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I. Introduction

In a recent paper, McCallum (1994) argues that a prominent empirical
puzzle invelving exchange rate behavior--namely, the drastic apparent fallure
of uncovered interest parity--can be rationalized as a consequence of
systematic monetary policy behavior that has been ignored in most previous
studies.1 Here it will be argued that a similar result is applicable in the
context of an apparent failure of the expectations theory of the term
structure of interest rates. In particular, the failure of short-rate (and
long-rate) changes to be related as predicted to prevalling long-short
spreads s shewn to be a plausible consequence of monetary policy behavior
that features interest rate smeothing in combination with policy responses to
movements in the long-short spread.2 This explanation is entirely consistent
with, but more general and mecre fully developed than, the one proposed in a
notable study by Mankiw and Miron (1986].3

The paper’s organization 1is as follows. In Section 1II, ‘the
term-structure puzzle 1is reviewed and the paper's rationalization 1is
developed for the simplest two-perlod case. Then in Section III, the
analysis is extended to long rates of greater maturity. Additional evidence
is developed in Section IV and concluding remarks appear in Sectjon V.

IT1. Two-Period Case

In this section we consider the issue and our proposed explanation for
the two-period case, i.e., for the relatjonship between yields con one-perjiod
and two-period bonds, denoted r, and R, respectively. Assuming that the
securities in question are discount bonds, the expectations theory of the
term structure posits that the “long" rate R, is related tc ry and the
expected future short rate E.r.,, as follows:4
(1) Re = 0.5(ry + Exray) + £

Here Eircay = E(rttwlnt) with Q(, = {r‘_, Fere1s v oy Rt. R1_1, ...} So we are



assuming rational expectattions. The term £, is a "term premium” that is
often assumed constant. Defining the expectatlional error €p44y = reyy -
E¢resr, equation (1) implies

(2) 1/2 (rysy - ry) = (Ry = 1) = €4 + 1/2 €449

Then if £, is assumed constant, &, = £, the orthogonality of €..,, with R, and
ry implies that the slope coefficient 8 in a regression of the form

(3) 172 (r¢ = rey) = a + B(Ry.y - ry.y) + disturbance,

should have a probability limit of 1.0. An estimated value significantly
different from 1.0 1-5 inconsistent either with the expectations theory or one
of the maintained hypotheses.

In fact, it has been documented by many researchers that slope
coefficlents tend to be well below 1.0 in post-1914 data for the United
States, often significantly so in terms of estimated standard errors. Point
estimates obtained in a number of studies are reported in Table 1. There we
see that the slope coefficlent values are all well below 1.0, with the
exception of Mankiw and Miron’'s value for 18%0-1914 and Campbell and
Shiller’s final value.5 The former, which pertains to observations taken
before the founding of the Federal Reserve, will be discussed in Section IV.
The latter is accompanied by a rather large standard error and pertains to an
exceedingly long short rate.6

Cne possible explanation for these findings is, of course, that the
expectattons theory 1is simply untrue--but the quantitative extent of the
discrepancy seems surprisingly large. Another possibility is invalidity of
the rational expectations (RE) hypothesis,7 but it seems unlikely that the
same general type of systematlc expectational error would prevall over
different sample periods. In any event, our proposed explanation is that £,
1s not constant--i.e., that there is a varlable term premium--and that

monetary policy is conducted in a manner to be explalned momentarily. The



Table 1

Empirical Results, Two-Period Case

Study Sample Period Short Rate Slope Coefficlent
Mankiw & Miron (1986) 1959 - 1979 3 mo. 0.23
* " * " 1951 ~ 1958 " ~0.33
" " " “ 1934 - 1951 " -0.25
" " " " 1915 - 1933 y 0.42
“ " “ " 1890 - 1914 " 0.76
Evans & Lewis {1994) 1964 - 1988 1 mo, 0.42
Campbell & Shiller {1991) 1952 - 1987 1 mo. 0.50
" " " " " 2 mo, 0.19
N " * " " 3 mo. -0.15
" * " " “ 6 mo. 0.04
" " b . " 12 mo. -0.02
" " " " " 24 mo. 0.14
" " N " " 60 mo. 2.79
Fama (1984) 1959 -~ 1982 1 mo. 0.46
Roberds, Runkle 1984 - 1991 3 mo. ~0.01

& Whiteman (1993)

" 1979 - 1982 3 mo. 0.19
" 1975 - 1979 3 mo, 0.43



process generating £, Is assumed to be covariance stationary but not
necessarily white noise. For specificity, the §; process will be taken to be
autoregressive of order one [AR (1)]:

(4) § = pEry + U,

Here u, is white nolse and ]p|<1.0. To this writer it seems implausible that
there would not be some period-to-period variability in the discrepancy term
& In (1), a term that reflects changes in tastes regarding the need for
financlal flexibility and a myriad of other disturbing influences, ncne major
enough to Justify separate recognition. In any event, it 1s not the case
that the inclusion of a random &£, disturbance in (1) converts the
expectations theory into a tautology. That would be the case if £, were
related to ry, Eir¢,y, and R, as in (1) without restriction, But instead the
present assumption is that §, ls exogenous with respect to r, and R,. This
reflects the ldea that the expected one-period holding ylelds on one-period
and two-period bonds are equal up to a constant plus a random dlsturbance
term; that these ylelds differ from that constant only randoaly. This 1is,
for the case at hand, the essence of the expectations theory.

Regarding monetary policy, our hypothesis begins with the observation
that actual policy behavior in the U.S, (and many other nations) involves
manipulation of a short-term interest rate “instrument® or “operating
variable.” Speclfically, we assume that8
(5) Fre = 0Feey + ARy = 1) + &0
where ¢ 2 0 is presumed to be close to 1.0 and A # 0 to be smaller than 2.9
Thus there is a considerable element of Interest rate "smoothing"” -- keeping
r, close to r,.y -- and also a tendency to tighten policy (by raising ry)
whenever the spread R, - r. 1s higher than normal. Whether this reactlon to

Ry - r. occurs because the central bank views It as a good predictor of

future output growth or as a good indicator of recent policy laxity does not



matter for current purposes, The final term . reflects other components of
policy behavior. It would not impair our analysis to let ¢, Dbe
autocorrelated, but it would not help, either. Accordingly, we shall assume
that ¢{: is white noise.

It may be helpful to briefly consider the rationale for the
specification of policy behavior in (S). Regarding the ry.; term, there
exists some controversy regarding the reason behind central banks' proclivity
for interest rate smoothing--and, indeed, for their use of interest rate
instruments. But there is virtually no disagreement with the proposition
that the Fed--and other major central banks--have in fact employed such
practices during most (if not all) of the last 40 years.10 (For some useful
discussion, see Goodfriend (1991) and Poole (1991).) In addition (S)
reflects the assumption that the central bank tends to tighten policy when
the spread R.-r: is large. One possible ratlionalization is that the spread
is an indicator of monetary policy expansiveness, as suggested by Laurent
(1988), sco that an unusually high value indicates the need for corrective
action. A different idea is that the spread provides an indicater of the
state of the economy from a cyclical perspective. Various investigators,
including Estrella and Hardouvelis (1991) and Hu (1993), have documented that
spread measures have predictive value for future real GNP growth rates.
Also, Mishkin (1990) has shown that a spread variable has some predictive
content for future inflation rates. Thus an attempt by the central bank to
conduct a forward-loocking countercyclical policy would call for a response of
the type indicated in (S), i.e., a tightening when R, - r, is high.11
Admittedly, In actual practice the Fed has used other predicter variables
instead of the spread. But to the extent that these and the spread are

useful predictors, the policy response would be much the same as implied by

(5).



Relations (1) and (5) constitute only a portion, of course, of a
macroeconomic system. But if we assume that the disturbances &, and {, are
independent of those in the remaining relations, the system will be recursive
and the subsystem (1)(5) will determine r. and R, without reference to the
other varlables or shocks. Whether the remainder of the model does or does
not feature relations of the IS-LM type 1is irrelevant, for example, as is the
extent to which prices of goods are flexible. Let us consider, then, a
rational expectations solution to the system (1)(5).12

Presuming that attention 1is to be focused on the fundamental or
bubble-free solution yielded by the minimal-state-variable (MSY) criterion
discussed by McCallum (1983), we combine (1} and (S) to yleld
(6) (1 +A) ry =areq + A [1/2 (ry + Eerenq) + £ + &,
and seek values of the undetermined coefficients ¢o, ¢,, ¢., and ¢5 that will
provide a r, solution of the form
(7) Fe = $o + $ileq + $26e + 2.

Clearly, the latter implles that E.ry, = ¢o + ¢1 (Po + $iremy + 928 + $38)

+ ¢2p§: SO we substitute these into (6) to obtain

(8) (1 + Ao + Pirecs + @26 + 928 = orecy + A [1/2(9p + $irecy + 92E,
* 93l + 172 (o + P1lgo + Pire-y + P2 + $3%e) + $20E:) + £u] + &

Thus for (7) to be a solution -- to hold for all £,, g, realizations -- it

must be true that:

(9) (1 + A) ¢

Agg + 1/2 Ad1do

(1 +2) ¢y =0 + 1/2 Ay + 172 A2
(1 +#A) ¢2 = 1/2 gy + 1/2 Adyga + 172 Apdy + A
(1 +2) 93 = 172 Ady + 172 Adypy + 1

The second of these is satisfled by two values of ¢;, namely,

0+ as2) £ [(1 + Aa2)2 - 2a0)'?

(10) ¢| A ’




but the MSY criterion implies that the one with the minus sign is relevant.13

Then the remaining coefficients are straightforwardly given by the other
three equalities tn (9).

In analyzing the implications of this solution it will be useful to
emphasize the important special case involving ¢ = 1, which is the value
suggested by interest rate smoothing behavior. When ¢ = 1, the MSY solutton
for ¢+ becomes [(1 + A/2) - (1 - A/2)J/A = XA = 1 and the other three
equallities in (9) are simplified considerably. They yleld ¢ = 0, ¢ = A/(1
- pA/2), and ¢; = 1 so the solution for r, is
(11) Fry = Fyoy + A £, +

v (1 - pas2) =t t
Furthermore, E.ry.; - r. = ¢p£, so we find that the spread obeys
(12) Ry - re = 172 (ExFeay - Ty) + £, = (1 - pAs2)7'E,.

Finally, equations (11) and (4) imply

Ap A
T = ap7Z o+ Y T=aprz Ut * &

so we can combine (12) and (13) tc obtain

(13) Ty = Feayg =

A A2
(14)  1/2(r, - rey) = 2—" (Reey = Feot) * g2ions U + 1724
But here u, and ¢, are uncorrelated with Ry.y - r(.y, sc¢ (14) represents a

population version of the regression described in (3). Thus the slope
coefficlent in (3) is a consistent estimator of pAs2, so the analyst should
anticipate a slope well below 1.0. Indeed, if £, were white nolse, with
p =0, a slope coefficient of zero would be implied -- even though relation
(1) is the main behavioral relation of the system. That result demonstrates,
I would suggest, not only that the usual regression test is inappropriate but
also that it is misleading to think of the expectations theory in terms of
the "predictive content of the spread for future changes of the short rate.
Such predictive content is not a necessary implication of that theory.

In addition, a zero slope coefficlent would be implied if A =0, l.e.,

if the central bank did not respond to the current value of the spread but



simply set r. equal to ry.y (plus, perhaps, ;). This speclal case, of the
speclal case with o = 1, represents the hypothesis of Mankiw and Miron
(1986)--that the Federal Reserve has practiced lnterest rate smoothing and
thereby induced short rates to approximate a ramiom walk process in their
behavlior. QCur result strongly supports the general 1dea of the Mankiw and
Miron hypothesis, but shows that it holds even if r. behavior is not that of
a random walk.

A few readers have remarked that (14) appears to be inconsistent with
the fact that a regression of form (3) should yleld a slope coefficlent of
1.0 in the special case ln which the term premlum §, ls a constant. But with
c = 1.0 in (5), a constant g implles that R - r, 1ls also constant--see
equation (12). Thus there is a degenerate regressor, in thls case, so the
regression cannot be conducted. And in the case with ¢ < 1.0, (14) does not
apply so agaln there ls actually no inconsistency.

Let us now brlefly conslder the sltuation with o < 1. In such cases we
would need to include a non-zero constant term in {5) to permit a stationary
equilibrium with Eg, = 0. The solution in this case ylelds a relatlonship
analogous to (14) that is less tidy than the latter, and includes addlitional
predetermined varlables. But it remalns true that the probability limit of
the slope coefficient in a regression of ry{ ~ ry¢.y on Ry.y = Iy.y is not 1in
general equal to 1.0 and s most likely to be smaller than 1.0; a
demonstration is provided 1in Appendix A. Accordingly, the same general
message applles as In the more tractable case with ¢ = 1. That message ls
that the realization of (say) a positive value of £, will drive up R,
relative to r, via (1), But then R, - r. willl be negatively correlated with
the composite dlsturbances -£,., + 0.5e:.; in (3), implying that least-
squares estimation of (4) will yleld a slope coefficlent that has a

probability 1limit not equal to 1.0,



I1T1. N-Pericd Case

Now we turn to the more interesting case in which the long rate, R,, is
for a bond with a maturity of more than two periods. In this case an
approximation to the expectations~hypothesis relationship between Ry and r,
can be written as
(15) Ry - N Et(Reer = Ry) = ry + &,
where N+1 is a measure of the duration of the long rate.14 In (5) the
left-hand side is an approximation to the one-perlod holding return on the
long-rate bond, the inexactness arising because the term R.., should pertain
to a maturity one period less than that for R,. Thus for many-period
maturlties, the approximation should be adequate.ls

In this case the apparent empirical fallure to be explained arlises from
writing (15) as
(16) N (Reer = Re) = (Ry - re) - £¢ + Negaq,
where &¢.y = Rys1 - E(Reer 15 an expectational error that with RE s
uncorrelated with R, and r,. Thus if £, were constant, the slope coefficient
in a regression of N(R..; - R{) on Ry - r. should have a probability limit
of 1.0 according to the expectations theory, But such regressions again
actually yield slopes well below 1.0 with U.S. data. Indeed, the values
reported by Evans and Lewis f1994) and Campbell and Shiller (1991) are
predominantly negative, as is documented in Table 2, and increase in absolute
value with N.

As in the last section we assume that the policy reaction equation (5)
obtains with A<1/N and that &, = p&,_, + u,,.16 Then one can combine (5) and
(15) toc obtain
(17) (1 + N) R = NEQRear + (1 + )7 [greoy + ARy + & + &

The MSV solution will be of the form

(18] Ry = mreoy + M€, + m3¢,



Table 2

Fmpjirical Results, N Periocd Case

Study Sample Perlod Short Rate N+1 Slope Coefficlent
Evans & Lewis (1994) 1964 - 1988 1 mo 2 -0.17
* " " " " » 4 -0.70
" " " " “ " 6 -1.27
" " " * - " 8 -1.52
" " N " " » 10 -1.89
Campbell & Shiller 1952 - 1987 1 mo 2 C.00
(1991)
" ® " " “ " 4 -0. 44
" * " * " " 6 -1.03
" " " - " " 12 -1.38
" * " " " " 24 -1.81
" " " " " " 48 -2.66
" " " * " " 60 -3.10
" " " " " " 120 -5.02
Hardouvelis (1994) 1954 - 1992 3 mo 120 -2.90

10



lmplying E(Rewi = mi(1 + A)7' oresy + Almireey + W€y + ®a&) + & + ®ap€,,
which can be substituted with (18) inte (17) to give

(18) (1 + N) [mrea o € + X&) = Nmy(1 + A)7" [orey + AlKireey + ma€,
*raQe) + G ¢ Nmppge + (14A) 7' oreny + AlmiFey + %€, + WG) + G + €,

For (18) to be a solution, then, we must have

(20) (1 #+ N) iy = Nm(1 + 27 (¢ + any) + (1 + A)7 (& + Amy)

N (1 + A)™" Amp + Nagp + (1 + A)7" Amp + 1

(1 + N) 2
(1 + N) iy = Nep(1 + A)7" (Amg + 1) + (1 + A)7 (Amg + 1)
The first of these amounts to (1 + A) (1 + N)my = (Nmy + 1) (¢ + Ax,) so we

have

- [0l + A)(1 + N)-a-Ne] £ {[(1 + A)(1 + N)-A-Nol?2 - 4Nac}'72
h ZNA

(21) 2 £

The term in square brackets will be positive, so the MSV sclution for n is
the expression in (21) with the minus sign.17 Given this value, the second
and third of equations (20) determine w; and xj.

To facilitate analysis, let us again focus attention on the case with ¢
= 1. Then we have {(1 + AJ(1 + N) - (A + N)12 = (1 + 2)3(1 + N)2 - 2(1 + A)
(1 + N)(X + N) +# (A + N2 =1 + 2Na + N®3? and the term inside curly brackets
in (21) becomes 1 - 2NA + N2%A% = (1 - NA)®. Consequently, we have my = [(1 +
NA) - (1 - NA)]/2NA = 1, where the last cglculatlon utilizes the assumed
condition 1 - NA > 0. Then with n; = 1, the final equation in (20) impllies =,
=1 and 1 = (1 + A)/[1 + N - Np(1 - A)]. Because 1 > NA, m; is strictly

positive. Glven these values, we readily see that

1 + A

(22) Rt:rt_“’l“"'"p(l*‘l} El+ct

- A
(23) Ft = Feat T+ N - Np(1l + ) £ + &

Accordingly, the spread varlable obeys

11



1 £
1+ N - Np(l + A) =

and using (22) and (4) we also have

A‘*l 1
1 + N - No(l + A} € ~ T+ N - Np(l +A) vy + &

(24) Ry -y =

(25) Ry = Ryoy =

_Ap+p~-1)E. 1+ (1 + A)u,

1 +N(1 - p(l +A)) * &
: (1 + A
- 1+ A
= (Ap + p -1) {Reey = Teey) + T+ N(1 - pl1l + A)) Uy + Zer
Consequently, we see that a regression of N(R. - Ri-y) on Re.y - r..; will

have a slope coefficient whose probability 1limit 1is N(Rp+p-1) or
-N(1-p(1+A)). Clearly, the latter will be negative except for very large
values of p ands/or A, and will be larger in absolute value (for a given p)
with longer maturities (larger N).18 In qualitative terms, both of these
characteristics match the results of Evans and Lewlis (1994) and Campbell and
Shiller (1991) reported in Table 2.

IV. Additional Evidence

The paper by Campbell and Shiller (1991) concludes with an attempt to
provide a summary characterization of term structure behavior that would be
consistent with their battery of empirical findings, which include many more
than those reported here. In their words, “The explanations we will consider
are not flnance-theoretic models of time-varying risk premia, but simply
econometric descriptions of ways in which the expectations theory might fail"
(1991, p. 510). In terms of the notation of the present paper, the two

summary characterizations considered are (for the two-period case)

(26) Ry - ry = 0.5 Ey(ry.y - ry) + c + vy,
where v, is added nolse that Is orthogonal to E.r.« - r., and
(27) Ry -y = kO.SE'_(r'_q - r,_) + C

where k>1, The latter “could be described as an overreaction model! of the

12



yield spread,” according to Campbell and Shiller (1991, p. 513). They
explore the implications of these two summary characterizations of ways in
which the expectations theory might fail and conclude that (27) is consistent
with the data but that (26) is not.

Let us consider how these characterizations compare with the explanation
of the present paper. Looking back at Section II, we see that equation (12)
is of a similar form tc that of (26), but with the crucial difference that €
in (12) is pot orthogonal to Eir¢sy - ry. Thus the lnadequacy of (26) does
not serve to discredit the model of Section II. Furthermore, using the
expression Eiry.y - ry = ¢.p€, to eliminate £, from (12) results in
(28) Re - re = (1/pA) E¢lriey = ry)
for the model of Section II. But with 0<A<2 and |p|<1. (28) implies that k>1
in (27) if p is positive. So Campbell and Shiller’'s summary characterization
is consistent with the present paper’s ratlonallzation.19

It was mentiocned above that the slope coefficient reported in Table 1
for the years 1890 - 1914 was closer (than for more recent periods) to the
value of 1.0 that has been focused on in previous investigations. As Mankiw
and Miron (1986) emphasize, those years precede the founding of the Federal
Reserve System and therefore pertain to a period during which interest rate
smoothing behavior would be absent. In a similar vein, Kugler (1988, 1990)
finds that slope coefficlents are closer to 1.0 for Germany and Switzerland
than for the United States during recent years. This result he attributes to
a smaller degree of Interest smoothing behavior by the Bundesbank and the
Swiss National Bank, in comparison with the Fed, a hypothesized behavioral
difference that is consistent with the bellefs of many students of central
banking behavior. Since the model in Sections II and IIl presumes a
substantial degree of interest rate smoothing, this paper’'s explanation 1is

consistent with both of these flndlngs.zo
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V. Concluding Remarks

The discussion of the foregoing paragraph suggests that one possible way
of conducting additional tests of this paper's hypothesis would be to
consider different monetary policy regimes corresponding to different time
periods for the United States and to different nations. Reaction functlons
corresponding to {(5) would be estimated and the implications of their
parameter values for the crucial slope coefficlents then compared with values
of the coefficients obtained for these dlfferent'reglmes. Now, 1t may prove
possible to make some progress toward execution of such a study. There tis,
however, a substantial diffliculty that nee&s to be mentloned. Specifically,
it is the case that actual central banks do not respond only to term spreads
in deciding wupon changes 1in r,. Thus equation (5) represents a
simplification relative to actual behavior of the Fed, which almest certainly
responds to recent inflation and output or employment movements as well as
the spread. So, if one were to attempt to econometrically estimate actual
reaction functions, then measures of inflation and output gaps would need to
be included. But in that case values of these variables would need to be
explained endogenously, so the system of equations in the model would have to
be expanded. Furthermore, the dynamic behavior of inflation and output would
need to be modeled "correctly,” which is an exceedingly difficult task given
the absence of professional agreement about short-run macroeconomic dynamics.
In short, this type of study would require specification and estlimation of a
complete dynamic macroeconometric model.

In light of the foregolng discussion 1t will be seen that, because of
the simplified nature of our policy equation (S), this paper’s proposed
explanation might be regarded as more of a parable than a fully-worked-out
quantitative model. I would argue, however, that this Is not a source of

embarrassment, for most knowledge in economics 1s actually of the parable

14



type.21 The relevant lssue 1s whether a proposed parable 1s frultful in

understanding important economlc phenomena. In thls particular case the
proposed parable suggests that slope estimates in regressions of the form (3)
or (16) differ from 1.0 desplte the validity of a versidn of the expectations
theory of the term structure. This version permits the holding-perlod ylelds
on securitles of various maturities to differ by a random dliscrepancy that is
exogenous but perhaps serlally correlated. The basic ldea of the parable is
that the estimated slope coefficlent 1s a composite parameter reflecting
policy behavior as well as the behavier of market particlpants, with the type
of policy postulated 1nvolving Interest rate smoothing and response to the
long-short spread, the latter reflecting lmportant aspects of the state of
the economy. The fact that essentlally the same parable can rationalize a
majJor anomaly in forelgn exchange markets must be regarded as a significant

mark in its favor.
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Footnotes

1The hypothesized form of policy behavior involves smoothing of (relative)
interest rates, with these rates used as instruments, together with pollcy
attempts to "lean agalnst" exchange rate changes. The analysis also aSsumes
random disturbances--from varying risk premia--to the UIP relationship. No

departure from rational expectations is involved.

2General aspects of the fallure are discussed by Cook and Hahn (1990),
Campbell and Shiller (1991), and Evans and Lewis (1994), among others.

3Since drafting this paper I have become aware of a study with a rather

similar objective by Rudebusch (1994), which is also intended to provide a
generalizatlon of the Mankiw-Miron hypothesis. The type of policy behavior
assumed there 1is quite different, however, as instrument settings are
responsive to current conditions in my setup but are determined exogenocusly
in his. Most significantly, Rudebusch’'s analysis dces not offer an
explanation for the emplrical phenomena ratlionalized below at the end of

Section III and in Section 1V,

4'I'he relationship is exact, if the interest rates are based on contlnuous

compounding, or an approximation otherwise: see Shiller (1990).

sAn analogous result holds for the case of three-month and one-month rates;

see Kugler (1988, 199Q0).

6'I'he Roberds, Runkle, and Whiteman (1993) results are for treasury bills
This study also reports results using Federal Funds and Repo securities and
finds one slope coefficient close to 1.0 for the former using the sample

pericd 1979.10 - 1982, 10,

7This possibility has been explored, using survey data on expectations, by

Froot (1989).
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8For values of ¢ less than 1.0, a constant term should also be included in
(S) If E¢, = 0. We have not shown It here, however, because the case with o
= 1 will be featured below and because 1little interest attaches to the

constant term in any case.

gln what follows, A<2 will be presumed because such a condition seems
plauslible and also because a theoretical issue, concerning the root of (10)
that gives the bubble-free solution, arises when A>2, (On this issue see
Appendix B.) But the solutions obtained below, and most of the analysis,

would contlnue to prevall with az2.

1OSome analysts are dublous that the Fed's control over the one-day Federal
Funds rate translates lnto effectlve control over one-month or three-month
treasury bll] rates that are the operational counterpart of r, in (5). But
the evidence of Cook and Hahn (1989) suggests that three-month rates do, in
fact, respond withln the day to policy-induced changes in the Federal Funds
rate. Furthermeore, 1f the Fed doubted 1ts abllity to control treasury bill
rates It could (given its holdings) operate directly in the treasury bill
markets. Consequently, doubts concerning the controllability of r, seem to

be unfounded.
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111n an influential recent publicatlion, Goodfrlend (1993) suggests that the
Fed regards (or should regard?) the long rate as an indicator of “inflatlion
scares,” behavior that might be interpreted as descriptive of a rule of the
form r¢ = 8re.y + 6(R, - R) + . The latter can be written in the form (5)
by deflning o = &6/(1-8) and A = 8/(1-6), but then dynamic stability
(non-explosiveness) requires &<1-8 (assuming that 0<@<1). It 1is not clear
that Goodfriend would agree with the above formulation, however: another
possibllity Is r. = re., + 8(Ry - Rin) + & In any event, the policy
behavior pattern In his article has a substantial degree of similarity with
formulation (5): both call for an lncrease in the short rate in response to a
ceteris paribus rise in the long rate.

12Students of the price level determinacy literature--e.g., McCallum (1981)

(1986), Dotsey and King (1983), Canzonerl, Henderson, and Rogoff (1985)--will
wonder about the absence of nominal variables in the system (1)(5). But the
price level can be brought in by adding (e.g.) an [S-type relation in which a
real rate such as r. - (Eypt.+ - p:) appears, p. belng the log of the price
level. Then determinacy of py will require the presence of an additional
term in (5), one that includes a nominal variable such as py or E¢pi.; or
Pt-1- Algebralc analysls becomes much more difficult because the counterpart
of (10) below will be a cubic Iln many such cases. But a cubic must have at
least one real root, so in principle determpinacy can be investigated. My
examination of a case with p: included in (5) indicates that determinacy
would be guaranteed unless ¢ = 1.0 exactly. Thus for ¢ close to 1.0, the
results would be approximately the same as those emphasized below.

13T‘his is the root that ylelds ¢, = 0 when o = 0, a special case in which it

iIs clear that r,, would be an extraneous state varlable [as dlscussed in

McCallum (1983)].
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14For pure discount bonds, N+1 is the maturity.

1SEquat.lon (15) can alternatively be written as R, = (1-3)zs8* Eyryox + term
premium, with the summation from O tc @w. Thus the approximation amounts to
an infinite-maturity version of the linearization developed by Shiller
(1979), with N = 3/(1-3). This approximation has alsc been used by Shiller,
Campbell, and Schoenholtz (1983), Campbell and Shiller (1991), Fuhrer and

Moore (1993), and Hardouvelis (1994).

16The condition A < 1/N is the counterpart of A < 2 in the two period case (in
which N = 1) and is again presumed but not strictly required. The larger is
N, the smaller will be A in equation (5) because only one A can prevail, but

many long rates can be considered.

17Aga1n this is because with ¢ = 0, r.., should not appear in the scolution for

R'_.

18The policy parameter A would be expected to be smaller for larger N. This
effect reinforces the tendency for the slope coefficlent to Increase in
absolute value with N.

19The foregoing discussion implles, incidentally, that there 1is actually

nothing blzarre or irrational about a finding expressible as k>1 in (27).

20For additional discussion of the Mankiw-Miron hypothesls, see Cook and Hahn
(1990).
21Consider the usual depiction of a production function as y: = fl(n., k),

where the symbols should not require definition. Can this depiction be

considered anything more than a parable?
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Appendix A
Here the concern is with the model of Section II when ¢<1.0. From {9),

we find that

A 1
(A-1) Fy = ¢g + $1leay 3~ pA/2 § + 3 Gt

where § = 1 - (¢, — 1)A/2. Then from (A=1) it follows that

(A-2) EtFrar = Ty = ¢o + (@7 = 1)ry + Ap/(8 = pA/2)E,

and thus using (12) that

(A-3) Ry = ry = (1/2)[¢0 + (1 - 1)ry + (pA/(3 - pA/2))E,) + £,

Now, equation (2)71nd1cates that the plim of the slope coefficient on Ry - r,

in the regression (3) will equal 1.0 minus plim T-‘E‘(Rg - r.)/plim T'l(Rt -

rtlz. Its value will be smaller than 1.0, then, if E£,(R, - r,) is positive.
From (A-3) it is clear that there are two components to E£,(R, - r).

One of these is

2

- pA2Z
(A-4) o5

which is necessarily positive since the term in parentheses equals

1+ (1 -¢,)a72
1+ 0 - ¢)a72 - pa/2’

Here (1 - $,)A/2 is positive, since ¢,<1 when o<1 (see below), and ]pA/2|<1.

+ 1 ) U'{z,

(A-5)

Thus expression (A-5) is unambliguously positive. The second component is
(A-6) (1/72) (¢ - 1)Er.£,,
in which the term ¢, - 1 is negative but will be small for ¢ (and ¢,) close
to 1.0. To sign Er.£;, we use {(A-1) and (4) as follows, assuming E£.&, = O:
(A-7) Ery§e = Elgo + ¢ir1 + 28y + 925, )€,

= ¢1Erg gy + ¢z¢z2 = $1Ery-1p€er + ¢20:2-
Then since Ery§, = Er,_,€,.;, we have
(A-8)  Er, = %::T'
The latter is unambiguously positive since ¢;>0 and |¢p|<1. Thus the second

component is negative but will tend to be small relative toc the first.
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It remains to demonstrate that ¢,<1 when o<l1. But we have found that

2 172
(a-9) g = LEM2) - 10+ a2) - 2]

With 0<o<l, we have 2A>2A¢c>0 so the term in square brackets 1s positive and
larger than (1 - A2)2.  Thus the value of ¢ is smaller than when this term
equals (1 - A/Z)z. l.e., when ¢ = 1. But ¢, remains non-negative because the

term in brackets is smaller than (1 + As2)°
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Appendix B
Here the purpose to explain the difficulty concerning the roots of (10),
mentioned in footnote 9, that would obtain with A > 2. To see the issue,

conslider the case in which ¢ = 1, so that the ¢, solutions are [(1 + A/2) %

} )

((1 - A/Z)zluzl/?t. Denote these solutions as ¢1u and ¢|(2

'™ as [(1 + a2) - ((1 - 2)5)"21/A for A < 2. But then If A > 2, is

and define

the “same” root ¢1(”

equal to [(1 + A/2) = (1 - A/2)] = 1 or to [(1 + A/2) +
(1 - A/2)1/72 = 2/A? Note that the latter is suggested by the conventlion that
(22)1/2 ls a positive number regardless of the sign of Z. But defining the

relevant root as ¢,m = 1 for all A > 0 seems more appropriate than making

¢1(“ equal to 1 or 2/A depending on whether A < 2 or A > 2. Then equations
(11) - (14) are valid even with A > 2. (Similar considerations apply to

equations (21) - (25) Lf we permit NA > 1.)
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