This PDF is a selection from an out-of-print volume from the National Bureau
of Economic Research

Volume Title: Monetary Policy Rules

Volume Author/Editor: John B. Taylor, editor

Volume Publisher: University of Chicago Press

Volume ISBN: 0-226-79124-6

Volume URL.: http://www.nber.org/books/tayl99-1

Publication Date: January 1999

Chapter Title: Rethinking the Role of NAIRU in Monetary Policy: Implications
of Model Formulation and Uncertainty

Chapter Author: Arturo Estrella, Frederic S. Mishkin

Chapter URL: http://www.nber.org/chapters/c7421

Chapter pages in book: (p. 405 - 436)



9 Rethinking the Role of NAIRU
in Monetary Policy: Implications
of Model Formulation
and Uncertainty

Arturo Estrella and Frederic S. Mishkin

9.1 Introduction

Because the effects of monetary policy on the aggregate economy have long
lags, monetary policy must necessarily be preemptive; that is, it must act well
before inflation starts to rise.! This, of course, is easier said than done. In order
to act preemptively, monetary policymakers must have signals that help them
forecast future changes in inflation. One such signal that has received substan-
tial attention both in the academic literature and in the press is the gap between
unemployment and NAIRU, the nonaccelerating inflation rate of unemploy-
ment.? In other words, NAIRU is the unemployment rate at which inflation is
expected to neither increase or decrease.

The NAIRU concept has come under quite serious attack in recent years. In
the early to mid-1990s, the common view in the economics profession was
that NAIRU in the United States was around 6 percent. However, when the un-
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1. If price stability has already been achieved, then inflation falling below its target is every bit
as damaging as a rise in inflation above the target. Thus, in this situation, monetary policy must
also be just as preemptive against declines in inflation below target levels.

2. See, e.g., Stiglitz (1997), Gordon (1997), Staiger, Stock, and Watson (1997a, 1997b), and
Council of Economic Advisers (1997, 45-54). For a history of NAIRU, see Espinosa-Vega and
Russell (1997). The NAIRU acronym would better be expressed as NIIRU (the nonincreasing
inflation rate of unemployment) because it is the unemployment rate at which inflation is expected
to neither increase or decrease.
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employment rate began to fall below 6 percent in 1995 and remained well be-
low that level thereafter without any increase in inflation—indeed inflation actu-
ally fell-——concern arose that the NAIRU concept might be seriously flawed.
In addition, recent academic research has shown that there is great uncertainty
in the estimates of NAIRU (e.g., Staiger et al. 1997a, 1997b), suggesting that
looking at the unemployment rate relative to NAIRU might not be a very help-
ful guide for monetary policy.

In this paper, we rethink the NAIRU concept and examine whether NAIRU
might have a useful role in monetary policy making. We argue that the answer
is yes. However, the positive answer depends critically on redefining NAIRU
very carefully and distinguishing it from a long-run concept like the natural
rate of unemployment, something that is not typically done in the literature.
Furthermore, as we will see, the view that the NAIRU concept implies that the
monetary authorities should try to move the economy toward the NAIRU, thus
to some extent treating it as a target, is both incorrect and misguided.

The first step in our analysis, in section 9.2, is to think about defining
NAIRU in the context of setting monetary policy instruments. We adopt a
definition that focuses on NAIRU as a reference point for monetary policy and
show that our definition of NAIRU is a short-run concept and is not the same
as the natural rate of unemployment. Understanding that short-run NAIRU and
the natural rate of unemployment differ is important, not only for the theoreti-
cal analysis to follow, but also because it suggests that short-run NAIRU is
likely to be highly variable, in contrast to the natural rate of unemployment.
One immediate implication is that thinking of NAIRU as a level at which the
unemployment rate should settle is not very useful for policy purposes.

Our approach to the construction of short-run NAIRU is fairly general. Al-
though we define this concept in the context of a particular model of inflation
that is adapted from the current literature, the same approach can be applied to
any predictive model of inflation in which unemployment plays an important
role.

Once we have defined short-run NAIRU, we then go on to examine how it
might be used in policy making. We do this in several steps. First, we look
in section 9.3 at the certainty-equivalent case, when only inflation enters the
policymakers’ objective function and then when unemployment (or equiva-
lently, output) as well as inflation are part of policymakers’ objectives. Al-
though the certainty-equivalent case is useful as a starting point for the analy-
sis, we cannot stop here because several sources of uncertainty have important
implications for how monetary policy should be conducted. In addition to un-
certainty about estimates of the actual value of NAIRU, there is uncertainty
about the estimated parameters of the model, especially the parameters that
measure the effect of the NAIRU gap on inflation and the impact of monetary
policy instruments on the NAIRU gap. We examine in section 9.4 what effect
these sources of uncertainty have on how short-run NAIRU might be used in
monetary policy making, again under the pure price stability objective and then
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when unemployment as well as inflation enter the policymakers’ objective
function.

Our theoretical analysis shows that uncertainty about the level of short-run
NAIRU does not necessarily imply that monetary policy should react less to
the NAIRU gap. However, uncertainty about the effect of the NAIRU gap on
inflation does require an adjustment to the reference point for monetary tight-
ening in terms of the level of unemployment and to the weight applied to the
gap between actual and target inflation. Furthermore, as in Brainard (1967),
uncertainty about the effect of the monetary policy instrument on the NAIRU
gap reduces the magnitude of the policy response.

There is another sense in which uncertainty about NAIRU may have an ef-
fect on policy. There may be uncertainty not just about the level of NAIRU or
its effect but about the way it is modeled: the exact form of the model specifica-
tion may be unknown. Errors in model selection may result in excess uncer-
tainty regarding both inflation forecasts and the parameters of the model. Thus
model selection has the potential to increase uncertainty about the effect of the
NAIRU gap and to reduce the effectiveness of policy, and the magnitude of
this problem may be more difficult to determine than that of simple parameter
uncertainty. In section 9.5, we focus on the losses associated with leaving out
key information from the model.

Although our theoretical framework shows the qualitative effects of uncer-
tainty on how monetary policy should be conducted, it cannot tell us whether
these effects are economically important. To examine this question, we esti-
mate in section 9.6 a simple NAIRU gap model for the United States to obtain
quantitative measures of uncertainty and to assess how these measures affect
our view of the optimal reaction of monetary policy to movements in unem-
ployment relative to short-run NAIRU. Using an analogous model based on
monthly data, we then examine how in practice the short-run NAIRU concept
could be used in the actual conduct of monetary policy. The estimated models
provide us with measures of short-run NAIRU that indicate that it is highly
variable, suggesting that trying to drive the unemployment rate toward
NAIRU, whether it is a short-run or a long-run concept, would be an inappro-
priate way to think about how monetary policy should be conducted. In partic-
ular, we use our analysis to evaluate whether the setting of monetary policy
instruments in the face of rapidly falling unemployment rates in recent years
makes sense.

9.2 Defining Short-Run NAIRU: Why It Differs
from the Natural Rate of Unemployment

The concept of the natural rate of unemployment was first developed by
Friedman (1968) and Phelps (1968) to argue that there would be no long-run
trade-off between unemployment and inflation. The natural rate of unemploy-
ment is defined as the level of unemployment to which the economy would
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converge in the long run in the absence of structural changes to the labor mar-
ket. An implication of this definition is that expansionary monetary policy that
leads to higher inflation would not be able to produce lower unemployment on
average. Indeed, as mentioned in Friedman (1968), higher inflation might even
have the opposite effect of raising unemployment in the long run because it
would interfere with efficient functioning of labor markets. The concept of
a natural rate of unemployment leads to the following characterization of an
expectations-augmented Phillips curve:

m, o= mw+ B(L)u, — u)+ &z, + €,
where
7, = inflation rate fromt — 1 to ¢
7¢ = inflation rate expected at # — 1

u, = unemployment rate at time ¢

%, = natural rate of unemployment at time ¢, which could be a constant but
could shift with structural changes in the economy

z, = a vector of variables such as supply shocks, which have zero ex ante
expectation

€, = an unspecified disturbance term

In order to estimate this expectations-augmented Phillips curve, researchers
typically assume that the expected inflation can be measured as a distributed
lag on past inflation and other variables, and that the inflation rate is integrated
of order one, so that A, is stationary. The resulting Phillips curve is then

1) Am, = B(L)w, — u,) + y(L)Aw_ + &z, + €.

The NAIRU concept was first developed in a paper by Modigliani and Papa-
demos (1975) and is defined as the rate of unemployment at which there is no
tendency for inflation to increase or decrease. In empirical work such as
Staiger et al. (1997a, 1997b) and Gordon (1997), NAIRU is viewed as being
equivalent to the natural rate of unemployment, %, in equation (1) and is typi-
cally estimated by assuming that %, is a constant, a random walk, or a linear
transformation of some step function or spline.?

For policy purposes, equation (1) indicates that it is perfectly appropriate to
think about the unemployment gap, u, — %, as one determinant of changes in
the rate of inflation, recognizing that other factors, represented by the past his-
tory of inflation and the z, variables, also affect the inflation process. However,
current unemployment is frequently compared with the estimated value of
NAIRU, and the resulting NAIRU gap is taken to be an indicator of inflation-
ary pressure. Under a strong form of this view, if policymakers wish to drive
inflation down, they need to raise the unemployment level above NAIRU,

3. See, e.g., Staiger et al. (1997a).
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whereas if inflation is at its desired level, monetary policy needs to keep unem-
ployment from falling below NAIRU.

Policy discussions, therefore, frequently focus on the difference between the
current level of unemployment and NAIRU as estimated above, in other words,
on the variable that enters the first term of equation (1) in a distributed lag.
This implicit comparison has the advantage of simplicity: it focuses the discus-
sion on a single indicator of inflationary pressure, the unemployment gap, that
we know from the model should be zero in long-run equilibrium. However,
this advantage is overwhelmed by a number of serious problems associated
with this procedure.

First, monetary policy does not generally focus only on long-run equilib-
rium, so the gap as defined above may be of limited usefulness. Second, even
if equation (1) is viewed as a short-run forecasting equation, the dependent
variable is contemporaneous monthly or quarterly inflation, which is quite un-
likely to be the policy target in practice. Third, the current unemployment gap
is only one of many explanatory variables in the equation, including several
lags of the gap itself. Focusing on only one variable gives an incomplete pic-
ture. Fourth, the equation may not even represent the optimal forecast of infla-
tion, since other potentially important variables may be omitted.

Finally, focusing on the unemployment gap may create the impression that
the goal of policy is to drive unemployment toward NAIRU as a target level.
As equation (1) illustrates, the current unemployment gap, 4, — %,, is only one
of many explanatory variables in the Phillips curve equation. The presence of
lags of A in the equation suggests that inflation may decelerate because ex-
pected inflation is falling, even if the unemployment rate is below the natural
rate of unemployment. Similarly, if there have been favorable supply shocks,
inflation in the future may decelerate even though the unemployment rate is
well below the natural rate. The presence of lags of the unemployment gap
suggests complicated dynamics in which a current negative unemployment rate
could also be associated with decelerating inflation. The presence of many
other variables besides the current unemployment gap in the expectations-
augmented Phillips curve equation therefore implies that the unemployment
rate at which there is no tendency for inflation to rise or fall over the policy
horizon can be quite different from the natural rate of unemployment, %, In
other words, it can be quite misleading to focus on NAIRU, as an estimate in
equation (1) of the natural rate of unemployment, because it is not clear that
the introduction of policy shocks designed to drive unemployment toward this
characterization of NAIRU will do anything to control inflation either in the
short run or in the long run.

Therefore, we propose an alternative way of thinking about NAIRU as a
reference point for unemployment that reflects inflationary pressures over the
short- or intermediate-run policy horizon. The key idea is that the reference
point for unemployment at which inflation will neither increase nor decrease
over the relevant policy horizon, which can be thought of as a short-run
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NAIRU, embodies not only 7, the natural rate of unemployment, but also the
other variables that help predict inflation. In other words, we would like to
express the change in inflation over the relevant policy horizon as a function
of u, — n,, where n, is an appropriately constructed short-run NAIRU.

Thus suppose that the policy horizon for inflation is from j to j + k months
ahead and define

AwiP = (1200/k) log(p,, ../ P,,;) — 1001og(p,/p, ;)

as the difference between current annual inflation and inflation over the policy
horizon, where p, is the price level in month ¢. We then construct equation (2):

(2) Améb = o+ B(Lu, + Y(L)AW, + &x, + ¢€,,

which is similar to equation (1), save for the dependent variable and the inclu-
sion of a vector x that contains any predetermined variables that help predict
inflation at the targeted horizon.*

In order to express the change in inflation as a function of the difference
between unemployment and a short-run NAIRU, equation (2) can always be
rewritten as

3) Ao = B (u, — n) + g,
with

n, = short-run NAIRU
4

—la+ B(L) = BONu, + v(L)Aw, + &x,1/BO),

where all the predictive power of the equation has been subsumed in the short-
run NAIRU #,. This short-run NAIRU is not an estimate of the long-run equi-
librium natural rate, but a reference rate that represents the level of current
unemployment that would correspond to a forecast of no inflation change over
the policy horizon.> Another important point that immediately falls out of this
equation is that since short-run NAIRU is related to past lags of unemploy-
ment, inflation, and any other variables that help forecast changes in inflation,
short-run NAIRU may undergo substantial fluctuations even if the natural rate
of unemployment is a constant.

Equation (3) has several important advantages over equation (1). In contrast

4. The variable x differs from z in the Gordon (1997) and Staiger et al. (1997a, 1997b) equations
in that z represents primarily supply shocks that are contemporaneous with the dependent variable,
whereas x is more general in that it includes any predetermined variables other than unemployment
and inflation (and their lags) that help predict future inflation.

5. Eq. (4) is a generalization of the model of short-run NAIRU in Estrella (1997). After writing
this paper, we discovered that Layard and Bean (1988) also have a similar definition of short-run
NAIRU in the context of a one-period change in inflation.
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to the conventional equation, the dependent variable in equation (3) is the
change in inflation over the target horizon. Second, the current NAIRU gap,
u, — n, is the only explanatory variable in the equation and it subsumes all
the predictive power of the equation. Third, the equation provides an optimal
forecast of targeted inflation, given current information.

We note, however, that our approach to short-run NAIRU is fairly general
and is largely independent of the particular form of equation (3). The definition
of short-run NAIRU in equation (4) simply collects all the systematic terms in
equation (3), other that the current rate of unemployment. Hence, this tech-
nique is applicable to any forecasting equation for Aw/®, as long as the current
unemployment rate u, enters significantly in the equation.®

The analysis of this paper will focus on equations (2) and (3) and on our
corresponding definition of short-run NAIRU. For the purposes of theoretical
analysis, we use a simplified version of these equations with a limited lag struc-
ture. We return to the more general specification, however, when we consider
empirical estimates using monthly data in section 9.6.

9.3 The Role of NAIRU in Policy Making:
The Certainty-Equivalent Case

9.3.1 Objective Function with Inflation Only

For the theoretical analysis, we start with a simple joint model of unemploy-
ment and inflation that is isomorphic to the one employed by Svensson (1997)
with an output gap. In addition to inflation 71 and an unemployment gap #, the
model contains an exogenous variable x and a monetary policy control variable
r. This model will be the basis for the next few sections of the paper. However,
some specific assumptions will be adjusted in subsequent sections in order
to address particular issues. Assume for the purposes of this section that the
parameters of the model are known with certainty.

(5) ™= W, — AUt a,x,_ t+ €,
(6 u, = bu,  + byr + byx_, + m,
(7) xr = C3'xr—l + v:’

where i, = u, — u and r, is the monetary policy variable. Equation (5) is a
dynamic Phillips curve in which both unemployment and x are predictors of
inflation one period ahead, say a year. Equation (6) is an IS curve, and equation
(7) defines the dynamics of the exogenous variable x. The equilibrium level of

6. In eq. (2), we think of  as an I(1) process, which is consistent with current econometric
evidence and practice. See, e.g., Stock (1991) and King and Watson (1994, sec. 4). Alternatively,
one could think of  as an I(0) process and include a level of  in the x-vector in eq. (2).
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all the variables is zero. Note, therefore, that the policy variable r might be
more similar to a change in the interest rate rather than the level.

The reduced-form expression for inflation two periods ahead based on cur-
rent values of the variables is

w, = ® — a(l + b)i, — ab,r

(8) 1+2 !
+ [a3(1 + c}) - ale]xz + §r+2’

where

&1+2 = _alnnl + a3vt+l + €r+l + €t+2'

Assume now that the policy objective is to minimize

E(m,, — 7)) = (Emw

— *)2
o T+ Vw

1+2 2"

Although this assumption seems simplistic, Svensson (1997) has shown that
the solution obtained in this manner is equivalent to the dynamic solution of a
model in which the target is a weighted sum of all future squared deviations
of inflation from the target level. Note also that equation (8) is analogous to
equation (2) above in that it corresponds to an optimal forecast of inflation
acceleration over the policy horizon, which is given by

Ew,_, = m — a(l + b)u, — ab,r, + [a,(1 + c,) — ab)x,.

! t+2
The conditional variance of inflation is

Vo

w2 = 0

2

-

Since the variance of inflation does not depend on the policy variable, the result
is determined by certainty equivalence; that is, the optimal rule may be ob-
tained by setting expected inflation equal to the target, w*, and solving for
the value of the policy variable. The optimal value of the policy variable is
given by

1+ b’,; . a,(1+ ¢,) - a1b3x N

(9) t bZ [ al b2 ' ale

r* = (m, — %)

Y@, — n,)+ —1—(11', - ¥,
ab,

2 1

where the short-run NAIRU (defined as a deviation from %) is

(10) 0 = a,(1+ ¢,) — ab, x..
a(l+ b)

Equation (9) is a variant of the Taylor (1993) rule, which differs in that it is
expressed in terms of unemployment rather than output. In addition, it allows
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for the reference point for monetary tightening in terms of the level of unem-
ployment to be a short-run NAIRU rather than a fixed natural rate. In effect
what this variation on the Taylor rules does is bring in additional information
that helps forecast inflation in deriving an optimal setting of the policy instru-
ments.

Even in this relatively simple setting, short-run NAIRU #, is not a constant
but is instead a function of the exogenous variable x. If lags of inflation, unem-
ployment, and the policy variable appear in equations (5) and (6), their role in
the policy rule—and therefore in the definition of short-run NAIRU—would
be like that of x in the model. Of course, if the only variable that helps predict
inflation over the policy horizon, other than the unemployment rate, is a con-
stant, then NAIRU will be constant as in a more standard formulation. Note
also that, like #, the short-run NAIRU of our theoretical model is measured in
relation to #. In empirical applications, we would want to focus on the equiva-
lent of n, + % as a measure of short-run NAIRU.

Equation (9) also helps to clarify the proper use of NAIRU for policy pur-
poses. The policy objective is not to drive unemployment to NAIRU, which is
a temporary and variable reference point, but to use the NAIRU unemployment
gap as one indicator of the direction to move the policy variable, by an amount
dictated by the coefficients of the model. Also, the NAIRU gap indicator is not
to be interpreted in isolation but must be weighed against the effect on the
optimal setting of the policy variable suggested by the other indicator that is
also included in the reaction function, the gap between actual and target in-
flation.

It is also important to recognize that our equation (9) variant of the Taylor
rule is completely consistent with the result of Svensson (1997). Setting the
policy instrument according to equation (9) is equivalent to setting expected
inflation over the policy horizon equal to the inflation target w*, which is the
Svensson (1997) optimality condition if only inflation is in the objective func-
tion.

We can also draw some conclusions about the sign of the coefficient of x in
the definition of NAIRU, based on whether x represents a supply or a demand
effect. For example, if x is a supply effect such as an oil price shock, then a,
and b, would have the same sign. Since the other parameters in equation (10)
were chosen to have positive values, the two terms in the coefficient would be
offsetting and the net effect of x on short-run NAIRU would be indeterminate.
In contrast, if x represents a demand effect, then a, and b, would have opposite
signs and the two terms would be reinforcing. The sign of the effect is positive
if the demand variable x increases inflation and vice versa. In other words, a
demand shock that raises inflation would lead to a higher value of short-run
NAIRU, which implies more tightening given the same value of unemploy-
ment.

Supply and demand shocks also have differential effects on the overall im-
plication about the optimal setting of the policy variable. The cumulation of
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supply effects would tend to drive both unemployment and inflation in the
same direction, producing offsetting effects in equation (9). Cumulated de-
mand effects, however, would drive inflation and unemployment in different
directions, providing an unambiguous policy reaction. Therefore, demand ef-
fects that raise inflation should provoke a policy tightening.

9.3.2  Output as Well as Inflation in the Objective Function

Even when inflation is the only concern of policymakers, as in subsection
9.3.1, the optimal policy assigns a significant role to the level of unemployment
or to the unemployment gap, as seen in equation (9). In this section, we explore
how policy should be conducted when policymakers include both inflation and
output in their objectives. We do this by including a second term in the objec-
tive function, which now becomes

Er(wn?. - 17*)2 + xEri’ztzﬂ °
The economic significance of this change is that the policy objective assigns
some weight to reducing the variability of unemployment around zero, which
is the equilibrium level.”

The optimal value of the policy variable in this case is

NI S 1 2 — N\l
rt @+ )\)bz{ (A + b)ai+ N) Ala,

+ [a,a,(1 + ¢;) = (a] + Mblx, + a,(w, — 7%}

The modification of the objective function to reflect an unemployment target
changes the weights on u, x, and 7, — 7* in the optimal policy rule but does
not affect its general form. Specifically, the weight on #, relative to the weight
on w, — m* rises with \. In the extreme, if the weight on unemployment be-
comes infinitely large (A approaches infinity), the optimal rule simplifies to

in which the inflation gap has disappeared and only an unemployment gap
remains. This result may also be obtained by certainty equivalence, setting ex-
pected unemployment equal to its equilibrium level and solving for the value
of the policy variable.

7. Once again, this is a relatively simple objective function designed to highlight the key points
of this paper. A more complex dynamic solution of a similar model may be found in Svensson
(1997), which exhibits properties that are qualitatively analogous to those of the simpler model of
this paper.
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9.4 NAIRU and Policy Making:
Implications of Parameter Uncertainty

9.4.1 Objective Function with Inflation Only

Uncertainty about the Natural Rate of Unemployment

We begin to examine the consequences of uncertainty in the model of sec-
tion 9.3 by looking at the effects of uncertainty regarding the natural rate of
unemployment or, equivalently, long-run NAIRU. We start with this particular
question for two reasons. First, it seems that in the policy discussion on the
use of NAIRU, it is this question that is most frequently in the mind of the
policymaker, although it is not always precisely formulated. Second, the exam-
ination of this narrower issue provides helpful intuition for the more general
results that follow in the rest of this section.

Thus consider a more focused version of the model of section 9.3 in which
traditional long-run NAIRU is the appropriate reference point for monetary
policy in terms of the unemployment rate:

W= W T al(ur_l - ';) + €,
(5a)
= mw,— au,_, + a, + &,
(6a) u,— u = bu_, — u)+ br, + m,

where a, = a7 and, as in section 9.3, 7 is the natural rate and r, is the monetary
policy variable. We write these equations explicitly in terms of # in order to
focus on uncertainty with regard to this parameter. For the same reason, we
assume that the parameters b, and b, in equation (6a) are known.

The second expression for equation (5a), under the natural stochastic as-
sumptions, may be estimated using least squares. It is straightforward then to
calculate the asymptotic distribution of the parameter estimates, which are
consistent. In particular, we can derive that T V(4,, 4,), the asymptotic variance
of the vector of estimates (4,, d,) multiplied by the number of observations 7, is

)t @
ot |l w4+ o)

where % and o? are the unconditional asymptotic mean and variance of u, and
o% is the variance of €. Now, if J is the Jacobian of the transformation
(a,a) = (a,w) = (a,ay/a), then asymptotically T V(a,u) = TJ

V(a,, 4,)J', which equals
a?/a? 0
0 aglla|

where we have made use of the fact that the unconditional mean of equation
(5a)is Aw = 0.
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The foregoing derivations may now be incorporated into the optimization
problem of section 9.3, again with the objective function E(m,,, — 7*)?, but now

En, = m - al+ b)u, — u)— ab,r,

2
and

vV ol [+ b)-u + u) - br,I* + ai(l + b)’c;

1+2

+ o301+ b)) + of.

In the expression for the variance, the terms that include o2 do not depend on the

policy variable. Since the estimators of % and a, are orthogonal, the optimal rule

will not depend on the uncertainty with regard to %, as shown in the expression
1+ b 1 ™ - W

(u, — u) +

r¥ =
! b, 1+ 2% ab,

>

where 7, = a/o, .

Thus uncertainty about the natural rate, in and of itself, does not affect the
solution to the policymaker’s optimization problem, as defined in this section
and in section 9.3. However, the uncertainty about the natural rate does in-
crease the cost function because, as seen above, it increases the conditional
variance of m,, ,. The uncertainty about the parameter a,, the effect on inflation
acceleration of the gap between unemployment and the natural rate, does figure
in the optimal policy through the term (1 + 7,;%)7!, which is a essentially a
function of the #-statistic on a,. Its effect, however, is not on the term con-
taining the unemployment gap, but rather on the term containing the gap be-
tween current and target inflation. The greater the uncertainty about a,, the
lower 7, and therefore (1 + 7,2)7!, so the less weight the policymaker should
place on the current inflation gap. This result is very robust, as it obtains in the
models of subsequent sections, in which we introduce more complex specifi-
cations with fairly general parameter uncertainty.

General Parameter Uncertainty

Consider again the model defined by equations (5), (6), and (7) of subsection
9.3.1, but assume now that there is uncertainty at time ¢ about all the coeffi-
cients of the model (a,, a,, b,, b,, b, ¢,) and about the disturbance of the re-
duced form (£), but that the uncertainty in all of these variables is pairwise
orthogonal. Although these uncertainty assumptions are not entirely general—
on account of the assumed orthogonality—they are more extensive than those
that the previous literature has examined.® The orthogonality assumptions are

8. Other papers that look at the effect of parameter uncertainty in a similar context are Svensson
(1997), Clarida, Gali, and Gertler (forthcoming), and Wieland (1998).
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easily relaxed for coefficients belonging to the same equation, but the inclusion
of the corresponding covariances does not provide greater intuition and is
therefore not pursued here. Thus, at time ¢, the expectation and variance of in-
flation at time ¢ + 2 are given by

Emw, = w — al+ b)u, — a,b,r, + [a,(1 + ¢;) — a,b,]x,
and
Vw,, = [zzlzo',fl + Uil(l +b)* + Uiloﬁl]ﬁf + (ailoﬁ2 + Ui]bg + Uzloﬁz)rf
+ [agoﬁ3 + 0§3(1 +c,)% + 0'230'33 + af()',f3 + Uﬁlbg + O'Zlo,fa]xf
+ 20‘21[(1 + b)b,u,r, + bb,r,x, + (1 + b))bu,x,1 + Ué’

where the values of the coefficients denote their expected values.®
As in subsection 9.3.1, the policy objective is to choose 7, so as to minimize
the objective function

Et(Trt+2 - ,n.*)Z = (ErTrH?. - 11'*)2 + VtTrHZ‘

In this case, the optimal value of the policy variable is given by

E -
r; =

1 1+ b, . b,
- u
1+ 777 b, ' b,

(1)

1 [’n’, - ¥ N a,(1 + C3)x]

ab, ab,

where 7, = a,/0, and T, = b,/0, . Equation (11) can be rewritten as

1+ 77 b,

e — [-1+b'(ﬁ,-(n,+ )

1+ 172 apb,

where

1 'aa(l + ¢,)

1+ 72 a1+ b) "

¢, = -

9. This convention economizes on notation and is correct by definition if the coefficient esti-
mates are unbiased.
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Comparison of equations (9) and (12) indicates that the presence of uncer-
tainty introduces two multiplicative terms of the form (1 + 77?)~!. These terms
are essentially functions of the z-statistics corresponding to the parameters a,
and b,, respectively, which correspond to the one-period-ahead effects of un-
employment on inflation and of the policy variable on unemployment. All other
variance-related terms in the objective function drop out of the calculation.
When there is no uncertainty about g, and b,, the two multiplicative terms
become one, reverting to the certainty-equivalent case of subsection 9.3.1.

One of the two uncertainty effects—the one related to b,, the coefficient on
the policy variable in equation (6)—takes a form that is predictable from the
analysis by Brainard (1967). Specifically, as 0, rises, the term (1 + 7,)~" falls
so that uncertainty about the magnitude of the effect of the policy variable
leads to a partial policy reaction—a reaction that is less than that in the
certainty-equivalent case.

In contrast, uncertainty about a,, the effect of unemployment on the change
in inflation in equation (5), has an effect not on the scale of the policy reaction,
but rather on the weight applied to 7, — 7* and on the reference point in terms
of unemployment at which that reaction occurs. Specifically, as o, rises, the
term (1 + 7;2)7! falls so that the weight on , — ar* falls. A rise in o, causes
the term (1 + 7})7! and the absolute value of the adjustment term &, to rise. If
x has a positive impact on inflation (i.e., a,x, is positive), then ¢, is negative
and so the reference point for monetary tightening in terms of unemployment,
n, + &, falls.

The effect of uncertainty about a, on how the reference point responds to
change in x is somewhat more complex. The net effect on the reference point
n, + ¢, depends on whether x is a supply or demand variable, as discussed in
subsection 9.3.1. Consider the combined expression

1 a(+c¢) b .
1+ 772 a(l+ b) 1+ b )"

nt + ¢t

If x is a supply variable, the direction of the effect of uncertainty on the magni-
tude of the reference point is unclear. It is clear, however, that as uncertainty
about a, approaches infinity, the sign of the coefficient is the same as the sign
of —b,. If x is a demand variable, uncertainty reduces the absolute magnitude
of the reference point unambiguously.

9.4.2 Output as Well as Inflation in the Objective Function

We now modify the results of the previous subsection by assuming that the
policy objective function includes both inflation and unemployment. As in sub-

section 9.3.2, the objective function becomes
E(m, — 7)) + NEu’

t+1°

The optimal value under parameter uncertainty is
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1 1+ b A -
r'dy = - -+ :
1+ 777 b, al+ ol + A
N b, + a,a,(1 + c,) a(w ~ w¥)
-t —x —.
b, ai+ a+ N ai+ ol + \

The effect of including a target for unemployment, as represented by A, is
analogous to the effect of uncertainty about a,. In the above equation, these
two terms occur additively in the same expression in the terms corresponding
to the exogenous variable and the inflation gap. Only in the unemployment
term does A\ appear separately. Intuitively, the reason for this is that uncertainty
about a, makes the relationship expressed in equation (5) less reliable, so pol-
icy becomes more concerned with affecting the “intermediate target” of equi-
librium unemployment.

If the weight on unemployment becomes infinitely large, the optimal rule

simplifies to
ri = I —ﬁﬁ, - ﬁx,
1+ 2 b, b,

in which, as in the certainty-equivalent case, the inflation gap has disappeared
and only an unemployment gap remains. Here the only effect of uncertainty is
of the rescaling type, as identified by Brainard (1967).

9.5 NAIRU and Policy Making: The Implications of Model Selection

In this section, we discuss another type of uncertainty that affects the defini-
tion of short-run NAIRU, its computation, and the policy rule that results from
inflation targeting. Specifically, we focus on uncertainty regarding the correct
form of the basic model and the associated problem of model selection.
Whereas in section 9.4 we assumed that the form of the model was known
but that the parameters were estimated with uncertainty, we now suppose that
the policymaker ignores some key information variable in the optimization
problem.!?

In general, if inflation two periods ahead is the policy target, and if a variable
helps predict inflation at that horizon, it is inefficient not to include the infor-
mation in the model. For example, the models of sections 9.3 and 9.4 define
the policy rule in terms of a short-run NAIRU, which in turn is a function of
the exogenous variable x. What is the result of ignoring the predictive content

10. The complementary problem of including too many variables in the model is in principle
less serious, since consistent parameter estimates should assign zero weight to the superfluous
variables.
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of x? Alternatively, what is the cost of relying on a long-run equilibrium
NAIRU (zero in this case) when a short-run informative NAIRU is available?

Thus suppose that the policymaker ignores the presence of x in the basic
model (5)-(7). The values of a, and b, are implicitly set to zero, while the
third equation is dropped altogether. Under these conditions, the constrained
optimal rule for inflation targeting becomes

1 1+ b, _ 1 w, - ¥
- a, + . .
I+ 12 b, 1+ 12 ab,

We know, of course, that the value of the objective function has to be higher
(i.e., worse) when evaluated at this constrained optimum than when evaluated
at the unconstrained optimum ¥ as in subsection 9.4.1. In fact, we can calcu-
late the difference between the constrained and unconstrained values as
I . [a,a,(1 + ¢,) — (a?+ &% )b, ]*x?
- 143 3 1 ap /%3 Ay
L+ 17 al+ 0'21 1

~1
=%
|

Somewhat surprisingly, uncertainty about b, ameliorates the left-out-variable
problem.! Uncertainty about a,, in contrast, can make matters worse.

The left-out-variable problem can also increase uncertainty regarding the
estimates of the included coefficients, with consequences for the size of the
policy response or the reference point for monetary tightening in terms of un-
employment. To see this, suppose the inflation equation (5) is estimated by
ordinary least squares, leaving out the variable x, after rewriting it in the fol-
lowing form
5" w - W

' - = T, tOE,

One implication of leaving out x, well known from econometrics textbooks, is
that the estimate of @, may be biased. This occurs unless x and u are contempo-
raneously uncorrelated.!2 However, even if the two regressors are indeed un-
correlated so that the estimate of g, is unbiased, uncertainty in the estimate is
greater by the amount

2
27 R~ R
~2 v
R7ES n

where the numerator of the last term is the difference between the R%s of the
unconstrained and constrained models. Thus excluding the variable x from the
model, in addition to producing a policy rule that improperly excludes x, in-

11. The intuition is that as uncertainty about b, grows, the optim