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The purpose of this paper is to examine the nature of the response by the Federal 
Reserve to changes in economic conditions. Unlike previous studies, however, the 
specification of the reaction function for the Federal Reserve employed here will 
take account of the fact that the marginal response may vary with the severity of 
economic conditions. Whether or not this is the case is determined by developing 
a generalized spline estimator. It is found that the Federal Reserve’s reaction to 
economic conditions does indeed vary with the severity of these conditions. The 
implications of this finding are discussed. 

1. Introduction 
The response of the Federal Reserve to changes in its primary 

policy objective variables, unemployment and inflation, has re- 
ceived considerable attention in recent years. This is understand- 
able since knowledge about the Federal Reserve’s behavior is nec- 
essary to assess its performance in dealing with these two economic 
problems as well as to determine whether it behaves in a way that 
is compatible with the stated policies of the Administration. Knowl- 
edge about Federal Reserve behavior is also important because an- 
ticipated systematic policy actions may influence the expectations 
and thus behavior of the public, which in turn will influence the 
impact of these policy actions on economic activity. ’ In addition, 
regardless of expectations, if the Federal Reserve responds system- 
atically to changes in its objective variables, macroeconomic models 

*The authors acknowledge helpful comments provided by Lawrence Davidson, 
Richard Froyen, David Guilkey, William Kelly and Peter Schmidt. 

‘For a discussion of the role of expectations in macroeconomic models, see 
Swamy, Barth and TinsIey (1980). 
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will provide biased estimates of the impact of current period policy 
actions on these objective variables. This bias results from the pres- 
ence of feedback in the relationship.’ 

The purpose of this paper is to examine the nature of the 
response by the Federal Reserve to changes in its objective vari- 
ables. Unlike previous studies, however, this specification of a re- 
action function for the Federal Reserve takes into account the likeli- 
hood that the marginal response of the Federal Reserve to changes 
in inflation and unemployment varies with the levels of these vari- 
ables. That is, the marginal response will be permitted to vary over 
time depending on the severity of inflation and unemployment. 
Whether or not this is the way the Federal Reserve behaves will 
be determined by developing a generalized spline estimator. The 
advantage of this estimator is that it permits an independent vari- 
able in a regression equation to take on different functional rela- 
tionships with respect to the dependent variable in the various sub- 
intervals of the domain of the independent variable. If the Federal 
Reserve does indeed respond differently depending upon the se- 
verity of inflation and unemployment, spline functions will capture 
this type of behavior. 

Previous studies of Federal Reserve reaction functions exhibit 
substantial variation with respect to both the specification of the 
regression equation and the time period examined. These studies 
have reached no consensus regarding the degree of importance to 
be attached to alternative objectives or to the stability of the Fed- 
eral Reserve’s reactions. More specifically, the results of several of 
these studies suggest that the behavior of the Federal Reserve has 
shifted over time. Two recent studies, for instance, report that the 
Federal Reserve’s reactions to changes in the values of ultimate 
objective variables have changed since 1970, when the Federal 
Reserve began to express more concern over monetary aggregates 
in its directive to the manager of the open market account.3 TWO 

other studies have suggested that the response of the Federal Re- 
serve to economic conditions has systematically shifted with Pres- 
idential Administrations.4 Although both of these studies conclude 

‘See Goldfeld and Blinder (1972) for an excellent discussion of these feedback 
effects. 

3DeRosa and Stem (1977) and Chase Econometrics (1978) both suggest that the 
Federal Reserve’s operating behavior has changed since 1970, being more con- 
cerned with controlling the money supply as one of its objectives since that year. 

‘See Froyen (1974) and Potts and Luckett (1978). Both studies estimate reaction 
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that the unemployment rate appears to induce more of a response 
than other explanatory variables, it is concluded that the ordering 
of responses to the objective variables “. . . does appear to be in- 
fluenced by the political temper of the times. “5 

But the possibility that the marginal response of the Federal 
Reserve to changes in its objective variables may vary depending 
on the current level of these variables, or on the severity of eco- 
nomic conditions, has not been fully appreciated in previous stud- 
ies. The Federal Reserve’s response, for instance, to a one-half 
percentage point increase in the unemployment rate may be quite 
different when the unemployment rate is 3.5 percent than when 
it is 7.0 percent, assuming that the divergence from the perceived 
natural rate is different in the two periods. The same may be true 
of other important objective variables, such as the inflation rate. 

If this is the case, previous studies examining the behavior 
of the Federal Reserve have incorrectly specified the reaction func- 
tion by employing a restrictive and more traditional linear reaction 
function. Studies which ignore the possibility of the sort of struc- 
tural change in the reaction function indicated here may have at- 
tributed the structural instability of the parameters over time to 
incorrect or only partial causes, such as changes in Presidential 
Administrations. It is therefore important to estimate a less restric- 
tive functional form in which the marginal response is permitted 
to vary with economic conditions so that one may obtain a better 
understanding of actual Federal Reserve behavior. This can be 
done by employing a spline function to estimate the reaction func- 
tion. 

Briefly, spline functions are defined as piecewise polynomials 
of a predetermined degree, r, which are specified by dividing the 
range of an independent variable into several subintervals separated 
by a set of points called knots. The polynomial functions are then 
smoothly joined together at the knots so that there are r-l contin- 
uous derivatives at each knot. Spline functions represent an alter- 
native estimation technique to that of a single polynomial function 
over the entire range of the values of the independent variable 
since they do not restrict the relationship to a specific functional 
form over the entire range. Instead, they allow the functional form 

functions over subintervals corresponding to the Eisenhower, Kennedy-Johnson, 
and Nixon (or Nixon-Ford) administrations to evaluate the impact of different 
administrations on policy-making. 

‘Potts and Luckett (1978), p. 532. 
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and thus the estimate of the response of the dependent variable 
to independent variables to vary over different ranges. This gen- 
erally allows for a better fit of the relationship. Spline functions 
also represent a more general form than a piecewise linear function 
in that they do not restrict the relationship to a series of linear 
segments. Additionally, the restriction that there be r-l continuous 
derivatives at the knots, or the end-points of the intervals, ensures 
the smoothing of the function at these points. This means that the 
function is continuous and differentiable over its entire range and 
that estimates of the coefficients vary gradually across intervals. 
Without these restrictions, abrupt shifts in policy would be artifi- 
tally introduced as is the case when employing a piecewise linear 
function. A gradual change in policy is more reasonable to expect, 
a priori, than abrupt and discontinuous changes. More importantly, 
this smoothing allows the parameter estimates and the goodness of 
fit to be less sensitive to the choice of knot values and to the num- 
ber of intervals than those of a traditional piecewise function. 

As has been recently shown by Buse and Lim (1977), and 
noted by Suits, Mason, and Chan (1978), the spline estimator is a 
special case of restricted least squares. One may therefore correct 
for the presence of any correlation in the residuals of the reaction 
function by using a generalized restricted least-squares algorithm.6 
Furthermore, as was mentioned by Suits, Mason and Chan (1978), 
no studies have thus far employed a spline function in the direct 
estimation of the coefficients of an equation with more than a sin- 
gle independent variable. Most studies require several explanatory 
variables and most time-series studies encounter disturbance terms 
which exhibit autocorrelation and hence require generalized least- 
squares estimation. The estimator employed in this study builds on 
those used by Poirier (1973); Barth, Kra,ft and Kraft (1976); Buse 
and Lim (1972); and Suits, Mason and Chan (1978) by satisfying 
these modelling requirements jointly, using generalized least squares 
under linear constraints [ (Theil (1971)]. 

2. Specification of the Reaction Function 
The general form of the Federal Reserve reaction function to 

be estimated is the following: 

‘See Theil (1971). 
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Z = f(Z', U, Ar, TS, FES ) . 0) 

This equation states that the Federal Reserve adjusts its policy in- 
strument (Z) in response to two ultimate policy objective variables, 
the inflation rate (Z’) and the unemployment rate (v). The policy 
instrument is also assumed to be used to maintain stability in fi- 
nancial markets by responding to changes in the rate of interest 
(Ar) and to accommodate the needs of trade by responding to the 
level of total sales (TS). Finally, the Federal Reserve is hypotbe- 
sized to vary the instrument to reinforce fiscal policy actions by 
responding to the size of the full employment budget surplus (FES) 
of the federal government. Of course, the values of the estimated 
coefficients of equation (1) do not provide direct information on the 
priorities of the Federal Reserve. The reaction function is derived 
by optimizing a utility or preference function of the Federal Re- 
serve subject to a constraint consisting of a macroeconomic model 
of the economy. The reaction function coefficients therefore em- 
body both Federal Reserve preferences and the expected impact 
of its actions.’ These coefficients thus enable one to determine 
how, if not why, the authorities have responded to varying eco- 
nomic conditions. 

The anticipated signs of the coefficients on each of these ex- 
planatory variables depend, of course, on the particular instrument 
being used. For the purpose of this study, the monetary base is 
chosen as the monetary policy instrument.’ The Federal Reserve 
exercises considerable control over this variable, either directly 
through its own actions or indirectly through inaction. In the for- 
mer case, the Federal Reserve can engage in open market actions 
designed to change the monetary base, while in the latter case the 
Federal Reserve may take no action to offset changes in the base 
brought about by movements in “non-controllable” sources of the 
base. The choice of a monetary aggregate as the instrument vari- 
able is consistent with many other studies of Federal Reserve re- 

‘See, for example, Wood (1967). 
‘One might argue that a more appropriate variable would be the sum of un- 

borrowed reserves plus currency held by the public (an adjusted monetary base). 
However, in an earlier study, Froyen (1974) employed both the monetary base and 
this alternative measure in his study of the Federal Reserve reaction function. 
Since the results for the two measures were virtually identical (in terms of signs 
and significance of estimated coefficients) in that study, it was decided not to em- 
ploy both variables here. 
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action functions.’ This means that the estimates of this study can 
be directly compared to the results of these other studies. Fur- 
thermore, data on the monetary base are available over the entire 
time period of our analysis (1953-1978). For all of these reasons, 
the monetary base will be used as the policy instrument in this 
study. 

An important requirement in specifying a reaction function is 
to allow for a gradual adjustment to changes in explanatory vari- 
ables. When the Federal Reserve responds to its ultimate policy 
objective variables, inflation and unemployment, it is likely to be 
responding to the values of each of these variables over several 
time periods, not just to those for the most recent period. Although 
the most recent value may be important for the monetary author- 
ities to consider, a large, single-period change in the value of a 
variable may be a temporary and reversible aberration caused by 
dislocations in one sector of the economy. Such movements may 
not be indicative of a lasting change in economic conditions. This 
is particularly true when the time period over which the variable 
is measured is as short as a month. 

A four-month moving average of past values, from t - 1 to 
t- 4, of the explanatory variables is employed to capture this ef- 
fect. Preliminary results obtained by treating these variables as ex- 
pected levels and by generating their predicted contemporaneous 
values from an estimated reduced form [see, for example, Abrams, 
Froyen and Waud (1980)] p roved less satisfactory. Several other 
studies have attempted to account for the gradual response of the 
Federal Reserve by employing a lag function.” However, for the 
purposes of this study the use of a distributed-lag function is both 
impractical and quite cumbersome. The reason is partly a short- 
coming of the general functional form of the spline function, which 
requires both a substantial number of parameters to be estimated 
and a number of restrictions to be imposed. Imposing a distributed- 
lag procedure would multiply the number of parameters by the 
number of periods of the lag length. Apart from the large number 
of parameters which would have to be estimated, it is not at all 
clear how one would interpret the estimates of the parameters of 

‘See, for example, Froyen (1975) and Wood (1967). Wood used U.S. Govem- 
ment Security holdings by the Federal Reserve rather than the monetary base as 
the policy instrument variable. 

“‘See, for example, Froyen (1974), who used a polynomial distributed lag func- 
tion, and DeRosa and Stem (1977), who used an unrestricted lag structure. 
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such a function since allowance is being made for the lag distri- 
bution to warp depending on its level. Since this study is mainly 
interested in the extent to which the Federal Reserve’s response 
to changes in the inflation and unemployment rates depends on the 
level, or severity, of these variables, sacrificing some of the de- 
tailed information on timing yielded by the use of a distributed-lag 
structure was necessary to examine this effect. 

A cubic spline (i.e., a third-degree polynomial within each 
interval) was employed to account for nonlinearities in the Federal 
Reserve reaction function. In the absence of a priori knowledge of 
the precise functional form, the cubic form was chosen because it 
provides substantial flexibility in the form of the function without 
increasing excessively the number of parameters to be estimated. 
For this reason, the cubic spline has been the most widely used 
form in empirical work [see, for example, Barth, Kraft and Kraft 
(1976), Buse and Lim (1977) and Poirier (1973)]. Spline function 
estimates are provided for one, two, and three intervals specified 
over the independent variables. No theoretical reasons exist for set- 
ting the number of subintervals, but three are sufficient to provide 
information as to whether or not the severity of economic condi- 
tions influences Federal Reserve behavior. Insofar as there are no 
a priori reasons for selecting particular knot values, the ranges for 
the intervals were selected by an entropy rule. This suggests that 
in the absence of any reasonable prior distribution, the uniform is 
the least offensive to use. Thus, the size of each interval is given 
bY G%,m, - ZO,nJn)/m, m = 1, 2, 3.” 

The most general specification of the spline function (assum- 
ing non-stochastic parameters) may be written as follows: 

Y = g[A(L)Z,] + B(L)Z, + U , (2) 

where Y and U are (Txl) vectors of observations on the dependent 
variable and disturbance term, with U-N(0,u2fk), g is a continuous 
function which is differentiable up to an arbitrary degree, and A(L) 
and B(L) are lag operators on Z, and Z,; Z, is a (Trl) vector of the 
policy objective variable splined, and Z, is a (TX@ matrix of other 

“It should be noted that the degree of the polynomial, the number of switching 
points (knots), and the values of the knots are parameters that can, in principle, 
be estimated, given the appropriate likelihood function. However, the use of a 
maximum likelihood function approach to the simultaneous estimation of the above 
parameters is a topic for further research. See Gallant and Fuller (1973). 
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explanatory variables. By letting c, the four-month moving average 
of the independent variable of the spline function, equal A&)2, 
and ignoring time subscripts, the generalized cubic spline function 
for the three-interval model can be written as 

g(c) = ml(c) + Dzgz(c) + D,g,(c) : (3) 

where 

i&(C) = ai,l + OLi,Pc + ai,3c2 + OLi,dc3 F 

D, = 
I 

1 ifc < cr 
0 otherwise ’ 

D = 1 ifc, C c C c2 
’ 0 otherwise 

; D _ 1 ifc > cZ 
3- 

1 
0 otherwise ’ 

and c, and c2 are the knots. 
The following restrictions are imposed: 

dc*) = &+l(‘i) (3-l) 

gi’CcJ = glllCci) ’ (3.3) 

These restrictions assure that the cubic polynomials are joined at 
the knots (the cI’s) and hence that the entire function g(c) is con- 
tinuous, that the slopes of the g,(c)‘s are equal at the knots, and 
that the curvatures of the g,(c)‘s are equal at the knots. It should 
be noted that equation (2) can also be estimated without these re- 
strictions as long as the number of observations in each interval is 
greater than or equal to four. 

Buse and Lim (1977) have noted that the model described by 
equations (2) and (3), and the restrictions of (3.1)-(3.3) can be rep- 
resented in a more compact form as: 

Y=xp+c, S.T. RP = r , (4) 

where e-N(O,a’fi). The generalized spline estimator and its cov- 
ariance matrix are thus given by: 

i : i + (X’n-‘X)-‘R’[R(X’M-‘x)-lR’]-l(r - RF) , (5) 
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and 

where 

cov (i;, = a2 A(x’fi-‘x)-l , (6) 

p = (r’K’x)-’ x’i-r’y ) 

and 

A = I - (x’K’x)-‘R’[R(x’R-lx)-‘R’]-‘R 

3. Empirical Results 
The data used in this study consist of a time series of monthly 

observations for the period January 1953 through February 1978. 
Values for the inflation rate, (P), measured as the annualized monthly 
percentage change in the Consumer Price Index; for the unem- 
ployment rate (U); for total sales (TS); and for the interest rate (r), 
as measured by the three-month Treasury bill rate, were obtained 
from various issues of the Suruey of Current Business and from 
Business Conditions, 1971. Monthly data for the full-employment 
federal budget surplus (FES) were obtained by interpolating the 
quarterly series published by the Federal Reserve Bank of St. 
Louis. Values for the inflation rate varied from - 1.5 to 12.7 percent 
over the period, with knot values of 3, 2, and 7.9 percent. The 
values for the unemployment rate varied from 2.6 to 8.9 percent, 
with knot values of 4.7 and 6.8 percent. 

All variables are represented as deviations from their mean 
values. Forcing the relationship through the origin is necessary in 
order to identify the constant terms of the piecewise cubic poly- 
nomials on which the above restrictions are imposed. It should be 
noted that a double spline [Suits, et al. (1978)] or a more compli- 
cated interactive specification that Poirier, refers to as the “bilinear 
spline” [ Poirier (1975)] could be estimated within the framework of 
the generalized least-squares estimator under linear constraints. 
However, this would force one to require that the additional spli- 
ned polynomials not have constant terms (otherwise X’X would 
become singular). Furthermore, since the number of parameters 
within each interval would be reduced to three, the three sets of 
restrictions on the parameters would have to be reduced in number 
as well, otherwise the restriction would force the parameters in 
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each of the intervals to be the same.12 Thus one would have to 
alter the parameterization of g,(c) above as well as of the restric- 
tions. 

The estimates for several parameterizations of the reaction 
function are presented below. All are nested in the Generalized 
Spline Estimator. A first-order autoregressive disturbance structure 
was assumed and the autoregressive parameter was estimated using 
an iterative Prais-Winsten procedure.r3 

Initially, an equation was specified in which all independent 
variables enter in linear form. I4 The generalized least-squares (GLS) 
estimates for this equation are reported in the first column of Table 
1. In the next parameterization the constraint c+, = qXi,k = 1,3; 
j,Z = 1,4) is imposed, which yields a cubic polynomial in one ul- 
timate policy objective variable over the entire range of values. 
This constraint eliminates the classification of subintervals for the 
independent variable. The GLS estimates for these conventional 
cubic equations for both unemployment and inflation are reported 
in the second and third columns, respectively, of Table 1. Finally, 
a comparable set of results for the estimation of equations (4) and 
(5) using the generalized spline estimator without the above restric- 
tions is presented in Table 2. Columns 1 and 2 report the results 

‘sAssume for simplicity that 

Y = W-d4 + D,f,(~) , 

where 

These restrictions are satisfied iff b, = b3 and bs = b,. 
%ee Maeshiro (1976, 1979). 
“As can be noted from the formal model above, linear as well as the simple 

cubic functions can be viewed as special cases of the more general cubic spline 
function in which restrictions are imposed on the values of some of the coefficients. 
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TABLE 1. Reaction Function Estimates: Linear and Cubic Form, 
Dependcznt Variable-Monetary Base 

Inakpendent 
Variable Linear Cubic on U Cubic on P 

Constant 

TS 

Ar 

FES 

u 

v2 

u3 

P 

P 

P 

- 

0.599* 
(51.16) 

-297.236 
(-1.482) 
-0.050* 

(-4.74) 
917.209* 

(7.49) 

-57.051” 
(-3.00) 

- 

-28.331 
(-0.057) 

0.613* 
(58.491) 

-330.138 
(-1.622) 
-0.046* 

(-3.851) 
834.443* 

(5.249) 
77.682 
(1.373) 

1.124 

(0.053) 
-53.339* 
(-2.707) 

54.570 
(0.141) 
0.624* 

(70.305) 
-301.961 

(-1.460) 
-0.051* 

(-4.799) 
882.698* 

(7.292) 

-68.398* 
(-2.836) 
-9.626* 

(-2.558) 
0.743* 

(2.225) 

R -2 0.898 0.925 0.947 
D.W. 1.969 1.954 1.931 

Numbers in parentheses represent t-statistics; *indicates coefficient is significant 
at the five percent level. 

where the unemployment rate is partitioned into two and three in- 
tervals, respectively, with different cubic functions estimated for 
each interval. All other explanatory variables enter linearly. The 
results for the equations when the inflation rate is similarly parti- 
tioned into two and three intervals appear in columns 3 and 4. The 
following discussion focuses primarily on the most detailed speci- 
fications, the three-interval spline estimates, and draws comparisons 
with the other results reported. 
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TABLE 2. Reaction Function Estimates: Cubic Spline Form with 
Two and Three Intervals on lnflution Rate and Unemployment 
Rate, Dependent Variable-Monetary Base 

Splitle Spltne 
Ina!epen&nt Independent 

Spliy Spliqe 
on U on V on P on P 

Variable 2 interval 3 Interval Variable 2 Internal 3 lntefvd 

0.613* 0.617* TS 
(59.690) (61.767) 

-339.570 -336.947 Ar 
(-1.664) (-1.644) 

-0.053* -0.050* FES 
(-4.069) (-3.581) 

-50.580* -53.115* V 
(-2.547) (-2.638) 

Lower Interval 

-122.403 -203.758 K, 
(-0.255) (-0.445) 
689.408* 998.571* k 

(3.582) (4.182) 
159.470 684.049 5 

(1.876) (1.772) 
62.436 226.714 s 
(1.191) (l.=w 

Middle Interval 

- -232.598 K, 
(-0.504) 

- 810.676* h 
(4.402) 

- 275.562* k? 
(2.076) 

- -69.149 s 
(-1.058) 

-96.936 - 
(-0.202) 
557.060* 

(2.102) 
388.733 

(1.559) 
-69.946 
(-1.174) 

Upper Interval 

-604.436 h 
(-0.587) 
1501.491 k 

(0.861) 
-152.246 k 

(-0.158) 
19.162 2 
(0.120) 

0.639* 
(99.933) 

-350.791 
(-1.627) 

-0.061* 
(-5.754) 
652.506* 

(5.760) 

29.211 
(0.124) 

27.656 
(0.860) 

-13.869* 
(-3.414) 

-3.761* 
(-3.517) 

- 

- 

-48.240 
(-0.205) 
X34.723* 

(2.639) 
-63.205* 
(-4.918) 

3.817* 
(4.810) 

0.640* 
(101.392) 

-345.312 
(-1.579) 

-0.063* 
(-5.821) 
639.171* 

(5.645) 

7.127 
(0.031) 

(:: iii, 
-13.726 
(-0.927) 

-3.144 
(-1.251) 

7.143 
(0.031) 
9.272 

@.3w 
-12.527 
(-1.000) 

-1.146 
(-0.656) 

-607.006 
(-1.518) 
415.064* 

(1.962) 
-101.901* 

(-2.931) 
5.415* 

(3.263) 

P 0.930 0.935 P 0.977 0.978 
D.W. 1.955 1.948 D.W. 1.759 1.730 

q = unemployment rate within the ith interval, raised to the jth power; 3 
= inflation rate within the ith interval, raised to the jth power; K, = intercept 
(constant) term in the ith interval. Numbers in parentheses represent t-statistics; 
*indicates coefficient is significant at the five percent level. 
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In the equation for the three-interval spline estimate on the 
unemployment rate, the coefficients on TS, FES, and F’, which en- 
ter linearly, are significant with the hypothesized signs: positive, 
negative, and negative, respectively. The coefficient on br is not 
significant and carries a negative rather than the hypothesized pos- 
itive sign. These results are essentially the same as for the other 
specifications of the reaction function reported in Table 1. The 
coefficients on the linear unemployment rate terms are significant 
in the lower two intervals. The squared unemployment term is sig- 
nificant at the five-percent level only in the second interval but is 
also significant in the lower interval at the ten-percent level. None 
of the cubic terms and none of the coefficients in the upper in- 
terval are significant. This suggests a quadratic response of the 
Federal Reserve over the lower two intervals, which is consistent 
with the results of the two-interval spline estimates. However, the 
response is less systematic when the unemployment rate is in the 
highest range. This finding of a lack of significance at high un- 
employment rates was not obtainable from the other specifications 
of the reaction function. 

Although these parameter estimates provide considerable in- 
formation concerning the form of the reaction function within each 
interval, a better understanding of the Federal Reserve’s response 
to the unemployment rates requires an examination of the elasticity 
of the monetary base with respect to the unemployment rate. 
These values are calculated based upon the estimated parameters 
and the mean values of the variables within each subinterval and 
are reported in Table 3. 

TABLE 3. Estimates of the Elasticity of the Monetary Ba.se with 
Respect to the Unemployment Rate: Cubic and Cubic Spline Forms* 

Cubic Form Cubic Spline Cubic Spline 
Range of U 1 Znterval 2 Intervals 3 Intervals 

Lower 0.079 0.045 0.080 
Middle 0.080 - 0.091 
Upper 0.100 0.114 0.080 

*Elasticity estimates were computed at mean values of U and B within each 
interval. Although the equation for column 1 was estimated as a single cubic equa- 
tion over the entire range of U values (i.e., no sub-intervals specified), elasticity 
estimates were computed at mean values of each sub-interval of the three-interval 
spline function for comparison to the spline results. 
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Elasticity estimates for the three-interval spline have the ex- 
pected positive sign and are quite similar to those obtained from 
the one- and two-interval cases. Notable is the similarity in elas- 
ticity values between intervals. It appears that the Federal Reserve 
responds somewhat uniformly to unemployment rate changes re- 
gardless of the level of the rate, or the severity of the unemploy- 
ment problem. In light of these results and of the generally insig- 
nificant coefficients on the nonlinear unemployment rate terms, it 
is not surprising that other studies specifying a less general form 
of the reaction function found a significant response by the Federal 
Reserve to the unemployment rate [see, for example, Froyen (1974)]. 

Turning to the results obtained when the inflation rate is 
splined and partitioned into three intervals, it is found that the lin- 
ear unemployment rate term carries the expected positive and sig- 
nificant sign as is the case for the simple linear and cubic equations. 
Two other variables, TS and FES, also carry the expected signs and 
are significant as before. The interest rate coefficient has the wrong 
but insignificant sign as in the other functional forms. In general, 
the coefficients of the variables that enter this equation only in 
linear form are not substantially different from those reported for 
the strictly linear equation. The coefficients on the inflation rate 
terms in the lower and middle interval are not significant, while 
those in the upper interval are significant. Although this finding 
raises doubts about a systematic response at lower inflation rates, 
it supports the view that the Federal Reserve reacts to inflation 
rate changes only when inflation is most severe. It also supports 
the hypothesis that the response is nonlinear, even within this up- 
per range. It should be noted that, in contrast, all coefficients on 
the inflation terms on the one-interval cubic form are significant. 
The cubic spline results show, however, that this finding is due to 
a failure to take into account the severity of inflation. 

Table 4 contains the elasticity estimates for the response of 
the monetary base to the inflation rate. Estimates were computed 
for each cubic form and for each subinterval as before. All estimates 
have the anticipated negative sign with the exception of the elas- 
ticity coefficient for the lower range of the three-interval spline 
estimate. However, this elasticity ‘is very small and the coefficient 
estimates from which it was computed are not significant. A small 
and insignificant response to a change in the inflation rate during 
a period of stable prices (or low inflation rates) is not a surprising 
result and suggests possibly greater concern with other economic 
conditions during these times. 
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TABLE 4. Estimates of the Elasticity of the Monetary Base with 
Respect to the Inflation Rate: Cubic and- Cubic Spline Forms* 

cubic Form Cubic Spline Cubic Spline 
Range of P 1 Znterval 2 Zntervals 3 Intervals 

LOWW -0.004 -0.002 0.001 
Middle -0.006 -0.003 
Upper -0.011 -0.020 -0. I29 

*Elasticity estimates were computed at mean values of P and B. As in Table 
3, estimates in column 1, the simple cubic form, are computed at the mean values 
for each of three subintervals for comparison to the spline results. 

Of note, however, is the substantially larger elasticity estimate 
in the upper range of the three-interval spline function, indicating 
a pronounced increase in the responsiveness of the Federal Reserve 
to the inflation rate when inflation is most severe. These results 
suggest that the Federal Reserve responds systematically to infla- 
tion rate changes only when the inflation rate is high. When it does 
respond, however, it does so decisively. Much instability in the 
economy, including the rather severe recession of 1974-75 and the 
sharp downturn in the first half of 1980, has been attributed by 
some observers to the strong reactions of the Federal Reserve. Our 
findings are not inconsistent with this view. 

4. Comparison with Previous Studies 
A summary of the results of major previous studies is re- 

ported in Table 5. Due to the differences in the intent and the 
interpretation of the studies, and especially due to the differences 
in the choice of the dependent (or instrument) variable, of explan- 
atory variables, and of functional forms, any such summary omits 
important details. However, Table 5 conveys information as to the 
general form of the equations tested and the results found in these 
studies. The studies are presented in chronological order. The signs 
in the table refer to the coefficients on variables included in the 
equation with a significant positive effect (+) on the policy instru- 
ment, a significant negative effect (-), or no significant effect (0). 

GLOSSARY OF SYMBOLS: 

U = Unemployment Rate; 

P = Inflation rate or the absolute change in price index; 
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BPS = Balance of payments surplus; 
Y/P = Real income, (in Potts-Luckett, an Industrial Produc- 

tion Index was used); 
Y = Nominal income; 

TS = Total sales, generally specified as business sales; 
XR = Exchange rate; 

D = Outstanding U.S. government debt in the hands of the 
public; 

r = Short-term interest rate, (specifications included the 
treasury bill rate and the federal funds rate, and enter 
lagged in level form or in first differences); 

FES = Full-employment federal government budget surplus; 
M = Monetary aggregate, (alternatively specified as money 

supply, monetary base, bank reserves, and bank credit 
proxy in various studies); 

Gap = Difference between desired and actual output (Y, - Y,). 

These results show that the unemployment rate was signifi- 
cant and exhibited the expected sign more frequently than was the 
case with the inflation rate. A more careful examination of the stud- 
ies also shows that it was generally concluded that the Federal 
Reserve’s response to changes in the unemployment rate was greater 
than its response to inflation rate changes. Each of the studies that 
estimated a reaction function over time periods corresponding to 
different Presidential Administrations [Froyen (1974) and Potts- 
Luckett (1978)] found the inflation rate to be significant only in one 
Administration. However, a significant response to changes in the 
unemployment rate was found in different Administrations. 

Two other studies examined the effect of economic conditions 
on the behavior of the Federal Reserve. The study by Havrilesky, 
Sapp and Schweitzer (1975) found a systematic response of the fed- 
eral funds rate to inflation during periods the authors classified as 
“tight” money periods and to unemployment during “easy” money 
periods. However, only in the study by Christian (1968) was the 
effect of the severity of inflation and unemployment and the pos- 
sibility of a nonlinear response noted. This particular study used 
a moving regression technique over twenty-quarter periods to ex- 
amine the stability of the response over time. The results indicated 
a more systematic and larger response to inflation and unemploy- 
ment during periods when these variables were at relatively high 
levels, or during the “. . . period of concern . . . ” over these vari- 
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ables. l5 This was especially true in the case of the inflation variable. 
Although these results are in part consistent with those reported 
here, Christian never tested explicitly for nonlinearity either over 
the entire period or within periods of high inflation. This earlier 
study also did not cover the recent decade of persistent price inst- 
ability. 

As was the case in our study, most previous studies that in- 

cluded a nominal income or sales variable to account for actions 
taken by the Federal Reserve to accommodate the needs of trade 
produced a positive and significant coefficient for this variable. 
However, the only other study (Froyen, 1974) which included FES 
to account for actions taken by the Federal Reserve to coordinate 
monetary and fiscal policies yielded a significant coefficient only for 
selected time periods. This finding is consistent with the results of 
our study. The only variable that was consistently insignificant in 

our study was hr. In only the Teigen study (Teigen, 1969) was this 

variable significant, and this result was interpreted as due to the 
Federal Reserve’s concern with capital flows.16 

5. Summary and Conclusions 
This study has estimated a Federal Reserve reaction function 

that allows for the possibility that the marginal response of the 
Federal Reserve depends upon the severity of inflation and un- 
employment. A Generalized Spline Estimator was developed to 
determine whether or not this is indeed the case. Alternative cubic 
spline estimates were obtained by partitioning the values of the 
objective variables into one, two, and three subintervals. In gen- 
eral, the results suggest that the monetary base is adjusted in the 
expected direction with both of these variables, positively to un- 
employment and negatively to inflation. Furthermore, the results 
indicate that the response is indeed nonlinear and varying with the 
severity of economic conditions, especially in the case of the in- 
flation rate. 

More specifically, it was found that the Federal Reserve has 
adjusted the monetary base positively in response to the unem- 

“Christian (1968), p. 471. 
“Because most previous studies did not find a significant response to the bal- 

ance of payments surplus, this variable was not included in our study. However, 
future work might consider employing a spline function to reconsider the impor- 
tance of international financial conditions in influencing Federal Reserve behavior. 
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TABLE 5. Summary of Previous Estimates of Monetary Policy 
Time 

Period 
Dependent 

Variable Form 

Dewald- Johnson (1963) 

Goldfeld (1966) 

Havrilesky (1967) 

wood (1967) 

Christian (1968) 

Teigen (1969) 

Froyen (1974) 

Ha&e&y, Sapp, and 
Schweitzer (1975) 

DeRosa-Stem (1977) 

Chase Econometrics (1978) 

Potts-Luckett (1978) 

Abrams, Froyen, 
and Waud (1978) 

1952:i- 
1961:iv 

195O:iii- 
1962:ii 

1952:ii- 
1965:iv 

1952:i- 
1963:iv 

1952% 
1966:iv 

1952:i- 
1966:iv 

1953:i- 
1964:iv 

1953:2- 
1961:1 

1961:2 
1969: 1 

1969:2- 
1972: 12 

1964:1- 
1974:2 

Easy Money 
Periods 

Tight Money 
Periods 

1967:3- 
1969:12 

1970:12- 
1974:12 

1966:1- 
1970:2 

1970:3- 
1978:1 

1956: l- 
1975:12 

1956: l- 
1961:l 

1961:2- 
1969:1 

1969:2- 
1975:12 

1970:3- 
1977:3 

Money Supply (Ml) 

Potential Demand 
Deposits 

Total Reserves 

Fed Holdings of 
Gov’t. Securities 

Money Supply (Ml) 
Free Reserves 
Treasury Bill Rate 

Unborrowed 
Reserves t 
Currency 

Monetary Base 

Monetary Base 

Monetary Base 

Monetary Base 

Federal Funds Rate 

Federal Funds Rate 

Federal Funds Rate 

Federal Funds Rate 

Federal Funds Rate 

Percent 
Change 

Percent 
Change 

Percent 
Change 

Percent 
Change 

Change 

Federal Funds Rate Change 

Tight Money 
vs Easy Money 

Tight Money 
vs Easy Money 

Tight Money 
vs Easy Money 

Tight Money 
vs Easy Money 

Federal Funds Rate 

Level 

Level 

Level 

Change 

Change 
d 

Percent 
Change 

Level 

Level 

Level 

Level 

Discriminant 
Analysis 

Discriminant 
Analysis 

Analysis 
Discriminant 

Analysis 
Level 

Notes: + = positive significant sign, - = negative significant sign, 0 = insig- 
nificant sign on coefficient at the 5% level. For frequency of data, Q means Quart- 
erly, M means monthly data. 

‘Summaries of these studies were obtained from Froyen (1974). 
b~though measures of the balance of payments were not significant, a signif- 

icant sign on a vector of foreign interest rates indicated sensitivity to capital flows. 
“The sensitivity to r (treasury bill rate) was interpreted as sensitivity to potential 

capital flows. 
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Data 
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dTwenty-period moving regressions were used to examine stability of coefficients 
over time. Results suggest reaction is unstable over time. Christian suggests this 
may indicate the influence of the severity of condition and/or a nonlinear response. 

“Six successive sub-periods were examined indicating alternating easy money 
and tight money periods. The two periods here represent composite results of these 
two types of economic conditions. The results suggest that the reaction differs. 

?his coefficient changed in sign in different easy money periods. 
Y3ignificant at the ten percent level, with the expected positive signs. 
“Significant in only one of the equations estimated, the simplest form in which 

monetary aggregate (monetary base) and exchange rate variables were omitted. 
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ployment rate. In the most detailed equation, the three-interval 
cubic spline, significant coefficients were found in the lower and 
middle ranges for unemployment; but no significance was found in 
the upper range. This suggests that the level, or severity, of un- 
employment does have an impact on the marginal response of the 
monetary base to unemployment rate changes, though the re- 
sponse tends to be less systematic during periods of relatively high 
unemployment. This is a finding which earlier studies were unable 
to detect. Further examination of elasticity estimates of this rela- 
tionship reveals that the percentage responses are relatively stable 
across intervals. The rather uniform responsiveness of the Federal 
Reserve suggests a relatively consistent policy toward unemploy- 
ment with the notable exception of high unemployment rate pe- 
riods. 

There was strong evidence of a nonlinar response of the mon- 
etary base to inflation. In both the one and two interval specifi- 
cations, all coefficients on nonlinear terms were significant. In the 
three interval specification, only the coefficients in the upper in- 
terval were significant. This suggests that the Federal Reserve ad- 
justs the monetary base nonlinearly to changes in the inflation rate 
and that the response is systematic only in the upper range when 
inflation is most severe. Elasticity estimates indicate that the per- 
centage response is also substantially greater in the upper interval. 

Previous studies frequently concluded that the Federal Re- 
serve responds systematically to the unemployment rate but that 
a lower priority was generally placed on the inflation rate. How- 
ever, the failure to account for nonlinearity and severity effects in 
this response may have caused other researchers to underestimate 
the significance and the importance of inflation as a determinant 
of Federal Reserve behavior. Several other recent studies have 
noted structural shifts over time in the reaction function and have 
attributed these apparent shifts to political factors including which 
Presidential Administration is in office at the time and how related 
political priorities are ordered [as in Froyen (1974) and Potts and 
Luckett (1978)], or to a change in the operating procedures or op- 
erating targets of the Federal Reserve itself, as in Chase Econo- 
metrics (1978). However, these studies generally did not examine 
the extent to which shifts may be caused by the severity of infla- 
tion and unemployment. The results of this paper suggest that this 
factor has had a substantial influence on Federal Reserve behavior 
and may provide an alternative explanation of the apparent shifts 
in monetary policy over time. 
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One implication of our results concerns the appropriateness 
of specifying a linear Federal Reserve reaction function. It appears 
that the nonlinearity of the Federal Reserve’s response and the 
effect of the severity of economic conditions, especially as regards 
the inflation rate, may limit the reliability of estimates based on 
a linear specification. This result also raises questions about the 
validity of assuming a quadratic loss function as the objective f&c- 
tion of the Federal Reserve. Because the coefficients in the reac- 
tion function are determined jointly by the form of the objective 
function and by the Federal Reserve’s perception of the impact of 
its policy actions, a nonlinear reaction function implies an objective 
function more complex than the quadratic loss function and/or a 
perception that policy actions have a nonlinear impact on inflation 
and unemployment.” This issue deserves further attention. 

Another important implication of the results arises from the 
importance of the reaction function in the formation of the public’s 
expectations and the resulting impact of expectations on the effec- 
tiveness of monetary policy. The significance of the effects of un- 
employment, inflation, and the additional variables capturing the 
accommodative behavior (the full-employment budget surplus and 
total sales) suggests a systematic response of the Federal Reserve. 
If this behavior is recognized and used by the public in forming 
expectations, the strict rational expectations hypothesis suggests 
that monetary policy may not be effective in altering real economic 
activity. When testing this proposition, the use of a linear reaction 
function instead of a more general function as suggested in this 
paper may produce misleading results due to the inaccurate as- 
sessment of anticipated and unanticipated components of monetary 
policy. In addition, the apparent complexity of the reaction i&c- 
tion, even if relatively stable in the cubic spline form, may imply 
that costs are sufficiently high to preclude the public from acquiring 
complete knowledge of it so that deliberate and systematic mone- 
tary policy actions may influence real activity. Certainly tests of 
rational expectations models should more fully examine the form 
of the reaction function. More importantly, an attempt should be 
made to reconcile our finding that the Federal Reserve responds 
to the unemployment rate with the rationality of the Federal Re- 
serve within the context of the rational expectations hypothesis; for 
it appears that the Federal Reserve responds to the unemployment 

“See Wood (1967) for a discussion of the theoretical derivation of the reaction 
function. 
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rate but is powerless to deliberately and systematically affect this 
rate. 

In sum, using a Generalized Spline Estimator it was found 
that the monetary authority’s reaction to the inflation rate depends 
upon its severity, with a similar but less strong effect also evident 
for the unemployment rate. These results suggest that more careful 
attention should be given to the specific functional form employed 
in the estimation of a Federal Reserve reaction function, whether 
individually or as part of a larger macroeconomic model, particu- 
larly when attempting to distinguish between anticipated and un- 
anticipated movements in policy variables. 
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