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STOCK RETURNS, MONEY SUPPLY AND THE DIRECTION OF CAUSALITY

For many years, the economic impact of changes in the money supply has
been debated in academic discussions. The research of Brunnmer (3) Friedman
and Schwartz (8), Tobin (28) and others have established that a relationship
exists between changes in the supply of money and changes in the prices of
other assets held in an investors's portfolio} It is generally agreed that
an unexpected increase or decrease in the growth rate of woney results in
a change in the equilibrium position of money with respect to other asgsets
in the portfolic of investers. As a result individual investors try to ad-
just the proportion of their asset portfolios represented by money balances,
Although individual investors can adjust, the system cannot since all money
balances must be held. As a result, equilibrium is reestablished by changes
in the price levels of the various asset categories.2

An important component in the asset portfolio of investors is the value
of financial assets, including common stocks. It can be expected that adjust-
ments in portfolios caused by changes in the monetary component will occur
in this account as well as those accounts representing real goods and ser-
vices. Since it also can be expected that the time response of investors
will be delayed, it has been hypothesized that changes in the money supply
cause changes in stock prices. TIf the hypothesis is true, then changes in
stock prices should respond to monetary disturbances with a lag.

If such a lagged relationship were to exist, that information
could be used to formulate trading rules to allow greater returns than from
a buy and hold strategy.

Non-econometric tests of this model have been performed by Sprinkel (26)

and Palmer (17). The thrust of these studies concluded that changes in

stock prices resulted from changes in monetary variables.



These studies were followed by econometric studies by Homa and Jaffe
(10), Keran (13), Reilly and Lewis (21), Hamburger and Kochin {10), Malkiel
and Quandt (15), and Meigs (16).3 The results of these studies purport to
confirm that not only is there a strong linkage between money supply and
stock prices but also that monetary changes lead stock prices.

The conclusion which must follow from such results, however, is that
if one can forecast changes in money supply, one can determine at least in part
future prices and returns of stocks. Such a conclusion contradicts a bedy of
knowledge recently developed which demonstrates that the stock market is ef-
ficient with regard to information. That is, new information received by

the market is so rapidly incorporated into prices that current prices reflect

all currently available information.

This conflict between the monetary portfolio and efficient market models
has been recognized. Cooper (4) analyzes the theoretical impact in detail,
He then suggests that the lead/lag and cross spectra of stock returns and
changes in money supply rates are consistent with the efficient market model
and the monetary portfolio models in that stock returns anticipate changes
in monetary returns. He interprets his lead/lag spectrum as being con-
sistent with either the monetary portfolio model or the efficient market
model (4, p. 899). Cooper also attempts to analyze the relationship

between the monetary base and stock returns without any satisfactory out-

come. Such a result is not surprising as Rutner (23) found no relation-

ship in the short run between money supply and the monetary base using

spectral analysis.

Rozeff (22) questioned Cooper's work and identified the relevant

queries to be investigated. 1) Do changes in monetary growth rates



affect stock returns? (2) Do changes in monetary growth rates affect
Stock returns with a lag? A positive finding to the first question does
not conflict with the efficient market model but a positive finding for the
second question would. He also discusses the problem with publication lag.
Stock returns may show a lag relation with changes in the rate of growth
of the mcney supply if there is a lag in publication; that is, stock re-
turns at a point in time reflect information available at that time.

In all of the work to date several data problems reoccur. The first
involves money supply data. For example, Sprinkel, Keran, Homa-Jaffe, etc.,
look at the high correlation between movements in the two series and ignore
the fact that part of the relationship involves the serial correlation in
the monetary series.5 Furthermore, although Cooper and Rozeff recognize
this point by detrending the money Supply series and removing some of the
seascnality, they apparently do not remove all of the Seasonality.

Another aspect involves the stock Price series. Generally, researchers
have chosen a money supply series and related that series to some index of
returns to investigate the interrelationship, usually the Standard and Poor
500 (SP 500) or Fisher's Link Relative Series (FIS). This approach implies
that any series is adequate to represent returns on the market portfolio of
common stocks. It also assumed that any index of stock returns is a substitute
for any other.6 This may not be the case.

Finally, the question of information lag has not been adequately tresated.
While Rozeff recognizes the problem of this lag, he uses money supply data
generated at times different from that of the stock index. Other authors

ignore the information lag totally. To adequately treat the relationship of



money supply and stock returns, it is necessary to use data gathered over

the same span of time.

Because of these problems, the results of previous research must be
questioned. It is the purpose of this paper to re-investigate the relation-
ship between money supply and stock prices to ascertain whether dependence
can be established and in which direction the causality is manifested. The
next section discusses the methodology and is followed by an analysis of the

data series. A discussion of results follows. The paper closes with a

summary and conclusicons.
METHODOLOGY

In order to investigate the causal relationship between stock returns
and the money supply, one must determine the existance and direction of
causality between unexplained variations in both series. The method of
studying this causality is now reviewed.

The generally accepted definition of causality is due to Granger (9)
and is based on the time series notion of predictability., A variable ¥
causes another variable Y with respect to a given information set {includ-
ing X and Y}, if present Y can be predicted better by using only past values
of X than by using all values (past and future) available in the information
set. Granger's definition shall be adopted in what follows as it is n
suitable definition for empirical testing.

Even accepting this definition, however, the question still remains:
How does one in practice test for causality? For this study a procedure
developed by Haugh (11)is used in which the series X and ¥ are first trans-
formed by a filtering procedure intc white noise series.7 The resulting
residuals are then cross correlated. If the cross correlation coefficients

at particular lags are inferred to be significantly different from ZETO,
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Asymptotically, Haugh (ll)has shown that these residual cross correlations
have a gimple structure. Building upon this structure, a chi-square
measure can be formulated and serves as an overall test of the size of the
cross correlations.

More formally, consider two variables X and Y which have been suitably
Cransformed into the jointly covariant pair of stochastic processes x(t)

and y(t) (1<t<N) so that x and y are related in the same manner as X and Y.

Also assume that the information set consists of only these two variables.

Now suppose that x(t) and y(t) may be modeled as mixed autoregressive-moving

average processes (ARMA) such that;

e(x:t) = Qxle(x:t-l) +...+ ®xpe(x:t—px) (1.1)
+ x(t) - Qxlx(t-l) .- qux(t-qx)
e(y:t) = @Yle(y:t-l) ...+ ®yp€(y:t-py)

+y(t) - -1 - -
Y(E) - By (e-1) -...- 8 y(t-ay)

where for either series, £ (-:t) is the residual of each series at time t, d-p is
the autoregressive parameter for lag t=p, and 8-q is the moving average parameter

9
for lag t-q.

Using an iterative least squares procedure one can estimate the parameters
. . . , A A 10 )
in (1.1) to obtain the two residual series g(x:t) and s(v:t), These esti-
mated residual series may then be cross correlated to obtain the residual

CTross correlations:



s —— (1.2)

where if ¢(¥X) and £(¥) are the sample means for each of the series e{x:t),

e(y:t) then an estimate of the cross covariance function is

1 N-k.— - =
= T oe{x:t) - (T, e(y:ttk) - g (¥)
N t:l- —_ )
¢ BGxit); 3(yit) = k=0,1,2, ... (1.3)
L Nk e .-
= L e(y:t) - (¥ elx:t-k) - g(X)
N =1 4L -

k=0.—lq _29
Haugh (11} has shown that if the two series é(x:t) and é(y:t) are really

white noise series after filtering and if the two series are independent, then
the set of cross correlation estimators are asymptotically uncorrelated with
one another and would be normally distributed with zero mean and constant
variance 1/N. Haugh (11) showed by using Monte Carlo methods that when using
his two stage procedure, the fitting process does not perturb the nice asymptotic
distribution of white noise corss correiations. TIn other words, as long as the
model fitted to each individual series produces white noise residuals, it appears
that there is no appreciable model effect (because of the form of the ARMA model
fitted) in differentiating cross correlation patterns. In addition, Haugh (11)
has shown that for purposes of cross correlation identificarion samples as small
as size fifty are adequate for the asymptotic results to hold.

Given these asymptotic results under the null hypothesis of series independence

r

one can derive the statistic 3S+.

Ly
: 2 o -1 -
§S% = N b (N—[k}) r

k=-L k (1.4)



which is chi-square distributed with ( L, + L, +1) degrees of freedom where

1 2

N is the number of sample observations, L, represents the number of future

lags, and 1, the number of past lags. Once L, and L, are chosen, the sta-

1 2

] ) ‘ \
tistic S% can be computed and by referring to X distriburion with ('Ll.+.L23+l)

degrees of freedom significance can be tested.
Hence we have a practical statistical test for independence and/or
causality: compute the cross correlation function between x and y after
prefiltering each series by an ARMA model. Then employ the chi-square test to de-
i i : opriate
termine if the series are independent by setting L1 and L2 equal to lags apprep
for the series under consideration. In a similar fashion if causality runs from x to
v, future lags of x should have coefficients insignificantly different from zero, as
. . . ive
a group. This relationship can be tested by choosing both L1 and L2 to be negativ

numbers when ceomputing S*. Similarly, one can determine if causality runs from ¥V to

In applying these xz tests, one should bear in mind that the absolute
size of the individual correlations is also important regardless of the x2
value. The fact that future lags of the independent variable have coeffi-
cients as a whole insignificantly different from zero only shows that uni-
directional causality is possible. If the estimated correlations on future
values are large or larger than those on past lags, bidirectional causality
may be important despite the insignificant x?'s.

Lt is also noteworthy to distinguish causality detection via Haugh's
procedure outlined above from the well known scheme of Sims (22). Haugh's
approach uses (a) separate filters on x(t) and v(t) which are empirically
determined from the sample data and (b) cross correlation analysis rather

11
than regression analysis on the filtered data.

Separate filters are preferred to Sims' ad hoc filters, especially when
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the regression residuals. In fact, Haugh (11) shows that if filtering pro-
cedures are not geared to the individual series, spurious regressions can

result leading to an upward bias. Even i1f the estimated residuals from sep-
arate filters are used, spurious independence may occur. However, the re-
sulting bias in significance is downward and of a smaller order of magnitude

than the upward bias arising from the failure to adequately treat the invar-

late serial correlation.

On the second point, Pierce and Haugh (20) have reemphasized the peint
that causality testing based on regression analysis (the usual F-test) is
asymptotically equivalent to testing based on cross correlation analysis

2 i £ individual pref-
(the %~ test). Which procedure to use thus becomes one of 1n P
erence. After reviewing the data, the procedure of Haugh outlined above is
employed to investigate causality between money supply and alternative

stock price indexes.

ANATYSIS OF THE DATA SERIES

A critical part of this investigation is development of correct and
consistent data. Several measures of the market return are available--some
of which are broad and some of which are narrow. The four most common are
the SP500, Fisher's Link Relative Index (FIS), Dow-Jones Industrials (DJZIA) ,

12

and New York Stock Exchange Index (NYSE).

Table 1 provides the sample autocorrelations for each of the four major

, . 13 ,
stock price indexes. All series used are percentage changes based on monthly
/

closing prices (excluding dividends) over the twelve year period, 1963-1974,
Sharpe and Cooper (24) suggests that the autocorrelation function estimated

will not in general differ if one excludes dividends.
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To gain some insight as to whether the mégnitude of these sample auto-
correlations is sufficiently large, one can consider the hypothesis that the
series are white noise and hence the price indices follow a random walk. With
the white noise hypothesis, the autocorrelations should be approximately norm-

ally distributed about zero with a standard error of about 0.08. Inspection

of the individual autocorrelations in Table 1 for series A, B, and C and
comparing the Q—statisticl4 to a chi-square table with twelve degrees of
freedom show the autocorrelations of series A, B and C tc be about the mag-
nitude expected on the white noise hypothesis.

These results naturally lead to a discussion of why some researchers
reportedly find autocorrelation at lag one for these return series. One
possibkbility could be that one is not using on index of market value or, al-
ternatively, a value-weighted price index.l5 More likely, however, is that
one is using an average of daily returns as the monthly return series. Work-
ing (29) shows that this inherent averaging will induce the observed auto-
correlation at lag one. To illustrate this point more clearly, we estimated
the autocorrelation function for the S&P500 series reported in the Federal

Reserve Bulletin. The data exclude dividends and were converted to percentage

changes. The time period covered is the same as reported in Table 1. As ex-
pected we observed a spike at lag one (the correlation at lag one was .21 and
should be compared with the correlation at lag one of .01 in Table 1). The
reason for these contradictary autocorrelations is that the Bulletin data

represents monthly S&P500 values which were computed as an average of daily

index values whereas the data in Table 1 are percentage changes based on monthly

closes.

With respect to the FIS index, the low order autocorrelation is probably

T T T - B - o



the Fisher effect (7), although after filtering the FIS series the residuals ap-
pear to be white noise (see Table 3). This result is important as Rozeff (22)
used the Fisher Link Relative Series for his analyses but did not filter the
series. Without such filtering, his results muﬁt be viewed with suspicion.

Thus, to determine the sensitivity of money supply to the index used all

four indices have been prefiltered in the analyses to follow.

Next, the money supply sSeries must be specified. The Federal Reserve de-
fines the money supply as demand deposits and currency in private circulation (Ml)

while others have used broader definitions such as Ml plus time deposits at
commercial banks (Mz}, M2 plus savings and lcoan shares, and others. In this study

as in previous ones, the narrowly-defined money supply, M is used.

1
While the Federal Reserve publishes the money supply data, there is no unique
series available. There are monthly average, last Wednesday of the month, or last
day of the month all of which are seasonally or unseasonally adjusted.l6 Each of
these series are also subject to revision.l7 The Federal Reserve Board of Governors
was kind enough to provide the end of month seasonally adjusted money supply data
on a revised basis. Likewise, the New York Federal Reserve kindly supplied us with
the money supply data for the last Wednesday of the month on a revised basis both
Seasonally and unseasonally adjusted.
Table 2 gives the sample autocorrelation function for the percentage changes
for each money supply series. (Q-statistics are not reported but are obviously
very large for each of the series. It is interesting that series A, B, and C
which are based on closing values display similar patterns. The conspicuous cor-
relations every six lags (i.e. 6, 12, 18, etc) are to be expected because June

and December of each year represent call dates. That means that the data on
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these dates reflects deposits of nonmember banks. In contrast series D and E
have quite different autocorrelation patterns because of the daily averaging over
the month. 1In general, the correlogram of the first four series is most notable
for the repetitive correlation every twelve l‘ags suggesting that seasonal dif-

ferencing is necessary.

Perhaps more surprising is that none of the series display autocorrelations

consistent with a third order autoregressive representation, as both Cooper (4)
and Rozeff (22) found. One reason for this discrepancy could be that they used
none of these series in their analysis. BAnother may be the difference in time
periods used in the studies. This study utilized the period 1963-74 while Cooper
and Rozeff used the 1947-70 period.

Recall that the objective of this paper is to investigate the causal relation-
ship between unexplained variations in the growth rate of the money supply and
stock returns. Thus, it is necessary to fit models to these raw data series to
produce the needed white noise series.

Table 3 reports the univariate models fitted by an iterative least square
procedure. As expected, a random walk model is appropriate for the NYSE, SP500,
and DJIA series. For the FIS index a low order moving average model is identified
and fitted. An adequate representation of the money supply series is a multi-
plicative model with moving average parameters after applying a twelve month dif-
ferencing to account for the yearly seasonal pattern indicated by the auto-
correlations.19

Model fit appears to be good in all cases. Parameter estimates are all large
compared with their standard errors thus indicating a high level of significance.
For none of the fitted models do the residual autocorrelations indicate auto-

correlation. The Q-statistic for the first twenty-four lags are displayed in the

Tact+ ~Aalitmer ~+F Mal] ~ 3 . SR 2 L A -
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provide no grounds for questioning the models.

Finally, the time period to be studied is critical. Some studies have
attempted to review these series from 1918 to the present. Rozeff found,

however, that the period 1948 to 1960 appeared to indicate that the stock
market was inefficient with respect to monetary data. He attributed this

result to publication lag for the money supply data but a more fundamental
explanation appears more likely. Several researchers have noted that al-
though the Federal Reserve stopped supporting the Treasury offerings in
March 1951, it tock over a decade for the traditional relationship hetween
the bond and stock markets to be reestablished. Thus, money supply changes

by the Fed could have had a greater impact than when equilibrium returned

to the bond and stock marketS.ZO Previous studies (such as those of Cooper (4)
and Rozeff (22) may have been influenced by this phenomenon. Likewise, certain
of the data series used here such as the NYSE index and month-end money supply

series were not available prior to 1962.

For the purposes of this paper, therefore, the series are investigated
from January, 1963 to December, 1974. Besides assuring complete data series,
this time period avoids the market equilibrium problem pPreviously discussed
i.e., prior to 1960 equilibrium relationships between securities markets may have
been affected by the accord between the Treasury and the Federal Reserve. Such a
time period is considered adequate as several episodes in the business cvele
have occurred over that period. In fact, results using this time period would
be of even more contemporary interest than results which purport to scudy

market structures no longer current.



- 16"

CROSS CORRELATION ANALYSIS
Now that the various series have been adjusted to obtain the unexplained
variations or white noise series, the direction of causality, if any, can be
investigated. Table 4 reports the cross correlation function computed be -

tween the residual money supply series and each of the residual price index

series obtained using the fitted models in Table 3. One can observe for all

the indexes significant positive coefficients at future lag five, and there
is a4 moderate degree of positive association at past lag one for all but the
DJIA, The NYSE and SP500 have additicnal correlation at zero lag while the
DJIA has some ;orrelation at future lag two.

Now if the indexes and money supply are independent, one should expect
the estimated cross correlations to be zero for all lags. As seen in Table
4, this situation clearly is not the case. It appedars instead that in
general a feedback situation exists because some of the estimated cross cor-
relaticns are significant for past lags and some are significant for future
lags. These results tend to suggest a bi-directional theory of causality.
It should be noted that the significant correlation at lag 1 indicates an
information lag not that changes in money supply lead changes in stock re-
turns. The raw data used in this study is the level of money supply at a
given point in time. However, it takes the Federal Reserve nearlyv a month
to gather all of the information. So it estimates what the final figure
will be and publishes it as a preliminary estimate. Then one month later
it publishes the actual value. Thus the significant correlation at lag O
indicates the incorporation of the estimated or preliminary value of money
supply into stock returns &s soon as it is published (the estimated wvalue

is very nearly identical to the actual). The signiticant correlation at
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lag 1 indicates the incorporation of the information of the actual value of

the previous month's money supply by current stock returns also as soon as
It is published. WNone of the other past lags are significant at the 907

confidence level,
The results of applying the chi-square test for different lags is shown
in Table 5. It should be noted that the test for independence is for lags

-5 to +5 while the tests using other lag lengths are to investigate the
direction of causality. The tests of independence indicate that one can re-
ject the null hypothesis of stochastic independence between stock prices and
money supply. The results of the tests of the hypothesis that causality
goes from money supply to stock returns can be rejected for all series ex-
cept FIS while testing the hypothesis that causality goes from past changes
in stock returns to future changes in money supply can be accepted. These

results allow firm rejection of the hvpothesis that causality runs unidirec-

tionally from past values of meoney to equity returns. They are consistent

with the hypothesis that stock returns are not purely passive but perhaps
influence money supply in some complicated fashion.

It should be noted that these results confiict with a large body of work
which suggests that causality goes from money supply to sStock prices which was
thoroughly discussed in the introduction of this paper. More recently some evidence,
particularly the work of Cooper (4) and Rozeff (22) has appeared suggesting that
under an efficient market hypothesis (EMM) this situation should not be true and
perhaps causality may run the opposite way. COur empirical results, however. sugpest
that a bi-directional theory may be more appropriate. That is, changes in money
supply cause contempcoraneous changes in stock returns but likewise current changes

in stock returns lead changes in money supply. This outceme would be consistent

L S T - N . o
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In contrast to these results, Cooper (4) finds that money supply lags the
Standard and Poor 500 index over the period 1947-70 by about one to three months.
His analysis shows significant correlations only at future lags two and three and
past lag eight. Rozeff (22), on the other hand, runs his tests between money supply
and Fishers index over the period 1947-72 and finds significant future lags one, two,

and four and significant past lags zero, eight and twelve.

Although the time period of their results differs from ours and the meney
supply series used here is urnique to this study, these discrepancies may also be
due to the methodology employed. Neither of the previcus authors prefilered their
series before preforming the regression analysis. In the case of Rozeff's study,
no prefiltering was done on the return series. From our investigations in the
previocus section one should expect some autocorrelation for the Fisher index and
particularly for the SP500 series taken from the Bulletin. Although Cooper fits a
third-order autoregressive model to the money supply series, his regressions are not
made on the resulting residual series. Failure to remove this serial correlation in
the univariate series results in the "spurious" regression phenomenon. This means
that least square estimates will be consistent but there will be bias in the
estimates of their variance. If this bias is upward, it will produce inflated t-
and F- statistics and R2 values.

While these results are interesting, it is instructive to examine whether in-
vestors are actually using forecasts of money supply in making investment decisions.
To investigate this question, an ARIMA model was identified and fitted to the first
half of the original money supply growth series. Using this model, one-step ahead
forecasts were generated for the next quarter of the period. Then we used the first
three-quarters of the original money supply growth series to identify and fit a

model to generate one-step ahead forecasts for the last quarter of the pericd.

i = o o
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observations for the stock price index series (of percentage changes) were filtered
to generate white noise series. The NYSE, SP, and DJIA series were random walk
series as before while the FIS series was again identified and estimated to be

a first-order moving average process. Finally, the cross correlation function was
extimated between the resulting residuals of the money supply growth forecast series

and each of the stock index series for the last half of the observations.

The results of the cross correlation analysis are highlighted in Table 6. It
should be noted that there are no significant correlations at lags zero or past
lag one which implies that the informational context of money supply has probably
been captured by the forecasting models. In addition, significant positive cor-
relations are again exhibited at future lag five. 1In sum, this additional valida-
tion substantiates our earlier contentions and indicates that investors may be
using money supply information in their decision-making process.

Thus, our results are consistent with the hypothesis that money supply is
important in determining market rates of return but that changes in returns may
actually lead money changes. These results have been generalized to include all
major stock indexes whether broad based or narrowly constructed. This conclusion
lends support to the concept of market efficiency and implies that future money
supply changes are incorporated into current returns. In other words, if one
chooses to include money supply changes into the information set, this additional
information cannot be used to better predict stock prices.

These statements concerning efficiency can be further interpreted in light of
Cocper's (4) work. Using Cooper's combined quantity theory/efficient capital market
model, one would expect returns to lead money supply for long term movements in

money changes and possibly lag for the short term movements. In fact, however,
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the strict form of the efficient market hypothesis would suggest a bi-directional

theory of causality in the form of say simultaneity rather than a lag cne way or

the other. The results obtained here support this stricter view of efficiency.

SUMMARY AND CONCLUSIONS
The results of this study are consistent with the propesition that the rate

of growth of the money supply has an impact on stock returns as proported by
various monetary portfolio theorists. It also supports the notion that the stock
market is efficient with respect to monetary information as the efficient market
theory would suggest. In other words, causality does not go from money supply
to stock prices but rather from stock prices to money supply and back again. What
we therefore propose based on our results is a bi-directional theory of causality
between money supply and stock returns.

Finally, these results have implications for monetary policy in that changes
in the money supply as effected by changes in Federal Reserve policies will have
a direct impact on r-turns from common stocks. While monetary policy should not
be guided by the impact on the stock market, such influences should not be ignered

due to the influence of the stock market on economic activicy.
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This theory of monetary impact has usually been called the quantity theory of
money or "Simple Quantity" model as Cooper (4) refers to it. Rozeff (22) sug-
gests that this model has advanced beyond the simple quantity theory of the early
economists so that he uses the term "Monetary Portfolio" model. The model is
reviewed by Patinkin (18). In this paper, the term monetary portfolio model will
be used when referring to this portfolio adjustment theory.

2Although there is general agreement among economists that changes in money supply
cause certaln changes in asset values, there is disagreement over the importance
of money in economic activity. Friedman and the monetarists argue that autonomous
shifts in the money supply independently influence the money value of assets. On
the other hand, Tobin and other non-monetarists suggest that disturbances in the
financial markets can be generated by other sources besides shifts in the money
supply. Investigation of this conflict is beyond the scope of this paper, but it
should be kept in mind. Likewise, it is argued that changes in the money supply
can be offset by changes in the "velocity' of money or the frequency with which
money is transferred by the economy. Although investigation of this factor is
aiso beyond the scope of this paper, velocity effects might prove an interesting
avenue for future research.

3A discussion of the Keran, Hamburger-Kochin, and Homa-Jaffee models is presented
by Pesando (19).

For a complete review of the efficient market model see Fama (33.

Of course, a far more serious problem with these studies is the failure to relate
changes in money growth rates to changes in stock returns. Pesando (19) discusses
this problem in detail.

6

For example, Cooper (4) suggests that analysis of the Dow-Jones Industrial, SP500,
and Fisher's indices indicate similarity of characteristics. It is shown later that
this assertion cannot be supported.

7 . . . ] . . . .
A white noise series is a random sequence which is independent, normally distributed
with zero mean and coastant variance.

This transformation may consist for example, of simple differencing, percentage
changes, or trend removal.

9The notation used here is that developed by Box and Jenkins (2).
10 .
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11
An example of this approach is found in the work of Feige and Pearch (6) where

they analyzed the relationship between money and income.

For example, Sprinkel and Cooper used the SP500 while Rozeff used Fisher's Index.
Although the American Stock Exchange calculates an index, it is ignored as it is
based on price changes rather than returns.

1

3A complete description of Fisher's index can be found in Fisher (7). Likewise,
2 complete discussion of the methods of construction for all the other series

can be found in Lorie and Hamilton (14).

14 C o, , ,
The Q-statistic is explained in Box and Jenking (2, chapter 8).

5 )

An equally-weighted index presents average price changes of all stocks under con-
sideration. When listings appear the divisor used to obtain the average net change
is increased correspondingly.

6See Axilrod and Beck (1) for a complete description of the preparation of the
various money supply series.

7Although Rozeff recognized that the revisions published in the Federal Reserve
Bulletin were monthly averages of daily figures when discussing data, he ignored
this fact when performing his analyses (Tables 4 and 5 in particular). Thus the
averaging problem experience with stock return series also biased his results when
using the revised money supply data.

8 , < s . . ,
There is no indication from the Rozeff or Cooper work that they adjust the series
for these seasonal components.

9Several different models were identified and fitted for the money supply series
before deciding on the form displayed in Table 3.

For a discussion of the Accord, see Sproul (27).

This result suggests that money supply is expected to change when the economy
changes and since stock prices are a leading indicator for changes in the economy,
future changes in money supply are correlated with past changes in stock prices.
Investigation of these directions of causality are beyond the scope of this paper
but could prove a direction for future research.

2Ideally, one would like to use say, the first half of the money supply growth
series to identify and estimate an appropriate model for forecasting next month's
growth in money supply. Then once next month's actual money supply figure was
available, one would incorporate the new growth observation to re-identify and re-
estimate another model to forecast the following month's growth rate. As each actual
money supply figure was obtained one could re-iterate this procedure to obtain fore-
casts for the following month. In this manner the difference between the forecasts
generated and actual growth rates would probably result in a minimum forecast error
on average. To do this, however, would require producing up to seventy two seperate
forecasting models. It should be noted, moreover, that the sign of the estimated
cross correlation coefficients will be effected by the form of the moving average
process used to filter the growth forecast series.
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