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This paper attempis to make an empirical contribution to the literature on the relationships among real, monetary and
financial variables of the economy. Using the methadclogy of Granger’s causality tests, our results indicaie that: (i) Money
Supply and S&P 500 exhibit contemporaneous causality; (i} Money Supply seems to lead the S&P 500 Index and, (iii) the
S&P 500 Index seems to lead the Industrial Production Index. Our findings tend to confirm the important role played by
Money Supply in the economy and the popular hypothesis that stock return fluctuations are a feading indicator of future
real cconomic activity, However, our results also show that the causal relationships among these three economic variables
are not as statistically significant as the economic aad financial literature suggests. ’

1. Introduction

The relationships among real economic variables, monetary variables and financial variables
have been topics of active research for economists for a long time. Harberler (1937) has skillfully
summarized a wealth of economic theories attempting to explain the nature ‘and causes of
economic fluctuations. The great depression of 1930°s and the remarkable intellectual impact of the
Keynes' General Theory, interrupted the rich multidimensional research agenda of the pre-Keyne-
sian economists and during the 1930s to the late 1960s, the Keynesian docirine of aggregate
demand and activist fiscal policy caused intellectual atrophy in the areas of monetary and financial
fiuctuations. Friedman and Schwartz (1963a, 1982), among other ecosomists, redirected the
attention of researchers on the role of money, while financial economists, such as Sharpe (1964),
focused on financial assets.

More recently, numerous studies have focused on specialized issues, Rozeff (1974) has studied
the relationship between money and stock prices, and Barro (1977) has analyzed the potential
relationship between monetary factors and real output, Although Barro’s work indicates that
money surprises are much more important that actual money, recent work by Mishkin (1982)
suggests that actual money is also a factor in explaining departures of actual GNP from potential
GNP. Fama (1981) investigates the relationships among stock returns, real economic activity,
inflation, and money. Plosser (1989) reviews an extensive literature on real business cycles and
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emphasizes the significant role of technological shocks on the production function and the
economy’s real output. Mankiw (1989} criticizes Plosser’s ideas and cites the significant role of tight
monetary policies.

While a grand theory of the relationships among real, monetary and financial fluctuations is
currently unavailable, Kydland and Prescott (1990) offer an in-depth methodological procedure into
the measurement of fluctuations for various variables and conclude that M1 moves contemporane-
ously with the cycle while the much larger M2 leads the cycle, suggesting that credit considerations
could piay an important role in future business cycle theory.

Furthermore, during the past decade a farge number of papers investigate the excessive volatility
in stock market returns and question the validity of the efficient financial markets hypothesis.
Shilter (1989) summarizes the bulk of these studies and argues that volatilities in speculative asset
prices are excessive relative to the volatilities in real or monetary variabies. This evidence increases
the challenge to business cycle theorists who must now explain, not only potential relations among
changes in levels of real, monetary, and financial variables, but also relations among their
volatilities. Actually, this is not a new idea; Friedman and Schwartz (1963b) had shown that changes
in the volatility of money generated changes in the volatifity of output.

The purpose of this paper is to make an empirical contribution to the [iterature on the
relationships among real, monetary and financial dimensions of the economy both in terms of
fluctuations in rates of change and in terms of volatilities. We have chosen to study these
relationships using monthly data. This is the shortest possible period for which data is available for
all three dimensions; real, monetary, and financial. In choosing monthly data we wish to investigate
potential relationships that might not be present on an annual basis, say because of data averaging.

On a monthly basis, the most representative variable measuring real economic activity is the
Index of Industrial Production. Monetary factors are represented by ML, and the financial activity
is appropriately represented by returns on the S&P 500 Index. We investigate lead-lag relation-
ships among these three macroeconomic variables using Granger’s causality tests for both rates of
change and volatilities, In using this causality methodology, we wish not only to empirically
investigate the relationships among these three variables but to also test the popular kypothesis in
the financial press which claims that stock market returns are a leading indicator of future real
economic activity.

2. Data

The sampie data correspond to monthly average figures for the Standard and Poor 500 Index,
and M1 (Money Supply, not seasonally adjusted), and to the monthly Industrial Production Index
(seasonally adjusted), all three for the time period January 1970 through June 1989. The S& P 500
and Money Supply data were obtained from the Federal Reserve Bulletin, The Industrial Production
data were collected from the Business Conditions Digest.

3, Methedelagy

The causal tests of Granger {1969) are essentially tests of the predictive ability of time series
models and there are several ways of implementing them. A description of several testable forms of
Granger's causality can be found in Pierce and Haugh (1977), Geweke, Meese and Dent (1983),
and Guilkey and Salemi (1982).
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The simple causal model of the Granger test (1969} is

m m

X=apt La¥,_+ L bX_+e (3.1)
j=1 j=1
m m

¥, =P+ ECjXr—j+ Edjyr—j"'.‘-‘q (3.2)

j=1 =1

The definition of causality given above implies that Y is causing X provided some a; is not zero
in eq. (3.1). Similarly, X is causing Y if some ¢; is not zero in eq. (3.2). If both of these events
aceur, there is a feedback. The F-statistic, which corresponds to a Wald test, is calculated by
estimating the above expression in both unconstrained and constrained forms {full and reduced
models) and follows and x2/m distribution [see, i.e., Guilkey and Salemi {1982), and Geweke,
Meese, and Dent (1983)]. .

A more general model with contemporaneous causality can be constructed by including the
current values of X and Y in eqs. (3.1) and (3.2), respectively. The contemporaneous equations
imply that X and ¥ may affect each other coatemporaneously through a, and ¢, However, the
null hypotheses with contemporaneous causality differ from those that test Granger causality
because they allow the coefficient at lag zero to enter the models. The null hypothesis with
confemporaneous causality are tested with an F-statistic. Indeed, the possibility of ‘instantanecus
causality’ is. ruled out in tests of Granger’s causality [see i.e. Granger (1969}, Geweke (1978), and
Kawaller, P. Koch and I. Koch (1987).

Engle and Granger (1987) show that if two nonstationary variables are cointegrated a vector
autoregression in the first differences is mispecified. For example, if Money Supply and Industrial
Production are both nonstationary in levels, but the first differences of each variable are stationary,
it is said that the two variables are integrated of order one. Now, if the difference between the
Money Supply and the Industrial Production (or any [near combination of the two variables) is
stationary, the two variables are said to be cointegfated. Because the presence of cointegration can
cause the Granger’s causality tests to be mispecified, it is necessary to test for integration before
running the causality tests. If cointegration is found, an error-correcting model must be con-
structed. )

We conduct Augmented Dickey and Fuller tests and find that Money Supply, Industrial
Production, and The S&P 500 Index are integrated of order one or stationary in the first
difference. Following we test for the presence of cointegration using the Durbin—Waison statistic
and the Augmented Dickey and Fuller test. We find that the three variables are not cointegrated.
Therefore, we conclude that Granger’s Causality tests are well-specified and no error-correcting
model is needed *.

4. Granger causality Tests

This section presents and analyzes the empirical findings of the Granger’s causality tests. The
results of the standard Granger causality tests for the natura! logarithm of the variables are
presented in table 1. As the x? statistics indicate, the muil hypothesis of no-causality cannot be

1 b . . . -
The empirical resulfts of the tests of integration and cointegration are not presented here for the sake of spuce but they
are availabie from the authors upon reguest.
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Table L
Granger causality tests for the figst dlffcrence of natural logarithm aof variabics. ®

Models (1) X, =&, + Eav_,»r th, ; {r=x)
]—I ;=l

(DY, =By + eru,+ Edv_, (X=Y)
ji=1

Direction of a;, ¢; Regression coefficients, std. errors and (-statistics in parentheses X

2
causality i=1 Jj=2 =3 j=4 ji=5 =46
Hy: E a;=0,
i=1
[
= 6=
i=t
Money supply = —0.0716 0.2524 —1{.0563 (.2784 —D.1022 0.1748
S&¥ 500 (C.1613) (0.1649) {0.1813) {0.1825) (6.1653) {0.1641)  0.69
{—n44) (1.53) (—0.31} {1.53) (G52) (.07}
S&P 500 = ~0.0037 0.0155 (.0308 —-{.0161 0.0334 —0.0001
Money supply (0.0018) (0.0290) {.0306) {0.0301) (0.0302) (0.0297) 049
(—0.13) 051 {1.02} (~8.5%; .12 (-0.01)
Money supply = 0661 0.0291 0.0641 {00661 ¢.0189 0.6072
Industrial production (0.0363) (0.0374) {£.0408) {G.0414) (0.0375) (0.0370) 0.71
(1.82) (0.78) {157 (©.15} (0.51) 0.20)
Industrial production = 0614 0.0417 ~ {0546 $.0314 —0.0787 ~0.0757
maney supply (6.0018) (0.1272) {0.1374) {8.1379) (0.1373) 01372) 029
{6.48) (0.30% (~9.403 ©.23} (—0.57 (—-0.60)
S&P 500 = 0.0055 0.0305 $.0157 £.0505 — (10240 0.0360
industrial production (0.0149) (0.0158) {0.0154) {{.0154) (0.0156) 0.0149 428
037 (1.96) * (1.o2) @n* (1549 (2.40) *
Industrial production = (0827 -02711 0.0201 —{.2773 - (1720 ~0.1771
S&P 500 (6.3081) (0.3288) 8.3237) (0.3232) (03231 0.3005) 101
{(—027) {-083) {0.063 (—4.863 (—05%) (—0.59)

L X::m at 5% = 12.59, at 10% = 10.64.
* Significantly different frem zero at the 5% significance level.

rejected. Practically no lead-lag relationship is detected, except for some individual coefficients that
are statistically significant implying that the S&P 500 Index may lead Industrial Production. We
have repeated the standard Granger’s causality test using as input data in egs, (3.1) and (3.2) the
standard deviation of the first difference of the natural logarithm of the variabies 2. The results
shown in table 2 are not different from those presented in table 1. That is the null hypothesis of
no-causality cannot be rejected.

The results of the tests of contemporanecus causality are presented in Table 3 for the first
differences of the natural logarithm of the variables, and in tabie 4 for the standard deviations. As
it was indicated earlier, the tests generated in tables 3 and 4 are not exactly Granger's tests,
because the regressions include also the current values of the variables. An F-statistic is used to

* The standard deviation is computed using a moving window procedure: First we take tweive monthly data and estimate
the standard deviation, Then we reestimate the standard deviation by deleting the three oidest monthly data and by
adding three most recent monthly data (always keeping twelve monthiy cbservations in cur sample).
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Table 2
Granger causality tests for the standard deviation of the first difference of nalura} fogarithm of variables
[

Models (D X, =ay+ Eu, it Eb X, {¥=X)
f=| 1=K|

IR AY: zcx_,+):dy_, (X=Y)
F=1

Direction of a;, ¢; Regression coefficients, std. errers and t-statistics in parentheses ¥
fit j=1 i=2 i=3 i=4 i=3 i=6
causahty H,: E o= 0
i=1
6
E c; =1
j=1
Money supply = — (3957 0.6229 0.2647 1.7793 —2.5100 (.2283
5&P 500 (0.7424) {1.0163) 0.9618) {0.9564) (1.0215) {6755 210
(053} 0.6 ©.28) (LB} (—246)" (030
S&P 500 = —0.0184 0.0207 —0.0076 - 00156 0.0317 — 04320
Money Supply (0.0230) {0.0284) (0.0285) {04286} (00294} (0.4224) 072
(—0.80} ©.73) {-0.27 {—059) (1.08) (—1431)
Money supply = - 02087 0.3941 0.1373 00244 —0.0199% 0.0201
Industrial production (0.2170) {0.2888) {0.2706) 0.2719) {0.2873) (0.2080) 043
(~0.96) .3n (—0.31) 0.069) (—007 (0.10)
Industrial production  —0.0621) 0.1028 —0.0477 0.1644 -0.2155 0,0298
= Money supply (0.0791) {0.1950) {0.1037) (0.1030) (0.1056) (0.0799) 121
(—0.79) (0.94) (—0.46) (1.60) (—204} {0.37)
S&PS00 = 09711 —~ 0158 —0.0619 —0.0159 04516 0.0082
Endustrial producticn (0.9336) (5.0458) {0.0464) (0.0448) 0.8457) (0.0390) 145
i123*  (-035)  (-133) (~0.36) (1.13) 0.21)
Endustrial Production — 04194 1.0131 —1.5008 1.1324 —-{.5339 .2903
= §&P 560 (0.5071) (0.6794) 0.6576) (0,6589) (0.6694) (0.4897) 113
(—0.404) (1.49) (—228)° 7t (080 (0.59)

x2; a1 5% =12.59, at 10% = 10.64.
® Significantly different from zero al the 5% significance level,
b Significaatly different from zero al the 10% significance level.

test the null hypothesis of no-causality. Results in table 3 indicate that the S&P 500 and Money
Supply exhibit contemporaneous causality and that the S&P 500 Index leads Industrial Production.
Also, several statistically significant individual regression coefficients seem to indicate that Money
Supply tends to lead the S&P 500 Index. This later result is confirmed in table 4 where we can
observe that the null hypothesis of no-causality is rejected at the 5% significance level.

5. Summary and conclusion

This paper attempts to make an empirical .contribution to the literature on the relationships
among real, monetary and financial sectors, The three sectors are represented by the Industrial-
Production Index, Money Supply, and S&P 500 Index, respectively. We use Granger's causality
tests to investigate lead-lag relationships among the three indicators and have found that: () S&P
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Table 3
Tests of contemporaneous causality for the first difference of natural logarithm of variables.
[ - ) :

Models (DX =ag+ Loa¥,_+ 3, 8% (Y=X)
j=6(l i=b|

D Y, =go+ 3, X+ 2 dY,_; (X=Y)
i=1 i=1

Directior of  a;, ¢; Regression coefficients, std.ervors and r-statistics in parentheses F
causality j=8 i=1 ji=2 ji=3 ji=4 j=5 =6 §
Hy: E a;=9,
i=t
6
E c;=0
i=0
Money supply = S&P 500
0.2846 —0.0337 0.3916 00616 0.3259 —(L0BY3 0.1358
{0.1667) (0.1619) (0.1826) (0.1804) (0.1836) {2.1647) (0.1648) 104
amb  (-o02n 215" {~034) (178" (—6.54) (0.82)
S&P 500 = Mongy sepply
0.0510 ~00213 0.0232 0.0284 —0.0149 {.0296 0.0043
0.0288) (0.0305) (0.0308) (1.0300) (0.0300) {0.0296) (0.0282) 087
(L7n*  (—070 (0.73) (0.95) (—0.50) {1.00) {0.15)
Money supply = Industrial production
0.0298 0.0701 0.0436 0.0633 0.010% 6.0199 0.0029
0.0368) (0.0367) (041 (0.0409) 0.0419 {¢0376)  (0.0374) 070
{11.81) (1.91}® (1.05) (1.55) (0.26) {0.53} {0.08)

Industrial production = Money supply
0.1028 0.0192 0.0351 —{.0615 0.0277 —0.0757  —0.0756
(0.1272) (0.1376) (0.1378) (0.1383) (0.1375) {0.1373) (0.1266) 034
(0.81) (0.14} (0.26) {—0.45) (0.20) (—0.55) {—0.60)

S&P 500 = Industrial production
0.0093 0.0026 0.0318 0.0155 0.0504 - 0.0247 0.0364
(0.0149) (0.0157) 0.0157) ° (0.0154) (0.0155) {0.0156) 0.0150) 370 %

0.62) ©in 2.0z (1.01) (326 (—1.58} (2437
Irdustrial production = S&P 500

0.1941 —0.1580  —0.2754 0.0071 ~0,2844 —01710  —0.1845

03129 {0.3316)  (0.3294) (0,3248) (0.3239) (03235) (0.3012) 0952

0.62) (- 0.48} {-0.34) ©.52) (—0.88} —0.53} {-0.61)

FOL at 5% =201, atl0% =1.72.

@ Significantly different from zere o the 59 significance level.
Y Significantfy different from zere to the 10% significance level.
* Null is rejected at the 5% significance level,

560 and Money Supply exkibit contemporaneous causality; (i) Money Supply tends to lead the
S &P 500 Index; and, (i) the S&P Index tends to lead the Industrial Production Index.

Qur results agree with Barro (1977), Friedman and Schwartz (1963a, 1963b, 1982), Mishkin
(1982) and Kydland and Prescott {1990} about the important role played by Money Supply in the
economy. Our findings also seem fo confirm the popular hypothesis that fluctuations in stock
market returns are a leading indicator of future real economic activity, However, our empirical
results also indicate that the causal relationships among the rates of change and their volatilities for
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Tabie 4
Tests of contemporaneous causalily for the standard deviation of the first difference of natural logarithm of vaciables.
6 [

Modets (D X, =ayt 2, %, ;+ 35X, (Y=X)
=0 i=1
[

b
(DY, =8+ 2,0 X ;+ 2 dY,;, {(X=7)

i=0 it
Direction of  a;, €; Regression coefficients, std. errors and r-statistics in parentheses F
causality j=0 i=1 i=2 =3 j=4 J=35 i=6 b
. Hy: E a; =1,
i=0
[
PN =0
=6
Money supply = S&P 500
~1.07979 0.6863 0.4556 0.4518 1.2850 —2.1832 0.17490
(0.7483) (1.0503)  (1.0132) {0.9614) (1.0873) (1.0368) (0.7494) 2.13*
(—1.44} (©.65) (0.45) 0.47) (1.28) (—2.11}° (0.23)
S&P 560 = Money supply
~{.0338 0.0115 0.0193 —{.0065 — (10284 0.0441 -0.5402
{0.0234) {0.0308) (0.0282) {0.0282) (0.0297) (0.0304) (0.6229) 092
(—1.44) .37 (0.69) (~90.23) (~0.96) (L.46} (—L76)°
Money Suppty = Industrial production
—{.0437 —1.1656 0.3890 — {11287 00032 04083 0.0192
{3.2222) {0.3097)  (0.2925) {0.2765) - (0.2946) (0.2938) (0.2019) 036
(-0.20) (~0.5%) (1.33) (-0.47) (0.01) (—0.03} (0.10)
ndustrial production = Money supply
—0.0161 —(.0452 0.0978 —4.0448 £.1585 —0.2093 0.0265
0.0818) {0.1176)  (0.1129) {01057} {0.14083) (0.1111) (0.0823y 1.03
(—0.20) (-10.38) (0.87) (~0.42) (1.46) (~1.88}" (0.32)
§&P 500 = Industrial production
0.0246 00465  —00115 —0.0605 —0.0070 0.0403 0.0152
(0.0348) (0.0485)  (0.0465) {0.0467) (0.0467) (0.0486) (0.0405) 1.30
(0.71) {0.96) (—025) (—130) (0.15) (0.83} {0.38)

industrial production = S&P 500
0.3658 —0.37%4 £.0855 ~1.5439 1.2583 -0.6531 0.3583
(0.5180) (0.7208)  (0.6%02) (0.6634) (0.6855) (0.6933) (0.5012) 103
(0:71) (—0.53) (1.57) (—233)° (184}  (—0.84) (0.72)

F§t at 5% =217, at 10% = 1.52.

? Significantly different from zero to the 5% significance level.
Y Significantly different from zero to the 10% significance level.
* Null is vejected at te 10% significance level.

the three variables are not as statistically significant as the economic and financial literature
suggests.
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