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GENERAL INTRODUCTION

This dissertation is composed of two studies of how the iaterest
rate responds to inflation and to the growth rate of the money supply:
part one deals with the impact of unanticipated money stock growth (UMt)
on market interest rates. It also sheds some light on the question of
whether anticipated money stock growth (AMt) affects interest rates. The
efficacy of (UMt) stems from the idea of rational expectations, which has
created a revolution in macroeconomics over the past decade.

If market participants utilize all available information and revice
it whenever needed, then expectations are said to be formed rationally.
Rationality in turn implies that individuals do not make systematic fore-
casting errors, and on the average, guess correctly. In such an eaviron-
ment, all anticipated policies of the central bank are incorporated in the
general public's expectations, thereby they do not have real effects. To
the contrary, if the central bank's policies come as a surprise to the
public, then there will be real effects in the economy.

To probe the neutrality and rationality underlying anticipated and
unanticipated changes in the money supply growth rate, data from bond
markets are useful, because interest rates on bonds are quite sensitive to
a change 1n the rate of growth of the money supply. Therefore, assuming
that bond markets are relatively efficient markets, a change in the rate
of growth of the money supply, whose primary impact is on the expected
rate of inflation, will be fully incorporated in the market rate of inter-

est. In an efficient asset market, an increase in (UM_) creates a domi-
L



nant liquidity effect which puts downward pressure on the short- and
medium~term interest rates. Lower interest rates stimulate investment and
expenditures through the transmission mechanism. However, an increase in
(AMt) increases the expected rate of inflation and puts upward pressure on
the nominal interest rates. Hence, (AMt) has a dominant price expecta-—
tional effect with no impact om the real variables.

Part two is concerned with the search for empirical support for the
Darby effect, which has been a subject matter for many studies since 1975.
The Darby effect grew from the Fisherian hypothesis, in which there is a
one-to—one relationship between a change in the expected rate of inflation
(W:) and changes in nominal interest rates. In an econometric seunse, the
regression coefficient on (ﬂ:) would be one. The Fisherian belief is
applicable in an economy without income taxes. Since gnterest income 1s
subject to income taxes, the Darby effect implies that the nominal inter-
est rate must increase by more than the expected rate of inflation.
Otherwise

lenders will natr h
~.enger Wi.il CT o

©®
(3]
Q

3

b
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and losses due to inflation.

The results of empirical testing of the Darby effect have been mixed.
Nevertheless, one study completed in 1983, concluded that over the sample
period 1952-79, the Darby effect did exist. The primary purpose of part
two is to reestimate and to extend the Darby model. Also, it is demon-
strated that the Darby effect reported in the above study is heavily

affected by impure autocorrelation, and as such, is doubtful.



PART ONE

INTEREST RATES AND UNANTICIPATED
MONEY GROWTH IN THE CONTEXT

OF EFFICIENT MARKETS



SECTION I. INTRODUCTION

The neutrality of money and the natural rate hypothesis under
rational expectations have been the subject matter of a number of economic
studies over the past decade. For example, Barro (1978 and 1981), Gordom
(1979), Barro and Rush (1980), and Mishkin (1982) have tried to test the
natural rate proposition. Barro-Rush's work has been criticized on
several different bases. Nevertheless, their decomposition of the money
supply stock into anticipated and unanticipated components has drawn much
attention.

Barro-Rush's empirical test results imply that on the onme hand,
anticipated money supply growth does not matter, because it leaves the
real variables (output, unemployment) unaffected at their natural rate.
On the other hand, the effectiveness of unanticipated monetary policies
stems from the fact that economic agents' information regarding the gener-
al price level on the global market (unlike the local market) 1is incom-
plete. Therefore, an unanticipated change in the money supply growth has
an effect on the real variables, because it confuses economic agents be-
tween a change in the general price level and changes in relative prices.
The outcome of such confusion is that if prices on the local market rise
without complete information, then market participants react as 1if their
relative prices are rising, and thereby act accordingly.

In a related study, Mishkin concluded that Barro-Rush's tests are
invalid due to the absence of enough lags in the model (see Mishkin 1982

and 1983). Furthermore, Mishkin, in the context of nonlinear joint esti-



mation and the statistical likelihood ratio test with 20-quarter lags in
the model, showed that an anticipated momey supply growth is as important
as unanticipated money growth. Therefore, he rejected the neutrality
proposition underlying the macroeconomic rational expectations hypothe-
sis.

Assuming that the Barro-Rush's time series data of anticipated and
unanticipated money supply growth are correct, the primary purpose of this
study 1s to test the response of two short—-term and two long-term interest
rates to anticipated and unanticipated money supply growth. The ratiomale
behind such a test, is to determine whether the anticipated and unaatici-
pated money supply growth rates have different directiomal impacts on
interest rates.

This test is of particular interest for two reasons. One, to inves-—
tigate whether Barro-Rush's quarterly and yearly time series data are
basically consistent with the notion of rational expectations in asset
markets. If so, an anticipated increase in money supply growth causes an
anticipated increase in the rate of inflation, which in turn increases
nominal interest rates. Correspondingly, an unanticipated increase in
money supply growth creates liquidity effects, which causes interest rates
to fall. Two, to shed some light on the importance of anticipated mone-
tary policies in different bond markets.

The organization of the study is as follows. Section II deals with a
review of related literature. In Section III, interest rate models are
constructed, and in Section IV empirical tests and results are discussed.

Then in Section V, the conclusiomns of the study are presented.



SECTION II. A REVIEW OF RELATED LITERATURE

Rational Expectations and the Natural Rate Hypothesis

According to the doctrine of rational expectations, individuals uti-
lize all available information in forming expectations of future relevant
economic variables and revise their information sets whenever needed.
Furthermore, individuals are forward-looking when forming their expecta-
tions and do not make systematic errors.

In the absence of perfect foresight, rational expectations proponents
argue that individuals should not only form their expectations according
to past values of the variable, but also to the past value of all relevant
information as well, particularly in 2 simultaneous equation model in
which the interaction among variables becomes very crucial. In such an.
environment, the true expectations which are based on the probability of
occurrence, are the mathematical expectations, which are conditional on
all presently available and expected future informationm.

If on the average, the economic agent is not wrong in regards to
future expectations, then the structure of the model and the probability
attached to the error term is assumed to be known. In essence, rational
expectations are formed as an endogenous part of a model, by assuming that
in the absence of systematic forecasting errors, individuals who on the
average guess correctly, act as though they understand the systematic

portion of the model, as well as the structure and the expected value of

the error term.



The new classical macro-economists believe that disequilibrium in the
labor and commodity market disappears quickly - due to the fact that wages
and prices are assumed to be fully flexible. Comsequently, output and
employment remain at their natural rates. Therefore, an anticipated
increase in the rate of growth of the money supply would leave real money
balances and real wages constant at the full-employment level (the natural
level) by increasing nominal wages and prices in order to absorb the shock
created by the expansionary monetary policies.

On the issue of money neutrality, coupled with the long-run debate
dealing with the trade-offs between unemployment and inflation - especial-
ly in regards to the question of which one is socially desirable, economic
theory seems to reach an impass. Hence, the theory of rational expecta—
tions seems to present the ultimate solution to the inflation-unemployment
trade—off dilemma. Models developed under rational expectations by Lucas
(1972), Sargent (1973), Sargent and Wallace (1975), Barro (1976), and
Barro and Rush (1980), reached a revolutionary conclusion. That is, mone-
tary policies conducted in a systematic manner do not have real effects,
even in the short-run.

The philosophy of rational expectations is in agreement with Friedman
(1968), who argued for a more predictable monetary policy, rather than
other stabilization policies. Likewise, it is in line with the ineffec-
tiveness of monetary policies in the long-rum, in which the Phillips curve
is perfectly vertical. Also, it justifies the Fisherian hypothesis (1930)

- that there is a direct relationship between a rise in the expected rate



of inflation and an increase in the nominazl interest rate (for more infor-

mation, see Begg 1982).

Rational Expectations and the Role of Monetary Policies

Economic agents have very limited knowledge of the markets with which
they are not in direct contact, and so cannot observe all prices on the
different markets at the same time. This is either due to the cost of
gathering such information, or is due to a lack of interest, coupled with
ignorance of market participants.

In the absence of perfect foresight, given the limited amount of
information available, a sudden change in the money supply growth would
also necessitate the reassessment of the informational set. Hence, if the
monetary authority increases the rate of growth of the money supply and
subsequently increases the general price level, then individuals would
consider this to be an increase in the price of their goods (in their mar-
ket basket), relative to the price of other goods which they cannot
observe. Consequently, producers produce more and work more. So, mis-
takenly, economic agents think that their nominal wages and prices have
risen, relative to others with whom they cannot communicate. By the same
token, surprise changes in the growth rate of the money supply can be heid
responsible for business fluctuations.

Suppose that there are (N) markets producing a commodity (Yt)' At

any point of time, only one market (say Z)1 can be visited by a consumer

1(2z) can also be viewed as different goods in the local market.



or a producer, but the market participants can move across the markets
freely. Assume also that PC(Z) is the price of a market basket of commod-
ities in location (2), and P(t) is the general price level at time (t).

if Pt(Z) differs from Peys then there will be entry and exit from the
market (Z) by producers and workers. The process continues to a point

where the local price is quite close to the general price level, which 1is
the average price of different market prices, i.e., the expected value of
Pt(Z)lS always P(.y.

The production function in market (Z) for commodity (Yt) is

(2) = FIL_(2) (2)1; Fo= E ' oF T
Y (2) = FIL (2), K__(2)]; F.==- >0, F, =-=— >0, —=<0
t t t-1 L~ 3L, R, K _, oL

t Nl

(2-1)
dF
and t-1 < 0

K

Aol o -

-1

where L is the amount of work performed by the labor force at time (t),
and Kt-l is one period lagged capital stocks. An increase in the relative
price Pt(Z)/P(t)’ increases Yt(Z) along with increasing the incemntive to
work, but capital stock remains unchanged. However, an increase in the

expected relative price Pt+1(Z)/P:+1 in market (Z) would stimulate capital

accumulation at time (t).

Market (Z) is in equilibrium when the tctal supply ¥

s
t
the total demand Y:(Z). For the average market (Z) which has not experi-

enced any drastic changes in Yi(Z) and Yi(Z), the market clearing relative

price equals unity. That is, on the average market, the local market

price 1s equal to, or reasonably very close to, the average price level.
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Assume that there is perfect information and that the money supply
increases once-and-for-all. The general price level increases and econom-—
ic agents spend extra income (money) on different goods and services. The
excess demand increases the price of these goods and services in different
market locatioms in such 2 manner that the relative prices remain con-
stant. As such, a change in the money supply growth is incapable of
changing real output and employment, as well as relative prices, i.e.,
PC(Z) and P(t) will increase in proportica to the increase in the money
supply.

It is obvious that both producers and consumers have relatively good
information concerning prices with which they have dealt, or wages that
they have paid/received. 1In other words, individuals in market (Z) have
more information concerning Pt(Z) than the general (average) price level
P(t)' Therefore, as far as the general price level is concerned, individ-
uals have some prior expected price (Pi) in mind. Although the local
price level in each market is easy to observe, it is relatively difficult
to assess how the local market price stands relative to other market
prices or the average price level.

Assuming rationality in forming expectatioms, ecounomic agents must

construct their expectations iu regards to P In this regard, there

()’

are two different processes. One, the process of forming ex—-ante expecta-

tions, which are formed given all past behaviors of output, real interest

rates, money supply, and other relevant economic variables without consid-

ering the local price Pt(Z)' Two, ex—post expectations (P:, Z), which are
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related tu revising and correcting expectations whenever the structural
model needs to be reassessed after Pt(Z) has been taken into account.

(Pi, Z) depends upon two sets of prices: Pt(z) and the prior expec-
tations price (Pi). The local price Pt(Z) in turn is a function of how
different the price is, from one local market to another. (Pi), however,
is mainly dependent upon how volatile the economy in that market has been,
prior to forming expectations. Thus, (Pi, Z) can be summarized in the
following equation (see Barro 1983, page 471).

e

25,

z) = @ (2) + (1-0)P, 0 < ©< 1 (2-2)
The weight (©) on each parameter is determined by the functioning of Pt(z)
and P:. That 1is, if the local price across the markets do not differ
drastically, then (©) is greater and (1-©) is smaller. Conversely, if the
economy has not experienced any severe change, then more weight will be
placed on Pi. Given the value of (©), the ex-post price expectations will
also determine the perceived price ratio Pt(Z)/(Pi, Z) by consumers and
producers.

An increase in Pt(Z)/Pi, with other things remaining the same, would
lead to an increase in the Pt(Z)/(Pi, Z). However, the rise in the ex-
post price expectation is always a fraction (O) of the increase in the
local price, so the rise in the perceived relative price is less than
Pt(Z)/P:. Then, in the absence of drastic external and internal shocks on
the market, the overall equilibrium occurs when the price ratio Pt(Z)/Pi
and the perceived relative price equal unity. This in turn indicates that

Pt(Z) is also equal to the prior (ex—ante) expected price (Pi).
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In the real world in which there is not perfect information, suppose
that the money supply, once—and-for-all, has increased. Due to incomplete
information, this increase in the money supply growth comes as a surprise,
because (Pi) has already been formed, and cannot include the rise in the
money supply. Assuming that the market participants spend extra cash
balances on different goods locally, Pt(Z) increases, so Pt(Z)/Pi rises,
along with the perceived price ratio. But the participants in the local
market think that the relative prices on the market have risen. Of
course, this is nothing more tham confusion, because if Pt(Z) rises, then
there will be an increase in P:, the forecasted price ratio, and the per-
ceived price ratio as well. 1Indeed, the market participant underestimates
the general price level increase, and coverestizates the increase in the
relative prices. Hence, Y5(2) increases, while Yd(Z) decreases.

A typical economic agent thinks that he/she is located in a market
where the relative price is high. 1In actuality, this is not so, because
the average local prices Pt(Z) are always equal to.the geﬁeral price level
P(t)' The unexpected increase in the money supply growth and the price
level, coupled with the lack of direct information about either the aver-
age price level or the quantity of money, confuses the typical market
participant between a rise in the general price level and a rise in the
relative price ratio in the local market. Therefore, the confusion
created by an unanticipated change in the rate of growth of the money

supply (UMt)’ has an effect on the rezl variabies in the economy.
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An increase in (UMt) increases Pt(Z) and producers interpret this as
i1f the relative prices have increased, so they work and produce more.
Also, higher relative prices would increase the expected relative prices,
which means investment 1s stimulated. Hence, due to an unanticipated
money supply growth, all these real variables (real output, investment,
and relative prices) are affected, so that the (UMt) is not neutral and is
capable of creating business cycles.

If the changes in the money supply and the general price level are
anticipated by market participants, then there will be no real effect,
because the prior expectatioms price (Pi) has already taken the change in
Pt(Z) into account, i.e., (P:) and Pt(Z) grow at the same rate. An antic-
ipated money supply growth does not create any confusion, thereby real
output, employment, and relative prices remain constant, so that antici-
pated monetary policies are neutral.

In the case of unanticipated monetary policies, although the confu-
sion may persist for a short period of time (since under ratiomal expecta-
tions, individuals are supposed to learn from their past mistakes), the
impact on the real variables 1is quite long lasting. The confusion caused
by a surprise increase in the money supply growth not oanly increases the
perceived relative price, but also the expected relative price - which
means that investment demand will increase. After plants and equipment
are in the prccess of production, even if the confusion is fully under-—
stood, the investment cannot be stopped immediately. Thus, the confusion

has long-run effects on the real variables.
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Rational expectations also have a special implication for the mone-
tary authorities, for if the policies of the central bank during reces-—
sionary or expansionary periods are incorporated into the general public's
expectatious, then the central bank's monetary policies have no real
effects. Hence, the monetary authorities' policies must come as a sur-
prise, if they are aimed at changing real variables. The anticipated
policies of the central bank do not create confusion between general and
relative prices, so real variables are left unchanged. This sometimes 1is
referred to as '"the irrelevance result for systematic monetary poli-

cy.

Rational Expectations and Unanticipated Money Growth

It 1s conceivable to decompose money supply growth between antici-
pated (AMt) and unanticipated (UMt) portions, and then to test the neu-
trality and rationality propositions underlying macroeconomic models (see
for example Barro and Rush 1980).

Barro and Rush used a two-step regression procedure which is ex-
plained here in general terms for the sake of brevity. Step one involves
the estimation of a linear forecasting model by the ordinary least squares
(OLS), such as

X =2 . Y+U (2-3)

t -1 t
where (Xt) is a stimulating aggregate demand policy, for example money
supply growth. zt—l is a vector of variables used to forecast (Xt)'
These variables are assumed to be known at (t-1), (t-2), . . . Also, (Y)

. - s s *eo. .
is a vector of coefficients, and (U ) is an unserially correlated error
[
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term. The anticipated money supply growth (AMt) is estimated on the basis
of equation (2-3). Then, the estimated residual of the above model,
i.e.,

TT=x -z (2-4)
t t e-1 7
implies the unanticipated money supply growth (UMt)' Step two includes

the residual in model (2-4) as an aggregate demand variable of a model in

the following form:

Y =% +.L 8 U (2-5)
= + . . .+ € -
t t 1=0 "1 "t-1i t

where (Yt) is unemployment or real output and (§t) is natural unemploy-
ment, or natural real output at time (t). (Bi) are the regression coeffi-
cients and (Et) is a classical white noise error term. Testing of the

neutrality proposition requires the inclusion of contemporaneous and

lagged values of (Xt) in equation (2.5), that is

1 * n

Te ST ik B T ik S K T o (2-6)

where (B;) and (Gi) are two vectors of coefficieants. The ordinary F-test
ig used ro determine whether (6.} is different from
Although Barro and Rush's statistical results give the real output
and unemployment equations more empirical support, the price equation was
doubtful, which may have been caused by misspecification of the model.
Barro and Rush used two sets of yearly and quarterly data for the sample
period 1941-1977. Using quarterly data makes the problem of serial corre-
lation more serious than does the yearly data. WNevertheless, it allows
for lagged responses of unemployment and output to money supply shocks.
Over the sample period, 1949-1977, the unemployment rate was inverse-—

ly and significantly related to unanticipated money supply growth and its
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two-period lag. Over 1946-1977, the real output (GNP in 1972 dollars) was
positively and significantly correlated with (UMt) and lagged (UMt)' From
1948-1977, the price level turned out to be positively related to the

money supply, and inversely correlated with (UMt) through (UM_ .).

t-5
The two-step regression procedure makes (UMt) orthogonal to the
explanatory variables in the money supply growth equation. To avoid such
statistical problems, a joint estimation was applied (see Barro and Rush
1980, pages 27-28). For the same data set and sample period, joint esti-
mation improved the regression coefficients in unemployment and real out-
put equations. However, in attempting a joint test of all the equations
including the price equation, the statistical results deteriorated, which
might be partially due to the bi-directional effect of the price level on

the money supply growth rate.

Barro and Rush reestimated the money supply growth equation with
quarterly data and the sample period 1941:I - 1978:I, in which they re-
gressed the growth rate of Ml on its 6 quarter lags, FEDVt (the deviation
of current government expenditures from the normal level), and the unem-
ployment rate - along with its three—quarter lagged values. As with the
yearly time series data, the residuals of the money supply growth equation
were assumed to be the unanticipated money supply growth series. To avoid
the problem of serial correlation with quarterly data, a second-order
autoregressive procedure was employed. Consequently, the regression co-
efficients in output and unemployment equations indicated that the sign

pattern was the same as for yearly data, but the serial correlation de-
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creased the contemporaneous coefficients on (UMt) and also shortened 1its
lag response.

Overall, the quarterly and annual data for output and unemployment
equations are very compatible. But for the price equation, the two sets
of data imply different results. Undoubtedly, the output and unemployment
equations show that the regression coefficients between unanticipated
money supply growth (UMt and UMt_l) and the real variables of the model
are statistically significant. However, the anticipated rate of growth of
the money supply, other things remaining the same, has no effect on unem-

ployment and output.

Neutrality of Anticipated Monetary Policies
The implication of neutrality (Lucas 1973, and Sargent and Wallace
1975) is that if aggregate demand policies are anticipated, then there
will be no change in the real variables, such as real output and unemploy-
ment .
To investigate the neutrality of anticipated monetary policies,
Mishkin used a nonlinear joint estimation of real output, the unemployment

h
rate, and money supply growth (see Mishkin 1982)." 1If the assumptionms

N
- IMishkin's joint estimated model is based on Y, = Yif+.$ 8, (M, _;-
M) 5 5.M8 ) e
. + z &.MS_. + €
t-i jo0 Lot-i t

where
"
th = real output or the unemployment rate; fjt = natural unemployment

rate; 6;, B; = regression coefficients; M, = the money supply growth; M%

= the expected money growth conditional upon all informatiom in (t-1);

et = the error term.
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of neutrality and rationality are rejected in a nonlinear joint estima-
tion, then this is either due to irrational expectations, or because the
anticipated policies have real effects (see Tylor 1975 and Fischer 1977).
Alternatively, if the null hypothesis of macroeconomic rational expecta-
tions with its neutrality implication is rejected, then this in turn might
be due to long lags existing in the output and unemployment equatioms.

The money supply growth used by Mishkin (1982) is derived by regress-—
ing the Ml - money supply growth on its four-quarter lagged values, as
well as the three-month Treasury bill rate and the high employment budget
surplus.1 The money supply growth equation has excluded government expen-—
ditures and the unemployment rate, and unlike Barro and Rush who employed
second-degree autocorrelation, Mishkin used a fourth-order auto-regression
procedure.

The output equation in Mishkin's study, does not specify any lag
length on (UMt)’ therefore one can go back as far as to when the lagged
coefficients were no longer significant. This would suggest relatively
short lags of 7 quarters. In the study completed by Gordon (1979), it was
noted that the lags are much longer than what was suggasted before, i.e.,
20-quarters. In a joint estimation of ratiomality and neutrality with 7-
quarter lags, these two propositions cannot be rejected. Nevertheless,

when 20-quarter lags are employed, both of these two assumptions arz re-

lAmong many other variables included in the money supply growth,
these three were chosen by the multivariate Granger procedure.



jected, and comparably, the neutrality is rejected more significantly than
the rationality proposition.

According to Mishkin, empirical results more favorable to the neu-
trality idea which underlie macroeconomic rational expectations are
obtained in the context of misspecified modeis i.e., some explanatory
variables are missing {for example, Barro and Rush 1980). For if data on
anticipated money supply growth are included, then the regression coeffi-
cients and the t-statistics become more significant. The regression
results of the output equation over the sample period (1959-1976) do not
reject the neutrality assumptions. In the unemployment equation, the
unanticipated money supply growth coefficients, at the five percent sig-
nificance level, are significantly greater than zero. Neutrality of
anticipated money supp!v growth 1s rejected, because of the significance
of some of its coefficlents, especially the last two lagged coefficients.
This might mean that the inclusion of longer lags on anticipated and
unanticipated money supply growth rates are essential for the rejection of
neutrality and rationality propositious.

After the 20-quarter lags have been included in the jointly estimated
model, the regression coefficients on the anticipated money supply growth
rate are not only significant, but also have larger t-statistics than the
unanticipated money supply growth rate coefficients. This result is con-
trary to the conclusion derived by other tests of macroeconomic rational
expectations — most notably the study completed by Barro and Rush in 1980.

Therefore, the anticipated money supply is not neutral, and its importance
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cannot be disregarded (for details of the maximum likelihood ratio test

supporting this idea, see Mishkin 1982, pages 34-39).

Interest Rates and Monetary Policies

One of the most interesting issues in economics is the relationship
between the rate of growth of the momey supply (gM) and interest rates
(R). For a long time, the Keymesian inierest rate theory held that while
other things remained equal, an increase in the quantity of money would
decrease short— and medium—term interest rates. The inverse association
between (g,) and (R) directly followed from the law of supply, in which an
increase in money supply decreased the price of borrowing money (R).

A lower interest rate has a direct Impact on investment, and also
indirectly affects capital valuation, which results in further expansion
of investment and consumable goods (see Modigliani, 1974). Corresponding-
ly, a decline in the interest rate is essential for the transmission
effects of monetary policies from the money market to the real sector of
the economy. Most importantly, the psychology of a lower interest rate
for the market participants is most appealing, especilally when the mone-
tary authority decides to increase the money supply through different
monetary channels.

Keynesian liquidity models downplay the dynamic impact of a change in
the money supply growth rate. According to Friedman (1968) and (1969 as
cited by Mishkin (1983)), the liquidity theory ignores the income and
price expectational effects. Suppose that the Federal Reserve unexpected-

ly increases the money supply growth rate. Consumers find themselves with
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more cash than they had expected, therefore they spend extra money on
different goods and services. One item that most commonly is purchased by
the consumers are bonds of different maturities. A greater demand for
bonds, in turn increases the price of bonds, which implies a decrease in
bond yields.

The downward pressure on (R) is the short-runm aspect of an unantici-
pated expansionary monetary policy. However, in the long-run, more money
in the economy means a higher expected rate of inflation (W:). In
essence, the relationship between (Rt) and (ﬂi) is through a Fisherian-
type hypothesis. As Fisher (1930) mentioned, the nominal interest rate
(Rt) is composed of the expected real interest rate E(rt) and (ﬂt).
Furthermore, if it is naively believed that in the long-runm, E(rt) remains
constant, then there is a one-to-one correspondence between (Rt) and (Wi).
Hence, an increase in (UMt) ultimately means higher expected inflation
rates, and a higher (Wi) implies a higher (Rt)’ and vice versa.

The message given by Friedman and other monetary economists is that
the liquidity effects of an increase in (UMC), which are indicated by a
decrease in (Rt)’ are very short-run. If the time period is long enough,
then the liquidity effect is dominated by the price expectational effects,
so that (gM) and (Rt) are positively correlated.

Empirical work completed by Gibson (1970) and Cagan (1972) which is
concerned with the relationship between (gM) and (Rt>’ concluded that the
inflationary expectations "proceed slowly" over time. Thus, they placed
more emphasis on the price level effects than on the price expectational

effects. Nevertheless, Mishkin (1982) has shown that the mechanism for
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forming price expectations is rather short, simply because under the
assumption of rational expectations, the economic agent readjusts his/her
expectations quickly. As such, "price anticipation effects'" should be
given more weight, when the impact of an increase in (gM) on interest
rates 1s considered.

Studies in line with Keynesian liquidity effects are faced with one
major problem, because rational expectations (or equivalently financial
market efficiency) have not been incorporated into the model. The evi-
dence for the impcrtance of efficient markets 1s so powerful, that in its
absence the statistical results become doubtful (for example, see Fama
1970 and Mishkin 1978).

To account for the market efficiency, there are two different
approaches. One altermative 1s to regress the first difference of intar-
est rates on the changes of the past values of the money supply (see
Gibson and Raufman, 1968). This line of research diminishes the possibil-
ity of multicollinearity among explanatory variables. But due to reduced
functional forms, the actual structure of the model cannot be specified,
which may cause weak statistical results for such models. However, the
results reported by these researchers do not confirm the inverse relation-
ship between money supply growth and interest rates. The second alterna-
tive 1s to use anticilpated and unanticipated money supply growth rates in
the model. The latter approach has been used by Barro, Barro—-Rush, and
Mishkin, as well as in the present study. The decompositional money

supply growth model is a better altermative, because in the context of
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rational expectations, it specifies the exact structure of the model, and
allows for a more powerful test of Keynesian propositions.

So far, the effects of an unexpected money supply growth on (Rt) in
efficient bond markets have been discussed. The theory of the efficient
market is also applicable if the money supply growth rate is anticipated
by the general public. An increase in (AMt) will increase (ﬁi) immediate-
1y, and from Fisher's hypothesis the increase in (AMt) and (Rt) is posi-
tively correlated. This in turn implies that the expected real interest
rate remains constant, which is directly due to the public's rational
expectations, i.e., an increase in (AMt) changes (increases) nominal vari-
ables (Rt)’ but leaves the real wvariables E(rt) unaffected. Consequently,
if real variables such as real interest rates, unemployment, and real
output are to be changed, then the money supply growth must come as a
surprise to the public. In Barro's terminology, the anticipated growth
rate of the money supply does not matter, because it leaves the real vari-
ables unchanged.

An important question in regards to the conclusion derived from
above, can be raised - Can the monetary authority change its policies so
frequently that the general public is fooled, and E(rt) is affected, i.e.,
unanticipated monetary policy matters? The answer 1s twofold. First,
rational expectations by definition mean the use of alil available informa-
tion, including that of the central bamk's authority. So, whatever the
change, the public should sooner or later catch onto it. Secondly, the

central bank has some set (targeted) monetary policies, which if changed



frequently, are not different from "random policy making", i.e., not hav-

ing a policy at all.

Concluding Remarks

Barro—Rush's unanticipated monetary policies on the basis of rational
expectations are the beginning of a new era in economics. The implication
of such policies for the monetary and fiscal authorities of a country is
profound, in the sense that aggregate demand policies must come as a shock
to the economic agent. Otherwise, none of the real variables such as real
output, unemployment, relative prices, and the like can be affected.

Empirical studies completed in this area by Barro and Rush (1980) are
based on a two-step regression procedure (as explained before). The two-

step regression for models with shorter lags is an appropriate toocl bs

[heg
W

which one can test the rationality and neutrality underlying (UMt) and
(AMC) respectively. However, if long lags exist in the model, then
according to Mishkin, a noniinear joint estimation is needed.

Mishkin's model with shorter lags was very similar to that of Barro-
Rush, with minor differences for sample periods, and in the choice of
seasonally adjusted data. Hence, the difference revolved mainly around
the longer lag length, because with 20-quarter lags included in the joint
model, the statistical inferences were vastly different. As such, the
rejection of neutrality and rationality underlying the macroeconomic
rational expectations, as well as the unimportance of anticipated monetary

policies is possible, when longer lags are present in the output and unem—

ployment models.
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Although the neutrality of systematic and deterministic policies are
rejected by Mishkin's empirical results, there are at least three cautions
in order; 1 - The longer lags in the money growth equation used as part of
the nonlinear joint estimated model, might cause inefficiency due to the
loss of degrees of freedom. The polynomial distributed lag function
employed by Mishkin, is supposed to alleviate this problem; 2 - In
Mishkin's model, Y: (natural unemployment rate or output), is a measure of
either a time trend, or the combined effects of variables such as the
minimum wage and military conscription. However, these three variables
have been included in Barro-Rush's model as separate explanatory vari-
ables; 3 - Mishkin's model is a reduced form, and still needs the justifi-
cation of the unique solution when the estimated parameters are trans-
formed from the reduced to the structured model.

The question of "does anticipated momnetary policy matter" is still an
open question. Although a series of papers by Barro and one by Barro-Rush
cast doubt about the effectiveness of (th), all informarion about
rational expecgations, which is the main basis for the efficacy of (UMt)’

is not yet in. The only obvious conclusion derived from

the whole contro-
versy is that the growth rates of the money supply (AMt and UMt) have two
different directional effects (price expectational and liquidity) om the
level of nominal interest rates. So, the question to be addressed is
which one of these two effects is more significant in the overall picture
of the economy. Most notably, under market efficiency, does an increase
in (UMt) have a dominant liquidity effect? The answer is what this

research intends to resolve.
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SECTION III. INTEREST RATE MODELS

The backbone of the interest rate models is a demand function for
money. Commonly in empirical money demand studies, the money supply (a
proxy for the demand for money) is a dependent variable, while the nominal
interest rate along with real income, and the price level appear as ex-—
planatory variables. Assuming that the level of the interest rats is the
variable which changes when there is disequilibrium between the demand for
and the supply of momey, it appears sensible to zegress the interest rate
(Rt) on the rate of growth of the money supply (gM), as opposed to the
other way around.

The efficient market interest rate models produce useful results,
because the direction of causation is from (g,) to (R.), especially if
(gM) is decomposed between anticipated and unanticipated rates of growth
of the money supply (AMt and UMC)' As was mentioned by Mishkin (1983),
the interest rate models with the decompositioned money supply growth
produces far superior empirical testing of Keynesian liquidity effects to
the models without market efficiency constraints.

Furthermore, since inflationary expectations are assumed to be fully
incorporated into the nominal interest rate in efficient asset markets, it
follows that if Rt—l is set at time (t), then in assessing the expected
rate of inflatiom (W:), other information (past inflation rates) is redun-
dant (see Fama 1977). Under the efficient markets hypotheses, Fisher's

formula can be amended to
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[mo] R, 6,0 = -E(r | ¢,_) + R, (3-1)
where (E) stands for expectations and ¢,_; is an informational set con-
taining relevant information about (Wi). The efficient market preposition
implies that the market sets the price of bonds in such a manner that the
expected real interest rate remains constant, i.e.,

E(rtl ¢t-l) = E(;t). (3-2)
Although equation (3-2) is debatable, for market efficiency purposes, it
is an appropriate approximation. It 1is also true that ¢t—l includes a
broader range of related information about (ﬂi), but when (Rt) is set in
(t-1), ¢t—1 does not supply new information in regards to (W:).

The interest rate models are designed to empirically test the degree
to which short- and long—term interest rates are affected by the current
and lagged values of (AMt—l) and (UMt—l)’ i.e., two different directional
effects. Additional lagged values were not included, because longer lags

were not statistically significant. Therefore, the basic model 1is

R, = F(aM_, UM_, AM

t—l’ UMt_l) + Ut (3—'3)
where (F) stands for a function of, the explanatory variables are mea-
sured as rates of growth, and (Ut) is a serially correlated disturbance
term, i.e.,

U =pU._; * & (3-4)

where (p) is the autocorrelation coefficient and (Et) is a white noise

error term. For (Et), all classical normal error specificants are ful-

filled. Hence,



28

E(et) =0, i.e., (Et) is a random variable

E(et, et,) =0, i.e., (et) is not autocorrelated

E(etl AM_, AM,_,, UM, UMt—l) =90, i.e., (et) is uncorrelated with

the regressors

i , L.e., (et) is homoscedastic. Substituting equation (3-4)

E(et)2 =3
t

into equation (3-3) gives

R, = F(AM_, UM_, AM

t t? t? t-1° UMC-]_) + P U + E_. (3-5)

t-1 t

On the basis of model (3-5), the three different versions which will be

used in empirical testing of the interest rate models are as follows:

Re =G+ o + MM, * 00y Y & (3-6)
Re = Bo * ByUMy *+ BplMi_p * PoMy * E': (3-7)
Ry = Yo Y AM ¢ ANk T+ YN )k o0Z v (3-8)
where;
R_ = interest rates

anticipated rate of growth of the money supply,
contemporaneously and one period lagged

AM , AMp_q
UM, , UM, _; = unanticipated rate of growth of the money supply,
contemporaneously and one period lagged
a's, B's, Y's = regression coefficients

P1s Pys Py = autoregressive correlation coefficients

(o]

x
r

N

]

serially correlated disturbance terms

(u]
m
™
1}

£> S & disturbance terms, not serially correlated with
expected values of zero, and normal distributioms.

For (Rt)’ four different interest rates measured in annual percentage

points have been used: 1 - Short-run Treasury bill rates (TBR) which are
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the discount rates on new issues of 91-day Treasury bills. The data
source 1s the Board of Governors of the Federal Reserve System. 2 - Com~
mercial paper rates (CPR). The data are for the prime paper (4-6 months).
The primary source is "Business Statistics 1977" for the period 1950-1976.
The "Survey of Current Business 1978" has been used for the remaining
quarters. 3 - Yields on long-term Treasury bond rates (LTR), "which are a
measure of the average yield on fully taxable long-term U.S. Treasury
bonds. Bond yields are computed by the U.S. Department of the Treasury,
based on reported prices by the Federal Reserve Bank of New York. 4 -
Yields on new issues of the high-grade (Aaa) corporate bond rate (LCR).
Data has been computed by the Citibank (formerly the First National City
Bank of New York) from 1949-1959 and the U.S. Department of the Treasury
1959-1977." The percentage interest rates data for TBR, LTR, and LCR are
drawn from the Handbook of Cyclical Indicators — A Supplement to Business
Conditions Digest — BCD (1977) and BCD (1978). Quarterly and yearly data
on (UHt) and (AHt) hiave been taken from Barro-Rush's data set (13980).

The sample period for quarterly data covers 1950:1 - 1978:I and for
yearly data 1950-1977. Due to the problem of serially correlated distur-
bance terms, especially with quarterly data, all regression coefficients
were corrected for serial correlation by employing the Cochrane-Orcutt

corrective-procedure with a convergence level of 0.001.1

lSince Barro and Rush estimated the money supply (Ml) growth equation
by using the Ordinary Least Squares (OLS) method, models 3-6, 3-7 and 3-8
were estimated using (OLS). For all the models, the Durbin-Watson was
extremely small, indicating the existence of autocorrelation in the
residuals.
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If the (AMt) series corresponds to what the public expects, then an
increase in (AMt) would increase the expected rate of inflation, and one
would expect positive regression coefficients between Rt and the growth
rate change of the anticipated portiom of the money supplv. Furthermore,
in terms of Barro's definition of the unanticipated money supply growth,
an increase in (UMt) creates liquidity. More liquidity in turn puts a
downward pressure on the interest rate. Hence, one would anticipate that

the regression coefficient of (UMt) would be negative.
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SECTION IV. EMPIRICAL RESULTS

Quarterly Data
Model (3-6) has been tested empirically with the four differeat mea-
sures of interest rates used for Rt’ and the results are reported in the

. . 2 .
following table. For all the models p is before, but R 1is after, the

Cochrane-Orcutt procedure was applied.

Table 4-1. Regression results of Rt on AMt and AMt—l

2

Rt Intercept AMt AMt—l R p

TBR 3.28 40.952 10.922 0.92 0.864
(3.39)P (2.56)% (0.685)

CPR 3.93 38.93 6.75 0.90 0.863
(3.91)* (1.87) © (0.326)

LTR 4.68 13.55 1.24 0.98 0.869
(3.11)* (2.31)% (0.212)

LCR 5.37 24.06 0.010 0.97 0.882
(3.25)* (2.46)* (0.001)

fRegression coefficients.
“Significant at the five percent significance level.

The numbers in parentheses are t-ratios, and the onme indicated by an
(*) is larger than the tabled value of the t-statistic at the five percent
significance level. The dependent variable (Rt) is an annual interest rate

measured in perceatage points. The independent variables (AMt and UMt) are
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quarterly rates of growth of money supply, not measured in percentage

points, and these symbols remain the same throughout.

According to the regression coefficieats, interest rates are positive-
ly related to AMt. However, the coefficient of AMt, in the CPR regression,
is not statistically significantly different from zero. The lagged values

of AMt 1 do not reveal any significant relationship with the measures of

interest rate.
Model (3-7), wnich is concerned with the sensitivity of Rt in respect

to unanticipated money supply growth, shows the following regression

results over the sample period.

Table 4-2. Regression results of R on UM and UM__,

R, Intercept UM, UM, 1 R2 p

TBR 3.83 -27.90 1.19 0.92 0.9¢€1
(3.51)* (3.09)=* (0.132)

CPR 4.40 -34.54 1.32 0.90 0.947
(4.12)=* (2.96)* (0.113)

LTR 4.85 - 5.61 2.69 0.98 0.999
(3.14)=* (1.65) (0.794)

LCR 5.64 - 8.82 5.31 0.97 0.988
(3.23)=* (1.55) (0.934)

Although only two interest rates TBR and CPR are inversely and
significantly related to UM:’ the general inverse correlation between
interest rates and unanticipated money supply growth is obvious. At least

for short-run interest rates, UMt creates a liquidity-effect, which in turn
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puts a downward pressure on Rt' But the liquidity impact of UMt on the
long-run interest rate, is not statistically significant.
To 1nvestigate the effect of AMt and UMt on Rt simultaneously, model

(3-8) has been empirically tested, and the results are as follows.

Table 4-3. Regression results of R, on AM,, and UM, and thelr one period

lag

R,  Intercept M, A, M, W, _; R? o

TBR 3.35 74.77 -26.70  -27.06 =40.71  0.93 0.868
(3.17)% (1.99)*  (1.20)  (2.73)* (1.76)

CPR 4.10 68.62 -37.54  -36.56 -44.36  0.91 0.864
(3.66)% (1.41) (1.30)  (2.83)% (1.48)

LTR 4.68 24.08 - 7.48 -5.10 -10.41  G.98 0.806
(3.08)* (1.69)  (0.898) (1.36)  (1.19)

LCR 5.32 49.04 -17.43  -8.25  -22.15  0.97 0.838
(3.16)% (2.07)*  (1.25) (1.32)  (1.52)

Two different directional impacts of AMt and UMtare inferred from
Table 4-3. That is, an anticipated rate of growth of the money supply
creates price expectational effects on different short— and long-run mea-
sures of interest rates. TBR and LCR are significantly related to AMt’
although the t-statistic for TBR is very close to the critical value of the
t-distribution (t=1.96) at the 5 percent level. UMt does not have a sig-
nificant relationship with LTR and LCK, whereas the two short-run interest
rates (TBR and CPR) display significant liquidity effects, due to an unan-
ticipated rate of growth of the money supply. The one-quarter lagged
values of AME and UMt’ are not statistically significantly correlated with

short- and long-run interest rates.
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On the basis of the models explained in the previous three tables, the
impact of an annual one percentage point increase in the momney supply
growth rate (percent AMt and percent UMt) on the interest rates (Rt) is
reported in the following table.

Table 4-4. Percent change in interest rates due to a one percent rate
of growth of the money supply per year.

. %* % .
Models in table Ry AM, UM, % AM, % UM,
(4-1) TBR 40.95 0.102
LTR 13.55 0.034
LCR 24.06 0.060
(4-2) TBR -27.90 -0.069
CPR -34.54 -0.086
(4-3) TBR 74.77 -27.06 0.187 -0.067
CPR -36.56 -0.091
LCR 49.04 0.122

*
Significant quarterly money supply growth rate coefficients from
Tables 4-1, 4-2, and 4-3.

The price expectational effects of a one percent increase in (AMt) and
(Rt)’ although small in absolute value, are larger than the liquidity
effect of the same rate of increase in (UMt) on models reported in Table
4~3. Nevertheless, models in Table 4~2 show a more significant impact of

percent UMt on short-term interest rates, whereas the primary effects of

percent AMt in Table 4-1, are on the long-term rates and TBR.
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Yearly Data

As in Barro and Rushs' paper, we have testec the sensitivity of inter-
est rates to AMt and UMt’ by using annual data.1 Using annual data de-
creases the problem of autocorrelation. However, the ordinary least
squares estimation of regression coefficients with yearly data, revealed a
relatively high serial correlation in the residuals. Thus, all the follow-
ing models are corrected for serial correlatiom, by employving the Cochrane-
Orcutt corrective procedure. Model (3-6) has been tested with yearly data,
and the results are reported in the following table.

Table 4-5. Regression results of R, on AM,, and AM,_;

2

Rt Intercept AM, AMt-l R P

TBR 3.55 4.93 13.43 0.68 0.627
(3.97)=* (0.473) (1.28)

CPR 4.24 1.54 15.26 0.62 0.573
(4.43)* (0.119) (1.17)

LTR 4.76 -1.72 1.73 0.92 0.863
(3.35)%* (0.464) (0.466)

LCR 5.71 -4.56 0.441 0.90 0.808
(3.26)=* (0.718) (0.069)

Excluding the intercept, none of the regression coefficients are

statistically significant. Considering the high R2 for long-term interest

linterest rates are annual rates measured in percent points, but (AMt)
and (UMt) are yearly rates of growth of money supply.
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rates, the insignificant results might have been due to the multicollinear-
ity between (AMt) and its lagged value. For the (LTR) model, (p) has not
changed despite the switch from quarterly to yearly observations. This in
turn implies that the (LTR) model is either misspecified, or has excluded
important explanatory variables. The price expectational effects of (AMt)
with quarterly data were significant for TBR, LTR, and LCR. But the annual
data infer vastly different results.
Model (3-7) has been reestimated by utilizing yearly data, and the

results are:

Table 4-6. Regression results of R. on UM., and UM,_,

R, Intercept UM, oM,y RZ p

TBR 3.82 -141.08 42.06 0.76 0.789
(3.33)=* (2.55)* (0.762)

CFR 4.51 -161.24 11.38 0.67 0.736
(3.86)* (2.19)* (0.155)

LTR 4.92 - 52.50 -14.80 0.94 0.954
(3.04)=* (2.50)* (0.706)

LCR 5.96 - 97.35 -60.59 0.92 0.922
(2.87)* (2.83)* (1.76)

The unanticipated growth rate of money supply is inversely and signifi-
cantly correlated to short- and long-run interest rates. In other words,
UMt creates a liquidity effect on the bond market with annual observations
on (Rt) and UM_, as was true with the quarterly data. However, with quar-
terly data, the regression coefficients of LTR and LCR are not statistical~-

ly significant.
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Model (3-8), which incorporates AMt and UMt at the same time, was

tested with yearly data, and the results are as follows:

Table 4-7. Regression results of R, on AM, and UMt, and their one period
lag

R, Intercept AM, AM,_4 oM, UM, _4 Rz P

TBR 3.75 4.78 2.94 -148.51 24.99 0.76 0.651
(3.15)* (0.436) (0.278) (2.32)* (0.358)

CPR 4,39 3.99 6.72 -157.57 -7.49 0.68 0.593
(3.67)*  (0.273)  (0.477) (1.85) (0.080)

LTR 4.91 0.65 0.469 - 53.40 -17.24 0.93 0.857
(2.91)* (0.155) (0.117) (2.19)* (0.640)

LCR 5.94 2.95 0.909 -104.14 -70.24 0.92 0.817
(2.73)*  (0.433) (0.138) (2.62)* (1.61)

Comparing Table 4-3 with Table 4-7 reveals the same sign pattern,
except for AMt—l which is negative with quarterly data, but was not signif-
icant. TBR and LCR, which were significantly correlated to anticipated
change in the mcney supply when quarterly data were used, are not statisti-
cally significant. The significance level for unanticipated money supply
growth has increased in Table 4-7, in which yearly data are utilized. With
quarterly data, the liquidity impact of UMt was a dominant factor for
shert-run interest rates. Whereas with yearly data, TBR and the two mea-
sures of long-run interest rates are inversely and significantly correlated
with UMt.

As with quarterly observations, the following table shows by how much
interest rates rise or drop if money growth 1s increased by one percent per

year, and whether thils is anticipated or unanticipated.
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Table 4-8. Percent increase in interest rates due to a one percent
increase in money supply per year

. * *
Models in Table Rt AMt UMt % AMt A UMt
(4-6) TBR -141.08 -1.4108
CPR ~161.24 -1.6124
LTR - 52.50 -0.5250
LCR - 97.35 -0.9735
(4~7) TBR -148.51 -1.4851
LTR - 53.40 -0.5340
LCR ~104.14 -1.0414

*Significant annually money supply growth coefficients from Tables
4=5, 4~6, and 4-7.

Clearly, with yearly data the liquidity effect of a one percent annual
increase in (UMt) has a significant impact on interest rates. The same
rate of growth in (AMt) does not appear to have any significant relation-
ship with (Rt)' The two different statistical results, when the time
interval is quarferly and annually, are due to a change in the residual
autocorrelations, and the sample size. That is, yearly observations cover
some of the autocorrelation in the error-term, but with a smaller sample

size some degrees of freedom are lost, which in turn creates inefficient

statistical inferences.
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SECTION V. SUMMARY AND CONCLUSIONS

The primary purpose behind testing the sensitivity of different
measures of interest rates, with respect to both anticipated (AMt) and
unanticipated (UMt) money supply growth, was to answer the following ques-
tions.

1 - Do AMt and o, have two different directional effects? According
to the empirical results, this is so in that AMt is positively, and in some
cases significantly, correlated with short- and long-run interest rates.
Also, UM. is inversely and significantly related to interest rates.

2 - Are the two directional impacts on interest rates in agreement
with the notion of efficient markets? The statistical results tend to
supply a yes to this question. An increase in AMt is associated with a
consequent increase in the nominal interest rate. Whereas, an increase in
UM, creates a liquidity effect which puts downward pressure on the nominal
interest rate.

3 - Does anticipated money supply growth matter? Interest rate models
which were tested empirically, indicate that this is so with the quarterly
data, but not so with the annual time series data. Recall that all the
models were adjusted for serial correlation and the possible heteroscedas-
ticity problem. Also, because of a two-step regression method used in this
study, the money supply growth (AMt and UHt) is exogenous, i.e., it depends
on past events - the possibility of any correlation between the explanatory

variables (AMt and UMt) and the error term is minimal. So, the t-test

results cannot be biased.
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4 - Do the dominant price level expectational effects of AM: and the
liquidity effects of UMt depend upon a particular time interval aggrega-
tion? There is a yes to this question. For a one percent increase in AMt’
quarterly data imply a more significant increase in interest rates (price
expectational effects). Whereas, for the same increase in UMt’ yearly data
show a significant drop in interest rates (liquidity effects).

It is a rather difficult task to assess which of the two time aggrega-
tions is better. Generally speaking, when the time span 1s lengthened,
there are more possibilities for statistical problems, due to the reduction
of the sample size, and the coverage of the residual autocorrelation. As
was witnessed by the autocorrelation coefficient (p), quarterly data (ex-
cept for LTR in Table 4~7) detect more serious serial correlation than does
yearly data. It is worth mentioning that the LTR model in Table 4-7 is
faced with impure autocorrelation, as evidenced by a yearly (p) which is
larger than the quarterly (p). Thus, LTR in Table 4-7 might be misspeci-
fied, or it might have excluded important explanatory variables.

In summary, the interest rate models used in this study are subject to
the common problems associated with the two-step regression procedure,
employed by Barro-Rush. That is, the underlying money supply growth is in
a reduced form, and its residual UMt is orthogonal to 1its explanatory vari-
ables. However, the decompositional money supply growth model is not "the
end of the rational expectations revolution in macroeconomics', but rather

is "the end of the beginning".
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PART TWO

WITHER THE DARBY EFFECT
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SECTION I. INTRODUCTION

Irving Fisher (1930) stated that the expected rate of inflation 1is
fully captured in the market rate of interest. Furthermore, if in the
long-run the expected real rate of interest is constant, then there is a
one-to-one relationship between an increase in the expected inflation rate
(1°) and the nominal interest rate (i).

There are several major problems involved with the Fisherian hypothe-
sis. First, it is not obvious how inflation expectations are formed.
Second, a counstancy for the expected real iaterest rate (r:) is not
plausible, because there are a number of factors affecting (r:), which
have not been captured in Fisher's Simple formulation. Third and most
importantly, as Darby (1975) and Feldstein (1976) almost simultaneously
but independently argued, interest payments/receipts on a bond are tax-
deductible and subject to income tax, respectively. However, Fisher's
formula does not capture the tax effect, and theréby simplifies reality a
great deal.

Econometrically, the Fisherian hypothesis implies that in regressions
explaining the nominal interest rate, the coefficient of the expected rate
of inflation would be unity. However, incorporating the income tax con-
sideration (known as the Darby effect) requires the coefficient of (7°) to
be greater than one. That is, (i) must increase by more than the increase
in (1°) in order to make up for both inflation losses, and taxes paid on

interest received from a bond.



Over the past decade, the tests of the Darby effect have mainly been
aimed at whether the regression coefficient of (1%) is greater than unity.
Examples of some of the authors whose work is directly related in this
regard, include John Carlson (1979), Vito Tanzi (1580), Michael Melvin
(1982), Milton Ezrati (1982), Lew Silver and James Fackler (1982), and
Robert Ayanian (1983).

All the studies mentioned above, excluding Ayanian's, concluded that
the coefficient of (7°) is less than unity. Nevertheless, they did not
claim that they had disproven the Darby effect. One researcher placed the
blame on risk associated with the returns on capital. Others blamed in-
correct expectations of inflation or the variability of (r:) for the lack
of empirical support for the Darby effect. Ayanian, by setting aside the
data on (7°) and the expected real interest rate, empirically tested (in
the context of some simplifying assumptions) the same model advocated by
Darby and Feldstein. He concluded that over his sample period (1952-1979)
the coefficient of (7°) was in fact greater than unity, thereby proving
that the Darby effect did exist.

The main goal of this study is to reestimate Ayanian's model, by
using monthly and quarterly data for the period 1952-i979. The point of
departure from that of Ayanian's is to argue that his model is heavily
affected by residual autocorrelation and thereby violates one of the most
basic classical econometric assumptions, which is needed if the regression
coefficient is to be BLUE (best linear unbiased éstimates). Thus,

Ayanian's model, with such a high residual autocorrelation, is not a good
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test of the Darby effect. Then, Ayanian's model is extended from 1979 to
1983, to determine the coefficient of (ﬂe), and it is extended to the
entire period 1952-1983 using both monthly and quarterly data.

A review of the related literature appears in Section II, Section III
is devoted to the empirical results, and the conclusion of the study is

discussed in Sectiom IV.
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SECTION II. A REVIEW OF RELATED LITERATURE

Fisher Effects

Suppose that there is a one-year bond with a face value of $1, and an
annual rate of return (nominal interest rate) of it' Therefore, the nomi-
nal value of the bond at the end of the year is (1 + it). If the general
price level remains constant permanently, then (1 + it) is also the real
value of the bond. However, inflation drives a wedge between the nominal
and real value of an asset.

If the inflation rate is denoted by (vt), and the general price level
at time (t) by P ; then (“t) can be referred to as;

T = “t+l t (2-1)

or equivalently as;

Py = (1 + nt)Pt (2-1)"'
Equation (2-1)' indicates that between time (t) and (t+l), the price level
has grown by a (1 + 7)) factor.

In terms of the real interest rate (rt), the real value of the bond
after one year is (1 + rt), which by definition can be also viewed as;

i+ rt) = (1 + it)/(l + ﬁt) (2-2)

or 1 + T, + T, o+ T oS 1+ i (2-2)"

the term LR known as the interaction effect, is very small and reason-
ably clese to zers, ualess the inflatiom rate is quite high. Thus, equa-

tion (2-2)' can be simplified to;

it =r, + “t' (2-3)
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Aithough it is observable in the bond market, r, depends also on the actu-

t

al rate of inflation (m ). It is assumed that the individual investors
form their expectations rationally in regards to the future inflation
rate. "Rationally" implies that one uses all available information and
revises it in order to minimize the possibility of systematic errors. As

such, equation (2-3) can be amended to;

. _ _e e -
lt—rt+‘n’t (24)

where r: is the expected real interest rate (see Barro 1983).

Equation (2-4) is the Simple Fisher formula in which Fisher's effects
impose two related fundamental restrictions. One such restriction is that
the expected real return on the bond, over a long-run time period, remains

constant. The second, is that if (ﬂi) changes by X percent, then (it)

Ait
changes by the same exact percentage point - such that — = 1.

AT

t
Darby Effects
According to Darby (1975), the problem involved with the simple

Fisherian hypothesis 1is two-fold. First of all, there is incomsistency
involved between what the interest rate is in theory and what it is when
tested empirically. Theoretically, (it) in Fisher's formula has been
thought of as an average phenomenon, i.e., the expected value of the in-
terest rate which prevails in all the asset markets, whereas, the empiri-
cal tests have used a very specific interest rate (such as the Treasury

bill rate). Secondly, as was mentioned at the outset, there is no room

for interest income taxes.
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1If interest income taxes are considered, then a rational market would

equate the nominal after-tax interest rate to the expected after-tax real
1]

interest rate (rte) plus the expected rate of inflation. Assuming a pro-

portional tax rate of (0 < T < 1), the Darby formula can be written as;

- 1 = e e _5
(1-Di, =z (2-5)
i =% -T) + 1S/ -T) (2-5)"

or t t t

Equation (2-5)' is the modified or corrected (for taxes) version of
the Fisher hypothesis. The Darby effect in equation (2-5)' implies that
Ait/Aﬂi = 1/1-T > 1. Hence, a one percent increase in (ﬂ:) corresponds to
a more than one percentage point increase in (it), so that the lenders are
compensated for both (ﬁi) and the taxes that they must pay on interest
income. For a progressive tax rate system, equation (2-5)' remains appli-
cable if the marginal lenders' marginal tax rate remains constaut.

The Darby formula can be elaborated on by the investigation of a
change in (ﬂi), and the subsequent impact om (it)' Also, unlike the
Fisher formula in which (ri) is constant, here one can determine which
factors have the potential for affecting (r;e). The expected rate of
inflation (Wi) is most sensitive to a change in the rate of growth of the
money supply, because in the long-run, inflation is purely a monetary
phenomenon. In the short-run, although the growth rate of the money
supply (gM) and (ﬂt) are closely related, changes in the rate of growth of

real income decrease the one—to-one relaticaship between (gM) and (Wt),

known as the price expectational effect.
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A change in (gM) will also create liquidity and income effects. The
liquidity effects are associated with a drop in the nominal interest rate,
which directly follows the Keynesian interest rate theory. On the other
hand, the income effect is caused by the transmission mechanism, which is
a channel through which the liquidity erffect is transmitted from the mone-
tary to the real sector of the economy. In essence, a decrease in the
nominal interest rate stimulates investment, which through the multiplier
effect increases income.

The three effects of an increase in (gM) complicate the impact of
(ﬂi) on the nominal interest rate. This is because (it) is partially a
function of the substitutability between different assets, which usually
occurs when returns of different assets are affected differently by the
rate of growth of the money supply. To word the matter differently, an
increase in (gM) has both direct effects (price expectatiomal, liquidity,
and income effects), and indirect effects {substitution effects) on the
nominal interest rate. Therefore, the link between (ﬂi) and (it) is much
too complex to be captured via a simple equation such as (2-5)'.

In regards to the question of whether (r:) remains constant, a number
of factors should be considered, including the nature of the aggregate
production function, the national saving function, and the status of the
economy - 2ll of which are of particular importance. As a highlight,
assume a neoclassical growth model in which the population grows at rate
(n'), and the per capita income (¥/n) is a function of the capital labor

’

ratio {(K/n). Steady state equilibrium requires that there must be enough
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capital to equip new laborers such that (K/n) remains constant. Further-
more, assume that the real per capita demand for money (Md/Pn) where (P)
is the price level, is positively related to (Y¥/n), and inversely related
to (n:) and the return on physical capital.

The per capita saving (S/n) is a constant fractionm (S) of (Y¥/n) minus
per capita consumption, which itself is dependent on disposable income.

In this model, disposable income is defined as the percentage rate of
growth of the money supply By minus (Wt), multiplied by (Md/Pn).l If
money is outcide money, then an increase in (gM) increases (Wt) and de-
creases (Md/Pn). Therefore, consumption per capita decreases, while (S/n)
increases, which implies that the per capita saving function shifts up-
wardly. Since the neoclassical model is always in equilibrium, i.e.,
planned saving is always equal to planned (actual) investment, then a
higher (S/n) corresponds to a higher (K/mn). Hence, money is nonneutral
and is capable of changing the real interest rate.

Another case of the nonneutrality, is when money is inside money, and
real per capita money balances are considered as a factor of production.
An increase in (gM) increases the price level proportionately, as well as
increasing (ni), which subsequently decreases (Md/Pn). The equilibrium
position in the money market necessitates a decline in the supply of real

money balances. As such, the production function and the corresponding

1 d
% = S.% - C(ggd— ﬁt)'%h’ where T = (i-3), and the money market is in

equilibrium, i.e.,-l-)-IT equals the per capita supply of real balances.



saving function shift downward, which implies a lower (K/n) at the new

steady state equilibrium (see Harris 1981).

Darby Effects under Uncertainty

The Darby effect treats the return on different assets as though they
are equally safe, which means the formula is applicable in a world of
perfect foresight. However, in a world of incomplete information in which
uncertainty develops, risk consideration must be incorporated into the
model (see Carlson 1979). This modification 1s important, because beyond
tax considerations, there are more risks associated with the returns on
physical capital than the returns on bonds. In the context of a one-good
model, the Darby formula can be modified as (see Carlson, 1979 page 599);

it = ulF'(K) + uzwt/(l—T); Fk >0, F% <0 (2-6)
where F'(K) is the marginal physical productivity of capital {expected
real returns on capital), and u and u, are the two variable fractionmns
that are meant to capture uncertainty in the model.

The existence of these two risk factors, obviously decreases the
correspondence between F'(K), ﬁi, and the nominal interest rate. For
example, a value close to one for ul, infers the same degree of safetyv on
the returns of capital as it does for bonds. Whereas, if N falls below
unity, then uncertainty corresponding to the returns on capital grows.
Meanwhile, N reflects the degree to which the capital stock has been
utilized, or it stands for the capacity effect of capital on (it). That
is, a rising u stands for full-utilization of capital, while a fall in

B is a sign of idle capital.
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Although interest payments are tax exempt and interest income is
subject to tax, the appreciation value of capital goods is not fully tax-
able. 1In essence, while output produced by capital is taxed, the appre-
ciation rate of capital, which must grow at the same rate as the
commodity prices, is partially tax exempt. Hence, W, in equation (2-6) is
designed to capture the effect on (it) of a change in expected relative
prices of capital and other goods.

In the presence of uncertainty regarding the returns on capital, the
expected real interest rate cannot remain constant because the utilization
rate of capital changes over time. Therefore, the capacity effect must be
added to the model as a new explanatory variable. In the empirical test
completed by Carlson (1979), the capacity and liquidity effects were added
to the regression equation. Following Lahiri (1976), the extrapolative
expected rate of inflation was thought to be subject to random distur-
bances. Thus, the simple ordinary least squares method (OLS) infers bi-
ased results, because the errcor term and the explanatory variables are
correlated. Thus, by using a two-stage least squares method (2SLS),
coupled with the time series processor which executes the Cochrane-Orcutt
procedure in (2SLS), Carlson comcluded that the Darby effects in the
1950s and between 1970-75 did not exist. However, ia the 1960s the Darby
effect was experienced, which could have been due to taking (ﬂi) into
account in regards to the returns on capital. The capacity parameter,
especially in the 1970s, shows a significant coefficient which indicates

that (it) has been heavily affected by the capacity effect over
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the sample period. The liquidity effect of an increase in the rate of
growth of the money supply and the interest rate (the 4-6 month commercial

paper rate) are also significant.

Darby Effects in a Fluctuating Economy

One of the building blocks of empirical testing of Fisher's and
Darby's formulas is the way in which (ﬂ:) is formed. Traditiomally, this
was done by making direct use of Joseph Livingston's survey data (for
example, see Gibson, 1972). On the same grouands, Lahiri (1976) tried to
form (ﬂi) on the basis of observed prices expectations, along with the
past rates of inflation. To accomplish this goal, Lahiri used four dif-
ferent versions of (Wi); distributed lag, adaptive, extrapolative, and
Frenkel's derived veréién. He also used (2SLS), by which in the first
stage, he estimated four versions of the expected rate of inflation, then
in the second stage substituted an estimated (W:) into Fisher's hypothe-
sis. Although short-run interest rates were used, all of the regression
coefficients of (W:) were less than one.

Lahiri's model infers wrong statistical results, because on one hand,
there is no consistency in forming expectations and the interest rates
used. On the other hand, his model is misspecified (see Tanzi, 1980).
The resulting inconsistency is due to the fact that returns on 3-month
Treasury bills are associated with a 6-month (ﬂ:). It is also due to the
fact that a wrong specification, because the level of ecomomic activity,

which is an imporant determinant of the interest rate, has teen left out.
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The level cf economic activity can affect the actual real interest
rate either by affecting the expected rate of inflatiom, or by affecting
the expected real interest rate. Referring to equation (2-4) as mentioned
earlier, indicates that the expected inflation rate is subject to random
error, which creates a discrepancy between (ﬂi) and the actual rate of

inflation ("i). From Fisher's hypothesis, it is easily deduced that;

e _ . _ e -
Te S, - ™ (2-7)

If the stochastic factors do not exist, then ﬂ: = wi and the realized
interest rate (rz) is derived from the following relationship;

rz = i.t - n: (2-8)
subtracting (2-8) from (2-7) results in;

r. -, =1 - T =2_. (2-9)

Zt is assumed to have an expected value of zero and no serial
correlation with lagged Zt' These two classical assumptions hold true as
long as the level of economic activity is constant. During expansionary
and contractionary periods, Zt does not fulfill these two requirements.
However, through the augmented Phillips curve hypothesi. ind Okun's law,
Zt can be linked to the index of economic activityl (see Docnbusch and
Fischer, 1978). If income is above its full employment level, then (it)
rises more than ﬂi. The opposite is true during a recessionary period.
Therefore, i_ and ri are directly linked to the ups and downs of the level

t

of economic activity.

1it = rg + 8(Y-Y), where rp is the natural real rate of interest, 8
is the coefficient of the index of economic activity, Y is actual, and ¥
is the potential level of income (see Tanzi 1980, page 16).
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The relationship between (rs) and the index of economic activity has
been tested in a few studies. Elliott (1977) found an insignificant rela-
tionship between (r:) and the rate of real output. Fama (1977) councluded
that there was a direct relationship between changes in (ﬂ:) and (it).
Tanzi (1980) summarized that the inclusion of economic activity improved
the regression coefficient of (ﬂ:) and the goodness of fit.

Tanzi (1980) tested for the existence of the Darby effect by calcu-
lating an average tax rate of T = 0.32, over the sample period 1952-

1975. 1In terms of the Darby equation, the coefficient of (W:), when taxes
were present (1/1-T), implied a coefficient of 1.47. This coefficient
implied that lenders have been compensated for (7®) and interest income
taxation. Despite this, when Tanzi adjusted the coefficient of (ﬂi) for
income taxes and reestimated Fisher's model, with the index of economic
activity built in, the regression coefficients and the adjusted (Rz) de-
creased noticeably. Therefore, he concluded that although the iavestor
could see through the veil of monetary illusion, they have suffered from
"the fiscal illusion". The absence of the Darby effect however, does not

indicate any irrationality for the investors.

Limitations of the Index of Economic Activity
Tanzi's model is limited because it does not include those assets
which by nature are tax exempt, and those assets with tax-exemption advan-

tages. Most importantly, the model does not capture other investment
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alternatives available for investors (see Ezrati, 1982). Comnsequently,
the model is not in line with the way sophisticated asset markets func-
tion. The overall equilibrium in the asset markets is reached when the
after-tax, inflation—adjusted, and risk—-adjusted rates are equal in all
the markets. Otherwise, investors reallocate funds from one market to

another, until all asset markets are clear simultaneously.

Tanzi expects that the coefficient of (ﬂ:) is close to unity if all
the different aspects of inflationary expectations are reasonably captured
in the nominal interest rates. However, his regression results which use
different ways to form (wi), show that the coefficients on (ﬂi) are less
than unity. This may be because Tanzi does not have a mechanism by which
he can capture the interaction effects of returns of different assets,
after adjustments for taxes and inflation ;re made.

One possible way of broadening Tanzi's model is to include Mundell's

effects into the model. According to Mundell {1$€3), an increase in the

. .
expected rate of inflaticn would decrease th
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in turn would offset some of the upward pressure put on the nominal inter-
est rate.

Empirical tests that failed to show the Darby effect, including
Tanzi's, are reduced-form models. Therefore, to be able to test Darby's
proposition, the structural model must be set up, and tested empirically
(see Melvin, 1982). 1In a general equilibrium model in which commodity,
labor, and money markets are considered simultaneously, the regression
coefficient of (ﬂi) is not just 1/1-T, but rather E+1/1-T, (where E de-

pends on the interest elasticity of demand for momey). As such, given a
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fair amount of elasticity of demand for money, the coefficient of (ﬂi)
must be less than 1/1-T, unless the demand for money is interest inelastic
- which would be a very special case. The existence of the Mundell effect
in the model requires a coefficient of (ﬂi) less than 1/(1-T), but this
does not refute the Darby effect.

Tests of the reduced form models (i.e., Melvin's) also create identi-
fication problems, which in turn imply that the process of going from the
reduced to the structural model is complex. Each of these identification
processes need their own statistical treatment and procedure. Generally,
there are three different types of identification problems. 1. The just-
identified, which refers to a case where there is a unique solution in
which estimated coefficients are transformed from the reduced model to the
structural model. 1In this case, the classical (OLS) estimation generates
inconsistency in the coefficients estimated. Thus, the indirect least
squares method can be used in order to avoid such biased estimations (see
Teh-Wei Hu, 1973). 2. The over—identified, which is a case where there
are many solutions when coefficients are transformed from the reduced to
the structural model. In such an enviromment, the (OLS) does not provide
unbiased regression results, simply because the error terms are not exog-
enous. That is, the error term is correlated with the explanatory vari-
ables in the model. Hence, the two-stage least squares method (2SLS) (as
was used by Lahiri and Tanzi) is the only procedure with consistent re-
sults. In a more severe case in which the error terms in a generzal simul-

taneous structural model without a reduced form are correlated, the (2SLS)
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cannot cure the problem. Thus, a three-stage least squares method (3SLS),
or the full information maximum likelihood procedure (FIMLP), is needed.
Although (FIMLP) is efficient and provides unbiased results much of the
time, it is very complex. So the (3SLS) is a very common way of unbiased-
ly estimating the structural model. 3. The under—identified, which re-
fers to the nonexistence of any solution after the regression coefficients
are transformed from the reduced to the structural model (see Zellner and
Theil 1962).

Finally, unlike Tanzi's belief in regards to the impact of the busi-
ness cycle on the real interest rate through expected inflation, the level
of economic activity affects (it) and (ri) via unaaticipated inflation
(see Silver and Fackler, 1982). Silver and Fackler attempted to
disentangle the dual impact of business cycles on (Wi) and (rt), by
empirically testing the exact Fisherian formula, i.e., equation (2.2)'
with the interaction term (r:":). Through the same procedure used by
Tanzi (1980), they related realized real rate of interest (rf) to the
level of economic activity. However, as was mentioned before, if income
fluctuates, then (ﬂi) is equal to (ﬂi) plus a measure (u>0) of the index
of economic activity (Gt). In essence, (uGt), can be thought of as the
discrepancy between (ﬂi) and (ﬂi), or the unanticipated inflaction rate.

The problem with such empirical results is three—-fold. Ome, is that
the interaction term in most studies completed in this area, turns out to
be small and close to zero. Secondly, the common interaction function

problem is applied, i.e., it creates an environment in which the regres-



60

sion coefficient of an explanatory variable depends on the level of the
other variable in the interaction term. The coefficient on the inter-
action term is of no particular interest to a researcher, and might make
the statistical results subject to doubtful conclusioms. Thirdly, the
test is not inm line with the Fisherian hypothesis, because the relevant
variable in Fisher's formula is the expected nominal/real interest rate,

as opposed to realized real interest rate (see Tanzi 1982).

Ayanian's Model
Ayanian's (1983) model is basically Darby's model which was shown by
equation (2-5)', and can be rewritten as;
1]
i = (r,® + ™)
(1-T)

Ayanian believes that the empirical research which deals with the Darby

(2-10)

effect fails to show such effects — not because the Darby effect doesn't

exist, but rather because incorrect data have been used in these studies.

e

By incorrect data here, he meant that since {(r ~) and (™

T ) are both ex-
t t
pected values of the real after-tax interest rate and the inflation rate
1
respectively, by definition then, the actual data on (rte) and (ﬂ:) are
1 P
not avaliable. Therefore, any proxies for (rte) and (N:) will necessarily
involve some approximation and thereby measurement errors.
To avoid the data problem, according to Ayanian, although the data on
‘e e 'e e
(rt ) and (ﬂt) are not accurate, the sum (rt + ﬂt) can be viewed as

yields on a tax—exempt bond (ix) - such as municipal bonds. Then, the

test of the Darby effect is to regress yields of a taxable bond (iT) on a
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tax exempt bond of the same maturity and risk whose returns are determined

As will be seen in Section III, Ayanian tested the Darby effect under
a very extreme assumption. That is, regardless of the state of expecta-
tions associated with (r;e) and (W:), they jointly determine returns on
the prime grade municipal bonds. However, he claims that assuming such a
proxy for a tax-exempt bond does not mean that (r;e) is constant, or that
(ﬂi) has been measured without error.

Ayanian's model over the sample period 1952-1979 shows very strong
evidence of the Darby effect, and the compensation of the lenders for
taxes on interest income, as well as the expected inflation rate. He
tested the model for two sub periods - (1952-1965) and (1966-1979), both
of which showed the existence of the Darby effect.

Ayanian's model is faced with two sets of problems - cne is empirical
and the second is theoretical. Empirical drawbacks remain to be seen in
Section III, but the thecretical unscundness is as fcllows. Glancing b

ara -

3

'e

at the equality between ix =T, ¢+ Fi, it seems as though there are no
measurement errors at all. Ayanian mentioned that this idea should not be
inferred, but saying so is one thing, while giving it econometric content
is quite another. First of all, most published data, especially if aggre-
gated from monthly to quarterly data for example, contain measurement
errors. Secondly, the expected inflation rate (W:), by nature, is associ-
ated with errors, which creates errors of a different type in (ix).

If Ayanian's approximation is trivially rewritten differently, then;

. e
rSo= i - (2-11)
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(ix) is known and could be observed in the bond market. Therefore, the

original model whose expected value is shown in equation (2-11), i.e., the

actual after-tax real interest rate (ré) is

[ -
Ty =i L (2-12)

subtracting equation (2-11) from equation (2~12) results in
1
e
1

r, -r, =< (Wt - ﬂt) (2-13)

Equation (2-13) indicates that the positive error in estimating inflation
under rational expectations, generates negative errors in the forecasted
after-tax real interest rates. As such, when (iT) is regressed on (ix),
the error term in (ﬂi) is correlated with one of the explanatory vari-
ables, and the OLS procedure gives inconsistent results. Consistent esti-
mates require the use of a two-stage least squares method that corrects
the regression ccefficient for such a correlation of an explanatory vari-

able with the error term.
Ayanian's (1983) proxy remains valid if there is either full-

indexation, or (iy) stands for returns on a fully liquid and safe asset,

~

i.e., money. In equation (2-13), (r' - rte) is the unanticipated

t

. un e
component of the real interest rate (r_) , and (ﬂt - Wt) denotes the
[

. . . . . n . . p-
unanticipated portion of the inflation rate (Tl't)u . A more simplified

version of equation (2-13) is rzn = -ﬂtn (2-14)

. . un . . .
For the case of full-indexation, “t = 0 implies that there 1s no error,
t
1

e . .
and T, = I, - If the asset is money whose nominal returns are zero, then

the real return on money is the negative of the rate of inflation. By the
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same token, the expected real return on money 1s the negative of the ex-

pected rate of inflation, and it follows that equatiom (2-14) holds.

Concluding Remarks

The empirical tests of the Darby effect that have evolved over the
past decade can be classified as follows. Class 1 - The class of studies
that assume the crucial relationship between the after-tax nominal inter-
est rate (it) and the expected rate of inflation (ﬂi), depends on the risk
associated with the return on physical capital, relative to yields on
financial assets. Also, in these studies the utilization rate of capital,
along with the liquidity effect, are among the determinants of (it).
Class 2 - The empirical works in which the absence of the Darby effect
exists, due to the absence of the index of economic activity in Darby's
model. The most common tactic of such studies is to use directly observed
price expectations from survey data and the past rates of inflation, in
order to generate different proxies for (ﬂi). Class 3 -Studies which
reject Class (2), because the model is a partial model and is incapable of
reflecting the way complex asset markets function. Furthermore, the model
has not incorporated assets that are tax-exempt, as well as adjusted
after-tax, inflation-adjusted returns of alternative assets. 1In all of
these studies, different yields of short-run boads, such as Treasury bills
and commercial paper, have been used for (it). Correspondingly, the ex-
pected after-tax real interest rate is affected through different mone-

tary, income, and expectacional channels.
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Class 4 - Finally, there is a study that has regarded inflation ex-
pectations as an exogeneous parameter. That is, although data on (Wi) and
the expected after—tax real interest rate (r;e) are difficult to obtain,
the sum of (r;e + Wi) can be viewed as the yield on a tax-exempt bond -
for example, municipal bonds. Therefore, the Darby effect can be tested
in the context of a model, in which yields on a taxable bond (Treasury
bonds) are regressed on yields of a tax—exempt bond (prime grade municipal
bonds). In essence, this approach believes that regardless of how expec-—
tations are formed, (r;e + ﬂi) jointly determines the returns on a tax-
exempt bond, so that the Darby effect can be tested. Thus, if the coeffi-
cient of (ﬂi) is greater than unity - it indicates that indeed, investors
have been compensated not just for expected inflation, but also some for

the taxes on the returns of their assets.
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SECTION III. EMPIRICAL RESULTS

Recapitulation of Ayanian's Model

As witnessed by equation (2-10), Ayanian (1983) empirically tested
for the existence of the Darby effect by regressing quarterly averaged
yields of one-year Treasury bills (iT) on one-year prime grade municipal
bonds (ix). The sample period ran from 1952-1979 inclusively, and the
data for the two variables (iT and ix) were drawn from the Federal Reserve
Bulletin and Salomon Brother's Bond Market Round—up, respectively. The
regression results are (see Ayanian, page 763)

i = 0.158 + 1.63i 5 R® = 0.9 (3-1)
0.114) (.038

The numbers in parentheses show the standard errors. From equatiom (3-1),
Ayanian (1983) reported that the Darby effect existed over the sample
period, because the regression coefficient of (i ) 1is greater than unity.
That is, every one percentage point increase in (ix) is associated with a
1.83 increase in (iT), and this satisfactorily compensates lenders for the
marginal tax rate (T = 38.7).

Ayanian (1983) tested equation (3-1) for two subperiods, 1952-1965
and 1966-1979, both of which showed that the regression coefficient of

(ix) is greater than unity. Furthermore, the Darby effect for the

subperiods implied marginal tax rates of 43.5 and 36.3 respectively.

Reestimating Ayanian's Model
Equation (3-1) has been reestimated for the sample period 1952-1979,

by using the same data source for (iT) and (ix) as Ayanian's. Regression
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results of the ordinary least squares method (OLS) are

ip = 0.137 + 1.63i (3-2)
(0.110) (0.037
D.W. = 0.40 R% = 0.94 0= 0.82.

The numbers in parentheses are the standard errors, (p) is the first order
autocorrelation coefficient, and D.W. is the Durbin-Watson statistic.

In comparing Ayanian's results reported in equation (3-1) with equation
(3-2), very minor differences are noticed. However, with the large value
of (p) and the small D.W., the presence of residual autocorrelated
regression disturbance terms 1s apparent.

To account for serially correlated disturbances, let us redefine
Ayanian's equation number {7) as reported on page 763, by adding an error
term (U ).

t .
i = ix/(l—'r) + U (3-3)

(Ut) is serially correlated, i.e., the current value of (Ut) is a fraction

of the error term of the past period (Ut_ ), plus a classical error term

1
( ~ N\
\ot/.
= + € -
U, = U, . (3-4)
(p) is the autocorrelation coefficient in which -1 < p < 1, and (Et) is a

white noise error term. Hence, the expected value of (et) is zero - E(et)

0. Also, for (Ut) the following assumptions are fulfilled: 1. the

. 2 . .
variance § (Ut) is constant - V(Ut) = E(Ut - EUQ2 = 52, and (Ut) is homo-
scedastic. 2. (Ut) is uncorrelated with (iv). 3. (Ut) is normally

~

distributed with zero population mean and constant variance.



Substituting equation (3-4) into equation (3-3) will result in

i
. _ _X_ -
I G =) L B (3-5)

Equation (3-5) is the corrected versiom of equation number (7), reported
by Ayanian. It is corrected in the sense that the regression coefficient
of equation (3-5) is corrected for autocorrelation, by using the Cochrane-
Orcutt Correction Procedure (CORC) .

Generally, there are two different ways by which the regression coef-
ficients can be corrected for pure autocorrelation. The first procedure
is known as Generalized Least Squares (GLS), or is sometimes referred to
as the Aitken estimator. In applying (GLS), it is assumed that (p) has
already been estimated in equation (3-5). To simplify (GLS) procedure,
assume in equation €3-3) that i_ =Y , i = X, » and 1/(1-T) = b, there-~

T t’ X
fore,

Y =byxy + U (3-6)
t t t

where (b) is the regression coefficient. The one-period lagged value of
equation (3-6) in which both sides are multiplied by (p), is

Y =b + pU 3-7

Plecy T OP% . T Ny (3-7)
subtract equation {(3-7) from equation (3-6)

Y - eY = b(x-ex, )+ U - eU . (3-8)
From equation (3-4), v, - pUt—l =€, therefore

Y- oY,y = bixmex._) * g (3-9)
The autocorrelation (Ut) is eliminated and (OLS) can be applied to equa-

tion (3-9). The way (GLS) is designed, requires the inclusion of the

intercept throughout the transformation procedure. That is, in equation
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(3-9), the intercept is also multiplied by (1-p) and the regression coef-
ficient (b) has the minimum variance.

The (CORC) is a different procedure than (GLS), because it estimates
(p) and then goes through the correction process. The (CORC) by using
(OLS), computes the residual (Ut) in equation (3-3), then estimates (p) by
regressing (Ut) on its one-period lagged value, as shown in equation (3-
4). The estimated value of (p) will be applied to the transformed
equation (3-9), while the intercept is added. If the procedure ends here,
then a two-stage (CORC) is employed. However, most computer packages do
not stop at the second stage, but rather they obtain another estimate of
the residual in the original model, along with a new estimate of (p) by
following again the same procedure explained before. Subsequently, the
newly estimated (p) will be applied to the newly transformed model. The

. . 1 . .
iterative process  will come to an end when the newly estimated (p)

In essence, (CORC} through its 1terat10n procedure mlnlmlves the

sum of squared errors _Z e% = _Z [(IT,t DLT(t 1)) - 21-0) - b(1

. 2 1=1 1=1
- plx(t-l))]

where /D\= estimate of o

iT,t—l = lagged value of iT

= estimate of the intercept

It

o> >

estimate of the re

ix,(t-l) = lagged value of ix

For more information, see Johnstomn 1972, pp. 243-266.
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differs from its preceding one by 0.0010 (see Cassidy 1981).

The corrected regression results for Ayanian's model are

iT = (.850 + 1.41 ix D.W. = 2.07 (3-10)
(0.342) (0.072)

the resulting iteration procedure is also reported in the following

table.

Table 3-1. Iteration results
Iteration (p) Coefficient
0.0000
0.8211
0.8774
0.8969
0.9036
0.9059
0.9066

~Nouwm P

A brief comparison between equations (3-1) and (3-10) indicates that
the intercept in the-corrected model 1is slightly larger than zero and
significant at the five percent significance level. Also, the coefficient
on (ix) is smaller than the uncorrected model, mevertheless, it is still
significantly greater than unity. The significance of the intercept is
due to the (CORC) corrective procedure, that adds some of the autocorre-
lated residuals to the intercept.

Ayanian's estimated regression coefficients for the two subperiods,

along with our reestimated models and corrected models, are reported in

Table 3-2;
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Table 3-2. Sub-periods regression coefficients (Ayanian 1983, p. 764)
Sample Period Ayanian's Results  Reestimated Model Corrected Model
1952-1965 i -0.07 + 1.77i, i~ -0.066 + 1.74i_  i,= 0.641 + 1.33i
(0.118) (.096% (0.119) (0.069% (0.220) (0.102%
R% = 0.92 RZ = 0.92 p =0.55 D.W.=1.84
1966-1979 i 0.36 + 1.57i i~ 0.263 + 1.60i, ip= 1.03 + 1.44i
(0.402)(0.104% (0.393) (0.102% (0.587)(0.109 %
R2 = 0.81 R2 = 0.81 p= 0.86 D.W. = 2.08

As before, the numbers in parentheses show the standard errors.

For the second half of the sample period, the autocorrelation problem

seems to be more serious than for the first half. This is inferred by a

larger sized (p), and the size of the intercept in the corrected model.

However, for all subperiod models that are corrected for residual auto-

correlation, the coefficient of (i ), which i1s am indicator of the Darby

A

effect, is significantly greater than cre.

Monthly Observations

To investigate how serious residuval autocorrelatiom is, Ayanian's

model has been reestimated by using monthly observatioms on (iT) and (i ).

The rationale behind substituting monthly observations for quarterly data

is that if autocorrelation 1is monthly, then the impact on quarterly data

is a lot weaker, i.e., quarterly averaged data mask pure actual residual

autocorrelation.
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Regression results of equation (3-1) with monthly data, turn out to

be
ip = 0.181 + 1.62i (3-11)
(0.068) (0.023%
D.W. = 0.509 R% = 0.93 o = 0.748.

The iteration results for (p) are also reported as follows.

Table 3-3. Iteration results

Iteration (p) Coefficient
0.0000
$.7480
0.8816
0.9738
0.9914
0.9906

SN EHE WN -

The coefficient on (ix) is very close to Ayanian's equation (3-1).
However, the intercept now is significantly greater than zero, and the
large value of (p) indicates that the regression coefficient of equation
{3-11) might have been affected by autocorrelation. Therefore, equation
(3-11) has been corrected for possible serial correlation, and the results
are

iT = 3.59 + 0.5451x (3-12)
(1.28) (0.060)

D.W. = 1.89.
The regression coefficient of (ix) is significantly less than one, com-
pared to equation (3-11), as well as in Ayanian's model described in equa-
tion (3-1). In terms of the Darby effect, the corrected coefficient indi-
cates that a one percentage point increase in the nominal yields on one-

year tax exempt bonds, corresponds to a 0.545 percentage point increase in
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the nominal yields of one-year taxable bonds. This by no means compen-—
sates the lenders for inflation and taxes on their nominal returns. The
intercept of equatiom (3-12), unlike equation (3-11), is larger and sta-
tistically significamt, which is due to the (CORC) procedure.

Ayanian's model has been tested for the two sub-periods, both with
the (OLS) and (CORC), and the results are reported in Table 3-4.

Table 3-4. Regression results of monthly observations

Sample Period OLS Estimates CORC Estimates
1952-1965 ip = -0.040 + 1.75i ip= 1.56 + 0.807i,
(0.074)2(0.043% (0.332)(0.106)
RZ = 0.90 p = 0.71 D.W. = 1.91
1966-1979 ip = 0.465 + 1.54i ip = 4.69 + 0.516i,
(0.236) (0.061% (0.907)(0.082)
R2 = 0.79 p=0.76 D.W. = 1.88

2The numbers in parentheses are the standard errors.
The (OLS) results are fairly comparable to those of Ayanian’s with quar-
terly observations, but the corrected regression coefficients of (iv) are
X
significantly less than unity at the five percent significance level. The
latter half of the sample period is particularly associated with a

stronger residual autocorrelation, as was true with the quarterly

data.
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Extension of Ayanian's Model
Equation (3-1) has been used to estimate the coefficient of (ix) for
the sampie period 1979 through August 1983 with monthly data, and 1979
through June 1983 with quarterly data inclusive. Both quarterly and
monthly observations of (iT) and (ix) from the same data source mentioned
before, have been utilized. The (OLS) and (CORC) adjusted regression
results are shown in Table 3-5.

Table 3-5. Regression results of monthly observations

Sample Period OLS Estimates CORC Estimates
Monthly Data: iT = 2.61 + 1.281 iT = 6.08 + 0.7335.X
(1979-August, 1983 (0.759)2(0.116% (1.21) (0.177)
inclusive)
RZ = 0.69 p.= 0.61 D.W. = 1.72
Quarterly Data: iT = 2.21 + 1.351 iT = 2.32 + 1.331
(1979-June, 1983 (1.35) (0.206§ (1.57) (0.241}
inclusive)
R? = 0.72 o= £.23 D.W. = 1.93

2The numbers in parentheses are the standard errors.

The regression coefficient on ix in the corrected model with monthly
observations is consistent with the above CORC estimated coefficients for
the two subperiods. Moreover, the extended models with quarterly data,
both OLS and CORC, produce coefficients om ix which are not significantly

greater than one.



Comparably, quarterly data show smaller serial correlation in the
residuals of the model. The corrected model with quarterly data indicates
that for a one percentage point increase in (ix), the rate on a taxable
bond such as Treasury bills, increases by 1.33 percentage points. This is
enough to make up for both expected inflation and taxes on returns of
bonds, so that the Darby effect is apparent. Nevertheless, the same
conclusion cannot be derived using monthly data. Therefore, over the
sample period, for a ome percent increase in (ix), (iT) rose by only
0.733 percent (significantly less than one) which is not enough to compen-

sate the lenders for expected inflation and income taxes.

Ayanian's Model from the 50s to the 80s

Equation (3-1) has been tested over the sample period 1952-1983, and

the following coefficients for both quarterly and monthly data are ob-

tained.

Table 3-6. Regression results

Sample Period LS Estimates CORC Estimates

Monthly Data: 1p = 0.202 + 1.611 ' ip = 3.53 + 0.5811
(1952-August, 1983 (0.069)3(0.018% (0.53) (6.063) "
inclusive)

RZ = 0.95 p = 0.66 D.W. = 1.81
Quarterly Data: iT = 0.159 + 1.631 ip = 0.356 + 1.56i
(1952-June, 1983 (0.107) (0.029% (0.197) (0.053¥
inclusive)

RZ = 0.96 p = 0.55 D.W. = 2.13

a -
The numbers in parentheses are the standard errors.
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Statistical inferences reported in Table 3-6 are very akin to those
in the sample period 1952-1979. However, for both monthly and quarterly
observations in uncorrected models, the autocorrelation coefficient (p) is
smaller than before. The smaller estimated value of (p) obtained here is
probably more nearly correct because there is now a larger sample size,
which provides more degrees of freedom. Furthermore, for the entire peri-
od with monthly data, CORC estimates a regression coefficient on iX which
is significantly less than unity.

The interesting results are a comparison between p's over two differ-
ent sample periods, and are summarized in the following table.

Table 3-7. Autocorrelation Coefficients

Sample Period Monthly Data Quarterly Data
1952-1979 p=10.74 p=0.82
1952-1983 p=0.66 p = 0.55

When the sample size is increased, while at the same time the time
interval is lengthened from monthly to quarterly observations, then p is
decreased — which is a sign of detecting pure autocorrelation. The oppo-

site conclusion was reached over 1952-1979, when monthly data were substi-
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tuted for quarterly data. That 1is, autocorrelation became more severe as
the time interval lengthened. This suggests that autocorrelation was
impure, and could mean either a misspecified model, or the absence of
statistically important explanatory variables in the model.

The existence of pure autocorrelation after 1979 could alsc be the
result of many institutional changes that the U.S.A. experienced in the
early '80s. Interest rate gyrations of the early 1980s were the outcome
of changes in the monetary sector of the U.S.A. If the interest rate
shocks "linger over" for a while, then pure autocorrelation picked up by

the model is inevitable (see Arak and Guentner, 1983).



76

SECTION IV. SUMMARY AND CONCLUSICHNS

Ayanian's reported estimates exaggerate the Darby effect over the
sample period 1952-1979. The taxzable yields of one-year Treasury bills,
regressed on the corrected coefficient of yields of tax-exempt prime grade
municipal bonds of the same maturity and risk, is much smaller than
Ayanian's. Thus, an unusually high Darby coefficient is subject to resid-
ual autocorrelation which has not been taken into account by Ayanian's
model.

The problem of autocorrelation is very common with time series data,
and could be either of pure, or impure types (see Cassidy, 1981). Pure
autocorrelation occurs when the error term of the model is correlated with
its own lagged values. Therefore, a random disturbance in the model "lin-
gers over" for several time periods. Whereas, in the case of impure auto-
coréelaticn, the model has either been misspecified, or has not included
some important explanatory variables.

If the source of autocorrelation is pure, then the regression coeffi-
cients estimated by (OLS) are unbiased,l as long as there 1s no lagged
dependent variable. The existence of the lagged dependent variable causes
the correlation between regressors and the error term, which makes (OLS)

estimates biased. In such a case, substituting the two-stage least

squares method for (OLS) is essential. However, as long as pure autocor-—

1However, the regression coefficients do not have the minimum
variance.



77

relation is correctly detected, then the Generalized Least Squares (GLS)
or (CORC) can be used in order to correct the regression coefficients for
residual autocorrelation.

For impure autocorrelation, although the fix-up techniques detect the
problem, unblased coefficients require the specification of the correct
model, or the inclusion of the variables that have been left out. The
missing variables artificially deflate the estimates of the variance of
other coefficients of explanatory variables, because the absent variables
now become part of the error term in the model.

When regression models are estimated over several different time
intervals for the data, for example monthly and quarterly, the D.W. de-
tects more positive pure autocorrelation as the time length is shortened.
This in turn creates a dilemma, because the more frequent the number of
observations are (say weekly data), the more accurate the statistical
results are {larger sample size). However, the problem of pure autocorre-
lation will be more serious. Likewise, the less frequent the number of
observations are (say yearly data), the less accurate the results are (a
smaller sample size). But autocorrelation will be less sericus. Of
course with weekly data, the autocorrelation is so severe that the distur-
bance term fully dominates the deterministic part of the model.

Impure autocorrelation is detected under two conditions. 1 — If the
autocorrelation coefficient (p) increases as the time period is lengthened
(for example from monthly to quarterly observations), then the source of

autocorrelation is imprre. 2 - A negative value of (p) indicates that the



78

serially correlated errors alter signs from one period to another. This
is contrary to the idea of pure autocorrelation, because the disturbances
are supposed to "linger over". Thus, the autocorrelation must be of an
impure type.

It is rather a difficult problem to know which time intervals for the
data should be employed? For some variables, the answer 1is straight
forward - for example, if the model is concerned with the relationship
between a consumer's income and the purchasing of an automobile, then the
yearly data fit best in the model. However, for other less obvious cases,
the answer depends on the dynamics of the model that should be specified
correctly. On these grounds, for the shorter time span for aggregation, a
more dynamic model that is capable of dealing with longer lags is recom-
mended. Whereas with longer time intervals, a more static model fits the
data best (see Cassidy 1981).

The obviously impure autocorrelation that is detected in Ayanian's
model, indicates that the model is either misspecified (has wrong func-
tional form), or has not incorporated enough explanatory variables. Con-

fronted with such problems, one may question the validity of the Darby

effect in the context of his model.



79

REFERENCES

Arak, M. and K. Guentner. "The Market For Tax-Exempt Issues: Why Are the
Yields So High?" National Tax Journal 36, No. 2 (1983): 145-61.

Ayanian, Robert. "Expectations, Taxes, and Interest: The Search for the
Darby Effect." American Economic Review 73, No. 4 (September 1983):
762-765.

Barro, J. Robert. Macroeconomics. New York: John Wiley and Soans, Inc.,
1983.

Carlson, John A. "Expected Inflation and Interest Rates." Economic
Inquiry 17 (October 1979): 597-608.

Cassidy, J. Henry. Using Econometrics — A Begimner's Guide. Reston,
Virginia: Reston Publishing Company, 1981.

Darby, Michael R. '"The Financial and Tax Effects of Monetary Policy on
Interest Rates." Economic Inquiry 13 (June 1975): 266-76.

Dornbusch, Rudiger, and Stanley Fischer. Macroeconomics. New York:
McGraw—-Hill, 1978.

Elliott, Jan W. "Measuring the Expected Real Rate of Interest: An

Exploration of Macroeconomic Alternatives." American Economic
Review 67 (June 1977): 429-44.

Ezrati, Milton J. "Inflationary Expectations, Economic Activity, Taxes,
and Interest Rates: Comment." American Economic Review 72 (1982):
854-57.

Fama, Eugene F. "Interest Rates and Inflation: The Message in the
Entrails" American Economic Review 67 (June 1977): 487-96.

Feldstein, Martin. "Inflation, Income Taxes, and the Rate of Interest: A
Theoretical Analysis." American Economic Review 66 (December 1976):
809-20.

Fisher, Irving. The Theory of Interest. New York: The Macmiilan
Company, 1930.

Gibson, William E. "Interest Rates and Inflationary Expectations: New

Evidence.” American Economic Review 62, No. 5 (December 1972):
854-65.

Harris, Laurence. Monetarv Theory. New York: McGraw-Hili, Imc., 1981.




80

Hu, Teh-Wei. Econometrics, An Introductory Analysis. Baltimore:
University Park Press, 1973.

Johnston, J. Econometrics Methods. Second edition. New York: McGraw-
Hill, 1972.

Lahiri, Kajal. "Inflationary Expectations: Their Formation and Interest
Rate Effects." American Economic Review 66 (March 1976): 124-31.

Melvin, Michael. "Expected Inflation, Taxation, and Interest Rates: The
Delusion of Fiscal Illusion." American Economic Review 72, No. 4
(September 1982): 841-45.

Mundell, Robert A. "Inflation and Real Interest." Journal of Political
Economy 71 (June 1963): 280-83.

Silver, J. Lew and James S. Fackler. "Inflatiomary Expectations, Economic

Activity, Taxes, and Interest Rates: Comment." American Economic
Review 72 (September 1982): 72, 858-59.

Tanzi, Vito. "Inflationary Expectations, Economic Activity, Taxes, and
Interest Rates." American Economic Review 70 (March 1980): 12-21.

Tanzi, Vito. "Inflatiomary Expectations, Ecomomic Activity, Taxes, and

Interest Rates: Reply." American Economic Review 72 (September
1982): 860-63.

Zellner and Theil. '"Three Stage Least Squares: Simultaneous Estimation
of Simultaneous Equations.” Econometrica 30 (January 1962): 54-78.



81

GENERAL CONCLUSIONS

According to the empirical results in part one, an unanticipated
increase in the rate of growth of the money supply (UMt) creates a dominant
liquidity effect. Therefore, an increase in (UMC) decreases nominal inter-
est rates in different bond markets. The interest rate models which were
tested empirically, showed a significant price expectational effect associ-
ated with an anticipated increase in th2 money supply growth rate (AMt).
Thus, an increase in (AMt) increases interest rates, and anticipated
changes in the money supply growth rate, at least with quarterly time
series data, do matter. Furthermore, given the efficiency for bond
markets, the significant liquidity effects of (UMt) and price expectational
effects of (AMt) depend in part upon the choice of a particular time series
data.

The empirical results of part two cast doubt about the exicstence of
the Darby effect over 1952-1979. Also, it implies that the rzported Darby
effect 1s swbiect o guestion because of impure auvtocorrelation. That is,
when the time span is lengthened from monthly to quarterly, the autocorre-
lation coefficient grows in size. Therefore, with the existence of impure
autocorrelation, the model either has a wrong functional form, or it has
excluded important explanatory variables.

When the model is extended to the '80s, the statistical results show a
smaller sign of residual autocorrelation, when the time interval is length-
ened. In essence, in the '80s the model detects pure autocorrelation.

However, the model extended and corrected for pure autocorrelation shows
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that the regression coefficient on the expected rate of inflation, which is
a measure of the Darby effect, is less than unity. For the Darby effect to
be apparent, the coefficient on (ﬂ:) would need to be significantly greater
than one.

In summary, the two essays in this study have mainly dealt with the
response of interest rates to anticipated and unanticipated money supply
growth rates, as well as the rate of infiation. 1In general, interest rates
were found to respond to these factors in the direction predicted by eco-
nomic theory, but the magnitude of the response did not seem to be as large

as expected theoretically.
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