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Almost everyone would agree—even we in the Federal
Reserve System—that monetary policy can be improved.
But improving it requires accurate empirical descriptions
of the current policy and the relationship between that policy and the economic variables policymakers care about.
With those descriptions, we could, conceivably, predict
how economic outcomes would change under alternative
policies and hence find policies that lead to better economic outcomes.
The first requirement of this policymaking problem is
policy identification, and it is the focus of this study. Policy identification entails a specification of the instrument
the Federal Reserve controls and a description of how that
instrument is set based on information available when a
policy decision is made. Because policy identification is
a crucial step in the search for improved monetary policy,
it has received much attention in the literature.
Although many different approaches have been taken
to identify monetary policy, all are potentially tainted by
time-aggregation problems. All studies use data averaged
over periods of a month or more. Yet financial variables
in the Fed's province move and interact essentially minute
by minute. So one might suspect that averaging data over
periods of a month or more would obscure how variables
like reserves and interest rates interrelate over time. For
instance, if a change in reserves leads shortly to a change
in interest rates and that change then feeds back onto reserves, and so on, a model using data as coarse as month18

ly or quarterly cannot uncover these finer-time lead-lag relationships.
This study investigates the sensitivity of conclusions
about monetary policy to the specification of period
length. We identify a model including total reserves, nonborrowed reserves, and the federal funds rate, based on
our understanding of the Fed's operating procedures. We
indicate some further, testable restrictions the model
should satisfy if that understanding is correct. We estimate
the model using data for biweekly periods (measured
every two weeks) as well as for data averaged over quarterly periods.
Our study suggests that time aggregation from a biweekly interval to a quarterly interval is not a problem
when identifying monetary policy. And time aggregation
does not seem to be a problem when evaluating the dynamic effects of typical changes in variables. This is fortunate because other time series like output, employment,
and prices are not available biweekly and some measures
are available only quarterly. In policy identification and
evaluation, time aggregation is not a major concern.
We offer the following explanation for our counterintuitive findings. Two types of disturbances occur in reserve markets. One is high-frequency noise, which has
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only transitory effects upon the monetary variables. The
other consists of low-frequency monetary policy changes,
which are persistent and have persistent effects. Timeaggregated models, then, can be used for policy identification because they filter out the noise but retain the policy
changes and their effects.
Policy Identification
Policy identification plays an important role in the search
for better policies. Time-aggregation problems may confound the identification, but need not do so. In order to
make these arguments concrete, we posit a simple conceptual model. This model also serves to motivate the empirical investigation that follows.
In our simple model, we suppose that the Fed conducts
monetary policy by determining the supply of banks' nonborrowed reserves NR.1 The Fed's policy aims to achieve
some goal, which we suppose can be measured in terms
of a variable GV, such as payroll employment, the consumer price index, gross domestic product (GDP), or the
GDP deflator. We also suppose that the Fed's supply of
nonborrowed reserves is affected by the level of banks'
total reserves TR and that TR depends both on past policy
actions and on economic activity as captured by GV.
Moreover, we suppose that policy actions interact with the
banks' demand for nonborrowed reserves to determine the
federal funds rate FF, which then feeds through to affect
economic activity and hence GV. Thus our simple model
consists of the four time series GV, TR, NR, and FF.
If we were using this model to search for improved
policies, we would have to correctly identify past policy.
In order to see why, let us describe the identification problem. (Here we closely follow the development in Faust
and Leeper 1994.)
If we transform each element of our time series Xt =
(GVt ,TRt ,NRt ,FFtY to be stationary and call the transformed variables X* = (GV*,TR*,NR*fF*)\ X* has a
moving-average representation:2
(1)

X* = m + M(L)ut.

In this representation, m is a 4 x 1 vector and the vector
ut = (ult,u2t,u3t,u4y has mean zero, is serially uncorrected, and has a time-invariant variance-covariance matrix,
E(utu't) = V for all t. The term M(L) is defined by M(L) =
EJLqMkLk, where for each k, Mk is a 4 x 4 matrix of coefficients and LkX* = X*_k. Thus the moving-average representation has the following form:

(2)

X* = m + M0ut + Mxut_x + M2ut_2 + ....

We will also assume that M(L) is invertible, so that our
model also has a (vector) autoregressive representation:
(3)

A(L)X* = a + ut

where A(L) = M(L)~l and a = (L^A^m.
Although a straightforward procedure to follow in the
search for better policies does exist, that procedure is undone by identification problems. Under the straightforward
approach, lag lengths would be made finite, the finite-lag
version of equation (3) would be estimated, the estimated
version of the nonborrowed reserves equation would be
taken as the historical policy rule, and alternative specifications of this equation would be evaluated in terms of
the desirability of the outcomes they imply for the goal
variable.
To explain why this procedure is not valid, we note
that the original moving-average representation for X* is
not unique.3 Take any invertible 4 x 4 matrix D and note
that
(4)

X* = M{L)DD~xut = B(L)zt

where B(L) = M(L)D and et = (e^e^e^e^)' = D~xur
Since M(L) was assumed to be invertible, B{L) will also
be invertible, and thus X will have the observationally
equivalent (vector) autoregressive form
(5)

C(L)X; = e,

where C(L) = B(L)~\
Identification of our model requires that we impose
enough restrictions on M(L) or A(L) that the only invert-

1
Here and hereafter, we use banks to mean all depository institutions required to
hold a portion of their deposits in reserve at Federal Reserve Banks or as vault cash.
These institutions currently include commercial banks, mutual savings banks, savings
and loan associations, credit unions, agencies and branches of foreign banks, and Edge
Act corporations.
2
In total reserves and nonborrowed reserves, we induce stationarity by dividing by
the level of total reserves in the previous period. We assume that the federal funds rate
is stationary, so no normalization is necessary. Normalization of the goal variable is a
moot point, since we never actually estimate a system including a goal variable.
3
This procedure also could be undone by the Lucas (1976) critique. That is, the
coefficients in equations (3), (7), and (9) could change whenever the policy rule represented by (8) changes. However, since our focus is on how time aggregation affects
policy identification—an earlier step in the procedure than policy evaluation—the
Lucas critique does not apply.
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