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Abstract

The existing literature on robust monetary policy rules has largely focused on the case in

which the policymaker has a single reference model while the true economy lies within a

specified neighborhood of the reference model. In this paper, we show that such rules may

perform very poorly in the more general case in which non-nested models represent competing

perspectives about controversial issues such as expectations formation and inflation

persistence. Using Bayesian and minimax strategies, we then consider whether any simple

rule can provide robust performance across such divergent representations of the economy.

We find that a robust outcome is attainable only in cases where the objective function places

substantial weight on stabilizing both output and inflation; in contrast, we are unable to find a

robust policy rule when the sole policy objective is to stabilize inflation. We analyze these

results using a new diagnostic approach, namely, by quantifying the fault tolerance of each

model economy with respect to deviations from optimal policy.
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1. Introduction

Most studies of the problem of formulating monetary policy under uncertainty
about the true structure of the economy, have followed Brainard (1967) in focusing
on the case in which the policymaker has a single reference model and the true
economy lies within a specified neighborhood of this model. In recent work, for
example, Hansen and Sargent (2002) provide a rigorous treatment of robust control
in the face of uncertainty about the data-generating process, or DGP, of the
exogenous disturbances. Giannoni (2001, 2002) characterizes rules that are robust to
uncertainty about the estimated parameters, while Onatski and Stock (2002) and
Onatski and Williams (2002) analyze the robustness of simple rules when the
behavioral equations of the model are subject to misspecification errors; these papers
also consider uncertainty about the shock process. Finally, Svensson (1997) and
Giannoni and Woodford (2003) have emphasized that the optimal targeting rule for
a given model has a representation that is invariant to known changes in the shock
process and contend that this is the primary sense in which a proposed rule should be
robust.1

In this paper, we analyze the robustness of policy rules when non-nested models
represent competing perspectives about controversial issues such as expectations
formation and inflation persistence.2 Such an approach was initially advocated by
McCallum (1988) and seems consistent with the aims of Taylor (1993a), whose
simple policy rule was intended to yield reasonable macroeconomic stability under a
wide range of assumptions about the ‘‘true’’ structure of the economy.3 One
interpretation of this approach, suggested by Patrick Minford, is related to the
decision-making of a policymaking committee. Each member of the committee holds
to a particular view of the behavior of the economy, represented by a macro model.
A robust rule is one that, although not exactly optimal for any member of the
committee, yields outcomes that are acceptable to all members of the committee. A
nonrobust rule, in contrast, is one that performs very poorly in at least one of the
committee members’ models and thus interferes with the building of a consensus
view of policy.
We consider three distinct macroeconomic models, two of which have been

scrutinized in the robust control literature. First is a benchmark version of the New
Keynesian model (henceforth denoted the NKB, for New Keynesian Benchmark),
which been studied by Hansen and Sargent (2002), Giannoni (2001, 2002), and
Giannoni and Woodford (2002b); this model has purely forward-looking specifica-
tions for price setting and aggregate demand and exhibits no intrinsic persistence.4
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1For further analysis and discussion of optimal targeting rules, see Svensson (2003), and Svensson and

Woodford (2003a).
2Consideration of monetary policy under this form of model uncertainty has previously been analyzed

by Karakitsos and Rustem (1984), Becker et al. (1986), Frankel and Rockett (1988), Holtham and Hughes-

Hallett (1992), Christodoulakis et al. (1993), Levin et al. (1999), and Levin et al. (2003).
3See McCallum (1999) for a further discussion of robustness to model uncertainty.
4See the analysis and discussion in Clarida et al. (1999) and Woodford (2000), who also provide

references to the extensive literature related to this model.
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In contrast, the macroeconometric model of Rudebusch and Svensson (1999) has
purely backward-looking structural equations and very high intrinsic persistence;
this model (henceforth denoted as the RS model) served as the benchmark in the
analysis of Onatski and Stock (2002) and Onatski and Williams (2002). Our third
model—taken from Fuhrer (2000) and denoted as the FHP, for Fuhrer-habit-
persistence, model—utilizes rational expectations but exhibits substantial intrinsic
persistence of aggregate spending and inflation. In all three models, the short-term
nominal interest rate is assumed to be the monetary policy instrument. Throughout
the analysis, we assume that the policymaker’s objective is to minimize a weighted
sum of the unconditional variances of the inflation rate, the output gap, and the
change in the short-term nominal interest rate.
We begin by demonstrating that the robust control rules proposed in the literature

are not necessarily very robust to model uncertainty; that is, a rule obtained from a
given reference model may perform very poorly in other models. This potential
pitfall of robust control was anticipated by Sargent (1999), who noted that the
perturbations of the exogenous shock process only comprise a fairly restrictive set of
potential model misspecifications, because the perturbed shocks still feed through the
system just as in the reference model. Thus, while the approach of Giannoni and
Woodford (2002a) yields a policy rule which is invariant to the characteristics of the
shock process, the optimal control rule does embed the structure of endogenous
relationships of the reference model, and hence we find that such rules may generate
poor or even disastrous outcomes when implemented in another model with
markedly different endogenous relationships.
More generally, our results suggest that focusing on specification errors or

parameter uncertainty in the neighborhood of a particular reference model may
dramatically understate the true degree of model uncertainty.5 For example,
Giannoni (2001) quantifies the parameter uncertainty of the NKB model by using
the estimated standard errors of Amato and Laubach (2003), and obtains rules that
involve a very high degree of interest rate smoothing. Unfortunately, we find that
such ‘‘super-inertial’’ rules typically yield very poor performance in the presence of
substantial intrinsic persistence (as in FHP) and generate dynamic instability under
the assumption of adaptive expectations (as in RS).6 Evidently, the degree of
uncertainty due to sampling variation is relatively small in comparison with the
uncertainty associated with various choices about model specification, estimation
technique, etc.
Next, using Bayesian and minimax methods, we investigate the extent to which

simple policy rules can provide robust performance across all three competing
reference models. In particular, we focus on the class of 3-parameter rules in which
the short-term nominal interest rate is adjusted in response to its own lagged value as
well as to the current output gap and inflation rate. For a given choice of objective
function weights, we determine the policy parameters that minimize the average loss

ARTICLE IN PRESS

5This potential pitfall of robust control methods has been emphasized by Sims (2001).
6Rudebusch and Svensson (1999) have previously identified the dynamic instability of super-inertial

rules in their model.
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across the three models (the Bayesian strategy with flat prior beliefs about the
accuracy of the three models), and then we determine the parameters that minimize
the maximum loss across the three models (the minimax strategy).
Using a similar approach, Levin et al. (1999) have shown that first-difference

rules—that is, rules with a coefficient of unity on the lagged interest rate—provide
robust performance across a fairly wide range of rational expectations models.7

However, Sargent (1999) has noted that those ‘‘comforting’’ results might primarily
reflect the relative proximity of the models, and in fact, Rudebusch and Svensson
(1999) find that first-difference rules (and super-inertial rules) typically generate
dynamic instability in the RS model. Thus, as Taylor (1999) concludes, the
remaining challenge has been to identify rules that yield robust performance in both
forward- and backward-looking models.
We find that simple rules incorporating a moderate degree of interest rate

smoothing yield remarkably robust performance in all three reference models as long
as the loss function places nontrivial weight on stabilizing both output and inflation.
In contrast, under strict inflation targeting, there is no simple rule that yields robust
performance across all three models.
Finally, we interpret these results using a new diagnostic approach, namely, by

analyzing the fault tolerance of each model economy with respect to deviations from
optimal policy. For example, when the loss function assigns substantial weight to
both output and inflation volatility, we find that the NKB model exhibits a very high
degree of fault tolerance: although the optimal rule for this model is super-inertial,
the use of a rule with moderate inertia does not cause a severe deterioration in
stabilization performance. The RS model exhibits much less fault tolerance; that is,
the loss function has much greater curvature, especially with respect to deviations in
the interest rate smoothing parameter (which has an optimal value close to zero).
Thus, while super-inertial rules generate dynamic instability in this model, rules with
moderate policy inertia perform nearly as well as the optimal rule.
The remainder of this paper proceeds as follows. Section 2 describes the key

properties of the three competing models. Section 3 documents the lack of
robustness of rules designed to work well in the neighborhood of a specific model.
Section 4 describes the performance of simple rules obtained by applying Bayesian
and minimax methods to the set of competing models. Section 5 defines measures of
fault tolerance and then uses these tools to interpret our results. Section 6 extends the
analysis to incorporate a number of other macroeconomic models. Finally, Section 7
summarizes our conclusions and considers directions for further research.

2. Three competing reference models

To consider the policy implications of competing reference models, we consider
three distinct macro models. Each model incorporates a combination of long-run
monetary neutrality and short-run nominal inertia, so that monetary policy has a
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potentially significant role in stabilizing the economy. Furthermore, each model is
intended to provide a plausible representation of the dynamic behavior of the U.S.
economy, using parameter values that have been estimated or calibrated to match
particular features of quarterly macro data. Nevertheless, the three models represent
very different perspectives about expectations formation and other structural
characteristics of the economy.
The behavioral equations of the NKB model can be derived from formal

microeconomical foundations. We calibrate the NKB model according to the
parameter values given in Woodford (2000), simply adjusting these values to account
for the fact that our variables are expressed at annual rates in percentage points. The
resulting specification is given by

pt ¼ 0:99Etptþ1 þ 0:096yt þ et; ð1Þ

yt ¼ Etytþ1 � 1:59ðit � Etptþ1 � r�t Þ: ð2Þ

where p denotes the inflation rate, y denotes the output gap (the deviation of output
from potential), i denotes the short-term nominal interest rate, and r� denotes the
equilibrium real interest rate. The operator Et indicates the model-consistent forecast
of a particular variable, using information available in period t: We use the
calibration of the exogenous disturbances given in Levin et al. (2003). In particular,
r�t follows an AR(1) process with autocorrelation parameter 0.35, and its innovation
has a standard deviation of 3.72. The aggregate supply shock et is i.i.d., and its
standard deviation is chosen so that the unconditional variance of inflation under the
benchmark estimated policy rule matches the sample variance of U.S. quarterly
inflation over the period 1983:1–1999:4.
Output and inflation in the NKB model are purely forward-looking with no

intrinsic persistence; that is, this model embeds the perspective that persistent output
and inflation fluctuations are solely due to the persistence of the exogenous
disturbances hitting the economy.8 For example, repeated forward substitution of
Eq. (1) indicates that the current inflation rate is determined by current and expected
future values of the output gap and of the aggregate supply shock, et: Furthermore, as
shown by Kerr and King (1996), repeated forward substitution of Eq. (2) yields an
‘‘expectational IS curve’’ in which the current output gap is solely determined by the
deviation of the ex ante long-term real interest rate from its equilibrium value. Thus, as
emphasized by Woodford (1999), expectations about movements in future short-term
rates are crucial in determining the performance of a particular monetary policy rule.
The RS model represents a very different modelling strategy, namely, imposing a

set of empirically reasonable restrictions on the coefficients of a small-scale vector
autoregression (VAR):

pt ¼ 0:70pt�1 � 0:1pt�2 þ 0:28pt�3 þ 0:12pt�4 þ 0:14yt�1 þ e1;t; ð3Þ

yt ¼ 1:16yt�1 � 0:25yt�2 � 0:10ð%it�1 � %pt�1Þ þ e2;t; ð4Þ
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8For further discussion of this issue, see Rotemberg and Woodford (1997) and Fuhrer (1997b).
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where %i is the four-quarter average interest rate and %p is the four-quarter average
inflation rate; that is, %it ¼ 0:25ðit þ it�1 þ it�2 þ it�3Þ and %pt ¼ 0:25ðpt þ pt�1 þ
pt�2 þ pt�3Þ:
In contrast to the NKB model, these behavioral equations are purely backward-

looking and embed a relatively high degree of intrinsic persistence. The lagged values
of inflation in Eq. (3) can be interpreted as representing adaptive inflation
expectations (cf. Rudebusch and Svensson, 1999); as a result of these lags, inflation
is a fairly slow-moving state variable rather than a non-predetermined ‘‘jump’’
variable (as in the NKB model). Similarly, Eq. (4) may be viewed as an IS equation
in which the output gap responds to the ex post long-term real interest rate, %i � %p: As
a result, monetary policy faces a substantial transmission lag in this model: an
innovation to the empirical interest rate reaction function has no contemporaneous
effect on output or inflation, and its peak impact does not occur until several years
later. And of course, expected future policy plays no role at all in this model.
Finally, the FHP model represents an intermediate modelling strategy that seeks

to balance rigorous microeconomic foundations with empirical goodness-of-fit. In
this model, the inflation rate responds to a combination of forward-looking and
backward-looking terms, a specification that may be interpreted in terms of
overlapping relative real contracts (as in Buiter and Jewitt (1981)) or indexation of
contracts to the lagged inflation rate (as in Christiano et al., 2001). In FHP, inflation
is determined according to the following equations:

wt � pt ¼ Et

X3

j¼0

ð0:37� 0:08jÞð %vtþj þ 0:00252ytþjÞ þ ew;t; ð5Þ

pt ¼
X3

j¼0

ð0:37� 0:08jÞ%vt�j ; ð6Þ

%vt ¼
X3

j¼0

ð0:37� 0:08jÞðwt�j � pt�jÞ; ð7Þ

pt ¼ 400ðpt � pt�1Þ; ð8Þ

where wt is the contract price, pt is the price level, and ew;t are serially uncorrelated
shocks to the contract price.
Aggregate demand is derived in a setting with liquidity-constrained ‘‘rule-of-

thumb’’ households as well as optimizing households with habit persistence in
consumption. As a result, aggregate spending depends on current and lagged
expenditures as well as expected future income and the ex ante long-term real interest
rate. Non-consumption output is determined by a reduced-form IS-curve relation-
ship. The FHP model equations describing the determination of output are given by

ct � yt ¼ 0:741½Oy;t � 0:669Oz;t � 0:0028Oq;t � 4:098Rt� þ Zt; ð9Þ

xt ¼ 1:003xt�1 � 0:126xt�2 � 1:011Rt�1 þ ex;t; ð10Þ
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yt ¼ ct þ xt; ð11Þ

Oy;t ¼ EtfDyt þ 0:996Oy;tþ1g; ð12Þ

Oz;t ¼ EtfDztþ1 þ 0:996Oz;tþ1g; ð13Þ

Oq;t ¼ EtfDqtþ1 þ 0:996Oq;tþ1g; ð14Þ

zt ¼ 0:0015zt�1 þ 0:9985ct�1; ð15Þ

qt ¼ Etfð1:001ct � 25:91ztÞ þ 0:995qtþ1g; ð16Þ

Rt ¼ Etf0:0244ðit � ptþ1Þ þ 0:9756Rtþ1g; ð17Þ

Zt ¼ 0:874Zt�1 þ eZ;t: ð18Þ

Eq. (9) describes the determination of detrended consumption, ct; according to the
model with habit persistence where 26 percent of consumption determined by rule-
of-thumb consumers. Consumption depends on the current output gap, present
values of future growth in output, the habit stock, zt; and a measure of consumption
relative to the habit stock, denoted by qt; and the ex ante real long-term bond
rate, Rt: The innovation to consumption is modelled as an AR(1) process. Non-
consumption output is determined by its two own lags and the ex ante real bond rate
(Eq. (10)) and a serially uncorrelated innovation. Eq. (11) is the identity equating the
output gap to consumption non-consumption output. The ex ante real bond rate is
determined by the expectations theory of the term structure (Eq. (17)).
Of course, these three models only comprise a tiny subset of the entire universe of

competing representations of the U.S. economy. Nevertheless, these models do
incorporate markedly different approaches with respect to controversial issues such
as expectations formation and intrinsic persistence, and hence can serve as a useful
proving ground for various methods of identifying robust policy rules.

3. Pitfalls of using a single reference model

We now consider rules that are designed to yield robust performance in the
neighborhood of a given reference model and analyze the extent to which such rules
also work well in competing reference models. For this purpose, we assume that the
policymaker’s loss function L has the form

L ¼ VarðptÞ þ lVarðytÞ þ fVarðDitÞ; ð19Þ

where Varð
Þ denotes the unconditional variance of the indicated variable. The
weights lX0 and fX0 indicate the policymaker’s preferences for reducing output
variability and nominal interest rate variability relative to inflation variability.
The literature lacks consensus regarding the appropriate value of the output

stability weight ðlÞ; even for a policymaker whose ultimate goal is to maximize
household welfare. For example, Goodfriend and King (1997) and King and
Wolman (1999) have argued that the central bank should focus solely on the
objective of price stability, whereas King (1997) refers to a policymaker who ignores
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output stability ðl ¼ 0Þ as an ‘‘inflation nutter’’. The relative weight on output
volatility in the social welfare function can be derived analytically in a model with
explicit microeconomic foundations, but this weight turns out to be highly sensitive
to the particular specification of overlapping nominal contracts: random-duration
‘‘Calvo-style’’ contracts imply that lE0:01 (Woodford, 2000), whereas fixed-
duration ‘‘Taylor-style’’ contracts imply that lE1 (Erceg and Levin, 2002).
The appropriate weight on nominal interest rate variability ðfÞ is also subject to

ongoing debate. For example, Svensson (2003) criticizes the inclusion of this term in
the policymaker’s objective function, while Woodford (1999) shows that the optimal
targeting rule is associated with a high degree of policy inertia even if f ¼ 0: On the
other hand, Caplin and Leahy (1996) and Goodhart (1996) cite institutional reasons
why policymakers may dislike frequent interest rate reversals, while Lowe and Ellis
(1997) discuss the extent to which such preferences may reflect underlying concerns
about financial market fragility. Finally, in the analysis of Rotemberg and Woodford
(1997, 1999), interest rate volatility enters explicitly into the central bank’s objective
function due to the zero bound on nominal interest rates.
Since the appropriate values of the objective function weights remain contro-

versial, our analysis will be performed using a range of different values for each of
the policy parameters. In particular, we will consider results using a grid of four
different values for l (0, 0.5, 1, and 2) and three values of f (0.1, 0.5, and 1.0).9

3.1. Optimal targeting rules

As noted above, the optimal targeting rule for a given reference model is invariant
to the dgp of the exogenous shock process, assuming that this dgp is known to the
policymaker at the time the rule is implemented. Thus, to the extent that a competing
model can be accurately represented by a specific perturbation of the shock process
of the reference model, then the optimal targeting rule for the reference model will
also be optimal in the competing model. For this reason, Giannoni and Woodford
(2002a) and Svensson and Woodford (2003a) advocate the use of optimal control as
a method of obtaining a robust policy rule. On the other hand, Sargent (1999) has
noted that the set of perturbations of the exogenous shock process only comprises a
restrictive set of potential model misspecifications, because the perturbed shocks still
feed through the system just as in the reference model. Thus, if the endogenous
relationships of a competing model differ markedly from those of the reference
model, then one might expect the optimal targeting rule for the reference model to
perform quite poorly in the competing model.
We now proceed to investigate this issue using the three competing reference

models described in Section 2. In particular, for each combination of objective
function weights, we obtain the optimal targeting rule for a given model (referred to
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term interest rates. For example, with f ¼ 0:01 and for the values of l that we consider, the unconditional
variance of the quarterly change in the nominal interest rate ranges from 16 to 27 percent in NKB, 34 to 88

percent in FHP, and 35 to 80 percent in RS.
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as the ‘‘rule-generating’’ model), and then implement this rule in a different reference
model (referred to as the ‘‘true economy’’ model). As noted by Giannoni and
Woodford (2002a), the optimal targeting rule can be expressed solely in terms of
leads and lags of the target variables that enter the policymaker’s objective function.
Since these target variables (pt; yt; and Dit) are defined in each of the competing
reference models, the optimal targeting rule taken form one model can be
implemented in another model even if there are other endogenous variables that
are not defined in both models.10

The results from this exercise are shown in Table 1. In each case, the performance
of the rule is reported in terms of the central bank loss function, L; evaluated in the
indicated model.11 (Details regarding the unconditional variances of the output gap,
the inflation rate, and the change in the nominal short-term interest rate underlying
the calculations of the losses reported in this table are reported in Table 9 of the
appendix.) To provide a measure of the relative performance of the policy rule in a
particular model, we also report its relative loss, %DL; equal to the percent
difference between the loss under the specified policy rule and the first-best outcome
obtainable in that model (that is, the outcome under the optimal targeting rule for
that model). To interpret the economic significance of a particular magnitude of this
metric, it is useful to consider historical variations in the value of %DL: For
example, setting the policy preference parameters l ¼ 1 and f ¼ 0:5; we find that the
value of L during the 1970s was about 125 percent higher than during the 1990s.
Thus, a rule generating %DL of 25 or even 50 percent might be viewed as yielding
satisfactory performance, whereas a rule yielding %DL much greater than 100
percent would presumably be considered unacceptable.
Evidently, optimal targeting rules may yield very poor or even disastrous

outcomes in competing reference models with markedly different endogenous
relationships. For example, the upper panel indicates the performance from optimal
targeting rules taken from the NKB model. By construction, the losses in the NKB
model, reported in the third column, are the best obtainable, and therefore the
relative losses, given in the sixth column, are identically zero. These policy rules,
however, typically perform very poorly in the FHP model, with relative losses
exceeding 3000 percent for l ¼ 0; and relative losses of 60 to 120 percent for lX0:
And these rules uniformly generate dynamic instability in the RS model; that is,
%DL ¼ N in every case. Similarly, optimal targeting rules taken from the FHP rule
generate large relative losses in the NKB model, and occasionally induce dynamic
instability in the RS model. The only case in which optimal targeting rules provide a
modicum of robust performance is when the rule is taken from the RS model for
values of l > 0:
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Moore (1985) ‘‘AIM’’ algorithm to solve for VAR representation of the stable solution for the rational

expectations model. We compute the unconditional moments using the doubling algorithm described in

Hansen and Sargent (1998).
11 In certain models, a given change in the loss function can be expressed in terms of the corresponding

certainty-equivalent change in steady-state household consumption. Unfortunately, such an approach is
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Table 1

Performance of optimal targeting rules in competing reference models

Central Bank L %DL
preferencesa evaluated in evaluated in

l f NKB FHP RS NKB FHP RS

Optimal policy for NKB

0.1 1.4 95.3 N 0 3024 N

0.0 0.5 1.9 149.7 N 0 3718 N

1.0 2.1 178.8 N 0 3989 N

0.1 5.8 22.1 N 0 62 N

0.5 0.5 8.2 28.9 N 0 92 N

1.0 9.7 36.1 N 0 127 N

0.1 6.1 27.4 N 0 60 N

1.0 0.5 9.6 36.0 N 0 84 N

1.0 12.1 45.0 N 0 116 N

0.1 6.4 35.4 N 0 63 N

2.0 0.5 11.0 46.9 N 0 83 N

1.0 14.6 58.1 N 0 109 N

Optimal policy for FHP

0.1 3.9 3.1 N 173 0 N

0.0 0.5 4.4 3.9 N 130 0 N

1.0 4.6 4.4 N 120 0 N

0.1 10.9 13.6 13.9 89 0 94

0.5 0.5 17.1 15.0 12.3 108 0 41

1.0 20.2 15.9 12.3 102 0 27

0.1 12.8 17.2 39.7 108 0 318

1.0 0.5 23.5 19.5 19.0 144 0 68

1.0 29.5 20.9 22.8 145 0 84

0.1 14.4 21.7 N 124 0 N

2.0 0.5 31.8 25.6 36.3 190 0 130

1.0 42.0 27.9 30.9 187 0 80

Optimal policy for RS

0.1 4.6 7.5 4.0 219 146 0

0.0 0.5 6.8 9.0 5.5 254 128 0

1.0 8.5 9.9 6.4 306 126 0

0.1 7.4 17.2 7.2 28 26 0

0.5 0.5 11.5 18.7 8.7 39 25 0

1.0 14.5 19.7 9.7 50 24 0

0.1 8.9 23.5 9.5 44 37 0

1.0 0.5 14.3 25.8 11.3 49 32 0

1.0 18.6 27.2 12.4 54 30 0

0.1 10.7 33.1 13.4 68 52 0

2.0 0.5 18.3 37.1 15.8 67 45 0

1.0 24.3 39.4 17.1 66 41 0

aThe policymaker loss function is given by: L ¼ VarðpÞ þ lVarðyÞ þ fVarðDiÞ:
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Identifying the source of this lack of robustness is a bit difficult, because each
optimal targeting rule may have a somewhat complicated formulation in terms of
leads and/or lags of the target variables. Thus, it is useful to pursue this issue further
by considering the following class of simple 3-parameter rules:

it ¼ rit�1 þ ð1� rÞ %pt þ a %pt þ byt: ð20Þ

As noted above, we use %pt to denote the four-quarter average inflation rate. For each
combination of l and f; we use numerical methods to determine the values of r; a; and b
that minimize the policymaker’s loss function in the rule-generating model. Then we
implement this rule in each competing model, and evaluate its performance relative to the
optimal targeting rule for the true economy model. The results are reported in Table 2.
(Corresponding details on the unconditional variances of inflation, the output gap, and
the first-difference of the short-term interest rate are reported in Table 10 in the appendix.)
When the rule-generating model is the same as the true economy model, the

optimized 3-parameter rule performs just about as well as the optimal targeting rule;
that is, the relative loss %DL is less than 10 percent in nearly every case.
Furthermore, these optimized 3-parameter rules exhibit essentially the same lack of
robustness as the set of optimal targeting rules.
For these simple rules, the source of lack of robustness is fairly easy to identify. All of

the rules optimized for the NKB model utilize values of r above unity, and this super-
inertial property is responsible for the dynamic instability of these rules in the RS model.
The simple rules optimized for the FHP model utilize values of r near unity, and even this
degree of interest rate smoothing generally leads to dynamic instability in the RS model.
Similar problems have previously been noted by Rudebusch and Svensson (1999), who
report that dynamic instability results from the super-inertial rules obtained by Rotemberg
and Woodford (1999) and from the first-difference rules obtained by Levin et al. (1999).
Finally, it should be noted that the rules optimized for the RS model involve little

or no monetary policy inertia or ‘‘interest rate smoothing’’. To verify that this is the
reason that these rules tend to perform poorly in the other two models, we now
construct optimized rules with no interest rate smoothing; that is, for each rule-
generating model and combination of objective function weights, we impose the
restriction that r ¼ 0 and find the optimal values of a and b: The relative
performance of these rules is reported in Table 3.
Imposing the restriction that r ¼ 0 has minimal effects on the relative

performance of rules optimized for the RS model when this model is also the true
economy model. By contrast, rules without policy inertia perform relatively poorly in
the NKB and FHP models, even when the parameters a and b are correctly
optimized for the true economy model. In some cases, such rules lead to instability in
the RS model owing to the instrument instability problem associated with excessively
large reactions to inflation or output in backward-looking models.

3.2. Robust control methods

While the analysis thus far has highlighted the lack of robustness of optimal
targeting rules, it should be emphasized that this outcome is caused primarily by the
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Table 2

Robustness of optimized 3-parameter policy rules

Policymaker Policy rule L %DL
preferencesa coefficientsb evaluated in evaluated in

l f r a b NKB FHP RS NKB FHP RS

Optimized policy for NKB

0.1 1.5 6.9 �0.0 1.6 21.6 N 7 608 N

0.0 0.5 1.5 2.7 0.0 2.0 36.5 N 6 832 N

1.0 1.5 1.9 0.0 2.2 44.3 N 5 912 N

0.1 1.6 4.6 5.5 6.1 18.0 N 5 32 N

0.5 0.5 1.5 1.7 1.4 8.6 23.0 N 5 53 N

1.0 1.5 1.2 0.8 10.2 29.1 N 5 84 N

0.1 1.6 4.5 10.4 6.4 24.7 N 4 44 N

1.0 0.5 1.5 1.5 2.5 10.0 28.8 N 4 48 N

1.0 1.5 1.1 1.4 12.6 34.6 N 5 66 N

0.1 1.6 4.4 20.1 6.6 36.1 N 3 66 N

2.0 0.5 1.5 1.5 4.5 11.3 39.5 N 4 54 N

1.0 1.5 1.1 2.5 15.3 44.7 N 4 60 N

Optimized policy for FHP

0.1 1.0 1.8 0.1 2.3 3.1 N 60 3 N

0.0 0.5 1.0 0.7 0.0 2.8 4.0 N 45 3 N

1.0 1.0 0.5 0.0 3.0 4.5 N 41 3 N

0.1 0.9 1.2 1.2 6.9 15.2 N 20 12 N

0.5 0.5 0.9 0.5 0.5 10.0 16.3 26.9 21 9 207

1.0 0.9 0.3 0.3 11.7 17.0 22.6 21 7 132

0.1 0.9 1.3 2.0 7.5 19.4 N 21 13 N

1.0 0.5 0.9 0.5 0.8 12.0 21.4 77.3 24 10 581

1.0 0.9 0.4 0.5 14.9 22.6 26.1 24 8 110

0.1 0.9 1.4 3.1 7.9 24.7 N 24 14 N

2.0 0.5 0.9 0.6 1.3 14.1 28.3 N 29 11 N

1.0 0.9 0.4 0.9 18.7 30.4 93.3 27 9 445

Optimized policy for RS

0.1 0.1 3.6 1.7 4.9 7.7 4.1 236 151 2

0.0 0.5 0.4 1.7 0.9 7.1 9.1 5.6 270 131 2

1.0 0.5 1.2 0.7 8.7 10.0 6.6 314 128 2

0.1 �0.1 3.0 2.5 7.3 17.1 7.3 27 25 2

0.5 0.5 0.2 1.6 1.3 11.6 18.9 8.9 41 25 2

1.0 0.3 1.1 0.9 14.7 19.9 9.9 52 26 2

0.1 �0.2 2.8 2.8 8.7 22.9 9.7 41 34 2

1.0 0.5 0.1 1.5 1.5 14.4 25.8 11.5 50 32 1

1.0 0.3 1.1 1.1 18.7 27.3 12.6 55 31 1

0.1 �0.3 2.5 3.3 10.5 31.8 13.8 64 46 3

2.0 0.5 0.0 1.4 1.8 18.2 36.6 16.0 66 43 1

1.0 0.2 1.1 1.3 24.4 39.3 17.3 66 41 1

aThe policymaker loss function is given by: L ¼ VarðpÞ þ lVarðyÞ þ fVarðDiÞ:
bThe policy rule is given by: it ¼ rit�1 þ ð1� rÞ %pt þ a %pt þ byt:
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Table 3

Robustness of optimized simple rules with no policy inertia

Policymaker Policy rule L %DL
preferencesa coefficientsb evaluated in evaluated in

l f r a b NKB FHP RS NKB FHP RS

Optimized policy for NKB

0.1 0 4.3 �0.0 2.4 4.0 N 68 32 N

0.0 0.5 0 1.2 0.0 3.6 5.9 10.2 88 49 212

1.0 0 0.4 �0.0 4.2 7.6 16.0 100 73 321

0.1 0 5.8 9.8 6.5 24.5 N 12 79 N

0.5 0.5 0 0.7 1.9 12.4 24.4 14.4 50 62 191

1.0 0 0.3 0.9 17.7 25.0 24.1 83 58 341

0.1 0 6.4 20.6 6.7 39.8 N 9 132 N

1.0 0.5 0 0.6 4.1 13.2 42.6 29.6 37 118 375

1.0 0 0.1 2.0 20.2 53.9 81.7 67 158 1102

0.1 0 6.7 42.1 6.8 61.6 N 6 183 N

2.0 0.5 0 0.6 8.4 13.6 77.6 N 24 203 N

1.0 0 0.0 4.2 21.5 191.4 N 47 587 N

Optimized policy for FHP

0.1 0 4.2 0.0 2.4 4.0 N 69 32 N

0.0 0.5 0 1.8 0.0 3.7 5.7 11.2 92 44 245

1.0 0 1.2 0.0 4.4 6.7 10.6 111 53 181

0.1 0 2.2 2.1 7.3 16.7 7.5 27 23 82

0.5 0.5 0 1.1 0.9 13.4 19.1 10.0 63 27 103

1.0 0 0.8 0.7 18.2 20.5 12.0 88 29 120

0.1 0 2.1 3.1 7.8 21.6 10.2 27 26 91

1.0 0.5 0 1.0 1.4 15.3 25.8 12.6 54 32 102

1.0 0 0.7 1.0 22.0 28.2 14.7 74 35 116

0.1 0 2.0 4.4 8.1 28.0 16.1 27 29 121

2.0 0.5 0 0.9 2.0 16.9 35.1 17.3 53 37 106

1.0 0 0.7 1.4 25.5 39.2 19.6 69 41 116

Optimized policy for RS

0.1 0 4.1 1.9 5.0 7.8 2.5 244 154 3

0.0 0.5 0 2.4 1.1 8.8 9.6 3.4 359 145 5

1.0 0 1.9 0.9 12.5 10.9 4.0 499 149 7

0.1 0 2.8 2.3 7.3 16.8 4.2 25 23 2

0.5 0.5 0 1.9 1.4 12.8 19.9 5.1 56 32 2

1.0 0 1.6 1.1 18.3 21.9 5.6 88 38 4

0.1 0 2.4 2.5 8.5 22.3 5.5 38 30 3

1.0 0.5 0 1.7 1.6 15.2 26.7 6.3 58 37 2

1.0 0 1.4 1.3 21.7 29.7 7.0 80 42 3

0.1 0 2.0 2.7 10.4 30.4 7.6 62 40 4

2.0 0.5 0 1.5 1.8 18.4 37.0 8.5 68 45 1

1.0 0 1.2 1.5 26.3 41.5 9.2 80 49 2

aThe policymaker loss function is given by: L ¼ VarðpÞ þ lVarðyÞ þ fVarðDiÞ:
bThe policy rule is given by: it ¼ rit�1 þ ð1� rÞ %pt þ a %pt þ byt:
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reliance on a single reference model in designing the policy rule. Thus, to the extent
that many robust control methods follow a similar approach, these methods may be
subject to the same pitfalls.
For example, Onatski and Stock (2002) use the RS model as a benchmark, and

analyze the robustness of simple rules when the behavioral equations of the model
are subject to misspecification errors and the exogenous shock process is subject to
unknown perturbations. Nevertheless, their analysis is restricted to the class of 2-
parameter rules with no interest rate smoothing; as seen above, such rules yield
acceptable performance in the RS model, but perform quite poorly in the two
competing reference models with forward-looking behavior.
Similarly, Giannoni (2001) considers the implications of parameter uncertainty

using the NKB model as a benchmark, and finds that robust rules involve even
greater interest rate smoothing than the optimal targeting rule.12 Unfortunately, as
we have seen above, such super-inertial rules uniformly generate dynamic instability
in the RS model, and perform quite poorly in the FHP model.
Ongoing research has been aimed at making robust control more robust to the

types of model uncertainty highlighted here. A comprehensive investigation of other
robust control methods is well beyond the scope of the current paper (see, for
example, Tetlow and von zur Muehlen, 2001; Hansen and Sargent, 2002; Onatski
and Williams, 2002). Nevertheless, the results reported here suggest that simply
designing a rule to be robust in the neighborhood of a given reference model does not

ensure that the rule will perform robustly in competing reference models.

4. Fault tolerance

The previous results indicate that in some cases rules optimized to one model can
perform reasonably well in other models, but in other cases, optimized rules yield
disastrous outcomes in other models. For the remainder of the paper, we seek to find
simple policy rules that perform well across the set of competing references models.
A useful method to understand the results in the previous section and to identify
rules that are robust to model uncertainty is to examine the ‘‘fault tolerance’’ of each
model to deviations from the first-best optimal policy.13

Given policymaker preferences, we assess a model’s fault tolerance by considering
deviations of each policy rule parameter from its optimal value, holding the other
parameters fixed at their optimal values. This approach differs from that taken in the
robust control literature, which characterizes the potential losses under a given rule if
the structural parameters or exogenous shock characteristics differ from those of the
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12Giannoni (2002) considers the same problem but focuses on 2-parameter rules with no interest rate

smoothing; as seen above, however, imposing this restriction induces fairly large losses relative to the

optimal targeting rule for the NKB model.
13Fault tolerance is a widely used concept used in engineering, especially in the design of systems such as

air- and spacecraft and computer hardware and software. Fault tolerance is defined to be ‘‘the ability of a

system or component to continue normal operation despite the presence of y faults’’ (IEEE Computer

Society, 1990).
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reference model.14 In particular, we refer to a model as possessing high fault

tolerance with respect to a particular parameter if the loss function exhibits relatively
little curvature with respect to sub-optimal deviations of that parameter. If the loss
function is relatively insensitive to all three parameters of the policy rule, then we
consider the model economy to be reasonably fault tolerant. Conversely, if the loss
function exhibits strong curvature with respect to at least one policy parameter, then
we conclude that the model economy is relatively fault intolerant.
We start by classifying the four types of fault tolerance or intolerance that can

result in the competing reference model framework. For this purpose, we consider
the simple illustrative example where the optimal policy is described by a single
parameter, y; and there are two competing reference models, models A and B. For
given policy preferences, the optimal policy in model A is denoted by y�ðAÞ; and
similarly for model B. In the first two cases, it is possible to derive a successful robust
policy; in the third and the fourth, this goal is unobtainable.
In the first case, the models differ in their prescriptions for optimal policy, but the

loss functions are nearly flat in the region of the optimal policies. The upper left
panel of Fig. 1 portrays such a case. The solid line shows the percent deviation from
the first-best loss for model A, %DL; as a function of y; this curve reaches its
minimum of zero at y�ðAÞ: The dashed line shows the corresponding curve for model
B. Note that the prescriptions of the models may differ dramatically, but, as long as
the loss curves are relatively flat, this is not a barrier to finding a robust policy. With
high degrees of fault tolerance, one can comfortably optimize policy based on one
model, assured that the outcome in the other model is reasonably good. A
‘‘compromise’’ policy between the two optimal policies buys additional insurance at
little cost in performance in either model. As shown in Levin et al. (1999), many
estimated forward-looking macro models fall into this category and the optimal
policy rule from one model is close to optimal in other models.
The second case is that where one model is highly intolerant to deviations from the

optimal policy, but the loss in the other models are insensitive to deviations from
optimality. Under these circumstances, the ‘‘squeaky wheel gets the grease’’ and the
robust policy will be heavily weighted toward that demanded by the model(s) with
the least tolerance. This case is illustrated in the upper right panel of the figure. In
this example, the loss in model A is highly sensitive to the value of y; but that in
model B is insensitive. As a result, the robust policy is closer to the optimal policy of
model A and performs well in both models.
In the third case, the models differ in their prescriptions for optimal policy and

the losses are highly sensitive to deviations of optimality. This case is shown in the
lower left panel of the figure. Clearly, under these conditions it is impossible to
design a robust policy that yields nearly optimal outcomes in all models. Robustness
comes at a significant cost in terms of performance in any particular model. In
extreme cases, the loss curves may not cross at all, implying that any given policy
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perturbations of a particular rule in terms of structural parameter deviations that generate dynamic

instability or indeterminacy.
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will be destabilizing in at least one model. This case is illustrated in the lower right
panel.
The existence of a robust policy requires overlapping regions of high fault

tolerance across the set of competing reference models. Otherwise, the set of models
present an unavoidable costly tradeoff between performance in any given model and
robustness across models. Fig. 2 plots out the fault tolerances for the three models
for the case of l ¼ 0 and f ¼ 0:5: Each curve traces the ratio of the loss to the first-
best loss (denoted L�) as the specified policy is varied, holding the other two policy
rule parameters fixed at their optimized values.
When the policymaker is unconcerned with output variability, the three models

display a reasonable degree of fault tolerance to variations in parameters r and a;
but are quite intolerant to variation in b; the coefficient on the output gap. The three
models are tolerant of values of r in the range of 1

4
– 3
4
; but the RS model is intolerant

to values of r above 3
4
; when the problem of instrument instability begins to

materialize. The models are tolerant to a wide range of values of a: In contrast, the
models demand very different values of b; with the forward-looking models
performing best when b near zero and the RS model wanting a relatively large value.
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Fig. 1. Fault tolerance taxonomy ð%DLÞ: Note: Each line traces out the percent difference in the loss

relative to the first-best policy, %DL; as the policy rule parameter, y; is varied. The solid line shows the

results for model A, the dashed line for Model B. The optimal value of the policy rule parameter in Model

A is denoted by y�ðAÞ; and for Model B by y�ðBÞ:
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The key difference between the RS model and the other two models is that policy
affects inflation only through its direct effect on output, while in the two forward-
looking models, policy also affects inflation through the expectations channel. In
those two models, it is sufficient to respond to inflation in order to stabilize inflation.
Any further direct response to the output gap purchases lower output variability,
which is of no value under these preferences, but comes at the cost of significantly
greater inflation and interest rate variability.
The models exhibit much greater fault tolerance when the objective includes a

nontrivial weight on output stabilization. Figure 3 plots out the fault tolerances for
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rule is varied, holding the other two parameters fixed at their respective optimized values.
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the three models for the case of l ¼ 1 and f ¼ 0:5: As seen in the figure, the curves
are relatively flat over wide ranges of policy rule parameters. The NKB model is
especially tolerant of deviations from the optimal policy. Deviations from the
optimal policy correspond to movements along the feasibility frontier. For example,
an excessively high response to the inflation rate typically raises the variability of
output and interest rate, but this is partly offset by a decrease in inflation variability,
lessening the net cost from deviating from the optimal policy. In essence, deviating
from the optimal policy moves one along the feasibility frontier. The two binding
restrictions from the three models are that r does not exceed 3=4 according to the RS
model and that a should not be too large according to the FHP model.
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These results illustrate the potential value of fault tolerance analysis in either
identifying the characteristics of a robust rule or revealing that a robust outcome is
not likely to be attainable across the competing reference models. However, it is
important to keep in mind that fault tolerance is evaluated by considering sub-
optimal deviations of each parameter, holding the other parameters fixed;
conceivably this approach might not be sufficient in some cases involving complex
interactions of the policy rule parameters. Thus, before drawing any firm
conclusions, it is essential to use quantitative methods to identify and evaluate the
rule that yields optimal performance across the set of competing models; we proceed
to do so in the following section.

5. Robustness to competing reference models

Now we proceed to identify the optimal simple rule that yields robust performance
within the set of competing reference models; that is; we find the rule that minimizes
a specific function of the loss generated in each of the individual models. This
approach has been advocated by Chow (1973), McCallum (1988), and Taylor (1999),
and has been implemented in forward-looking models by Levin et al. (1999) and
Levin et al. (2003).
We consider two methods of aggregating the losses in the reference models. The

first takes a Bayesian perspective and weights the outcomes from the different
models according to priors over the models. The second approach does not place
weights on the models, but instead the policymaker seeks to minimize the maximum
loss across the models. For a given objective function and policy preference
parameters, l and f; we find the values of the policy parameters that minimize the
specified objective.

5.1. The Bayesian approach

The Bayesian objective function, denoted by LB; is given by

LB ¼ oNKBLNKB þ oFHPLFHP þ oRSLRS; ð21Þ

where oX denotes the weight applied to model X. The weights sum to unity.
In the following, we consider various combinations of the weights over the three
models.
Table 4 reports the outcomes for the case of equal weights on the three models.

(Details on the unconditional variances of inflation, the output gap, and the first-
difference of the short-term interest rate are reported in Table 11 in the appendix.) The
third through fifth columns report the optimized values of the three coefficients of the
Bayesian robust policy rule. The next three columns report the resulting losses in the
three models. The ninth through eleventh columns report the percent difference
between the loss in the specified model under the robust policy rule relative to that
under the first-best optimal control policy. For example, in the case l ¼ 0 and f ¼ 0:1;
reported in the first row of the table, the robust policy yields a loss that is 173 percent
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higher than the first-best policy in the NKB model.15 The final column shows the
percent difference between the weighted losses across the three models under the
robust rule relative to the weighted outcomes under the first-best policy in each model.
For a policymaker who is concerned only with stabilizing inflation and interest

rates ðl ¼ 0Þ; robustness to model uncertainty comes at the cost of a significant loss
in performance relative to the first-best in all three models. As seen in the table, for
these preferences the average loss is between about 60–75 percent above the first-best
outcome. Evidently, in this case, the differences in the model structures are
sufficiently large that it is not possible to come up with a single monetary policy rule
that performs very well in all three models. Note that this conclusion does not
depend on the particular weight on interest rate variability, but does depend on the
weights given to the three models, as discussed below.
In contrast to the case of l ¼ 0; if the policymaker values both inflation and output

stabilization, the robust policies nearly achieve the first best in all three models. For

ARTICLE IN PRESS

Table 4

Performance of Bayesian robust 3-parameter rules

Central Bank Policy rule L %DL %DLB

preferences coefficients evaluated in evaluated in

l f r a b NKB FHP RS NKB FHP RS

0.1 0.2 2.8 0.8 4.0 5.7 5.2 173 88 29 75

0.0 0.5 0.4 1.1 0.3 4.3 6.3 7.5 127 61 38 61

1.0 0.5 0.8 0.2 4.5 6.7 9.0 115 54 40 57

0.1 0.4 1.9 1.9 6.8 15.9 7.7 18 17 8 15

0.5 0.5 0.4 0.7 0.8 9.9 17.0 9.6 20 13 10 14

1.0 0.7 0.5 0.5 11.7 17.6 10.9 21 11 12 14

0.1 0.3 1.8 2.5 7.7 20.7 10.5 25 21 11 19

1.0 0.5 0.6 0.8 1.1 12.1 22.5 12.7 26 15 12 17

1.0 0.7 0.5 0.7 15.1 23.5 14.0 26 12 13 16

0.1 0.1 1.7 3.4 8.6 27.5 15.3 35 27 14 24

2.0 0.5 0.5 0.8 1.6 14.7 30.6 18.1 34 20 15 21

1.0 0.6 0.5 1.1 19.4 32.3 19.8 32 16 16 20

Notes: See Table 2. For each pair of values of the preference parameters l and f; the corresponding row of

this table indicates the policy rule coefficients and stabilization performance of the optimized 3-parameter

policy rule that minimizes the Bayesian loss function with equal weights. %DLB denotes the percent

deviation of the weighted loss function under the specified robust rule relative to weighted losses resulting

from the first-best policy being followed in each model.

15Note that even with equal weighting of the outcomes, the percent difference between the loss under the

Bayesian robust rule and the first-best is in each case greatest for the NKB model. This reflects the lower

level of aggregate variability in the NKB model for the Bayesian robust rules. The high percent deviation

from first-best corresponds to a relatively small absolute difference from optimal and it is the level of the

loss that affects the choice of the rule parameters, not the percent deviation from first-best.
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example, when l ¼ 1=2; the average loss is at most 15 percent above the first best, and is
no more than 21 percent worse than the first best in any given model. For higher values
of l; the results are similar, with the average loss no more than 24 percent higher than
first best. Clearly, when the policymaker seeks to stabilize output and inflation choosing
the policy parameters to minimize the average loss function across the three models does
not generate large stabilization costs relative to fine-tuning these parameters to a
particular model. Given the already excellent performance of the robust rule with equal
weights, the same rule would be nearly optimal even for a policymaker with very
different (non-flat) prior beliefs about the accuracy of the three models. These results are
not sensitive to the weight on interest rate variability in the objective function.
Adding additional parameters to the policy rule beyond three does not appreciably

improve performance. Table 5 reports the relative performance of six-parameter Bayesian
robust rules, in which the policy rule is allowed to respond additionally to the second lag
of the interest rate, the current one-quarter inflation rate, and the first lag of the output
gap. In the case of l ¼ 0; the six-parameter Bayesian robust rule does moderately better
than the three-parameter variant, but for l > 0; the improvement is trivial. The reason
that adding more variables yields little benefit to the Bayesian robust rules is that
these rules by their nature are optimized to the ‘‘average’’ behavior of the various
benchmark models. In any given model, fine tuning to the particular dynamic structure of
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Table 5

Performance of Bayesian robust rules with additional parameters

Central Bank %DL %DLB

preferencesa evaluated in

l f NKB FHP RS

0.1 122 82 27 63

0.0 0.5 98 65 26 52

1.0 94 62 26 49

0.1 18 17 7 15

0.5 0.5 18 14 9 14

1.0 18 12 10 13

0.1 24 21 10 19

1.0 0.5 25 16 11 17

1.0 24 13 12 16

0.1 23 15 20 18

2.0 0.5 33 19 15 21

1.0 31 15 14 19

Notes: For each pair of values of the preference parameters l and f; the corresponding row of this table

indicates the policy rule coefficients and stabilization performance of the optimized six-parameter policy

rule that minimizes the Bayesian loss function with equal weights. %DLB denotes the percent deviation of

the weighted loss function under the specified robust rule relative to weighted losses resulting from the

first-best policy being followed in each model.
aThe central bank loss function is given by: L ¼ VarðpÞ þ lVarðyÞ þ fVarðDiÞ:
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the model can be useful, but the models tend to differ in the specifics.16 Consequently,
the Bayesian robust policy downplays such fine-tuning and the extra parameters are
of little use.
Eliminating the response to the lagged interest rate, however, can cause a noticeable

deterioration in performance of the Bayesian robust policy rules. Table 6 reports the
relative performance of two-parameter Bayesian robust rules for which r has been
constrained to zero as in the original Taylor rule. This restriction has little effect on the
performance of the Bayesian robust rule when l ¼ or f ¼ 0:1: But, when the
policymaker places substantial weight on the stabilization of output and interest rates,
along with inflation, this constraint on the degree of policy inertia carries significant
costs. In forward-looking models where output depends on a long-term interest rate,
policy inertia reduces the variability of short-term interest rates necessary to achieve a
given movement in long-term rates, as discussed in Levin et al. (1999) Williams (2003).
For example, with l ¼ 1; the constraint increases the Bayesian loss by 10 percent for
f ¼ 0:5 and by 20 percent for f ¼ 1: Given these results, we focus on three-parameter
policy rules of the form given in Eq. (20).
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Table 6

Performance of Bayesian robust rules with no policy inertia

Central Bank Policy rule %DL %DLB

preferences coefficients evaluated in

l f a b NKB FHP RS

0.1 3.3 0.8 176 85 33 76

0.0 0.5 1.6 0.2 120 56 53 65

1.0 1.3 0.1 125 57 50 65

0.1 2.7 2.6 23 23 3 18

0.5 0.5 1.5 1.3 56 30 4 29

1.0 1.2 0.9 86 32 7 40

0.1 2.3 3.2 26 26 6 20

1.0 0.5 1.4 1.8 51 34 4 30

1.0 1.1 1.3 76 38 6 39

0.1 1.9 3.8 34 30 11 24

2.0 0.5 1.2 2.3 48 38 7 31

1.0 1.0 1.8 65 43 7 38

Notes: For each pair of values of the preference parameters l and f; the corresponding row of this table

indicates the parameters and stabilization performance of the optimized two-parameter ðr ¼ 0Þ policy rule
that minimizes the Bayesian loss function with equal weights. The stabilization performance in each model

is measured by the percent deviation of the loss function from the first-best policy of that model.

16The three parameter instrument rule yields losses no more than 7 percent, 14 percent, and 3 percent

above the optimal control policy in the NKB, FHP, and RS models, respectively.
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5.2. The minimax approach

When the policymaker seeks to minimize the maximum loss across the three
models, the objective function LM is given by

LM ¼ maxfLNKB;LFHP;LRSg: ð22Þ

Table 7 reports the results obtained under this objective function. In all cases, the
minmax robust policy equates the loss under the FHP and RS models; the low level
of variability in the NKB model makes it irrelevant for the minmax analysis. Given
the high baseline level of the loss in the FHP model, the minmax policy effectively
weighs that model very heavily and, as a result, performance in the RS model, and to
a lesser extent, the NKB model, suffers. Indeed, the policy rule parameters are close
to those implied by the FHP model alone. This sensitivity to the baseline loss of each
model is a problematic feature of the minimax approach (see also Sims, 2001 for
further comments on Bayesian and minmax criteria).

6. Robustness to other models

In the preceding section we identified monetary policy rules that were optimized
allowing for uncertainty regarding the three reference models. We now evaluate the
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Table 7

Performance of minmax robust rules

Central Bank Policy rule L %DL
preferences coefficients evaluated in evaluated in

l f r a b NKB FHP RS NKB FHP RS

0.1 0.1 3.4 0.7 3.9 5.5 5.5 171 81 38

0.0 0.5 0.3 1.5 0.4 5.1 6.7 6.7 167 71 23

1.0 0.5 1.0 0.3 5.9 7.5 7.5 182 73 17

0.1 0.8 1.1 1.1 7.1 15.3 15.3 23 12 113

0.5 0.5 0.9 0.5 0.5 10.1 16.4 16.4 22 9 87

1.0 0.9 0.3 0.3 11.8 17.0 17.0 21 7 74

0.1 0.4 2.6 3.7 7.0 20.6 20.6 15 20 116

1.0 0.5 0.9 0.5 0.8 12.3 21.5 21.5 27 10 89

1.0 0.9 0.4 0.5 15.0 22.6 22.6 24 8 82

0.1 0.6 0.9 2.0 9.6 25.9 25.9 50 19 93

2.0 0.5 0.7 0.6 1.3 14.4 28.8 28.8 32 12 83

1.0 0.9 0.3 0.8 19.8 30.5 30.5 35 10 78

Notes: For each pair of values of the preference parameters l and f; the corresponding row of this table

indicates the parameters and stabilization performance of the optimized 3-parameter policy rule that

minimizes the maximum loss across the three models.
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performance of the resulting rules in a number of alternative models. Four of
these models were considered in the robustness analysis of Levin et al. (1999,
2003): the Fuhrer-Moore (FM) model, the macroeconometric model of the
Federal Reserve Board (FRB), the Monetary Studies Research (MSR) model (also
developed at the Board of Governors), and John Taylor’s multicountry model
(TMCM).17 We also include the model of Rudebusch (2002), henceforth denoted as the
R02 model, that is similar to the RS model but incorporates some forward-looking
elements. Each of these five macroeconometric models incorporates some type of
nominal inertia and some degree of forward-looking behavior, and monetary policy
primarily affects economic activity and inflation through the interest rate channel. On
the other hand, the five models do represent a fairly wide range of different approaches
to model specification and estimation. Thus, it is useful to consider whether the rules
obtained in the previous analysis also perform well in these alternative models; in effect,
this exercise roughly corresponds to an out-of-sample forecasting test.
Table 8 reports the results of this exercise, and are largely consistent with our earlier

results. In particular, when the policymaker places substantial weight on output stability
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Table 8

Performance of Bayesian robust rules in other models

Central Bank %DL
preferences evaluated in

l f FM FRB MSR R02 TMCM

0.1 115 55 200 26 46

0.0 0.5 85 69 190 56 64

1.0 77 81 176 69 81

0.1 61 42 49 3 28

0.5 0.5 52 44 45 8 27

1.0 48 45 43 14 26

0.1 57 50 57 3 33

1.0 0.5 48 51 52 5 29

1.0 43 50 48 8 27

0.1 54 62 68 4 43

2.0 0.5 44 60 62 4 35

1.0 39 58 57 6 31

Notes: For each pair of values of the preference parameters l and f; the corresponding row of this table

indicates the performance of the Bayesian robust rule reported in Table 3. The stabilization performance

in each model is measured by the percent deviation of the loss function from the first-best policy of that

model.

17The FM model was formulated by Fuhrer and Moore (1995), with updated parameter estimates given

in Fuhrer (1997a). The FRB model is described in Brayton et al. (1997), while Orphanides and Wieland

(1998) document the properties of the MSR model, and Taylor (1993b) provides extensive documentation

of TMCM.
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ðl > 0Þ; we find that the rules designed to perform well in the three competing models
also yield reasonable (although not stellar) performance in each of these other models.
And as in the previous section, obtaining a robust outcome is not feasible when the
policymaker is oriented towards strict inflation targeting ðl ¼ 0Þ:

7. Conclusion

Although an extensive literature has considered the problem of obtaining a policy rule
that is robust to modifications of a specific reference model, our analysis indicates that
the robustness of such rules may be somewhat illusory, because policymakers actually
face a much greater degree of model uncertainty. Thus, a more promising approach is to
consider a range of distinct reference models, and to identify rules that provide robust
performance across these models. Our results also highlight the advantages of considering
the ‘‘fault tolerance’’ of each competing reference model as a means of characterizing and
interpreting the conditions under which a robust policy outcome is attainable.
The main finding from our model-based analysis is positive: it is possible to find

policy rules that perform very well in a wide range of macro models as long as the
policymaker cares about both inflation and output variability. Or, put differently, the
members of a policymaking committee that share similar preferences for stabilizing
fluctuations in inflation, output, and interest rates, but who have quite different views
of the dynamics behavior of the economy, can relatively easy come to a mutually
acceptable compromise over the design of monetary policy. Only in the case where
policymakers are indifferent to fluctuations in output do the models lack fault
tolerance, and as a result finding a mutually agreeable policy becomes problematic.
In future research, it will be useful to extend this approach in several directions.

Throughout our analysis, we have assumed that the policymaker observes all
macroeconomic variables; including latent variables such as the natural rates of
output, unemployment, and interest, without error. But, as Staiger et al. (1997),
Orphanides and van Norden (2002), Laubach and Williams (2003), and others have
documented, natural rates tend to be poorly measured, especially in real time. A
natural extension of this paper would be to incorporate natural rate mismeasurement
into the analysis and to derive policy rules that are robust to both model and natural
rate uncertainties.18 We have also assumed that the parameters of the reference
models are known with certainty. It is relatively straightforward to extend this
approach to allow for parameter uncertainty in computing the losses in each model
either using Bayesian or robust control approaches.19

We have also assumed that the policymakers’ objective function, in terms of the
variability of output, inflation, and interest rates, is known and invariant across
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18Smets (1999), Orphanides et al. (2000), McCallum (2001) (Papers and Proceedings), Rudebusch

(2002), Nelson and Nikolov (2002), Orphanides and Williams (2002), and others have analyzed the role of

natural rate uncertainty on the design and performance of monetary policy rules. See also Meyer et al.

(2001) and Svensson and Woodford (2003b).
19Rudebusch (2001), Giannoni (2002), Onatski and Stock (2002), and Onatski and Williams (2002)

examine the design of policy under parameter uncertainty.
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Table 9

Detailed results for optimal control rules

Central Bank Unconditional variances

preferences Evaluated in NKB Evaluated in FHP Evaluated in RS

l f y p Di y p Di y p Di

Optimal policy for NKB

0.1 145.8 1.1 3.0 5055.0 20.0 753.4 N N N

0.0 0.5 107.5 1.6 0.5 4590.4 52.9 193.6 N N N

1.0 97.4 1.8 0.2 4312.3 77.1 101.7 N N N

0.1 1.2 4.2 10.1 22.3 6.8 41.5 N N N

0.5 0.5 4.0 4.2 4.0 33.0 7.7 9.5 N N N

1.0 6.2 4.3 2.3 44.0 9.2 4.9 N N N

0.1 0.4 4.4 12.8 9.5 8.7 378.1 N N N

1.0 0.5 2.0 4.5 6.3 11.2 8.7 75.3 N N N

1.0 3.6 4.6 3.9 17.3 9.7 18.0 N N N

0.1 0.2 4.6 14.8 24.2 11.5 9.4 N N N

2.0 0.5 0.9 4.7 9.0 5.5 11.1 131.9 N N N

1.0 1.9 4.8 6.1 13.0 14.0 18.0 N N N

Optimal policy for FHP

0.1 66.2 3.9 0.0 160.5 2.6 4.7 N N N

0.0 0.5 71.0 4.4 0.0 103.1 3.3 1.2 N N N

1.0 73.2 4.6 0.0 87.3 3.7 0.7 N N N

0.1 11.5 5.0 1.4 9.0 8.5 7.0 9.9 4.0 50.0

0.5 0.5 23.8 5.1 0.3 11.0 8.5 2.2 8.5 4.3 7.5

1.0 29.8 5.2 0.1 12.2 8.5 1.3 7.3 4.9 3.8

0.1 7.5 5.0 2.5 5.8 10.2 11.5 15.0 4.7 200.4

1.0 0.5 18.1 5.1 0.6 7.5 10.2 3.6 7.4 4.8 13.5

1.0 24.0 5.2 0.3 8.5 10.2 2.2 10.3 5.3 7.2

0.1 4.5 5.0 4.1 3.8 12.4 18.7 N N N

2.0 0.5 13.0 5.1 1.2 5.1 12.4 5.9 7.5 5.6 31.5

1.0 18.2 5.1 0.6 5.9 12.4 3.6 5.5 7.6 12.3

Optimal policy for RS

0.1 7.6 3.6 9.8 22.3 6.6 8.6 8.9 3.3 6.9

0.0 0.5 9.8 3.7 6.1 20.3 7.2 3.6 8.1 4.3 2.4

1.0 11.3 3.8 4.7 19.6 7.4 2.5 7.9 4.9 1.6

0.1 4.3 4.0 12.8 14.5 8.5 14.2 5.2 3.8 7.6

0.5 0.5 6.8 4.0 8.2 15.3 8.6 5.0 5.6 4.7 2.5

1.0 8.5 4.0 6.4 15.6 8.6 3.3 5.8 5.2 1.6

0.1 3.3 4.1 14.0 12.0 9.5 18.6 4.3 4.3 9.1

1.0 0.5 5.5 4.1 9.5 13.2 9.5 6.3 4.8 5.1 2.8

1.0 7.1 4.0 7.4 13.8 9.4 4.0 5.1 5.6 1.8

0.1 2.5 4.2 15.4 9.8 10.9 26.0 3.6 5.0 12.1

2.0 0.5 4.3 4.2 11.0 11.1 10.7 8.5 4.1 5.8 3.5

1.0 5.6 4.2 8.9 11.7 10.6 5.3 4.4 6.3 2.1
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Table 10

Detailed results for optimized 3-parameter rules

Central Bank Unconditional variances

preferences Evaluated in NKB Evaluated in FHP Evaluated in RS

l f y p Di y p Di y p Di

Optimized policy for NKB

0.1 140.2 1.3 3.0 1774.6 12.4 91.8 N N N

0.0 0.5 100.7 1.7 0.6 1336.8 28.2 16.6 N N N

1.0 91.0 2.0 0.3 1151.6 36.9 7.4 N N N

0.1 1.1 4.5 10.4 9.4 10.2 31.5 N N N

0.5 0.5 4.1 4.5 4.1 22.1 8.3 7.3 N N N

1.0 6.6 4.6 2.3 35.3 7.5 4.0 N N N

0.1 0.4 4.7 13.1 3.8 14.9 60.8 N N N

1.0 0.5 2.0 4.8 6.6 10.0 12.2 13.3 N N N

1.0 3.8 4.8 4.1 17.0 10.6 7.0 N N N

0.1 0.1 4.9 15.1 1.5 21.5 115.3 N N N

2.0 0.5 0.9 4.9 9.5 4.6 17.5 25.4 N N N

1.0 1.9 4.9 6.5 8.2 15.1 13.2 N N N

Optimized policy for FHP

0.1 51.1 2.3 0.7 149.9 2.6 4.9 N N N

0.0 0.5 47.4 2.7 0.2 95.9 3.4 1.3 N N N

1.0 47.1 2.8 0.1 81.2 3.8 0.7 N N N

0.1 4.1 4.3 5.5 10.6 9.4 5.5 N N N

0.5 0.5 9.1 4.3 2.2 12.7 9.2 1.7 31.3 8.0 6.5

1.0 12.1 4.3 1.4 13.8 9.1 1.0 22.6 8.9 2.4

0.1 2.2 4.5 7.8 6.7 11.6 10.2 N N N

1.0 0.5 5.6 4.5 3.7 8.5 11.4 3.1 53.5 8.7 30.2

1.0 7.9 4.5 2.5 9.5 11.3 1.9 15.3 6.9 3.9

0.1 1.1 4.7 9.9 4.3 14.3 17.6 N N N

2.0 0.5 3.3 4.6 5.5 5.7 14.1 5.5 N N N

1.0 5.0 4.6 3.9 6.6 13.9 3.3 31.9 8.6 20.9

Optimized policy for RS

0.1 6.3 3.7 11.6 21.6 6.6 10.3 9.0 3.4 7.0

0.0 0.5 8.9 3.8 6.7 20.3 7.1 3.9 8.2 4.4 2.5

1.0 10.6 3.8 4.9 19.8 7.3 2.7 7.9 5.0 1.6

0.1 3.7 4.0 14.4 13.6 8.6 16.2 5.3 4.0 6.9

0.5 0.5 6.2 4.0 9.1 15.0 8.6 5.6 5.7 4.8 2.5

1.0 7.9 4.0 6.8 15.6 8.6 3.6 5.8 5.3 1.6

0.1 2.9 4.2 15.5 11.2 9.7 20.5 4.6 4.5 7.3

1.0 0.5 5.1 4.1 10.5 12.8 9.5 7.0 4.9 5.2 2.8

1.0 6.6 4.1 8.0 13.6 9.4 4.4 5.1 5.7 1.8

0.1 2.3 4.3 16.6 9.0 11.1 27.2 3.9 5.3 7.9

2.0 0.5 4.0 4.2 12.1 10.6 10.7 9.2 4.2 5.9 3.4

1.0 5.3 4.2 9.6 11.5 10.6 5.7 4.4 6.4 2.1
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the models. In the context of models with well-specified household optimization
problems, the welfare maximization problem can be approximated by the loss used
in this paper. The relative weights in the loss function, however, depend on the
structure and parameters of the particular model. Levin and Williams (2003)
examine the link between parameter uncertainty and uncertainty regarding the
uncertainty about the weights and structure of the objective function, and the
implications of these cross-equation restrictions for monetary policy.
Finally, we have assumed that policymakers never update their beliefs about the

relevance of the competing reference models. An open question is the design of
robust policy when the policymaker gradually obtains additional knowledge about
the true structure of the economy.

Appendix A

Detailed results for optimal control rules, optimized 3-parameter rules, and
Bayesian robust 3-parameter rules are given in Tables 9–11.
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