+l,t — Ttdr,t — OézZt+r+1,t) (A~6)
X

and use this to eliminate x4, in (A.5). This results in a difference equation for 7,14,

*
Tiyr+1t — T + W[(ﬂt+7'+1,t — 41t — Oézzt+r+1,t) - 5(7Tt+‘r+2,t — Ttr4+1,t — OézZt+r+2,t)] =0.
x
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For the case of flexible inflation targeting, A > 0, rewrite the difference equation as

1 «
(Teprqop —7°) = 20(Tpyrq1e — 7)) + g(ﬂ-t-‘rﬂ',t —7") = — TZ(Zt-f—T-‘rl,t — 02t4r12,t)s
where )
1 «
2a51+g+7~’” (A.7)
(since 741+ is given, it is natural to express the difference equation in terms of the inflation
forecasts).

By standard methods, the solution to this difference equation can be shown to fulfill

Tigrgit — T = C(Tiqrp — T°) + QL Wipry1 g (A.8)

for 7 > 1 (recall that w11 is predetermined). Here, the coefficient ¢ fulfills 0 < ¢ < 1 and is
the smaller root of the characteristic equation,

1
12 — 2ap + 5= 0; (A.9)
hence given by
1
c=a— a2—5. (A.10)
Furthermore, ¢ is an increasing function of A, ¢(\), which fulfills ¢(0) = limy_gc(A) = 0,

c(00) = limy_,0 ¢(A) = 1. Finally, the vector wyy,y1, is given by

o0
Wigrilt = CZ(5C)S(Zt+T+1+s,t — 0Zt4r424s,t)
s=0
o
= Caiprias — (1 —¢) Y (60)*2tpriatsr
s=0

= Zigrq1t — (1 =€) Zpri1e,

where
o0

Ztyrt = Z(5c)szt+7+s,t-
s=0

For the case of strict inflation targeting, A = 0, we have ¢(0) = 0, Zi4r¢ = 247+ and
Weyr41,t = 0, so the (A.8) is replaced by

*
Tipri1t — 7T =0

for 7 > 1.
It follows from (A.6) and (A.8), that the corresponding output-gap forecast is

1
Tiprg = — [ (=) (Tepre — 77) + e (Wipri1t — Zert1,)]
T
1—c¢ -
= - [(Tt4rp — 7)) + 2 ri1] -
Qg
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By (A.1), the optimal interest setting in period ¢ then follows

. _ 1 B p
i = TA Tt — Tt + ﬁ_xwt + 2ttt
T T T
= l—c * = T z
= T+ M1+ (i1 — T°) + @zZig24) + =22 + =2 2041,
Oé:rﬁfr ﬁr r
1—c
= r—|—7r*+<1+ )(Wt+1,t_77*)+&$t
Az P Br
153 1—c .
+ —ZZtJrl,t + — o QxZt4 2t (All)
r Oé:rﬁr

A.1 A constant-interest-rate inflation forecast

By (5.2) we have that the one-period-ahead inflation forecast, w41, is given by
T4l = T+ Qe + Q241 (A.12)

and cannot be affected by the current instrument. In contrast, by (5.3), the one-period-ahead
output-gap forecast, xs41,, is given by

Tip1t = BpTegre + Boxe + Boziq1, — By — 7) (A.13)

and can be affected by the current instrument.
The two-period-ahead inflation forecast, 742, will by (5.2) and (A.13) be given by

Tyt = Teplt T Qo1+ 0240t
Tip1,t + Qe [By i1t + B2t + Bozir1, — Br(ie — T)] + azzi424
= (14 auf,)mg1t + 0afote + B 20410 + Qzzip0r — 0B, (1r — 7). (A.14)

Thus, we see that the two-period-ahead inflation forecast depends on the one-period-ahead
inflation forecast, w41+, the current output gap, ¢, the one- and two-period-ahead forecasts of
the deviation, 211 and 242, and the current interest rate relative to the average real interest
rate, iy — T.

Let us also note that the two-period-ahead output-gap forecast, 424, is given by

Tipor = BoTivor + Bo®irie + Bozeyor — Br(leg1e — T)
= B+ auB)mig1 + aufrxs + @B 241 + @zt — @B (i — T)]
+ BByt + Bott + Bozerre — B (i — 7)) + BLzir2t — Br(ier1e — T)
= (14 B, + By)Brmisr1t + (0B, + By)Brx
+ (2B + B2) 820410 + (2B, + B,) 2424
— (2B, + By) B (1 — T) — Bypitg1,e — 7) (A.15)

Thus, the two-period-ahead output-gap forecasts depends on the one-period-ahead inflation fore-
cast, m41,¢, the current output gap, 4, the one- and two-period-ahead forecast of the deviation,
zt41,+ and 242 ¢, and the current and one-period-ahead forecasts of the interest rate, i; and 4441.
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Construct the 3-period-ahead inflation forecast,

M43t = T2t T QpTey2t + Q2434
(1 + B )1t + Qe Brrs + B ze416 + Qz2t24 — QB (ip — T)
+ag[(1+ azB, + B)Brmir1e + (B, + B,)Byi]
+agl(azBy + By)B.zt11t + (2B, + B)zt124] + azzii3y
—ag[(azBy + B8,)B, (it = T) + By (it+1,6 — 7))
= [+ a2+ auB, + 8,) B, 1t + (1 + B, + 8,)Bywe
top(1+ apB, + B,)B. 2111, + law(azf, + B,) + azlziror + oz 3y
—ag(1+ apBy + B,) B, (it — ) — By (its1,e — 7). (A.16)

Consider the constant interest rate, iy = 74414, for which m43; = 7*. This implies the
equation,
™ = [1 + ar(Q + O‘xﬁr + /Bx)ﬁr]wt+17t + le(l + O‘xﬁr + ﬁx)ﬂmxt
+ay(1+ azB, + B.)Br 241t + [an(Braz + B.) + azlzeqor + azzeq34
- aI(Q =+ OZIBT‘ =+ /Bx)ﬁr(lt - f)'

Solving for #; gives the reaction function

i =T+ 7"+ fa(mepre — ) + fae + fazee1, + Froziron + f232043.0 (A.17)

where

— 1+ aI(Q + O‘IBT + ﬁx)ﬁr
LN C RN RS L M (A.18)

_ (1 +leﬁr +5z)ﬁm

o = @t aub, + 805, " (A.19)
_ (1 +leﬁr +5z)ﬁz

1= 0% aup, 1 .08, (4.20)
o a(Braz+B;) tas

[z = on(2+ 0B, + BB, (A.21)

fz = = (A.22)

(2 + a3, + B,) 06, '

B The forward-looking model

Consider the Lagrangian in period ¢ for the problem of minimizing (5.1) subject to (5.5),

o0
1 N —
=) 0l mr e —m 24N )+ B [0 (Mo 1t = )+ Qo + QaZer g — (Tgr g = 7))}
7=0

(B.1)
where Zy4,¢ is the Lagrange multiplier for the constraint (5.5) for period ¢ + 7, considered in
period t. Differentiating with respect to m4r11, and x¢1-41+ gives the first-order conditions

* —_ —_—
Tiprilt — T — Spiri1t + Sepre = 0, (B.2)
ATppri1t + Zeprr1e = 0 (B.3)
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for 7 > 0, together with the initial condition
it = 0. (B.4)

Eliminating the Lagrange multipliers leads to the consolidated first-order condition

A
Tipri1, — T + a—($t+T+1,t — Tpyry) =0 (B.5)
X

for 7 > 1 and

LA
41t — T + o Tt = 0 (B.6)

for 7 = 0. Thus, finding the optimal forecasts is reduced to the problem of finding #¢, 2! and
Ef = {E14- 1122, that satisfy (5.5) and (B.2)-(B.4), or, equivalently, 7 and 2! that satisfy (5.5),
(B.5) and (B.6).

By taking the unconditional mean of (B.5), it follows that there is no average inflation bias

O (B.7)

As noted in Woodford [113] and discussed in detail in Svensson and Woodford [96], these
first-order conditions define a decision procedure that will not be time-consistent (under the case
of flexible inflation targeting, A > 0). This can be seen from the fact that the initial condition
(B.4) and the corresponding first-order condition for 7 = 1, (B.6), are different from that for
7 > 2, (B.5). This results because, in deciding on 741, the central bank takes the previous
period’s forecast m;41¢—1 as given, and lets w41 deviate from it without assigning any specific
cost to doing so. As a result, the forecasts in period t are not generally consistent with the
forecasts made in period ¢ — 1, even if no new information is received in period t.

To see this, suppose that the forecasts 7/~! and a'~! were constructed in period t—1 so as to
minimize the intertemporal loss function (5.1) with ¢t — 1 substituted for ¢. The same procedure
in period t—1 as above then resulted in the same first-order conditions (B.5) and (B.6), although
with £ — 1 substituted for ¢. Thus, in period ¢ — 1, the first-order condition for 7 = 2 was

Tip1—1 — T + ai(l‘tﬂ,t—l —w44-1) = 0. (B.8)
xT
Without any new information in period ¢ relative to period t—1, we should have w41 = 7T¢41,1—1
and @441+ = T¢41,4—1 for intertemporal consistency. From (B.6) and (B.8) it is apparent that
this will not be the case, unless by chance z;;—1 = 0.
As discussed in Svensson and Woodford [96]), time-consistency is ensured under optimization
“in a timeless perspective,” which corresponds to imposing the initial condition

Sttt = Stt—1

for the Lagrange multiplier Z;;. That is, the multiplier Z;; is set equal to the shadow cost of
the one-period-ahead inflation forecast from the previous period.
Equivalently, (B.6) is replaced by

. A
Tyl — T + a—(xtﬂ,t —xp-1) =0, (B.9)
X

where x4 ;1 is the one-period-ahead output-gap forecast from the previous period. Equivalently,
we can let (B.5) apply for 7 > 0 instead of 7 > 1, with the initial condition

Ttp = Tet1 (B.10)
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imposed. That is, in the first-order condition (B.5), x;; does not denote the current output gap,
x¢, but the forecast one period ago of the current output gap, z;;—1.
For the case of flexible inflation targeting (A > 0), substituting (B.5) into (5.5) leads to the

difference equation
1 Oy
Tpyriot — 20Ti4rq1 + gxt+T,t = ﬁazzt+7+l,t

for 7 > 0, where

1 o2
2“*1+g+ﬁ (B.11)

(note that (B.11) is similar to (A.7) except that the last term differs). (Since x¢; is given (by
B.10), it is natural to express the difference equation in terms of the output-gap forecasts.)

By standard methods, it can be shown that the solution to the difference equation, the
optimal output-gap forecast, fulfills

Q:C s
Tt+r+1t = Cltyrt — By (50) Qo 2t r+1+s,t
s=0
agzCc
= Cltyrt — Tazzt+T+17t, (B12)

where Zi4 ;414 is defined as in (3.2) and ¢ (0 < ¢ < 1) is the smaller root of the characteristic
equation (A.9) and hence again is given by (A.10) (but with a given by (B.11)), is an increasing
function c(\) of \, and fulfills ¢(0) = 0, ¢(o0) = 1.5

The optimal inflation forecast then fulfills, by (B.5),

A -
Tt4+r+1,t — T = 04_(1 - C)iEprT’t + COZZt4T+1,t- (Bl?))
T

The optimal interest-rate path will by (5.5) and (B.5) follow

1
. * * * 4

ittt = Tirq1e T + (Tegrioe — ) + 3. (Tt4rt2t — Ters1e) + B, Lt
T T

.
Tiprs1e T + (1= —)\5 N Tgrqos — %) + %Zt+7+1,t
T I
Qg . A iy
e HANT —
)\Br)%< C)Tiyri1t + ( .

Zz

Jeo Zpyriat + E Ztpr41,t
T

(B.14)

X *
= Tiprpet 7+ (

The optimal interest-rate decision in period ¢ for the interest rate in period ¢ + 1 is then given
by (note the loose relation to “forecast-based” instrument rules)

. . . a o, B
Gt1t = T+ +(1— _)\5 (T2 — %) + B_ZZH—I,t
I T
" " « A
= it +(1- )\5 )a—c(l —C)Tyy
T x
ax

G (=5

59 Tf the smaller root of (A.9) with (A.7) as a function of X is denoted é()\), the smaller root of (A.9) with
(B.11) is obviously é(6)), for fixed 4.

Je{[l —o0c(l —¢)]oZiqor — (1 — ¢)azzep14),  (B.15)
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where we use that the two-period-ahead inflation forecast is given by

" A -
Tipot — T = a_(l — C)Tt41t + CQZri0y
xT
A Qg C -
= —(1—c¢)|exp — ——Q:Z1t| +czZiiot
Qg A
A . -
= a—(l —c)expy — (1 — ) (zziq1,6 + 0cazZryoy) + cazZiioy
x

A -
= —c(l—c)zes +c{[1 —dc(l —¢)]azZiror — (1 — )azzit14},

Qg
where I have used that
(o)
Zip14 = Z(5c)szt+1+s,t = 0cZp24 + 2414
s=0
Note that, by (B.12),
Tt = Ttt—1
azc
= CTt—1,t—2 — Tazzt,t—l
A€
xr y ~
= — T jZO dazzt,j’tflfj. (B16)

For the case of strict inflation targeting (A = 0), we have

*
Tigrg1t — 7T =0

for 7 > 0 from (B.5). From (5.5) then follows

QpXitri1t + Qu2ipr414 = 0

and
«

z
Titr+1t = — —Rt+r+1,t-
Oy

The optimal instrument-rate decision in period ¢ is then given by

. 1 5
Btr1t = Tip1g tTF B_(xt-ﬂ,t —Tyy1e) + B_Zzt-i—l,t
T T

BZZ 1 az
==zt —
/87' al‘/BT‘

= 7“:+1,t + 7+ (2t42,t — 2t41,t)- (B.17)

B.1 The discretion case
As discussed in Svensson and Woodford [96], the first-order condition under discretion is

A
Tigryl — T = — Tt (B.18)
xX

for 7 > 0. Combining (B.18) with (5.2) gives the difference equation

A oA
= —Tpqr+1t = — ——Tifr42,t T Oalitr41t T Ozt r415t-
Oy Oy
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The solution will fulfill

- Q. C
Tt+r+1t = 5C$t+7+2,t—Tazzt+T+1,t
QzC .
= T L (B.19)

and
o~ =
Tt+r+1t — T = COzZ47410t

where Z;4 41, is defined as in (3.2) (with ¢ replacing c), and

A
0<é=¢(\) = < 1. B.20
<i=iN =37 (5.20)
The corresponding reaction function is
, . 1 P
Uyl = Tpp1gp T T2+ IB_($t+2,t — Tpgp1t) + 21t
T T
= Tyt T+ (Teqop — %) + —(Teqot — Teg1t) + =241t
/Br r
. 1 a,c - -
= Tt T+ CanZiyar — TN oz (ot — Zey1t) + 21t
67‘ T
* * ~ z 1 Qg z ~= 4
= it Tt Caniar — _Tcaz(thrQ,t — 0CZq2,4 — Zt41,t) + =241
By r
¢ - QpCozii1t + A3, 2114
= T+ T+ =8 — ap(l = 66)|az oy + . (B.21)

BrA B

B.2 A constant-interest-rate inflation forecast

As explained in the appendix of the working-paper version of Svensson [88], constructing constant-
interest-rate forecasts in a forward-looking model requires some special considerations (see also
Leitemo [56]). Basically, some assumptions must be made about future policy in order to con-
struct determinate forecasts. The forecasts will not be rational-expectations forecasts, in that
the constant-interest-rate path will not materialize even in the absence of new information or
new judgment.

Here is an example:

In period ¢, impose the conditions that the interest rate is constant 3 periods ahead,

U1t = V42,6 = 43¢ (B.22)

Furthermore, assume that we like to find the constant interest rate (for the next 3 periods) for
which the corresponding 3-period-ahead inflation forecast is on target,

Tt43,t — 7T*. <B23>

We must make some assumptions about the economy after period 3 in order to have a
determinate solution. Assume, for instance, that policy is optimal from (¢+4,¢) onwards (where
(t + 7,t) denotes period t 4+ 7 seen from the forecasting done in period t). Then T4y, Teias
and 44144 are given by (B.13), (B.12) and (B.14), respectively. In particular, they depend on
Z¢43,t, which remains to be determined.
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By (5.5) for (t + 3,t), given that w144 is a function of x5, and given (B.23) and 24434,
we can solve for xy13;. Then w44, and 444, are determined.

By (5.6) for (t + 3,t), given x4+, Ti43+, Tetayr, and 23, we get i,43; and, by (B.22),
also 7411 and ;42;. From now on, we can exploit the simple recursivity of the forward-looking
model:

By (5.6) for (t +2,t), given z443¢, (B.23), 21404, and i42¢, We get Tiqo4.

By (5.5) for (t +2,t), given (B.23), 443, and zi13; we get mi04.

By (5.6) for (t + 1,t), given 419y, Teiot, 2e42,t, and ipyq ¢, We get T ¢

By (5.5) for (t +1,t), given my24, 1+ and zep1, We get Teqq .

Thus, we have found (7!, 2, i) for which (B.23) and (B.22) holds.

Suppose this procedure is followed each period ¢ and 4;11 ; is implemented in each period ¢4-1.
In period t 4 1, even in the absence of any new information (any change in the judgment), the
resulting 4419441 will differ from 4494, since in period ¢ + 1 (B.23) is replaced by w1441 = 7*.
Thus, we will have 749441 and 241941 differing from 740 and x442;. In particular, rational
plans by the private sector will incorporate rational interest-rate expectations of the time-varying
interest rate, so 449y = Elir+24+1]/t] # it+14. Consequently, the private-sector plans ), and
zy1 1) will differ from the constant-interest-rate forecasts my11,¢ and Tiq1,.

This will typically not fulfill (B.5) and not be optimal. This may not even be close to
optimal. Leitemo [56] provides more details. Kohn [52] provides a more general discussion of
constant-interest-rate forecasts.

C An optimal reaction function with response to forecasts for an unchanged
interest rate

This appendix shows how a forecast-based instrument rule involving precisely defined unchanged-
interest-rate rather than equilibrium forecasts can be derived from the optimal targeting rule.

C.1 The backward-looking model

For the backward-looking forward-looking model, let (#?, &, 4") be the optimal equilibrium fore-

casts and instrument-rate path. For a given i, let [7(4), Z!(7), 7 ()] correspond to an equilibrium
where it = i but 444+, is optimal for 7 > 1 (conditional on i;; = 7). Then, for 7'(7), (A.5) will
be fulfilled for 7 > 1, but not for 7 = 0 (except if ¢ = ;). An unchanged interest rate in period

t then corresponds to ¢ = 7;_1. We realize that we have

Topar = Teyae(ie—1) — alies —it-1),
T = Terrg(ie—1) = b(ige —ig-1),
Tepor = Tero(ie—1) —d(ige —i-1),

where a = —87’rt+2,t(it_1)/8i and b = —8.ft+17t(it_1)/8i and d = —8ft+27t(it_1)/a’i are the
derivatives of 404 and @11, with respect to i at the equilibrium (7 (i;—1), T (it—1), 7 (i1—1))-
The coefficients a, b and ¢ are endogenously determined in the equilibrium, but once determined,
they are constant, due to the linearity of the model. Since 7442+, T442+ and Ty, fulfill (A.5)
for 7 = 1, we have

[7_Tt+2,t(it—l)—ﬂ*—a(it,t—it—l)]-i-5a {[@ 1,0 (1e—1) =02 g —1p—1)] =0 [Zps2,¢ (11—1)—d (2t —1t—1)]} = 0.

T
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It follows that we can write

L B 1 . )]
T T N — 0d) foa, R T
Aoy ~ . B ‘
Cat+ b i 6d) /S, [0Ze42,4(it-1) = Ter1,e(ie-1)]- (C.1)

It follows that the optimal change in the interest rate from period ¢t — 1 to ¢, % — ¢;—1, can
be seen as a linear response to the deviation of a two-period-ahead forecast from the inflation
target, Ti2¢(it—1) — 7*, and to the two-period-ahead forecast of the modified change in the

output gap, 0Z¢y2,¢(it—1) — Tey1,¢(i¢—1)-

C.2 The forward-looking model

For the forward-looking model, let (7%, &, it) be the optimal equilibrium forecasts and instrument-
rate path. Recall that in the forward-looking model, the relevant decision in period ¢ concerns
ir414. For a given i, let [7(i), Z'(2), 7" (¢)] correspond to an equilibrium where 4,41, = i but iz
is optimal for 7 > 2 (conditional on i;41, = 7). Then, for 7%(i), (B.5) will be fulfilled for 7 > 2,
but not for 7 =1 (except if i = #+11+). Now, a decision in period ¢ of an unchanged interest rate

corresponds to ¢ = 4;. We realize that we have

Tepe = Fer1,(ie) — alleg1e — ir)
Topre = Tagr,e(ig) — b1, — it),
where a = —0my114(i)/01 and b = — 0%y41,(4¢)/0i are the derivatives of w1 and zyq1

with respect to ¢ at the equilibrium [7*(7), z'(:),7"(¢)]. (Note that ;4 = 4,1 is the previous

optimal forecast in period ¢ — 1 and is not affected by i.) Again, the coefficients a, b and ¢
are endogenously determined in the equilibrium but constant, once determined, because of the
linearity of the model. Since 7441, and 241, fulfill (B.5) for 7 = 1, we have

) . . ) A ) . )
[Tea1,6(ie) — 7" — albpy1e — ie)] + - [Z41,6(3t) — b(it1,e — it) — Tep—1]-
X

It follows that we can write

1 Ao

= s ow/as Feriali) = w4 oo g [ (i) — el 2
a+ A\b/ay [Teg1,(ie) — 7] + ot Nbja [Ti41,¢(9¢) — 2 -1] (C.2)

U1t —

It follows that the optimal change in the interest rate from period ¢ to ¢ + 1, %41, — %, can

be seen as a linear response to the one-period-ahead forecast of the inflation gap, m41,¢(4;) — 7%,

and the change in the forecast of output gap, Uft+1,t(it) — xt—1, (relative not to the previous

unchanged-interest-rate forecast Z;;—1(i;—1) but to the previous optimal forecast, x;;_1), where
both forecasts for period ¢ + 1 are conditional on an unchanged instrument rate, 4441, = %.
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