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Abstract

This paper revisits the question of indeterminacy in U.S. monetary policy using limited-
information identification-robust methods. I find that the conclusions of Clarida, Gali, and
Gertler (2000) that policy was inactive before 1979 are robust, but the evidence over the
Volcker-Greenspan periods is inconclusive. I show that this is in fact what one would expect if
policy were indeed active over that period. Problems of identification also arise because policy
reaction has been more gradual recently. At a methodological level, the paper demonstrates
that identification issues should be taken seriously, and that identification-robust methods

can be informative even when they produce wide confidence sets.
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1 Introduction

In a seminal paper, Clarida, Gali, and Gertler (2000) studied the implications of mone-
tary policy for macroeconomic fluctuations using a prototypical forward-looking sticky price
model of the monetary transmission mechanism. They proposed simple forward-looking
equations for the reaction function of monetary policy to deviations of inflation and output
from their implicit targets. They estimated these equations over sample periods before and
after Paul Volcker became chairman of the Fed. They found that the policy rate did not re-
act sufficiently strongly to expected deviations of inflation from target prior to Volcker, thus
violating the Taylor principle and opening up the possibility of sunspot fluctuations induced
by self-fulfilling expectations. In contrast, policy over the Volcker-Greenspan era was found
to satisfy the Taylor principle, and this was seen as an important factor contributing to the
conquest of US inflation.

The objective of the present study is to revisit the original contribution of Clarida, Gali,
and Gertler (2000) and re-examine their empirical findings, in the light of recent concerns over
the identifiability of the model’s parameters, see Canova and Sala (2005), Cochrane (2007)
and Mavroeidis (2004). In this paper, I follow closely the limited-information approach of
Clarida, Gali, and Gertler (2000), which makes minimal assumptions about the nature of
macroeconomic dynamics. The key difference is that I use the statistical methods proposed
by Stock and Wright (2000) and Kleibergen (2005), which are robust to identification failure.

The results of this paper can be summarized as follows. I find that the conclusion

that policy reaction did not satisfy the conditions for determinacy (the Taylor principle)

!These conclusions are not uncontroversial, and there has been no shortage of alternative explanations.
Orphanides (2002) emphasized the implications of using revised rather than real-time data. Primiceri (2006)
and Sargent (1999) emphasized the role learning by policy makers about the behavior of the economy.
Sims and Zha (2006) emphasized regime switching in volatility, rather than the parameters of the reaction
function, but note that Benati and Surico (2007) reported problems with identifying policy regime switches
using vector autoregressions. This list is by no means exhaustive.



before Volcker is robust to identification failure. In fact, the policy rule parameters ap-
pear to be well-identified in the pre-Volcker sample. In contrast, in subsequent periods
the identification-robust confidence sets are much larger, indicating that the policy reaction
function is not well-identified. Despite the fact that the point estimates lie firmly in the
determinacy region, the data is consistent also with the opposite view that policy remained
inactive after 1979, too.

I then argue that these findings are in fact very informative. The sharp contrast in the
results between the two periods indicates a shift in the dynamics of the economy, which is
highly consistent with the view that policy was unsuccessful in reigning over self-fulfilling
expectations before 1979, thus generating sufficient variation in expected inflation and the
output gap to identify the feedback coefficients in the policy rule. In contrast, the weak
identifiability over the Volcker-Greenspan sample could well be a consequence of monetary
policy that led to a determinate equilibrium, since such a policy removes sunspot fluctuations
which are a potentially important source of variation in the expectations of inflation and the
output gap. Leeper (1991) also made the point, in a related context, that under determinacy,
policy rule parameters are not identifiable. However, I point out that weak identification
may also arise under indeterminacy due to changes in the dynamics of the economy that
are not caused by active monetary policy. Hence, it is not possible to infer from the weak
identification of the policy rule after 1979 that policy was in fact active. Thus, my analysis
points out the limitations of this limited-information approach, and the need to make use of
further identifying assumptions derived perhaps from the full structure of the model (namely,
the restriction that policy shocks are uncorrelated with other macroeconomic shocks), as was
done by Lubik and Schorfheide (2004).

There is another possible explanation for the finding that the reaction function coefficients

are not sufficiently accurately estimable after 1979 to rule out the possibility of indeterminacy.



When interest rates adjust too slowly to deviations of expected output and inflation from
target, it becomes difficult to pin down the reaction function parameters accurately. I refer
to this problem as excess smoothing of interest rate changes or excess policy inertia. Point
estimates over different samples indicate that the degree of smoothing increased from 0.68
before 1979 to 0.92 over the Greenspan sample.

At a methodological level, the paper demonstrates two things. Firstly, there is a clear
need to use identification-robust methods for inference in dynamic stochastic general equilib-
rium (DSGE) models, since conclusions can differ sharply from those reached by non-robust
methods when identification fails.? Secondly, even if confidence sets turn out to be large, they
can still be highly informative and admit interesting and useful economic interpretations.

The plan of the paper is as follows. Section 2 presents the model and characterizes
equilibrium indeterminacy. Section 3 contrasts the empirical evidence on the policy reaction
function coefficients using identification-robust and non-robust methods. Section 4 provides
several explanations for why the policy reaction function is better identified in the pre-Volcker

period than afterwards. Finally, section 5 offers some concluding remarks.

2 The model

2.1 Monetary policy rules
I consider a forward-looking policy rule of the type proposed by Clarida, Gali, and Gertler
(2000):

7’: =7+ (1O D (7Tt+1 - W*) + 1y (1)

2The use of identification-robust methods in empirical macroeconomics has been very limited. Notable
exceptions are papers on the Phillips curve by Dufour, Khalaf, and Kichian (2006), Ma (2002) and Nason
and Smith (2005).



where r; denotes the target nominal policy rate, m; and x; denote inflation and the output
gap, respectively, F; denotes expectations conditional on information available at time ¢, 7*
denotes the inflation target and r* is the level of the nominal interest rate when inflation and
output are expected to be on target. In line with the rest of the literature, I assume that
the actual nominal rate 7, may deviate unexpectedly from the target rate r; for exogenous
reasons and that monetary authority smooths changes in r,. Thus, the actual rate adjusts
partially to the target given by equation (1) according to ry = p1ri_1+pari—a+(1 — p) 1} +€rs.
The parameter p = p; + p2 can be thought of as a measure of policy inertia, or interest rate
smoothing, and ¢,; is a monetary policy shock, assumed to be an innovation with respect
to all publicly available information at time ¢t — 1, i.e., E;_;e,; = 0. This gives rise to the
baseline specification of the policy rule equation in Clarida, Gali, and Gertler (2000), which

can be written as:

Ty =a+pirio1 + pari—o + (1= p) (Ve Eymp1 + Yoly) + €y (2)

where « = (1 —p) (r* — ¢,7*). When py = 0, this equation coincides with the model
discussed extensively in Woodford (2003, chapter 4).

Replacing expectations by realizations, equation (2) can be re-written as

Ty =+ p1ri1 + pari—o + (1 — p) (Yamigr + Yey) + ey, (3)

er = &rt — (1= p) Ur (M1 — Eymiga) - (4)

The residual term e; may be autocorrelated at lag 1. The assumption of rational expec-
tations together with £, ie,; = 0 give rise to the moment conditions EZ;e; = 0 for any

predetermined variable Z;.3

3This identifying assumption is not uncontroversial, see Cochrane (2007). To the extent that the model is



2.2 The transmission mechanism

To discuss the implications of the monetary policy rule (2) for macroeconomic fluctuations,
I need a model of the monetary transmission mechanism. For this purpose, I choose the
prototypical new Keynesian sticky price model used by Clarida, Gali, and Gertler (2000)
and Lubik and Schorfheide (2004). After log-linearization around the steady state, the

model’s equilibrium conditions are given by

T = BEmig + A (ye — 21) (5)

Yy = By — 0o (Tt - Et7Tt+1) + gt (6)

Equation (5) is a forward-looking Phillips curve that incorporates nominal rigidities captured
in the slope parameter A > 0, the parameter 0 < J < 1 is a discount factor and the
process z; captures exogenous shifts to the marginal costs of production. Equation (6)
is an Euler equation for output, 1;, derived from households’ intertemporal optimization.
The parameter o is the intertemporal elasticity of substitution and the process g, captures
exogenous shifts in preferences and government spending. These equations can be derived by
loglinear approximation around the steady state of a dynamic stochastic general equilibrium
model, see Woodford (2003, Chapter 4).*

The model consisting of equations (5), (6), (2) and the identity x; = y; — z; can be solved
to determine the path of the endogenous variables m;, x; r; as a function of the exogenous
forcing variables z;, g; and ¢,;. If there exists a unique stable solution, the equilibrium is

determinate. Indeterminacy arises whenever there exist multiple stable solutions. Woodford

overidentified, this assumption is partially testable via a test of overidentifying restrictions. The next section
offers identification-robust tests of the validity of these restrictions.

4Uninteresting constants relating to the inflation target and the long-run equilibrium real rate have been
omitted.



(2003, Proposition 4.6) shows that a necessary condition for determinacy in this model is
given by
g

1—
Ur + ——

120 (7)

This can be thought of as a generalization of the Taylor (1993) principle, that nominal
rates must rise by more than one for one with inflation to prevent self-fulfilling cycles.
Condition (7) would also be sufficient for determinacy if the forward-looking Taylor rule
(1) were replaced by a contemporaneous rule by substituting m; for Fym1, see Woodford
(2003, Proposition 4.4) and Lubik and Schorfheide (2004). For the forward-looking rule (2),
determinacy also requires that the response to inflation should not be too large.” For typical
values of the structural parameters 3, A, o (e.g., the ones used by Clarida, Gali, and Gertler
(2000)) and the confidence sets for v, 1, that are derived below, it turns out that this
additional condition is not empirically binding. So, to discuss the question of indeterminacy,

it suffices to focus on the condition given by equation (7).

3 Inference on the feedback coefficients

3.1 The story of Clarida Gali and Gertler

Clarida, Gali, and Gertler (2000) estimated the policy rule (2) using quarterly data from
1960 to 1997. Their results pointed to substantial differences in the estimated rule across
periods. In particular, they found that interest rate policy appears to have been much more
sensitive to changes in expected inflation after 1979 than it was before. To examine the
implications of the estimated rules for the equilibrium dynamics of inflation and output,

they then checked the condition for determinacy given in equation (7) across periods. This

®Woodford (2003, Proposition 4.6) provides an analytical expression of this additional condition in the
special case where p2 = 0 in eq. (2).
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Figure 1: 90% level Wald confidence sets for the feedback coefficients (¢, 1),) in the Taylor
rule 7, = a+ p1ryq + pari—o + (1 — p) (Y Eymip1 + p2y) + €. The model is estimated by
GMM using four lags of 7, x; and 7, as instruments, and Newey-West weight matrix. The
pre-Volcker sample is 1961:q1 to 1979:q2, and ps = 0 for the 1979-1997 sample.

requires knowledge of the parameters of the Phillips curve (5) 8 and A. Clarida, Gali, and
Gertler (2000) fixed the discount rate 5 to 0.99 and A to 0.3. Given those values, they
found that the point estimates of the reaction coefficients (v, ;) lie in the indeterminacy
region prior to Volcker’s chairmanship of the Fed, whereas they lie in the determinacy region
thereafter.

This conclusion can be shown more formally by constructing two-dimensional confidence
sets on the parameters (¢;,1,). I use the same data and methods as Clarida, Gali, and
Gertler (2000): GMM using four lags of 7, ; and 7, as instruments, and Newey-West weight
matrix. The pre-Volcker sample covers the period 1961:ql to 1979:q2, and the post Volcker
sample runs until 1997:q4. Figure 1 presents the 90% level confidence ellipses based on
inverting the Wald test on (1;,1,) over the two key subsamples that they studied. The

confidence set for the pre-Volcker sample lies entirely within the indeterminacy region. This



provides strong support for the view that policy prior to that period had been passive and
had opened up the possibility of sunspot fluctuations induced by self-fulfilling expectations.
Moreover, this conclusion is reached irrespective of whether one chooses to test the null
hypothesis of determinacy or indeterminacy. In contrast, the confidence set for the Volcker-
Greenspan sample, though considerably wider, lies firmly within the determinacy region.
This again seems to provide strong evidence that policy over that period satisfied the Taylor
principle, see equation (7).

It is important to point out that the above conclusions do not take into account any
uncertainty associated with the chosen values for the discount factor S and slope of the
Phillips curve A. It is clear from equation (7) that the boundary of the indeterminacy region
will rotate anti-clockwise around the point (¢,,%,) = (1,0) as (1 — ) /A increases. Thus,
smaller values of A and/or [ could alter the conclusion that there was indeterminacy before
Volcker, though they would not affect the conclusion of determinacy thereafter.

It is by now well-known that DSGE models may suffer from weak identification, especially
when they are estimated using single-equation methods (see Lubik and Schorfheide 2004)
and results based on conventional GMM tests could be very misleading, see e.g., Canova
and Sala (2005), and Mavroeidis (2004). Therefore, it is important to re-examine the above

conclusions using identification-robust methods.

3.2 Identification-robust inference

I shall give only a brief description of the identification-robust methods that I use in this
paper. For a detailed account of these methods, the reader is referred to the excellent
surveys by Stock, Wright, and Yogo (2002), Dufour (2003) or Andrews and Stock (2005). The
simplest method for obtaining identification-robust confidence sets is based on the S statistic

proposed by Stock and Wright (2000). This statistic is equal to the GMM objective function



evaluated at the value of the parameters under the null hypothesis and it therefore tests the
validity of the moment conditions under the null hypothesis. Because this is a generalization
to GMM of a test proposed by Anderson and Rubin (1949) for linear instrumental variables
models, I refer to it as the AR-S statistic. One weakness of this test is that it is less powerful
than the Wald test when identification is strong. To address this issue, I use the conditional
score statistic proposed by Kleibergen (2005), denoted K-LM, which can be thought of as a
version of the AR-S statistic that only uses an optimal combination of the instruments.

Confidence sets with confidence level 90% for the parameters ¢, and v, in the policy
rule (2) are constructed by inverting each test as follows. I let ¢, and v, vary from 0 to 10
and 0 to 2 respectively, and I collect all the points (¢)2,9?) in this set that are not rejected
by each test at the 10% level of significance.® Note that the AR-S confidence set is the
collection of all the values of the parameters at which the model’s identifying restrictions
are not rejected at the given level of significance. Therefore, in addition to providing an
identification-robust confidence set for the parameters, the AR-S statistic also provides an
identification-robust test of the validity of the overidentifying restrictions, as explained in
Stock and Wright (2000). In fact, the AR-S confidence sets are non-empty for all subsamples
considered, indicating that there is no evidence against the identifying assumptions used in
this paper.

Figure 2 presents 90% level confidence sets for the policy rule parameters (1., 1,) based
on inverting the K-LM test.” Results based on the AR-S statistic are similar, and therefore
omitted. The Wald ellipse is superimposed for comparison.

In the pre-Volcker sample, the identification-robust confidence set lies mostly in the

SThe remaining parameters o and p; in eq. (2) are well-identified when v, and 1, are fixed. So, following
Stock and Wright (2000) and Kleibergen (2005), they are replaced by the restricted estimates & (49, 42)
and p; (1/}27 '(/Jg) :

"The K-LM confidence set reported here is actually based on the combination of a 9% level K-LM and a
1% JKLM test, as suggested by Kleibergen (2005). This is a device that improves the power of the K-LM
test against irrelevant alternatives at which the overidentifying restrictions are violated.
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Figure 2: 90% level identification-robust confidence sets and Wald confidence ellipses for the
feedback coefficients in the Taylor rule.

indeterminacy region, though it contains some values of the parameters in the determinacy
region, conditional on the values f = 0.99 and A = 0.3. In fact, the identification-robust
confidence set is very similar to the Wald confidence ellipse, and this can be interpreted as
evidence that the parameters of the model are well-identified over that period. Thus, the
earlier finding that monetary policy before Volcker violated the Taylor principle appears to
be robust to the quality of the instruments.

Note that this conclusion on indeterminacy is also reached by Benati (2007) using an
entirely different approach. Benati observes that money should have predictive content for
inflation, the output gap and the interest rate only in the presence of sunspot fluctuations.
Thus, without estimating any structural model, Benati is able to reject the hypothesis of
determinacy by finding that money Granger-causes inflation, the output gap, and interest
rates before 1979.

The identification-robust confidence set for the period 1979-1997, which is reported on

10



the right-hand panel of Figure 2, stands in stark contrast to the non-robust Wald confi-
dence ellipse. Upon comparison with the pre-Volcker sample, it is clear that the parameters
(¢r, ;) are less accurately estimated. However, the Wald ellipse fails to reflect the amount
of uncertainty about the parameters, since it is much smaller than the identification-robust
confidence set. This result shows that the feedback coefficients are not sufficiently accurately
estimable over that period to provide conclusive evidence on the question of inderminacy.

One may ask how these conclusions might change if we looked at different subsamples, as
it was done by Clarida, Gali, and Gertler (2000). However, these authors focused mainly on
point estimates, while the emphasis of this paper is on confidence sets, and these typically
get larger when the sample size is reduced. Therefore, there is little scope in trying to infer
policy changes in the immediate aftermath of a change in the chairmanship of the Fed. There
is just not enough data to get conclusive inference over such short periods of time.

It is interesting to see if the results change when the forward-looking policy rule is esti-
mated over the period of Greenspan’s tenure, 1987q3 to 2006ql. This is motivated by the
well-known fact that monetary policy over much of Volcker’s tenure was designed to control
money rather than interest rates, and this led to significant volatility in the policy rate, which
is reflected in the variance of the residuals in the policy rule over that period. Moreover,
the full Greenspan sample is roughly of the same size as those reported in Figure 2, so that
any differences in the identification of the feedback coefficients cannot not be attributed to
differences in the size of the samples.

When the model is estimated over the Greenspan sample, the identification-robust con-
fidence sets do, in fact, get considerably smaller than over the 1979-1997 sample. To a large
extent, this can be explained by the large fall in the variability of the residual e; in the policy
rule regression (3), which is evident from Figure 3. Recall that this residual is composed of

the monetary policy shock ¢,; as well as the forecast errors in inflation and the output gap,

11
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Figure 3: Residuals of the policy rule when the parameters are estimated by GMM over the
two periods.

see equation (4), so this drop in volatility could arise from different sources. However, the
identification-robust confidence sets over the Greenspan sample are still much wider than
over the pre-Volcker period, and the Wald ellipse still understates the estimation uncertainty
in the feedback coefficients, indicating that they remain weakly identified. Moreover, simi-
larly to the picture reported on the right panel of Figure 2, the feedback coefficients cannot

be estimated sufficiently accurately to rule out the possibility of indeterminacy.

3.3 Economic interpretation of the results

An initial reading of the right-hand panel of Figure 2 suggests that the conclusion that
policy under Volcker and Greenspan satisfied the Taylor principle is not robust, and that the
data could be consistent with either this or the opposite view. In other words, the pictures
indicate that the post-1979 sample is completely uninformative about this issue.

However, I will argue that the above results are in fact informative. The key to this

12



realization lies in the very source of identification problems, which is directly linked to
the question of determinacy. As I shall demonstrate in the following section, identification
problems are more likely to arise when the equilibrium of the economy is determinate. The
intuition for this is simple. Good policy removes the possibility of sunspot dynamics, as well
as mitigates the effects of shocks on future inflation and output. As a result, the expectations
of these variables become less variable than they might otherwise be. This interpretation of
Figure 2 is very much in line with the view that policy pre-Volcker destabilized expectations.
This, in turn, provided sufficient variation in expected inflation and the output gap to identify
the parameters of the Taylor rule. After 1979, sunspot dynamics may have subsided which
explains why the reaction function is poorly identified. Thus, even though I am unable to
formally reject the hypothesis of indeterminacy, the results are suggestive of a clear break
in the nature of macroeconomic fluctuations around 1979 which is consistent with a switch

from an indeterminate to a determinate state.

4 Discussion of identification

In this section, I discuss various explanations for the finding that the reaction function
coefficients are better identified before than after 1979, and I formalize the interpretations of
the empirical findings reported in the previous section. I base my discussion on the canonical
new Keynesian model of the transmission mechanism presented in section 2, because it is
sufficient to gain useful insights into the sources of identification in this model. Specifically,
I show that identification depends on the slope of the Phillips curve, the dynamics of the
shocks, and the incidence of sunspot fluctuations. I argue that, other things equal, sunspot
fluctuations improve the identifiability of the reaction function coefficients, but I also observe

that other things have not been equal over this period. In particular, I discuss how changes

13



in the degree of policy inertia affect the identification of the reaction function coefficients.

4.1 Identification of the policy rule in the canonical new Keyne-

sian model

In the ensuing discussion, I make the simplifying assumption that there are no policy inertia,
i.e., I set p; = pa = p = 0 in the baseline model given by equation (2). This is done purely
for the sake of clarity and tractability, and it does not affect the gist of my arguments.

To examine the identification of the policy rule in an intuitive way, it is convenient to

rewrite the model as

T =+ wﬂEt,1Wt+1 + metflIt + gt, where (8)

€ = ert + U ([Bvmisr — Eroamia]) + e (Bray — Eyq1y)

Equation (8) could be thought of as the infeasible (since F;_1m41 and E;_jx; are unobserved)
second stage of an instrumental variables regression procedure. Suppose we actually observed
the variables E; 7,1 and E; jx;, which are the optimal instruments in this case. The
rank condition for identification is the familiar lack of perfect multicollinearity between the
regressors F; 171, Ey_1x;. Moreover, identification is stronger, that is, the coefficients can
be estimated more accurately, the higher is the exogenous variation in F; 71 and F;_ ;.
This was already stressed in Clarida Gali and Gertler (1998, 2000).

Notice that, since § < 1, the Phillips curve (5) can be solved forward to yield the non-

explosive solution

T = A Z BjEt%tﬂ'- (9)

J=0

From equation (9), it is clear that a necessary condition for identification is that A # 0. That

14



is, the Phillips curve should not be completely flat, since if this were the case, F;_ 171 would
be constant and thus trivially collinear with the intercept in the policy rule equation. This
corresponds to the limiting case in which prices are completely fixed, and it is, therefore,
not surprising that there would be no variation in inflation expectations. Even though
this case may be ruled out as implausible, the important point is that we would expect
identification of the policy rule coefficients to be weaker when the Phillips curve is relatively
flat, which appears to be empirically relevant, see for example Kleibergen and Mavroeidis
(2008). Note that this point is independent of the dynamics of the output gap, or the
question of determinacy, and it would remain valid even if the Phillips curve contained a
serially uncorrelated cost-push shock, since such a shock would not affect expectations of
future inflation.®

When \ # 0, identification depends on the equilibrium dynamics of the output gap. It
is well-known that, in linear rational expectations models, the equilibrium dynamics of the
endogenous variables admit a linear state-space representation, see Sims (2002). Specifically,
the dynamics of the output gap can be characterized by the equations x; = Gs; + v; and
sy = Qs¢—1+ ¢, where s; is a vector of state variables, v; and ¢, are innovations, and G and @)
are functions of the structural parameters. This representation, combined with equation (9),
implies that Fy 1m = AG (I — BQ)_l Qsi—1, and E;_1x; = GQs;_1. Thus, if we think of
the vector s;_; as representing all the relevant instruments for the two endogenous regressors,
m1 and xy, in the policy rule, then it is clear that identification fails when s, is a scalar.
To see if this could happen under the canonical new Keynesian model, I examine what this

model implies about the equilibrium dynamics of the output gap.

8However, if the Phillips curve contained intrinsic sources of persistence, such as indexation, backward-
looking behavior, or autocorrelated cost-push shocks, as in Clarida, Gali, and Gertler (1999), A # 0 would
not be necessary for identification, since intrinsic persistence adds exogenous dynamics to inflation and hence
lagged inflation can act as an instrument for the expectations of future inflation even when the Phillips curve
is flat.

15



In line with Clarida, Gali, and Gertler (2000) and Lubik and Schorfheide (2004), I assume
that the exogenous variables z; and g, are autoregressive of order one: z; = p,2;_1 + €., and
Gt = PgGi—1 + €44, Where €., and €4, are innovations. Next, using the identity y, = z; + 2
and the equation for z;, the Euler equation (6) can be expressed in terms of the output gap
x; as follows:

v = Exi —o(ry — Eymer) + g0 — (1= p2) 2. (10)

The equilibrium dynamics of 7, x; and r; are now characterized by the Phillips curve (5),
the output gap equation (10) and the policy rule r, = ¥ Eymi1 +10,2,+¢,, and they depend

on whether the equilibrium is determinate or indeterminate.

4.1.1 Determinacy

It is well-known that when the equilibrium is determinate, the endogenous variables are
uniquely determined by the exogenous state variables z;, g; and the monetary policy shock
ert- Specifically, substituting for r; in equation (10) using the policy rule, the new Keynesian

model can be written compactly as

ByY; = B1EYip1 + CXy + Crerny (11)

where Y; = (7, 7¢), X; = (2,9:), and the coefficient matrices By, Bi, C, and the vector
C, are functions of the structural parameters 5, A\, o, ¥, 1¥,. When the Taylor principle is
satisfied, i.e., when both roots of the characteristic polynomial det (uBy— B;) = 0 are

explosive, the equilibrium dynamics can be expressed as

}/t = AXt + Argr,ta (12)
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where the coefficients A and A, are functions of the structural parameters 5, \, o, ¥, ¥y, p.
and p,.?

Equation (12) shows that, in equilibrium, z; is linear in z, g; and €,.;. So, for identification,
we require that there are at least two state variables with nonzero autocorrelation that can
serve as instruments. This immediately implies the necessity of p, # 0 and p, # 0. Moreover,
note that the two persistent exogenous variables, z; and ¢;, enter the system only through
the output gap equation (10). Thus, identification also requires that p, # 1, i.e., potential
output should not be a random walk, for otherwise, z; would no longer be relevant. Finally,
identification requires that p, # p,, because if that were the case, then the dynamics of
x; could be characterized by a single state variable s; = ¢g; — (1 — p,) z;, whose transition
equation could be written as s; = p,s; 1 + ¢4, for some innovation process ¢, and so there
would be only one relevant instrument, s;_;.

The above discussion can be made rigorous by solving the model explicitly and obtaining
the rank condition as a function of the structural parameters. From equation (12), it follows
that B,y (1, 20) = F(2_1,9,-1) for some 2 x 2 matrix F' which is a function of the
structural parameters, and whose rank is equal to two if and only if A (p, — py) (p. — 1) p.py #
0.19 This corresponds precisely to the conditions I outlined above.

Based on the above results, one should expect identification to become weaker when
potential output is highly persistent (p, close to 1), or when the persistence in the two
fundamental shocks that drive the dynamics is similar (p, close to p,). In fact, this is true of
the baseline model in the simulations of Clarida, Gali, and Gertler (2000, section IV) (they
set p, = p, = 0.9), and in line with the estimates (posterior means) reported by Lubik and

Schortheide (2004) (p, = 0.85 and p, = 0.83 over the Volcker-Greenspan period). Hence,

9By the method of undetermined coefficients, it can be shown that A solves ByA = B1AD + C and
A, = Bo_lcr, see Woodford (2003, appendix C).
10The proof is contained in an appendix available from the author.
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both of these cases seem quite plausible.

4.1.2 Indeterminacy and sunspots

Now, I turn to the case of indeterminacy in order to show why sunspot fluctuations im-
prove identification. When the Taylor principle is violated, the characteristic polynomial
det (uBy — B1) = 0 of the model (11) has one explosive and one stable root (Woodford 2003,
proposition 4.3). Let p, denote the inverse of the highest (stable) root and let the corre-
sponding eigenvector be given by A,, which is such that ByA, = B1A,p,. Following Lubik

and Schorfheide (2003, 2004), the set of equilibria can be characterized by

}/t = AXt + Argr,t + Auut (13)

U = Py—1 + Gy,

where ¢, is an arbitrary innovation process.!!

The key difference from the determinate
equilibrium (12) is that, provided A, # 0, the endogenous variables m; and x; now also
depend on the additional state variable u, that is driven by sunspots. Hence, since u; is
autocorrelated, u;_1 provides an additional relevant instrument for inflation and the output
gap in the policy rule.

Formally, equation (13) implies that E,_; (711, 2:) = F (2-1,g1-1) + Fuus_1, where F,
and F, are functions of the structural parameters. Moreover, since the matrix F' is the
same function of the structural parameters under determinacy and indeterminacy, it follows

that if the rank condition is satisfied under determinacy, it will also be satisfied under

indeterminacy. So, the presence of non-fundamental fluctuations caused by indeterminacy

1o verify that this is indeed a solution to the model (11), note first that Y; is stable, since |p,| < 1. Then,
substitute for ¥; and E;Y;; in the original model (11) to obtain [ByA — B1AD — C]X; + [Bo Ay — B1 Awpu)us
— (BoA, — C;)er =0, and note that A, A,, which are as in the determinate case, p, and A, are such that
the above equation is satisfied for all Xy, e, and u,.
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improves the identification of the policy rule coefficients.!?

It is important to emphasize that identification problems need not arise only when the
equilibrium is determinate. This is because the equilibrium dynamics under indeterminacy
may resemble the dynamics under determinacy. The set of indeterminate equilibria char-
acterized by equation (13) also comprises the special case in which A, = 0, which is akin
to the determinate equilibrium given by equation (12). Because the equilibrium dynamics
with A, = 0 involve only two state variables z;, g;, as opposed to three state variables when
A, # 0, this special solution is referred to as the minimal state variable (MSV) solution (Mc-
Callum, 1983). So, identification problems may arise under indeterminacy if the equilibrium
is of the MSV form. This assumption is common in applied work.

Finally, note that in their full-information analysis, Lubik and Schorfheide (2004) make
use of an additional identifying restriction on the covariance between the fundamental in-
novations €, 4,4+, €. If one assumes that the monetary policy shock, ., is uncorrelated
with the taste and technology shocks, €4+ and €., as Lubik and Schorfheide did, one can use
the latter as instruments in the policy rule equation. These instruments are typically quite
good, and so the policy rule parameters will be identified even when they are not identified

by exclusion restrictions on the dynamics.

4.2 Implications of an increase in policy inertia

I now go back to the baseline specification of the policy rule (2) with p # 0. Identification of
the feedback coefficients in this model will also become problematic when p is close to one.
This situation might be called ‘excess smoothing’ or excess gradualism in policy reaction,
because if the interest rate moves very little in response to changes in inflation and output,

the resulting path of interest rates could be mistaken as evidence of policy inactivity.

12 A similar argument was made in Lubik and Schorfheide (2004).
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To shed some light on this issue, I compare the estimates of the smoothness parameter
p over different periods. Before Volcker, p is estimated at 0.68 with a standard error of 0.1.
It becomes 0.82 (s.e. 0.05) between 1979 and 1997, and finally, 0.92 (s.e. 0.02) over the
Greenspan sample. This suggests policy has become more gradual over time, and provides
an additional explanation of why the coefficients of the reaction function (1) have become
less accurately estimable recently relative to the past.

One interpretation of policy inertia is that they reflect commitment to a policy that aims
at stabilizing the economy in the face of persistent shocks and avoids the ‘inflation bias’ of
discretionary policies, see Svensson and Woodford (2003). Faced with autocorrelated shocks,
policy under commitment should be seen to react to past as well as current shocks. Hence,
the increase in policy inertia over time may, perhaps, be indicative of an attempt by the
policy makers to demonstrate commitment to such a policy. However, this comes at a cost:

it makes it harder to signal that monetary policy adheres to the Taylor principle.

5 Conclusions

This study re-examined the conclusions of Clarida, Gali, and Gertler (2000), using econo-
metric methods that are robust to potential failure of identification of the policy reaction
function. My results confirm the conclusion of Clarida, Gali, and Gertler (2000) that pol-
icy before Volcker led to indeterminacy and sunspot fluctuations. However, I find that the
reaction function cannot be accurately estimated using data after 1979.

I provide three explanations for this finding. The first explanation relates to possible
differences in the incidence of sunspot fluctuations in the two periods. I argue that indeter-
minacy prior to 1979 may have induced exogenous variation in the expectations of inflation

and the output gap due to sunspot fluctuations, and this, in turn helps identify the reaction

20



function coefficients over that period. In contrast, absence of sunspot fluctuations could
account for the weak identification of the reaction function after 1979.'3

The second explanation relates to the increase in policy inertia, or the smoothing of
interest rate changes over the sample. This increase makes interest rates less responsive to
expected changes in inflation and the output gap, and it can be mistaken for policy inactivity.

Finally, a third explanation comes from the fact that the residual of the reaction function
is much more variable in the first few years of Volcker’s tenure than it is in the pre-Volcker
sample. This is not surprising, in view of the fact that monetary policy over that period
is best characterized as targeting money, and thus the model is not expected to provide a
good fit over that period. The estimates over the Greenspan era (when residual volatility
falls to pre-1979 levels) are considerably more precise, though not precise enough to rule out

indeterminacy.

13 An important caveat against this interpretation of the empirical findings is that it relies to some extent
on the new Keynesian model of the transmission mechanism that was used in Clarida, Gali, and Gertler
(2000). Beyer and Farmer (2007) and Lubik and Schorfheide (2004, 2007) provide a discussion of this issue.
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