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Abstract

This paper employs a constant conditional correlation bivariate EGARCH-in-mean model to
investigate interactions among the rate of inflation, stock returns and their respective
volatilities. This approach is capable of accommodating all the possible causalities among the
four variables simultaneously, and therefore could deliver contemporary evidence of the
nexus between monetary stability and stock market. The postwar dataset of the US inflation
and stock returns is divided into pre- and post- Volcker period and the estimation results show
some significant changes of inflation-stock return relation, as well as indirect links between
two volatilities. The core findings in this study suggest that promoting monetary stability
contributes to more mutual interactions among the four variables, in particular, common
stock is a more effective hedge against inflation, and the level of inflation rate is central to
explaining the relation between the two volatilities.
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1. Introduction

This paper uses a constant conditional correlation (ccc) bivariate exponential generalized
autoregressive conditional heteroskedasticity (EGARCH) approach to model dynamics of US
inflation, stock returns and their respective volatilities simultaneously. This has the advantage
of simplifying the estimation and inference procedures, casting light on the interaction of the
level of the rate of inflation and stock returns as well as the two volatilities without positivity
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constraints, and so providing empirical evidence on the relation between monetary stability
and stock market.

As the primary goal of monetary policy is price stability, central banks use policy
instruments such as adjusting interest rates to maintain monetary stability — generally defined
in terms of low and stable inflation (for example, Borio and Lowe 2002, Granville and
Mallick 2009) — and thereby ultimately to promote a prosperous and sustainable economy.
But the rate of inflation responds slowly to monetary policy actions (Friedman, 1972), while
the same monetary policy actions have direct and immediate effects on financial markets. So
that monetary policy is transmitted through changes in asset prices and returns, and
eventually influences economic activities (Bernanke and Kuttner, 2005).

Financial system stability has therefore become a key concern for central banks. For example,
it is the second core objective of the Bank of England® and also one of the Fed’s duties®. In
particularly, the level and variability of returns on investment in debt and equity stock could
consequently affect "capital investment, consumption, and other business cycle variables"
(Schwert, 1989 p. 1115) as well as a large number of households, companies and financial
intermediaries, and hence may have important implications for economic conditions (Officer
1973, Bernanke and Kuttner 2005). As Brealey and Vila (1998) mentioned, a rise in equity
prices may "expand the availability of credit, and enable firms and households to increase
their purchases of capital goods"; a substantial fall in equity prices may reduce "personal
consumption and corporate investments” and "the loans that supported the earlier capital
acquisitions [proving] ill-judged”, and "thereby affect inflation outlook™ (pp. 11-12). Thus a
key issue has arisen regarding the relationship between stock market movements and
monetary stability.

According to the Fisher equation® encapsulating the simple relation between inflation rates
and asset returns under the assumption that real returns are determined by real factors and
unrelated to inflation, assets ought to be effective hedges against inflation which erodes
purchasing power, implying a strong correlation between trends in inflation rates and asset
returns. Fama and Schwert (1977) examined the empirical relationships between inflation and
returns on various assets including common stocks, treasury bills, long-term US government
bonds and real estate. What they describe as "the most anomalous result” (p. 115) is that
common stock returns are negatively related to inflation. This puzzling relation between
stock returns (both nominal and real) and inflation (both expected and unexpected
components) has been documented in earlier work by Linter (1975), Jaffe and Mandelker
(1976), Nelson (1976) and Bodie (1976), and has been supported by overwhelming evidence
in the literature (among others Graham 1996, Barnes et al. 1999, and Gallagher and Taylor
2002).

A number of scholars have been trying to explain this anomalous inflation-stock return link in
several ways. Modigliani and Cohn (1979) suggested that investors discount real stock cash
flows with nominal rates due to money illusion and hence undervalue the stock market as

! See http://www.bankofengland.co.uk.
2 See The Federal Reserve System Purposes & Functions (p. 1).
% See Fisher (1896, 1907 and 1930).
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inflation rises. Feldstein (1980) indicated that this inverse relation between stock returns and
inflation results from the high effective tax rate on corporate income by historic-cost
depreciation and the tax on artificial capital gains by inflation, which both reduce the real net
yield.

Other explanations emphasize that monetary factor plays an important role. For instance,
Fama (1981) hypothesized the negative stock return—inflation relation is “proxying for
positive relations between stock returns and real variables™ and “induced by negative
relations between inflation and real activity which in turn are explained by a combination of
money demand theory and the quantity theory of money"*(p. 545). Geske and Roll (1983)
added, in reinforcement of Fama’s "proxy hypothesis", that the negative stock
return—inflation relation signals changes in fiscal and monetary policy. And yet they argued
that when stock prices drop government will tend to run a budget deficit, and expected
inflation will rise due to the anticipated monetization of the deficit. So that stock prices will
be negatively related to changes in inflation expectations under the association between stock
returns and interest rates, which eventually cause changes in actual inflation. While Kaul
(1987) pointed out that "money demand and counter-cyclical monetary supply effects” (p.
253) cause the inverse correlation between stock returns and inflation, and, more importantly,
that this inverse correlation varies over time®.

Subsequent studies on the inflation-stock return relation have produced more extensive
results. For example, Boudoukh and Richardson (1993) reported a positive inflation-stock
return link in the long run as Fisher (1907, p. 283) concluded that "the adjustment of (money)
interest to long price-movements is more perfect than to short price-movement”. Moreover,
Ram and Spencer (1983) found that there is a unidirectional causality running from inflation
to stock returns, which is in line with Mundell’s hypothesis — an increase in inflation will
reduce asset returns. By contrast, Lee (1992) claimed that there is no causality between stock
returns and inflation using a multivariate VAR approach with interest rates in the system.
loannidis et al. (2005) applied an autoregressive distributed lag approach to cointegration
(ARDL) and found a bidirectional negative long-run causal relation between stock returns
and inflation in Greece. Hristu-Varsakelis and Kyrtsou (2008) proposed a nonlinear version
of the Granger (1969) causality test, and detected a positive effect of stock returns on
inflation, and a negative effect of inflation on stock returns proxied by the US monthly CPI
and the Dow Jones Index during 1960:01-2002:07.

Other empirical studies on interactions among inflation, stock returns and their volatilities
bear fruitful results as well. Schwert (1989) investigated the relation of stock market volatility
with volatility of macroeconomic data including inflation, money growth and industrial
production. If stock market is efficient, it will reflect all relevant information (Fama et al
1969, Fama 1970, 1991, Schwert 1981, 1989). Yet Schwert (1989) found two types of
volatilities are not closely linked®, except for strong evidence that stock return volatility could

* See also Marshall (1992).

® See also Kaul (1990), Graham (1996), and Kolluri and Wahab (2008). Hess and Lee (1999) proved that the inflation-stock return relation
depends on different source of inflation, that is, supply shocks cause negative relationships while demand shocks cause positive
relationships.

& Schwert (1989) found some week evidence on the link between output volatility and volatilities of financial variables.
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affect output volatility, and he concluded that macroeconomic uncertainty does a poor job in
explaining stock market volatilities — a conclusion supported by many other empirical studies,
for example, Davis and Kutan (2003), Berben (2007).
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However Najand and Rahman (1992) showed evidence that stock return volatility relates
positively to inflation volatility, which is partly responsible for the negative relation between
their level values. By reexamining the proxy hypothesis, Cochran and DeFina (1993)
revealed significant negative impacts of inflation uncertainty on stock returns. In recent
studies, Arnold and Vrugt (2006) demonstrated — through measurements based on the Survey
of Professional Forecasters — that stock volatility is strongly linked to macroeconomic
uncertainty. Saryal (2007) evidenced that higher inflation rates lead to a greater stock market
volatility based on Turkey and Canada data.

A common feature of these studies is the fact that they focus separately on these various
relations: inflation-stock return, inflation-stock return volatility, inflation uncertainty-stock
return or both volatilities. It is worth noting the complexity that inflation rates, stock returns
and their respective volatilities interact among each other. For example, inflation uncertainty
can cause high/low inflation’ and then may affect stock return volatility indirectly, which
easily leads to conjecture that inflation and stock returns volatility could influence each other
indirectly via their level values, and this relation might be time-varying as well.

Perhaps a more promising approach is to construct a model to accommodate all the possible
relations simultaneously. Hence this paper hereby employs a ccc bivariate GARCH type
approach, commonly applied in modelling multivariate financial time series as well as
macroeconomic variables®, to examine the relations among inflation rates, stock returns and
their volatilities. In particular, a bivariate autoregressive fractionally integrated moving
average (ARFIMA)- EGARCH-in-mean model allowing inflation and stock returns to affect
both volatilities largely relaxes parameter constrains, significantly simplifies estimation and
inference procedures, and shall be capable of modelling the interaction among inflation, stock
returns and their volatilities. The US monthly inflation and stock returns are divided into two
subsamples — pre- and post-Volcker — to reflect the view held by various authors that there is
a significant shift in macroeconomic behaviour before and after Paul Volcker took office as
Chairman of the Fed in 1979. This shift concerns a reduction in inflation and its volatility®,
which could influence interactions among inflation, stock return and their volatilities'®. If this
bivariate model will be well estimated for both subperiods, it should yield useful insights
about the relation between monetary stability and the stock market.

By splitting the dataset of US monthly inflation and stock returns into pre- and post-\Volcker
episodes, this study reveals some significant changes in the inflation-stock return relation and
indirect links between the two volatilities. Findings suggest that promoting monetary stability
contributes to more mutual interactions among inflation, stock returns and their volatilities.
Particularly, in a more stable monetary environment, common stock is a more effective hedge

" See Cukierman and Meltzer (1986), Ungar and Zilberfarb (1993), Holland (1995).

8 See for example Braun et al. (1995), Lee (1998), Elder (2004), Wei (2008), Karonasos et al. (2006), Conrad et al. (2010.2011), Karanasos
and Zeng (2013), Zeng (2013), and many others.

® For example, Kaul (1990), B. Friedman and Kuttner (1996), Gertler (1996), Sargent (1999), Clarida et al. (2000), and Lindsey et al (2005).
10 Kaul (1990) showed the change of inflation-stock return link during pre- and post-Volcker period.
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against inflation; meanwhile the level of inflation rate is central to explaining the relation
between the two volatilities.

Section 2 outlines the ccc bivariate ARFIMA-EGARCH(p, g)-in-mean model. Then section 3
describes the data and presents the estimation results. Section 4 discusses these results and
section 5 offers some concluding remarks.

2. The Model

To assess the linkage between inflation and stock returns, one of the most general and
convenient approaches is to conduct a simple vector autoregression (VAR) model,
accommodating long-memory feature and heteroskedasticity in both series which have been
observed in the empirical literature (for example, Ding et al. 1993, Hamilton 2010).
Specifically, a neglect of conditional heteroskedasticity will result in considerable size
distortion in the least squares causality test if the conditional variances are correlated
(Vilasuso, 2001). In these regards, this study accordingly develops a system of equations to
simultaneously estimate the conditional means, variances, and covariances of inflation and
stock return.

Let z,ands, denote the dynamics of inflation and stock returns respectively, a bivariate(B)
ARFIMA(n, d, 0)- GARCH(p, g)-in-mean model is written as™*

D(L)P! (x, — 24) = A(L)N? +¢, (1)

where & =HY?z,, H, =diag(h),z ~iid(0,C)* and C is a 2> fixed correlation matrix

h
with units on the diagonal. xtzrt} : ,uoz{ﬂ”} : ht:|: ’”} , gt:[gm} :
St :us hst gst

z o_ O n :
Zt :|:Zﬁtj| ,CD — |:sz Zﬂs:| , A= |:57m 5”S:| , (I)(L) = _ZCDILI , | |S az2x |dent|ty matrlx
ST ss i=1

st ST SS

P'is a 2> diagonal matrix with elements (1-L)* and (1-L)*, with d_andd, lying
between zero and unity and measuring the long memory of inflation and stock returns
respectively. According to Baillie et al. (1996), the general properties of I(d) is as follows.
When d=0, the series is an 1(0) process with short-run behavior, in which the effects of shocks
occur at an exponential rate of decay, that is, the series quickly regains its equilibrium. In the
case of an I(1) process for given shocks, when d=1, the series does not revert to its mean and
the persistence of shocks is infinite. Between the distinctive 1(0) and 1(1), there is an 1(d)
process with long-run dependence, when 0<d<1, in which persistence dies out hyperbolically.
In this case, the series takes a considerable time to reach mean reversion after shocks.
Specifically, when d=0.45, there is a typical feature of long memory, which signifies that the

I ARFIMA is developed by Granger (1980) and Granger and Joyeux (1980), GARCH is proposed by Bollerslev (1986) and
ARCH-in-mean is introduced by Engle et al.(1987).
12 jid is an abbreviation for independently and identically distributed.
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series is very persistent.

Here, x is the column vector of inflation and stock return, g, denotes the intercepts and
h is the variances. ®is the coefficient matrix of the vector autoregressive signifying the
mutual effects between inflation and stock return, and in this regard Fisher (1930, pp. 407-38)
reported early "no direct and consistent connection of any real significance between P' [rate
of price change per annum] and i' without lagging (and even a negative correlation coefficient
r for some subperiods, notably -0.459 for Great Britain from 1820 to 1864)". A captures the
in-mean effects implying how the level rates of the two variables are affected by their
volatilities. &, is the innovations assumed to be serially uncorrelated, normally distributed™
with mean vector 0, variance h, and covariance h_ conditional on information set up to
time t-1, while h, is formed following the ccc GARCH process (Bollerslev, 1990)™

h =@, + A(L)s +B(LR +T(L)x )
h = phfhy, —1<p<t (3)

4] (04 (04
where a)oz{ ”] Az{ i ”S} : B:V’”’ ﬂ”s} F:{y”” 7’“} [ captures the
@ a a ﬁSﬂ ﬁSS 7/571' 7/55

S S SS
impacts of the level rates of both variables on their volatilities™.
In equation 2, elements of @,, A, B and I should be positive to ensure a positiveh, ,
which do not account for negative effects and may not be adequate to reflect the interactions
among the four variables as discussed above. To address this issue, this study employs a

bivariate process of Braun et al. (1995) assuming that each variance follows a univariate
EGARCH of Daniel Nelson (1991),

Inh =y +a(L)g(z) + A(L) Inh +T(L)x 4 (4)

9(z) =62, +6,[|z]|-E|z]] (5)

o, 0,
where @ :{Z”] 6?1:{;’} and 6, :Lf”]ht in equation 4 will be almost surely covariance

S 1s 2s

stationary if 6, /6 and 60, /6,, do not both equal zero, and positive definite for all t allowing I"to

¥ Maximum likelihood estimates will be consistent and asymptotically normal (Weiss 1986, Bollerslev and Wooldridge 1992, Ling and LI
2001, Ngatchou-Wandji 2008). In addition, the MLE computing saves estimation time considerably under the normality assumption.
 The assumption of CCC "allows for obvious between period comparisons” (Bollerslev, 1990 p. 498), which is particularly useful for
examining pre and post Volcker period in this study.

% See Baillie et al. (1996).
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reflect positive/negative influences of inflation and stock returns on their variances. The parameter 6,

captures the leverage effects when&, <0Oand Inh, responds symmetrically to z,when & =0. Note,

fZ
E|Zﬂ,st| =,|— under the assumption of that &, is normally distributed"® and the MLE is computed by
T

the following logarithm likelihood function®’

NT 1¢ ~
L(z,d,D,A,0,0,a, B, 7) = —Tlog 2m—=> (logdet H,

23 (6)
+logdetC +¢&H, °C™H, %)

3. Empirical Results

3.1 The Data

| estimate inflation and stock returns by taking the natural log difference of CPI and Standard
& Poor’s 500 index (S&P 500), that is 7z, =100x(logCPI, —logCPI, ) and
s, =100x (log SR, —log SR,_,) respectively. Note s, is a continuously compounded single
period stock return. The postwar period (1961:01-2009:12) time series monthly data of CPI is
not seasonally adjusted given the results of the seasonality test shown in Appendix 1,
compiled from the BLS, and S&P is a value weighted index'® obtained from Thomson
Reuters Datastream, which researchers have used to develop relevant theories and provide
empirical evidence®. The two variables compose the bivariate VAR of xin equation 1 split
into pre-Volcker (1961:01-1979:09) and post-Volcker (1979:10-2009:12) periods? for
looking at changes of interactions among inflation, stock returns and their volatilities.

It is worth mentioning that some studies decompose inflation into its expected and
unexpected components, which nevertheless has been limited in existing methods. For
example, the survey-based expectations represent different inflation expectation from
economists, consumers and etc. with insufficient ranges and frequencies (Mankiw et al. 2004
and Zeng 2010). As for empirical approaches applied in the literature, such as Fama (1975),
he noted that the expected real return is constant through time if the bill market is efficient,
and then derived that expected inflation is the difference between the nominal return on a
short-term treasury bill and the constant expected real return on it. The choice of nominal
inflation in this study is due to the difficulties of measuring unbiased inflation expectations as
discussed above, and is also supported by empirical studies showing that using nominal
inflation yields similar results (Fama and Schwert 1977, Fama 1981, Graham 1996).

Figure 1 plots the dynamics of inflation and stock returns, and their conditional standard

1 7z ~3.141592653...

N in equation 6 is the number of variables in VAR, which is equal to 2 in this study.

'8 See S&P 500 Fact Sheet.

% See Fisher (1930), Fama and Schwert (1977), Fama (1981), Kaul (1987), Lee (1992) and many others.

2 Kaul (1990) classified the period of 1961:01-1979:09 as "money supply control" monetary regime (p. 319). The sample of
1960:01-1979:09 has been estimated as well, and the results are the same.
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deviations for the pre- and post-Volcker periods in panel A and B respectively. At first glance,
panel A shows some apparent trade-offs between inflation rates and stock returns during the
pre-Volcker period®!, specifically throughout 1970s, while this phenomenon fades away since
early 1980s%. Panel B tells the familiar story. Over the sample, the volatilities of the rate of
inflation and the stock return do not seem to be related®®,

20
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021 |

0.6~

0.4

n

‘u\ I I

MU | A .
0'27‘/\\”/” ‘wﬂ\\‘b M ,\J O ) '* f"‘\‘"“,“' !
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i
1 n n n n 1 1 n n n n 1 n n n n
1985 1990 2000 2005 2010
Inflation / volatility (LHS) —— Stock return / volatility (RHS)

Figure 1. US inflation and stock returns
Sources: BLS, Thomson Reuters Datastream.
Notes: LHS and RHS stand for left and right hand scale respectively.

2 Empirical evidence has been provided by Fama and Schwert (1977), Graham 1996, Barnes et al. 1999, Gallagher and Taylor (2002) and
many others.

22 gee Kolluri and Wahab (2008) for empirical evidence.

% See Schwert (1989) for empirical evidence.
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As presented in table 1, average rates of inflation in the post-\olcker period have been
substantially reduced. The average conditional standard deviations are 0.198 and 0.187 for
the former and latter subsample respectively, showing that inflation is less volatile than
during the pre-Volcker period despite the unconditional values being higher. The post-Volcker
period has seen an increase in both stock returns and volatility (the latter reflecting the stock
market crashes of 1987 and 2008 (Carlson 2006, Authers and Mackenzie 2008)%*). In addition,
the rates of inflation and stock returns exhibit strong heteroskedasticity except for the stock
returns in the latter sample. However, White Heteroskedasticity tests for VAR provide
significant statistics of 111.506 and 163.210 at 1% level for former and latter sample
respectively, indicating the presence of heteroskedasticity in both subsamples. Also the
Chow's Breakpoint Test indicates that the date of 1979:10 is the structural break for both
inflation and stock return series.

\\ Mac roth i “k Business and Economic Research

Table 1. Data descriptive statistics

Mean ‘ Std. Dev ‘ ARCH_LM | Chow's Breakpoint Test
1961:01-1979:09 (Obs. 225) Date: 1979:10
0.344 53.113 L
7T | 0.408 F-statistic
(0.198) [0.000]
7.465 T 1.907
S 10281 | 4.078
[0.001] [0.168]
111.506
X _ _
[0.000]
1979:10-2009:12 (Obs.363)
0.358 84.360 S 0.270
7T | 0.293
(0.187) [0.000] [0.604]
2.582
S | 0.638 | 4.518
[0.077]
- - 163.210
X
[0.000]

Notes: Obs. and Std. Dev denote the number of observations and standard deviations respectively. The numbers
in parentheses are average conditional standard deviations and in brackets are p-values. Forx, the test for
heteroskedasticity is White Heteroskedasticity with cross terms.

To better capture the stability of the series, several unit root tests are applied to detect the
short/long memory. The PP (Phillips-Perron, 1988) test is for I(1) against 1(0). On the
contrary, the KPSS (Kwiatkowski et al., 1992) test is for 1(0) against 1(1). Unlike the two
threshold tests, the HML (Harris et al., 2008) test is for the null hypothesis of short memory
against long memory alternatives, that is the test of 1(0) against 1(d). As reported in table 2,
the PP test rejects the null at 1% level for both inflation rates and stock returns, implying the
each series does not have a unit root. The KPSS fails to reject that stock returns are stationary
at 5% level and inflation at 5% level for pre-Volcker period; however, the stationarity of
inflation rates at 2% level for post-Volcker period is rejected. Finally, the HML test fails to
reject that stock returns are stationary at 10% level; whereas it rejects the stationarity of

2 See also Preliminary Observations on the October 1987 Crash (United States General Accounting Office 1988), and Soros (2009).
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inflation rates at 1% level, which should follow a 1(d) process. All the unit root tests together
with descriptive statistics for data suggest that the postwar US inflation and stock returns can
be described properly in a bivariate ARFIMA-GARCH type model of equation 1, 4 and 5.

Table 2. Unit root tests

PP KPSS HML
Ho: 1(1) | Ho: 1(0) Ho: 1(0)
Sample
Z(t;) n, ék
T
1961:01-1979:09 | -4.911 0.717* 4.235
1979:10-2009:12 | -6.970 | 0.515** 4.251
S
1961:01-1979:09 | -14.312 | 0.094*** | -0.309***
1979:10-2009:12 | -17.369 | 0.246*** | 0.847***

Notes: z(t,)and », are Phillips-Perron adjusted statistic, LM statistic respectively, using Parzen Kernel
estimation method with Newey-West Bandwidth and drift. $§ is HML statistic with ¢=1 and L=0.66. The

k
statistics are all significant at 1% level except for those with asterisks.

* Significant at 1% level
***Significant at 10% level.

3.2 Estimates

The BARFIMA(n, d, 0)-EGARCH(1, 1)-in-mean model is estimated by maximizing the
log-likelihood function of equation 6, and the preferred specification is selected by the
Akaike information criterion (AIC). The estimations show that the asymmetric coefficient,
cross term of Aand B, thatis &,c .., B, B, are insignificant (as shown in Appendix
2), suggesting that the two variances respond symmetrically to their shocks and may not
affect each other directly. Thus equation 4 restricts 6, « ., a.,, B, B., to zero, and modelled
two univariate EGARCH process with robustness of results across alternative time periods,
lagged level rates of inflation, stock returns and their respective volatilities.

The best-fit results all reported in table 3. According to the Box-Pierce (Box and Pierce, 1970)
Q statistics at lag 12 for the levels and squares of the standardized residuals, there is no
statistically significant evidence of mispecification of the estimated model. The estimated
values of d for inflation are 0.48 for pre-Volcker and 0.32 for post-Volcker period. They
present small standard errors, and thus are significantly different from 0 and 1. The clear
implication is that the inflation rate of each subsample is a long memory process, and its
degree switches as monetary policy changes.

10 www.macrothink.org/ber
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Table 3. Bivariate ARFIMA(n, d, 0)- GARCH(1, 1)-in-mean estimates for inflation rates
and stock returns

Sample
1961:01-1979:09 | 1979:10-2009:12
P S P S
; 0.485 ] 0.298 ]
(0.066) (0.053)
0.074® | -0.160® | 0.031% | -0.050?
/ (0.037) | (0.100) | (0.028) | (0.087)
0.0109 | -0.816@ | 0.340" | -0.296"
(0.267) | (0.880) | (0.152) | (0.324)
o 0.1229 | 0.622@ | -0.113%W | 0.347Y
(0.171) | (0.531) | (0.079) | (0.200)
o 0.645 | 0.204 | 0.336 | 0.235
(0.389) | (0.110) | (0.101) | (0.094)
0.735 | 0.900 | 0.814
% ) (0.087) | (0.038) | (0.152)
0.091® | 0.025" | 0.023" | 0.026®
(0.025) | (0.017) | (0.012) | (0.016)
4 0.034® | -0.005" | -0.022® | -0.036"
(0.018) | (0.018) | (0.015) | (0.024)
7.109 | 8.994 | 26.689 | 3.529
Q(12) [0.850] | [0.703] | [0.004] | [0.991]
, 9.277 | 8615 | 10.115 | 3.738
Q7(12)
[0.679] | [0.735] | [0.606] | [0.988]
o -0.203 -0.071
[0.013] [0.296]
AIC -882.509 -1517.52
Log (L) -860.509 -1496.52

Notes: Standard errors and t probabilities are given respectively in parentheses and brackets. Q (12) and Q? (12)
are the Box Pierce tests based on residuals and squared residuals. ¢ only reports the most significant cross AR
term. AIC is Akaike information criterion and Log (L) is log likelihood. For sand 5, the first and second rows
report the coefficient of inflation and stock return respectively. The superscript denotes the number of lagged
terms. In formulation, o, is set to be 1, and therefore only « is reported.

Results also provide statistical evidence on the interaction among inflation, stock returns and
their volatilities. In the first subperiod, inflation and stock returns affect each other, with
positive sign from stock return to inflation and negative sign from inflation to stock return
supporting Hristu-Varsakelis and Kyrtsou’s (2008) findings. While in the post-\Volcker period,
there remains only a positive effect of stock returns on inflation. On the other hand, the two
volatilities perform poorly in explaining each other as well as their level values, although an
indirect relation between inflation and stock return exists in the latter subperiod. By contrast,
both inflation and stock return have a strong impact on their volatilities. Inflation leads to
more stock return volatility for both subperiods, which is consistent with the finding of Saryal
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(2007). In addition, stock return exhibits two opposite effects on inflation uncertainty,
positive in the former and negative in the latter period.

Moreover, all the conditional parameters are significant at 5% level except for ¢, for
pre-\Volcker period which is significant at 10% level, demonstrating that heteroskedasticity in
VAR is well described by GARCH approach. According to the Box-Pierce (Box and Pierce,
1970) Q statistics at lag 12 for the levels and squares of the standardized residuals, there is no
statistically significant evidence of mispecification of the estimated model. Particularly, the
Wald tests in table 4 emphasize the significant specifications of the effects of volatilities on
the level of the rates in the mean and that of level rates on volatilities in the variance.

Table 4. Wald tests for restrictions on parameters of volatilities and level rates effects

Sample

1961:01-1979:09 | 1979:10-2009:12

/4 S /4 S
0.010® | -0.816® | 0.340% | -0.296"
(0.267) | (0.880) | (0.152) | (0.324)
o 0.122% | 0.622@ | -0.113% | 0.347"
(0.171) | (0.531) | (0.079) | (0.200)
0.091® | 0.0257 | 0.023% | 0.026Y
p (0.025) | (0.017) | (0.012) | (0.016)
0.034® | -0.005" | -0.022® | -0.036"
(0.018) | (0.018) | (0.015) | (0.024)

6=0 and y=0
W 34574 35.478
[0.000] [0.000]

Notes: Standard errors and t probabilities are given respectively in parentheses. W is Wald test ~ ,° (8).
4. Discussion

The results presented in table 5 and 6 summarize the effects between monetary stability and
stock market performances. Notably, there are several shifts and different types of
interactions among inflation, stock returns and their volatilities in the pre- and post-\Volcker
periods.

First, my results suggest a bidirectional relationship between inflation and stock returns in the
former, while the negative effect of inflation on stock returns appears insignificant in the
latter episode. Over the post-Volcker period, monetary stability is well maintained, as
inflation is less persistent, and inflation rates and volatility have been moderated and
relatively stable. When prices are stable and believed likely to remain so, the prices of goods,
services, materials and labor will not be distorted by inflation. Thus the risk of erosion of
asset value resulting from inflation is minimized, which is reflected by the estimated ccc,
I.e. p— a stronger correlation in former period and it is weaker in the latter. In fact, there is an
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insignificant positive effect of inflation on stock returns®, implying that a rise in price level
may increase stock returns. Clearly promoting monetary stability might lead two variables to
move together, and so that common stock could be a better hedge against inflation.

Table 5. Direct and indirect effects

Independent
variables
TS h, h,
Dependent
Variables
/ /
T
+ + —
- / /
S
/ / +
+ | + /
hzz + -
T h,—>s—h,
+ | - /
hs + +
17 | h,o7z—h,

Notes:+ (-) indicates positive (negative) effect. / stands for no effects. The upper and lower rows report the
results of pre- and post-Volcker period respectively.

Another significant shift is that the effect of stock returns on inflation volatility has turned
from positive into negative in post-Volcker episode. For example, the Fed made several
attempts to curb the inflation of the 1970s, a policy effort which was accompanied by two
recessions — in 1980:01 to 1980:07 and in 1981:07 to 1982:11 (as defined by the NBER).
This then induces policymakers to reduce inflation uncertainty in the future to maintain
monetary stability.

Finally, the stock market tends to be more efficient (Fama et al., 1969; Fama, 1970, 1991;
Schwert 1981, 1989) and the monetary factor seems to be more effective in post-Volcker
period, since inflation sets up a bidirectional channel through which the two volatilities
influence each other indirectly. During this subperiod, inflation volatility has a positive
impact on the level of the rate of inflation (Cukierman and Meltzer, 1986). These authors
suggested that there exists an incentive for monetary authorities to create an inflation surprise
in order to stimulate output growth and therefore the increase in the level of inflation rate. At
the same time, the inflation level positively affects stock returns’ volatility (Saryal, 2007).
Conversely, stock return volatilities negatively influence inflation, which affects positively its
uncertainty (Friedman, 1977; Holland, 1995). As a result, a rise in inflation indirectly
increases stock return, and stock return volatility indirectly decreases inflation volatility via

% See Appendix 3.
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the rate of inflation.

Table 6. Key statistics and links in pre and post-Volcker era

pre-Volcker | post-Volcker
d 0.485 0.298
p -0.203 -0.071
- ® _ @
T 0.1606 0.050l
0.074® 0.031®
h/r - hs / hﬂ —>T—> hS
hs - hzr / hS —S —_) hﬁ
h —s -0.816@ -0.296"
h -7z 0.122¢) -0.113©
r—>h, 0.025" 0.026"
s—h_ 0.034%) -0.022®

Notes:The bold numbers indicate significant values.
5. Conclusion

This paper has employed a ccc BEGARCH approach to model simultaneously the dynamics
of US inflation, stock returns and their volatilities during the pre- and post-Volcker periods.
No sign restrictions were imposed, and it has thereby cast significant light on the relationship
between monetary stability and the stock market.

The empirical results support previous findings: (i) a bidirectional relation between inflation
and stock returns, which is time-varying; (ii) no direct links between inflation uncertainty and
stock return volatility; and (iii) a positive effect of inflation on volatilities of inflation rates
and stock returns. Meanwhile by dividing the dataset into two subperiods characterized
monetary instability and monetary stability, this paper has demonstrated some significant
shifts among the interactions between both variables: (i) the bidirectional inflation-stock
returns relation in the former has changed to a unidirectional one since the negative effect of
inflation on stock returns appears insignificant in the latter episode, showing common stock
could be a more effective hedge against inflation; (ii) the positive effect of stock returns on
inflation volatility has turned negative in the post-Volcker episode. (iii) the two volatilities
help to explain each other indirectly through the channel of inflation rates in the latter period,
implying that lower and more stable inflation — the primary goal of monetary policy — is also
conducive to a more effective stock market. As Greenspan (2009) noted, fears of short-term
deflation and long-term inflation drove the stock market swings seen in the crisis that began
in 2008, and this threatens a sustained economic recovery.
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Findings in this study strongly suggest that promoting monetary stability has indeed
contributed to a more efficient stock market, which in turn has proved sensitive to monetary
policy actions. Further research could extend this bivariate framework to investigate a
broader range of financial and macroeconomic variables such as to interpret bond market, the
housing market, and to consider output and unemployment as well as their variabilities, in
search of anchors for both monetary and financial stability.
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Appendix

Appendix 1. F-tests for the presence of seasonality assuming stability

Sample Ho: Stability Ho: Stability Moving Seasonality | Seasonality
F-value Probability ( Nonparametric) F-value presence

1961:01-1979:09 3.113" 0.002 1.585** Probably No

1979:10-2009:02 12.831% 0.000 4.407** Probably No

Notes:
#Seasonality present at the 0.1 per cent level.
**Moving seasonality present at the one percent level.
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Appendix 2. Estimates of 6,c ., , .. B,

Sample
1961:01-1979:09 | 1979:10-2009:02
7 S s S
9 ] ] 0.123 | -3.768
! (0.178) | (4.946)
., | 0176 | -0.081 | 0140 | -0.095
(0.419) | (0.349) | (0.256) | (0.128)
-0.463 | 0.239 | -0.153 | 0.007
P (0.617) | (0.545) | (0.261) | (0.099)

Notes: Standard errors are given in parentheses. Note, for « and g , the values reported are cross coefficients.
Appendix 3. Bivariate ARFIMA(n, d, 0)- GARCH(1, 1)-in-mean estimates for inflation and

stock return post-Volcker period with ¢

Sample  1979:10-2009:02
V4 S
; 0.319 ]
(0.054)
0.029% 0.034¢)
¢ (0.026) (0.080)
0.239° -0.262
(0.176) (0.412)
o -0.081@ 0.274©
(0.092) (0.266)
o 0.333 0.219
(0.106) (0.086)
0.908 0.864
P (0.035) (0.083)
0.022% 0.022
(0.013) (0.014)
4 -0.024% -0.026
(0.015) (0.021)
Q(12) | 34.604 [0.001] | 3.233[0.994]
Q%(12) | 10.378[0.583] | 2.723 [0.997]
Y -0.075 [0.246]
AIC -1471.51
Log (L) -1449.51

Notes :As in table 3.
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