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ABSTRACT

Several recent studies have reached quite different conclusions about which variable is the best
indicator of the stance of monetary policy. These differences likely reflect varying assumptions about
bank and Federal Reserve behavior. This paper takes a detailed and comprehensive look at the
implementation of monetary policy and the identification of monetary policy shocks. The paper first
outlines a general analytical model for studying and evaluating monetary policy procedures. The
model is then used to estimate both the Fed’s operational policy objectives and its intermediate
objectives. The results can be summarized as follows: First, monetary policy shocks over the past
several years have primarily affected the federal funds rate, even during periods when the Fed was
reportedly targeting reserves. In addition, the‘paper finds a statistically-significant liquidity effect in
all periods examined, although the effect is quite small. Finally, there is statistical evidence that
suggests that the Fed’s intermediate objectives have not been stable over time, and these differences
appear to be economically important. Taken together, these results indicate that while monetary policy
shocks can be uncovered by regressing the funds rate on appropriate variables in the Fed’s information
set, the reaction function should be estimated over subperiods rather than over the entire 1959-1993

period.



The Federal Funds Rate and the Implementation of Monetary Policy:
Estimating the Federal Reserve’s Reaction Function

Allan D. Brunner!

I. Introduction

Over the past several years, there has been a great deal of interest in identifying monetary
policy shocks and in tracing out their effects on the macroeconomy. An important element of this
research involves correctly specifying the Federal Reserve reaction function, and economists have used
increasingly more sophisticated reaction functions. Initially, researchers focused on intermediate
targets of monetary policy, such as a monetary aggregate or a short-term capital market interest rate.
Sims (1972) and Barro (1977, 1978), for example, assumed that the money supply could be controlled
by the Fed and, therefore, that innovations in money represented policy shocks. By contrast, Sims
(1980) concluded that the Fed targeted short-term capital market interest rates, indicating that
innovations in interest rates rather than money should be interpreted as policy surprises.

Of course, the Federal Reserve cannot control its intermediate targets over short periods of
time. As a result, innovations in both money and interest rates are likely to contain new information
about money demand as well as information about monetary policy. This criticism has been addressed
in a number of recent studies that focus on the operational targets of the Federal Reserve, such as the
federal funds rate or bank reserve measures. Essentially, this line of research argues that broad

monetary aggregates or capital market interest rates are contemporaneously influenced as much by
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money demand shocks as by money supply shocks. As in the earlier studies, however, there has not
been a general consensus on which short-run variable best indicates the stance of monetary policy.
Christiano and Eichenbaum (1992) and Strongin (1992) have advocated reserve-based measures, while
Bernanke and Blinder (1992) have argued in favor of the federal funds rate. More recently Gordon
and Leeper (1993) have considered the possibility that innovations in both the funds rate and bank
reserves could contain new information about monetary policy.

These studies differ in several ways that could account for their respective conclusions. First,
although each uses a vector-autoregressive (VAR) approach, their implementations of that methodolo-
gy are quite different. For example, they do not use the same conditioning information 1o identify
innovations. That is, they make different assumptions about the Federal Reserve’s information set.
Christiano and Eichenbaum and Gordon and Leeper obtained VAR innovations in reserves market
variables by regressing those variables on lags of both reserves market variables (the federal funds
rate, nonborrowed reserves, etc.) and macroeconomic variables (output, prices, etc.). By contrast,
Strongin used only reserves market variables as conditioning information.

These studies also impose different assumptions in order to identify structural shocks. In
particular, they do not make the same assumptions about the determinants of the demand for and the
supply of bank reserves. Christiano and Eichenbaum and Strongin, for example, assume that the
supply of reserves is not influenced by changes in contemporaneous interest rates -- an assumption that
is violated during those periods when the Fed was reportedly targeting the federal funds rate. In
addition, Strongin assumes that innovations in total reserves are due entirely to demand shocks. This
assumption is also quite strong, since it implies that the demand for excess (and thus total) reserves is
insensitive to contemporaneous interest rates. This assumption seems implausible given empirical

observations that banks hold less excess reserves in the face of high interest rates.? By contrast,

2 See, for example; Brunneér and Lown (1993a).
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although Bernanke and Blinder and Gordon and Leeper allow both the supply of and demand for
reserves to depend on contemporaneous interest rates, they assume that only the federal funds rate is
important in determining an equilibrium in the reserves market, ignoring the possible role of the
discount rate.

Second, these studies do not evaluate the importance of supply and demand shocks in the same
ways. The restrictions made by Christiano and Eichenbaum and Strongin are imposed and are not
tested expl.citly. Bernanke and Blinder rely exclusively on the size and significance of regression
coefficients to determine which innovations (in reserves or in interest rates) best indicate policy
shocks. By contrast, Gordon and Leeper examine the contribution of policy shocks to the variance of
innovations in both reserves and the federal funds rate. This approach is more appropriate, since
statistical significance of a coefficient does not necessarily imply an important role in transmitting
policy shocks to reserves market variables.

Finally, these studies do not focus on the same time periods. While Strongin examines the
1959-1991 period and various subperiods, Bernanke and Blinder focus primarily on pre-1979 policy
procedures, and Gordon and Leeper examine only the 1971-1979 and 1982-1992 periods. As a
consequence, it is somewhat difficult to compare their empirical results.

In light of these differences, this paper takes a detailed and comprehensive look at the
implementation of monetary policy and the identification of monetary policy shocks. The first goal of
the paper is to outline a general analytical model that highlights the implementation of monetary
policy and that provides a basis for subsequent statistical analysis. This model is similar to those used
by Brunner (1993) and Brunner and Lown (1993a, 1993b) to study the effects of monetary policy
procedures. The model is less restrictive and more realistic than those used in previous studies, and it
provides the opportunity to clarify many outstanding issues regarding the appropriate way to identify

monetary policy shocks.



The analytical model focuses on the implementation of monetary policy as a multiple-objective
process, as the Fed reacts to both past and contemporaneous information depending on its intermediate
and short-run objectives. Since the Federal Reserve cannot directly achieve its ultimate policy goals, it
relies on intermediate targets and indicators. Over the past several years, the Fed has primarily used
monetary aggregates as intermediate targets, supplemented with other indicators of econorric activity
and price developments. In addition, the Federal Reserve sets short-term (operational) targets, since it
cannot effectively achieve its intermediate targets over relatively short periods of time. As Meulen-
dyke (1996) has noted, operational targets "have, in a sense, come full circle since the 1950s: the
FOMC initially targeted free reserves and then shifted to federal funds rates, to nonborrowzd reserves,
and more recently to borrowed reserves, a measure similar in m"any ways to free reserves."

The second goal of the paper is use the model to identify the Fed’s policy objectives. As will
be discussed shortly, the Fed’s shbn—term objective can be determined by estimating the slope of the
nonborrowed reserve supply curve for various periods, which indicates the Fed’s tolerance for
contemporaneous changes in the federal funds rate. In contrast to some previous studies, an important
conclusion of this paper is that innovations in the federal funds rate were almost entirely due to
monetary policy shocks, even during periods when the Fed was reportedly targeting reserves. Indeed,
although the slope of the supply schedule increased sharply during the 1979-82 period, unexpected
changes in the supply of reserves during that period were primarily reflected in changes in the funds
rate rather than in the quantity of reserves. On balance, depending on the time period, between 85 and
100 percent of the variance in the funds rate can be attributed to policy shocks. In addition, the paper
finds a statistically-significant liquidity effect in all periods examined, although the effect is quite
small. This result contrasts sharply with several other studies, although it is consistent with those that

have assumed that innovations in the federal funds rate provide the best measure of monetary policy

shocks.



This paper also examines the stability of the Fed’s intermediate policy objectives. There are
several reasons to believe that the Fed’s intermediate objectives have not been constant over time.
The Fed’s emphasis on various intermediate targets and indicators has changed over time as the
FOMC became dissatisfied with the performance of particular targets or indicators. In addition, the
composition of the FOMC itself has also changed, likely resulting in a shifting of the weights placed
on these intermediate objectives by the FOMC. Statistical tests indicate that the Fed’s intermediate
policy objectives have not been constant over time, and these differences appear to be economically
important.

Taken together, these results indicate that monetary policy shocks can be uncovered by
regressing the federal funds rate on appropriate variables in the Fed’s information set. However, there
is also evidence to suggest that the Fed’s reaction function should be estimated over selected
subperiods rather than over the entire 1959-1993 period.

The remainder of the paper is organized as follows. The analytical model is presented in
section II, and the corresponding statistical model is outlined in Section III. The results of estimating
and identifying the Fed’s operational and intermediate policy objectives are presented and discussed in

Sections IV and V, respectively. Section VI provides concluding remarks.

II. An Analytical Framework

This section of the paper outlines an analytical model of the macroeconomy with a special
emphasis on the monetary policy process. In particular, the model describes several behavioral
relationshigs in the reserves market, and it outlines the links between reserves market variables -- the
federal funds rate, the discount rate, and bank reserves -- and general macroeconomic variables -- such
as output, prices and monetary aggregates. This model will be used in the next section to motivate a
structural statistical model that is the basis for subsequent econometric work. The analytical model is
similar to those used by Brunner (1993) and Brunner and Lown (1993a, 1993b) to study the reserves
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market, and it is a generalization of the framework used by McCallam (1990) to examine the linkages

between intermediate targets and indicators and the ultimate objectives of monetary policy.3

The Macroeconomy. Let X, denote an Nx1 vector of economic variables that summarize the
state of the macroeconomy at time t. The contents of X, will be described later, but it is assumed that
X, depends on contemporaneous values of itself and lagged (but not contemporaneous) values of
reserve market variables. Ignoring the role of lagged information, the time series behavior of X, can

be written as follows:

T, X, = p, (1)

where I’y denotes an NxN matrix summarizing the contemporaneous relationships between clements of
X,, and p, represents an Nx1 vector of structural shocks to X,.

The Demand for Reserves. The market for bank reserves is linked to the macroeconomy (X,)

in several ways, but the primary link is through reserve requirements. Again ignoring lagged

information, required reserve balances are assumed to be calculated as follows:

RR = a'X + nt (2)

where RR, is the aggregate quantity of required reserves and 1, denotes an unexpected change in
required reserves. In addition to holding reserves to satisfy reserve requirements, banks hold "excess"
reserves in order to avoid reserve deficiencies (when total reserves fall below required reserves) and
reserve overdrafts (when total reserves fall below zero), both of which may occur as a result of

unexpected reserve outflows (i.e., due either to y, or n,). The demand for total reserves can be written

as:

3 In order to make the exposition more succinct, the following discussion focuses primarily on
contemporaneous relationships, ignoring the role of lagged information when possible.
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TR’ = RR + ER] @

where TRDl and ERDt represent the desired quantities of total and excess reserves, respectively.

Banks can obtain reserves from several sources. First, a bank can borrow reserves from the
discount window at its Federal Reserve Bank, and the cost of "borrowed" reserves is the discount rate.
In addition, banks can obtain "nonborrowed" reserves, which are supplied by the Federal Reserve
through open market operations. These funds can be secured either directly from the Fed or indirectly
from other banks in the federal funds market. It is assumed here that both types of transactions are
arranged using the federal funds rate. The demand for total reserves by source of funds can be written

as follows:
TR” = BR"” + NBR’ (4)

where BRD[ and NBRDt represent the desired quantities of borrowed and nonborrowed reserves,
respectively.

If banks want to hold excess reserves then, they must weigh the costs of borrowed reserves
(the discount rate) against the costs of nonborrowed reserves (the federal funds rate); an increase, for
example, in the discount rate will likely induce a shift away from borrowed reserves toward non-
borrowed reserves. In addition, if borrowed and nonborrowed reserves are not perfect substitutes,
there will be an overall reduction in the holdings of excess and total reserves.* It is also expected
that banks will want to adjust their holdings of excess and total reserves according to the level of
required reserves or the level of economic activity (X;). Continuing to ignore lagged values, these

assumptions imply a derived-demand curve for excess reserves (and for total reserves) that has the

4 See Goodfriend (1983) for a discussion of why borrowed and nonborrowed reserves are unlikely
to be perfect substitutes.



following form:

ER’ = B;‘R, + B;'R;, + B;-RR + B;-X, + v, G)

where R, and R, denote the federal funds rate and the discount rate, respectively, and ", is an

5

unexpected shock to the demand for excess reserves.” The relationships in equations (3) through (5)

also imply derived-demand curves for borrowed and nonborrowed reserves, respectively:

+

+ B;‘-Xt + &v (6)

BR,” = B;'-Rf" B;'-Rd,, + PB; 'RR .

t
NBRID = Bl'Rf,t * BZ.Rd,t * BS'RR‘, + B4.Xt * (1_6).\’:

7
= B,'R, + B,"R;, + B;"RR, + B, 'X, + A, @

where 0 equals the portion of the shock to excess reserves (v,) that shows up in the demand for
borrowed reserves (rather than nonborrowed reserves), and 7»[ = (1-8) 'V;, the magnitude of the shock
6

that affects the demand for nonborrowed reserves.

The Supply of Reserves. The Federal Reserve has three primary instruments for affecting the

supply of reserves -- reserve requirement ratios, the discount rate, and open market operations.
Reserve requirement ratios are imbedded implicitly in equation (2), and changes in those ratios are
assumed to be infrequent and relatively less important compared with other instruments. Changes in
the discount rate at Federal Reserve District Banks must be approved by the Board of Governors, and
it is assumed that the Board allows these changes based on other short-term interest rates, proxied here

by the federal funds rate:

5 See Brunner (1993) for a derivation of equation (4) in an optimizing framework.

6 The assumption of just one type of demand shock to total reserves (v,) ignores the possibility,
for example, that the nonborrowed reserve or the borrowed reserve functions themselves are not
perfectly stable. For a theoretical analysis of this possibility, see Thorton (1988).
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R, = n'R, + o, 3)

where ©, is an unexpected change in the discount rate.

In its efforts to influence conditions in the reserves market over short periods of time, the
Federal Reserve also sets operational (short-term) objectives for the federal funds rate and for each
Teserve aggregate -- total, excess, borrowed and nonborrowed reserves. It is important to recognize,
given the preceding set of assumptions, that setting an objective for any one of these variables
determines the objectives for the others. For example, suppose the Fed chooses an intended level for

nonborrowed reserves at the beginning of period t based on an intermediate policy rule that links this

target variable to available information about the macroeconomy:

NBRT = t-X 9)

t-1

where NBRTt denotes the intended level of nonborrowed reserves.

Given the intended level of nonborrowed reserves (NBRTl) and forecasts of economic
conditions énd of required reserves -- using equations (1) and (2) -- equations (7) and (8) can be used
to calculate the corresponding expected trading level for the federal funds rate (RTf’t). That is,

assuming that the Fed has complete understanding of the underlying determinants of reserve demand:

T

R/-' = E[ Rf,l‘ 'It-l ] (10)

where I,_; contains all information available to the Fed at the beginning of period t, including the
target level for nonborrowed reserves. Similarly, equations (3) through (6) can be used to derive

expected levels for the remaining reserve aggregates that are consistent with the nonborrowed reserve



objectiva7

Alternatively, the Fed could choose a federal funds rate target in each period based on a policy

rule similar to equation (9):
szt = T7- Xt—l (1 1)

where RTm denotes the intended level of the funds rate. Again, given the federal funds rate target and
forecasts of economic activity and required reserves, equations (3) through (8) imply expected levels
for all reserve aggregates.

Although the Fed cannot observe developments in most reserve aggregates during a period, it

can observe the contemporaneous federal funds rate. As a consequence, the Fed’s operational policy

rule, which links open market operations to the operational targets, has the following form:
OMO, = NBR' - NBR, + v'(R,-Ri) + ¢ (12

where (')'MOt denotes the quantity of open market operations during period t, and £, represents the
unexpected poition of the operation during period t. In addition to reflecting unexpected changes in
policy, €, also contains unanticipated reserve factors that are outside the Fed’s control, such as the
Treasury’s balance at the Fed, reserve float, or the activities of foreign central banks.

Whether the Fed pursues a pure reserves-targeting policy, a pure funds-rate-targeting policy, or
a combination policy, depends on the value of v in equation (12). If y=0, the Fed éupplies only‘
enough reserves to reach the targeted level of nonborrowed reserves and ignores whether federal funds
are trading away from their expected level. If y>0, the Fed adjusts its supply of reserves, either

supplying additional reserves when funds are trading on the high side of expectations or supplying less

7 Similar rules could be used that are based on other reserve aggregates. However, given the
assumptions made and assuming further that 0<d<1, these rules will have identical effects as a
nonborrowed reserve target. See footnote 5 for another approach.
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when the funds rate is lower than expected. At the extreme, (y=c), the Fed essentially stands ready to
buy or sell reserves at the targeted federal funds rate.
The supply of nonborrowed reserves during period t then consists of the amount of reserves

available from the previous period (NBR, ) plus the amount added during the period:

N

NBR® = NBR

t-1

il

+ OMO,

NBR] + Y:(R, -Ri) + ¢, (13)

where NBRS[ is the aggregate supply of reserves at time t. Finally, using i) equation (12), ii) either
equation (8) or (9), and iii) the expected trading level for all other variables; the supply curve for

nonborrowed reserves can be written as follows:

NBR,S = YR, + Xt § 4

Importantly, the specification of the Fed’s reaction function in equation (14) contains
information both about the Fed’s operational objectives (y) and about its intermediate objectives (1:**).
It also highlights the fact that if these objectives are inappropriately specified, then the monetary
policy shocks (g,) will also be incorrectly identified. Accordingly, the goal in the following sections is
to identify the Fed’s policy objectives for several subperiods from 1959-1993. Section IV will focus
on estimating 7y, which will identify the Fed’s operational objectives. Section V will then focus on
determining whether the Fed’s intermediate objectives -- those variables for which 1" are significantly

different from zero -- have been stable over time.

II1. The Statistical Model

Before turning to estimating the Fed’s reaction function, this section briefly outlines the
statistical model that will be used in subsequent sections. There are several ways to estimate the
behavioral relationship described in equation (14). One approach is use an over-identified system of
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structural equations that includes the reaction function. Feinman (1993), for example, estimated an
operational rule similar to equation (12) using single-equation methods. Brunner and Lown (1993a)
used maximum-likelihood methods to estimate a three-equation system of the reserves market, which
included a rule similar to the one in equation (14). Similarly, Anderson and Rasche (1982) and
Tinsely et al. (1982) specified and estimated a more complicated structural model that included the
interaction between the reserves market and various other short-term markets.

An alternative approach is to use a vector autoregressive (VAR) model -- a weakly-identified
system of equations -- to study the Fed’s reaction function. The primary advantage of the VAR
methodology is that a minimum number of assumptions are made about the underlying structural
relationships. The biggest disadvantage of this approach, however, is that a large number of degrees
of freedom are used to estimate the lags of the system variables.

The analytical model described in the previous section can easily be used to construct a VAR
model of the macroeconomy that has an emphasis on the reserves market and the implementation of

monetary policy. First, suppose that the structural VAR model can be written as follows:
v+ AjZ o, v L+ e (15)

where Z, denotes a vector containing the variables of interest -- [ Rg, R4¢ NBR, RR X, J'; e.

represents a vector of structural shocks -- [¢, @, A, n, 1, |’; and Var(e,) = £, a diagonal matrix.
Second, the structural relationships can be identified by placing a sufficient number of zero-

restrictions on Ay, which summarizes the contemporaneous relationships between elements of Z,.

Specifically, equations (14), (8), (7), (2), and (1) from the previous section can be used to identify Ay

as follows:
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1 0 -p 0 0]

-t 1 0 0 0
B, B, 1 -B, -B, 6
0 0 0 1 -«

0 0 0 0 T

Note that the nonborrowed reserves supply curve (the first equation in the VAR model) has been
renormalized on the federal funds rate so that p=1/y.

Finally, the structural parameters of the model can be estimated using a two-step procedure
described by Bernanke (1986) and Sims (1986). In the first stage of the procedure, the reduced-form

representation of the VAR is estimated using OLS; let the reduced-form model be written as:
v ByZ, + . + u (17)

where Var(y) = X, a non-diagonal matrix. In the second stage of the procedure, the structural model
is equated with the reduced-form model, yielding the following relationship between the structural

shocks and the reduced-form innovations:
Ayu, = e,. (18)

The relationship in equation (18) implies that the elements of A, and Q can be calculated using the

first-stage estimates of X and the following relationship:
Ay-Z A, = Q. (19)

Similarly, the elements of A; can be calculated by noting that A; = A, - B,.
The next two sections of the paper use the structural VAR model in equation (15) to estimate

and examine both elements of the Fed’s reaction function and monetary policy shocks (g).
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IV. The Fed’s Operational Objectives

The paper now turns to estimating the Federal Reserve’s policy objectives using the VAR
model described in the previous sections. In particular, this section focuses on identifying the Federal
Reserve’s operational objectives. As discussed earlier, this is equivalent to estimating the slope of the
nonborrowed reserves supply equation (p) for each individual subperiod: If p=0, then the Fed must be
targeting the federal funds rate in that period. Alternatively, if p=co, then the Fed is pursuing a
nonborrowed reserve target; and O<p<eo would indicate a combination policy.

In order to determine the Fed’s operational objectives, parameter estimates were exarnined for
several subperiods, which correspond to the monetary policy regimes identified by Meulendyke (1990).
The operational and intermediate targets during these regimes are summarized in Table 1, and they are
discussed in more detail in Appendix A. These periods were examined using two specifications of the
VAR model and using both monthly and weekly data. The first VAR model assumes that the list of
macroeconomic variables (X,) contains only M2. This is a reasonable assumption, since the FOMC
has used a mone.tary aggregate as an intermediate target for most of the years examined in ttis study
(1959 to 1993). This version of the model is comparable to the models used by Bernanke and Blinder
and by Strongin to study the reserves market, although it places fewer restrictions on behavioral
relationships in the reserves market than the models used in the previous studies. In additior, this
specification of the model permits the use of weekly data, which are readily available for mcnetary
aggregates and reserve market variables but are not readily available for broader measures of economic
activity, such as output, prices, and unemployment.

While the Fed has primarily used a monetary aggregate as an intermediate target, it has also
looked to other variables as leading indicators of economic activity and price developments.
Accordingly, the second VAR model assumes that X, contains industrial production (Y), the consumer

price index (P), and the unemployment rate (U), as well as M2. This version of the model is
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comparable to those models used by Christiano and Eichenbaum, Bernanke and Blinder, and Gordon
and Leeper to study the effects of monetary supply shocks on the macroeconomy, although it models

the implementation of monetary policy in somewhat more detail. This model is estimated using only

monthly data.

A. Reserves Market Model

The first specification of the VAR model assumes that M2 is the only intermediate target.
Consequertly, Z, denotes a 5x1 vector containing the variables of interest - R, Ry, NBR, RR and M2.
Following the usual VAR conventions, quantity variables are expressed in logs, and interest rates are
expressed in levels.® As described in the previous section, the VAR innovations (u,) were obtained
by regressing each variable on lags of all variables.” The innovations were then decomposed into

structural shocks (e,) using equation (18), where A, was defined as follows:

1 [ ] r 1
[1 0 p 0 o0 Trs &
-7 0o 0 0 Ta: w,
-B, ‘Bz 1 -, "ﬂ4 ' nbrt = |4 (20)
0 o o0 1 -« rr, n,
0 0 0 0 1 | | m, _ |

and where small letters denote innovations in Rf,v Rd,v log NBR,, log RR, and log M2, respectively.
Note that innovations in M2 are predetermined with respect to the reserves market variables, and the

"structural" shocks to M2, (u,) should be considered as amalgamations of money demand shocks, other

aggregate demand shocks, and aggregate supply shocks.

8 Other specifications of these variables were tried -- including first differences and ratios to total
reserves -- with qualitatively-similar results.

? For the VAR models in this paper, twelve months of lags were used for the full sample, three

months of lags were used for the 1979-82 period, and six months of lags were used for all other
subperiods.
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Similar VAR models have been used by Bernanke and Blinder (1992) and by Strongin (1992).
As previously discussed, however, there are a few drawbacks to their respective approaches. Strongin,
for example, imposes the restriction that the supply of reserves is insensitive to changes in the federal
funds rate (p=co), which is equivalent to assuming that the Fed has always pursued a reserves target.
In addition, Strongin ignores the possible role of the discount rate in affecting reserve availability
(B,=0). While Bemanke and Blinder allow the supply of nonborrowed reserves to be sensitive to the
federal funds rate, they éléo ig:né_'re the role of the discount rate. As will be discussed shortly, these
assumptions can generally be statistically rejected for most episodes over the 1959-1993 period.
Finally, Bernanke and ﬁlinder limit. their analysis almost exclusively to the pre-1979 period, which
ignores two important episodes m .tile history of operational procedures at the Federal Reserve -- the
1979-82 period, when the Fed actively pursued a reserves target, and the 1982-present period, when
the Fed began shifting toward the funds rate as its operational target.

Using Monthly Data. The VAR model of the reserves market was estimated using monthly

data from January 1959 to 'June‘ 1993, with the sample split into four episodes consistent with the
monetary regimes identified by Meulendyke (1990). The parameter estimates for this version of the
model are shown in the upper panel of Table 2.1° There are several interesting features of these
estimates. First, the parameter estimates for p in the pre-1979 episodes are fairly consistent with the
estimates obtained by Bernanke and Blinder: The slope coefficients are insignificantly different from
zero for the 1959-1969 and 1970-1979 episodes, indicating that the supply curve was fairly flat. By
contrast, the slope increases dramatically in the 1979-1982 period, and the coefficient is significantly

different from zero. In the 1982-1993 period, when the Fed started to shift away from targeting

10" The over-identifying restrictions are rejected in some periods, reflecting the model’s ‘nability to
Capture a contemporaneous correlation between M2 and the interest rates in those periods. I: seems
unlikely that M2 responds to within-the-month movements in interest rates, but rather that both
variables are responding to a variable not included in the model.
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reserve measures, the slope coefficient returns to pre-1979 levels and is insignificantly different from
zero at conventional significance levels. Importantly, however, these estimates are inconsistent with
the assumption made by Strongin, that the nonborrowed reserves supply function is perfectly inelastic
with respect to the federal funds rate. In fact, they are more consistent with the supply function being
perfectly elastic with respect to the funds rate.

Second, it is interesting to note that the estimate of B, the slope of the demand curve for
nonborrowed reserves with respect to the funds rate, is negative and significantly different from zero
in each time period. This contrasts sharply with several recent studies -- reviewed in Leeper and
Gordon (1992) -- where the observed "liquidity effect” was often insignificant and sometimes positive.
This result is consistent, however, with those studies that assumed that the federal funds rate is the
best indicator of the stance of monetary policy.

Finally, it is interesting to note that the role of the discount rate (as indicated by estimates of
B,) appears to be important in most of the time periods examined, indicating that nonborrowed
reserves are not perfect substitutes for borrowed reserves and that the relationship between the funds
rate and the discount rate is an important determinant in the demand for reserves. This result is also
inconsistent with an assumption made both by Bernanke and Blinder and by Strongin.

As previously mentioned, statistical significance of coefficients do not necessarily imply that a
relationship is economically important. The bottom panel of Table 2 details the share of the variance
of innovations in both nonborrowed reserves and the federal funds rate that can be attributed to
monetary pblicy shocks (g, and ®;). Importantly, although the slope of the supply curve for non-
borrowed reserves increased sharply in the 1979-1982 period, the portion of the variance of
nonborrowed reserves due to policy shocks increased to only 7 percent, while the share of the variance
of the funds rate due to policy shocks fell to just 86 percent. In other words, although the coefficient

is statistically significant in that period, it does not appear to be economically important.
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Using Weekly Data. The same approach was applied to weekly data for the same episodes.

The results are summarized in Tables 3 and 4, and they are qualitatively similar to those obtained
using monthly data. As shown in Table 3, although the parameter estimates of p are generally
somewhat larger and are in some cases significant from zero, the contribution of policy shocks to the
variance of innovations in nonborrowed reserves is still nearly zero. In particular, the estimate for the
1979-1982 is still large and significant from zero; but, as before, the contribution of policy shocks to
the variance of nonborrowed reserves for this subperiod is quite low. Indeed, as with the morithly
data, the share due to policy shocks in that period is not much different than for other periods where
the share is expected to be small.

As discussed by Meulendyke (1990) and Brunner and Lown (1993a), the 1982-1993 period
was witness to a shift from targeting reserve measures towards targeting the federal funds rate. Table
4 explores whether this shift can be detected using weekly data, and the answer is "yes." As the table
clearly shows, the slope coefficient for the supply curve dropped over this period and is quite small

and insignificant from zero in the 1988-1993 period.

B. Macroeconomic Model

While M2 has been the Fed’s primary intermediate target, the Fed has also relied on other
economic indicators. The remainder of this section considers a more general specification of the VAR
model, where Z, now denotes an 8x1 vector containing the five variables used in the previous model,
plus log Y, U, and log P,. As before, the VAR innovations were obtained by regressing eact variable

on lags of all variables. The innovations were then decomposed as follows:
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where small letters again denote innovations.

There are a few important properties of this identification scheme that should be mentioned.
First, the reserves market variables do not directly respond to within-the-month innovations in the
macro varizbles. This is a reasonable assumption, since neither banks nor the Fed has direct
information about economic activity in the current month. Likewise, output, the unemployment rate,
and the price level do not respond to within-the-month innovations in reserves market variables, which
also assumes that economic agents do not react immediately to changes in these variables. Finally, the
link between the reserves market and the macroeconomy is a classic money demand equation, where
M2 responds to innovations in output and prices, and these innovations are transmitted to reserve
market variables through reserve requirements.

As previously mentioned, this version of the model is similar to models used by Christiano
and Eichenbaum, Bernanke and Blinder, and Gordon and Leeper to study the effects of monetary
policy on the macroeconomy, although the implementation of monetary policy is modeled in more
detail. Christiano and Eichenbaum have assumed that the supply of nonborrowed reserves is inelastic
with respect to the funds rate (p=co), and all of these studies have ignored the possible role of the
discount ratz (B,=0). As before, these restrictions can be rejected statistically for most of the

subperiods ¢xamined. In addition, the model used in this paper makes explicit the link between the
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reserves market and the mac'roec_dnomy.

Table 5 presents selectet(fi}l;ﬁ}ameter estimates and variance decompositions of selected
innovations using monthly VAR‘VV models of the macroeconomy.!! These estimates are entirzly
consistent with the previous resu]té: vAlthough the slope of the supply curve for nonborrowed reserves
increased.sharply in the 1979-82 beriod, the bulk of innovations in the federal funds rate can be

~ attributed to ‘ppl'icy shocks. In a;ldition, the discount rate plays an important role in determining the
demand for hc;ni)onowed rese_rves".

Taken together, these .‘resp.lts indicate that the best way to uncover monetary policy shocks is

_td ‘reg'ress the federal funds raie:g;rvl lags of appropriate variables that are in the Fed’s information set
and that presumably serve as‘inte;rinediate targets or indicators of monetary policy. Furthermore, while
it appears that the Fed’s operatidﬁal target has been fairly stable over time, no such evidence has been
presented concerning the stability of the relationship between the funds rate and the intermecliate

targets and indicators. That is the focus of the next section.

V. The Fed’s Intermediate Objectives

The primary conclusion éf the previous section is that innovations in the federal funds rate are
" good indicators of monetary poli:cy shocks. Indeed, depending on the time period and the frzquency
of the data, at least 85 perce;n of Athe variance of innovations in the federal funds rate can be attributed
to policy shocks. The aﬁélysis in the previous section, howeVer, paid little attention to how those
inﬁovationé were obtained. Accordingly, this section turns fo estimating the Fed’s intermediate ‘policy
objectives, which is tantamount to determining those variables m thé Fed’s reaction function that are
statlstlcally and economlcally important. Particular attentlon will be paid to whether the relatlonshlé

between the federal funds rate and those variables has been stable over the past several years.

1 Ag before, the over-identifying restrictions can be rejected in some periods, largely because the
model cannot account for a correlation between the unemployment rate and M2 during those periods.
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There are two different approaches that could be taken to investigate the stability of the Fed’s
reaction function. A more traditional approach has been to examine the statistical significance of
coefficients for all variables in the reaction function. This is equivalent to estimating the response of
the reaction function to a change in a particular economic variable, such as a monetary aggregate. In
contrast, economists have more recently begun to examine the implications that a reaction function
holds for responses to particular structural shocks rather than to specific variables. For example, one
could compare the Fed’s response to money demand shocks over several periods. For reasons of
robustness, both approaches will be used to examine the stability of the Fed’s intermediate policy

objectives.

A. Responses to Variables

Since it has been determined that thé federal funds is essentially predetermined with respect to
other reserves market variables and to general macroeconomic variables, it is permissible to estimate
the Fed’s reaction function directly with OLS. In other words, the parameter estimates of the ﬁrst
equationvin the reduced-form VAR model can be interpreted both as a structural (behavioral) equation

and a reduced-form equation. This equation can be written as follows:

P P p P
R, = p+..+ ;q’li'Yt—i * 1X1: by Uy + 3, by P,y + > by M. (2
. i= =

Ci=l i=1

where p is equal tov3, 6 or 12, as pre\;ibusly discﬁssed.
ﬂléfe is, df course, an extensive literature devc.)ted to .es’timating and examining _feaction
functions similar to the one in equation (22). Those studies that havé examined ihe relatiénship
between the fedérai funds rate and measures of output, unemployment, prices an(i m;mey ﬁe
summarized in Table 6. Note that the last four colu@s of the table denote whether a particular study
PEESTE S o Lo

found a statistically positive response (+), a statistically-negative response (-), or an insignificant -
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response (0) in the federal funds rate to a change is specific variables. In general, these studiss have
found somewhat mixed results concerning whether the Fed responds to these variable;.

There are several possible reasons why these results are not robust across studies. One
~ important explanation for these different results is that the Fed’s intermediate policy objectives have
not been constant over time. As discussed in Meulendyke (1990), the Fed did not have a formal target
: beféré 1'97.(_), Although the Fed has tended to target a monetary aggregate since 1970, it has recently
shlfted awayfrom using any particular variable as its primary indicator of economic activity.
Moréél’\}é'r,’:'e\{gr_] 1f the set of intermediate targets and indicators had remained constant, the composition
of the FOMé.;i:isélf has changed over time, likely resulting in a shift in the weights that the Fed has
placed on any bne economic variable.

Tables 7 and 8 explore whether the Fed’s reaction function has been stable across various
monetary regimes and across the tenures of Fed chairmen. Table 7 reports the significance of
likelihoqdjatio (LR) tests for excluding various macroeconomic variables from the reaction function.
Each rowof ihe table corresponds to a different time period, and the last four columns of the table
reporf thé 'V.S‘i.gniﬁcance of LR tests for excluding the output, unemployment rate, price, and mcney
variqblc‘s; ;éébéctively. Each of the macro variables apbears significantly in the reaction function when
it is estimated over the full sample, as indicated in the first line of the table. This result is not robust
a‘cro‘sfs dlfferent subperiods, however, with respect to either monetary regimes or Fed chairmen. For
the monetary '.regimes, only M2 appears significantly ih each regime, and only the 1979-82 regime has
all variqbles appearing significantly. Thus, it appears that much of the significance of variables for the
full-sample reaction function can be traced to significance in the 1979-1982 period.

These features are fairly similar for the tests across Fed chairmen.!? The results for the

12 Hakes (1990) conducted similar tests for Fed Chairmen, although he used a constructed
measure of the stance of monetary policy rather than the federal funds rate.
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Martin and Burns/Miller eras are not very different from the monetary regime results, since their
tenures coincide almost exactly with the first two monetary regimes. The contrast between the
Volcker and the Greenspan eras, however, are striking. First, the insignificance of coefficients in the
1982-1993 regime can be partly attributed to the Greenspan era, which is evidence to support the
hypothesis that the FOMC has shifted it emphasis away from using a few specific economic indicators
to guide policy toward using a variety of such indicators. Second, as with the monetary regimes,
much of the significance of variables in the full-sample estimates can be attributed to the Volcker era,
suggesting that the FOMC under Volcker had different intermediate objectives compared to other Fed
Chairmen.

Finally, Table 8 presents the results of stability tests (Chow tests) for the FOMC’s reaction
function between subperiods. These results confirm those already suggested by Table 7: There is
substantial evidence to suggest that the Fed’s reaction function and, in particular, its intermediate

objectives have experienced several structural shifts over the sample period.

B. Responses to Shocks

As discussed earlier, one can also use an estimated reaction function to examine the responses
to particular structural shocks rather than to endogenous variables. While the previous approach had
the advantage of determining whether a variable was statistically important in the Fed’s reaction
function, this second approach has the advhntage of highlighting the intentions of the Fed with respect
to its respor.se to various shocks that buffet the macroeconomy.

Figure 1 illustrates the response of the federal funds rate to the four macroeconomic shocks in
the VAR model of the macroeconomy -- a price level shock (M4), an unemployment rate shock (13), an
aggregate demand shock (p,), and a money demand shock (u). The responses are to a one-standard-
deviation shock based on the VAR model estimated over the enfire sample period. Each panel plots

the average response (the bold line) and 95% confidence intervals (the dotted lines). Average
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responses and confidence bounds were determined using Monte Carlo procedures with 1000 replica-
tions.

The impulse response functions can be summarized as follows. The strongest response is to
unemployment rate shocks, where the funds rate is lowered three percentage points in response to a
one percentage point increase in the unemployment rate. Although the funds rate is raised in response
to aggregate demand shocks and to money demand shocks, the average response is only marginally
significant from zero. Responses to price level shocks are very insignificant from zero.

How do these responses compare across various monetary policy regimes and different Federal
Reserve Chairmen? Figures 2 and 3 graph the average responses to the same shocks as in Figure 1
but based on a VAR model estimated over the relevant time period. As shown in Figure 2, the
average responses during various monetary policy regimes have the same general pattern as responses
for the full-sample, although they are somewhat muted compared to the previous responsecs. Some
differences do appear, however, when average responses are examined for the Fed Chairmen (Figure
3). In particular, the impulse response functions corresponding to the Volcker era stand out with
stronger responses to price level shocks and to unemployment rate shocks. This feature is consistent
with those results seen in Table 7, where much of the significance of variables for the full-sample
reaction function can be attributable to the Volcker period.

In summary, there is significant evidence that suggests that the Fed’s intermediat: policy
objectives have not been constant over time. This result holds whether one examines the significance
of coefficients in the Fed’s reaction function, or whether one looks at the responses of the Fed to
various structural shocks. As a consequence, these results indicate that the Fed’s reaction function
should be estimated over subperiods in order to correctly identify monetary policy shocks. In

particular, the results indicate that the Volcker period should be treated separately, perhaps with an

appropriate set of dummy variables.
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VI. Conclusion
This paper has taken a detailed look at the implementation of monetary policy and the
identification of monetary policy shocks. The paper first outlined a general analytical model for

studying and evaluating monetary policy procedures. This model was used to motivate a statistical

model that could be used to estimate and examine both the Fed’s operational and intermediate policy
objectives. The results from this exercise can be summarized as follows. First, an important
conclusion of this paper is that monetary policy shocks over the past several years have primarily
affected the federal funds rate, even during periods when the Fed was reportedly targeting reserves. In
addition, the paper has found a statistically-significant liquidity effect in all periods examined,
although it is quite small. Finally, there is statistical evidence that the Fed’s intermediate objectives
have not been constant over time, and these differences appear to be economically important. Taken
together, these results indicate that while monetary policy shocks can be uncovered by regressing the
funds rate on variables that are in the Fed’s information set, the reaction function should be estimated

over subsamples rather than over the entire 1959-1993 sample period.
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APPENDIX

A Review of Monetary Policy Procedures

Although the ultimate goals of U.S. monetary policy -- sustainable economic growth and price
stability -- have remained largely unchanged over the past several years, the technical aspects of how
these goals have been implemented have shifted dramatically. This section of the paper reviews the
history of monetary policy procedures at the Federal Reserve since the 1950s and follows closely the
discussion in Meulendyke (1990). These policy procedures are summarized briefly in Table 1.

1959 to 1969. After the Treasury-Federal Reserve Accord in 1951, the Federal Reserve
resumed its pursuit of its monetary policy goals. Those goals had been put aside during World War II
in order to promote low interest rates on Treasury securities. During the 1950s, the Fed developed
open market operations into the primary tool for implementing short-run policy objectives. The
discount rate and reserve requirements were adjusted only occasionally: The discount rate was
changed whzn the rate became out of line with other short-term market rates, and both instruments
were sometimes used to signal the extent of policy shifts.

Alttough the FOMC did not have formal intermediate targets during this period, it monitored
several indicators of economic activity. It paid particular attention to bank credit -- seeking to
stimulate bank lending when overall economic activity was flagging and to slow it down when
economic activity appeared to be too robust.

Operationally, the Federal Reserve targeted free reserves, with targets implied by the
discussion at the most recent FOMC meeting. Since the Fed’s forecasts of free reserves were subject
to large errors (primarily because of the unpredictability of excess reserves), the Trading Desk at the
Federal Reserve Bank of New York closely monitored daily conditions in the money market. In
particular, the Desk watched movements in Treasury bill rates and other short-term market rates. The

federal funds rate was not initially viewed as an important indicator of reserve availability, since the
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interbank markets were fairly thin. But the funds rate received increasingly more attention as the
market began to grow in the 1960s.

During the late 1960s, the Federal Reserve and others began to question the current policy
procedures. Some economists, for example, suggested that the Fed should pay more attention to
money growth, while others pointed to using the monetary base or total reserves as intermediate
indicators. In response, the FOMC added money growth and total reserves to the list of intermediate
indicators. With respect to operational targets, free reserves remained the primary objective, a.though
the Desk began to rely more heavily on the level of borrowed reserves, as the excess reserves
component of free reserves continued to be difficult to predict.

1970 to 1979. In 1970, the Federal Reserve formally adopted monetary targets with the
intention of using them to combat inflation. Bank credit remained in the list of indicators, but it
received increasingly less attention. Initially, the FOMC used weekly tracking paths for M1. These
were replaced in 1972 with two-month growth rate ranges, which were further supplemented in 1978,
in accordance with the Humphrey-Hawkins Act, with annual growth rate ranges.

Also in 1970, the federal funds rate became the primary operational target. A target rate was
chosen to be consistent with current reserve estimates and the desired growth rate of M1, and the
FOMC voted on a range surrounding the target rate that put limits on the target adjustments that the
Desk could make between FOMC meetings.

1979 to 1982. In October 1979, the Federal Reserve moved to targeting nonborrowed reserves
in order to achieve its intermediate objectives. Operationally, the Federal Reserve chose a level of
total reserves consistent with the desired growth rates for M1 and M2. In turn, using models ror
money demand and borrowed reserves, the Fed calculated the implied target level for nonborrowed re-
serves and an expected federal funds rate. These targets were adjusted weekly, using new information

on currency, deposits, and reserves. Although the role of the federal funds rate was diminished during
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this period. it continued to be used as a short-run indicator of the accuracy of reserve forecasts.

1932 to the Present. By late 1982, it was evident that the relationship between M1, M2 and

economic activity was breaking down, primarily because of the deregulation of interest rates on
various types of deposits, particularly on NOW and money market deposit accounts. Initially, it was ,
hoped that this disruption would be short-lived. In response to these developments, the Federal
Reserve made several ad hoc adjustments to its policy procedures. First, the role of money growth as
an intermediate target was deemphasized, and inflation, measures of economic activity and foreign
exchange developments received greater attention.

In addition, the Fed moved to choosing the borrowing level directly. The Desk continued to
use the fecleral funds rate as a guide for making daily adjustments to nonborrowed reserves. Indeed,
as the 198)s progressed, the relationship between borrowed reserves, the discount rate and the federal
funds rate became more uncertain and the Desk increasingly relied on the federal funds rate as a short-

run indicaior of reserve availability.
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Table 1. Operational and Intermediate Objectives of the Federal Reserve, 1959-Present

Operational Objectives

Intermediate Objectives

Time Period - Target Indicator(s) Target(s) Indicator(s)
1959 - 1969 Free Reserves Short-term None Bank Credit
Market Rates Money Growth
Bank Reserves
1970 - 1979 Federal None M1 and M2 Several
Funds Rate
1979 - 1982 Nonborrowed Federal M1 and M2 Several
Reserves Funds Rate
1982 - Present Borrowed Federal M2 and M3 Several
Reserves Fund Rate
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Table 2. Summary of Monthly VAR Models of the Reserves Market, 1959-1993

1959-1969  1970-1979  1979-1982  1982-1993

Parameter Estimates

p 004 006 231 005
(.018) (.017) (.114) ( .007)
n 115 175 180 306
(.037) (.037) (.044) ( .040)
B, -768 -976 -357 -719
(.118) ( .199) ( .157) ( .320)
B, 972 898 710 -.120
( .270) ( .443) ( .405) ( .576)
B, 977 1.042 966 965
(.022) ( .035) ( .078) (.021)
Bs 071 436 015 126
( .196) ( .308) (.774) ( .308)
a -368 1.382 4.075 2.344
( .801) (.791) (1.440) (1.257)

Contribution of Policy Shocks to Variance of:

NBR, - E_, NBR, 2 2 7 0

R;, - E Ry, 100 100 86 100
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Table 3. Summary of Weekly VAR Models of the Reserves Market, 1959-1993

1959-1969  1970-1979  1979-1982  1982-1993

Parameter Estimates

p 052 016 176 013
( .016) (.011) ( .045) ( .010)
n 031 051 075 086
( .010) (.017) ( .020) ( .652)
B, -.600 _975 -704 -1.344
( .087) ( .202) (.109) ( .625)
B, 141 1.108 324 1.518
( 324) ( .397) ( .338) (1.030)
B, 939 910 1.020 672
( .026) ( .035) (.047) ( .053)
B, 119 366 -.059 -017
(.057) (.101) ( .017) ( .372)
o 687 241 127 3.206
( .089) ( .129) ( .028) ( .258)

Contribution of Policy Shocks to Variance of:

NBR, - E,_, NBR, 3 3 9 3

Re, - B, Ry, 97 99 87 99
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Table 4. Summary of Weekly VAR Models of the Reserves Market, 1982-1993

Parameter Estimates

Contribution of Policy Shocks to Variance of:

p

By

B,

Bs

Bs

NBR, - E,_, NBR,

Rf,t -

E ;| Rg,

1982-1993 1984-1993 1988-1993
013 023 006
( .010) (.012) ( .006)
086 093 223
(.013) ( .015) (.037)
-1.344 -1.967 -3.092
( .625) (.793) (1.364)
1.518 1.487 -714
(1.030) (1.114) (1.250)
672 628 593
( .053) (.071) ( .069)
-017 142 1.381
( .372) ( 463) ( .520)
3.206 3.986 4.348
(.258) (.237) ( 356)
3 5 4
99 96 99
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Table 5. Summary of Monthly VAR Models of the Macroeconomy, 1959-1993

1959-1969  1970-1979  1979-1982 1982-1993

Parameter Estimates

p -.008 003 126 008
( .018) ( .015) (.066) (.008)
n 089 218 119 263
(.038) (.039) (.062) (.040)
B, =729 -753 1111 -723
(.115) ( 215) (.128) (.320)
B, 937 1.116 661 121
( .255) ( .445) (.406) (.599)
B 947 1.046 1.283 948
(.022) (.032) ( .070) (.023)
B, -019 831 -2.253 -112
(.203) ( .325) ( 441) ( .320)
o 015 1.504 1.378 620
(.831) (.926) (1.359) (1.242)

Contribution of Policy Shocks to Variance of:

NBR, - E,_, NBR, 2 1 13 0

Re, - E.j Ry, 99 100 99 99
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Table 6. Previous Estimates of the FOMC Policy Rule
Using the Federal Funds Rate as the Operational Target

Change in FF Rate in Response to Increase in:

Study Period Freq. Output Unemployment Prices Money
Havri esky 1964-66 M 0 +
et al. 1966-68 - +
1967-70 0 +
1970-71 - -
1971-72 0 +
1972-74 - +
DeRosa 1967-69 M 0 0
and Stern 1970-74 + +
Abrams 1970-77 M - + +
et al.
Lombra 1971-73 Q + + +
and Moren
Esaki 1974-79 M - 0
Beck 1970-79 M 0 +
1970-74 0 +
Wiite 1969-78 M + + +
Sheehan 1958-84 Q - 0
1958-83 - 0
Epstein 1966-83 Q + +
and Schor
McNees 1970-86 Q - +
1970-86 0 - 0 +
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Table 7. Tests for Exclusion of Selected Intermediate Targets and Indicators
in the Federal Reserve’s Reaction Function

Significance of LR Test for the Exclusion of:

Number
Time Period of lags (p) Output Unemployment Prices Money
1/59 - 6/93 12 01 <.01 01 01
(Entire Sample)
Monetary Regimes
1/59 - 12/69 6 .05 45 15 11
1/70 - 9/79 6 A7 .06 .65 <.01
10/79 - 10/82 3 11 <.01 <.01 <.01
11/82 - 6/93 6 .29 27 67 .04
Fed Chairmen
1/59 - 1/70 6 04 42 12 10
(Martin)
2/70 - 7/79 6 A7 14 .67 <01
(Burns/Miller)
8/79 - 8/87 6 <.01 .03 <.01 .01
(Volcker)
9/87 - 6/93 6 11 01 .98 62
(Greenspan)
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Table 8. Tests for Structural Stability
of the Federal Reserve’s Reaction Function

Value of Significance
Test of Structural Break Between: F-statistic of F-statistic
Monetary Regimes
1/59 - 12/69 and 1/70 - 9/79 2.17 <.01
1/70 - 9/79 and 10/79 - 10/82 7.77 <.01
10/79 - 10/82 and 11/92 - 6/93 11.22 <.01
Fed Chairmen

Martin and Burns/Miller 2.16 <.01
Burns/Miller and Volcker 2.17 <.01
Volcker and Greenspan 1.14 .30
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Figure 1. Response of Federal Funds Rate to Selected Shocks

{based on VAR model of macroeconomy using full sample)

Response to Price Shock
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Figure 2. Response of Federal Funds Rate Under Various Monetary Regimes

(1959-1969= , 1970-1979=. . ., 1979-1982=_.

Response to Price Shock

_._, 1982-1993=__ )

15F -
0.0 /_:::r-—’z_\_ .................. =
I I 'N:—fi‘:.‘:.":‘:_f.’ru-——"m——-_“
15F 4
11111 } S S TS U SHNS N (SN SUNUE AN NN SN SUN U WA SN U U SN [ SN S S SN N [ SN S U SN UGN NI S U W SHN S N SH T SR W S |
0 6 12 18 24 30 36 42 48
Number of Months Ahead
Response to Unemployment Rate Shock
3F -
0 s e Ll e r TS LT DL e T
a3t i
0 6 12 18 24 30 36 42 48
Number of Months Ahead
Response to Aggregate Demand Shock
05F .
— - —_—— - T — —_
0.0 R e ——— _—_-"___'--\,—" _______ ﬁg;_._‘;;.’_.. ————
-05 F .
0 6 12 18 24 30 36 42 48
Number of Months Ahead
Response to Money Demand Shock
15F .
0.0
AsSp R T S U S SRS T S S S L S SR | R S S [ N S W R Y 1 ]
0 6 12 18 24 30 36 42 48

Number of Months Ahead

41



1.5
0.0
-1.5

0.5
0.0
-0.5

1.5

0.0

-1.5

Figure 3. Response of Federal Funds Rate Under Various Fed Chairmzn

(Martin= , Burns/Miller=. .

Response to Price Shock
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