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Stock Price Dynamics and Firm Size:
An Empirical Investigation

YIN-WONG CHEUNG and LILIAN K. NG*

ABSTRACT

We show that after controlling for the effects of bid-ask spreads and trading volume
the conditional future volatility of equity returns is negatively related to the level of
stock price. This “leverage effect” is stronger for small, as compared to large, firms.
We also document that while the essential characteristics of the relations between
stock price dynamics and firm size are stable, the strengths of the relationships
appear to change over time.

A NUMBER OF EMPIRICAL studies have documented that stock volatility tends to
fall subsequent to an increase in stock prices and rise following a decline in
stock prices, an observation commonly attributed to the “leverage effect.” As
explained by Black (1976), leverage can induce future stock volatility to vary
inversely with the stock price: a fall in a firm’s stock value relative to the
market value of its debt causes a rise in its debt-equity ratio and increases its
stock volatility. For example, Black (1976) and Christie (1982) use individual
securities and French, Schwert, and Stambaugh (1987), Gallant, Rossi, and
Tauchen (1990), Schwert (1990), and Nelson (1991) use market indices to
provide evidence consistent with the leverage effect. However, these papers
demonstrate a leverage effect either intertemporally or cross-sectionally for
some assets. Relatively little work has examined the intertemporal behavior
of individual assets by taking into account conditional heteroskedasticity and
changing expected returns.

In this paper we examine and characterize the cross-sectional and temporal
relations between stock price dynamics and firm size. In particular, we
investigate the possibility of an inverse relation between future stock volatil-
ity and stock price and whether this effect varies across time and/or across
firms with different market capitalization. Our study uses the exponential
GARCH (EGARCH) formulation of Nelson (1991) as a model for the time-
series behavior of individual security returns. Nonparametric methods are
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then applied to test for systematic cross-sectional and temporal patterns in
the relations between stock return dynamics and the firms’ market values.

We use two different sets of daily return data: (1) American and New York
Stock Exchanges (AMEX-NYSE) stock returns calculated using closing trans-
action prices, and (2) NASDAQ-National Market System (NMS) security
returns computed with closing bid prices. Our empirical results indicate a
reliable negative relation between future stock volatility and stock price in
both sets of market data. This can be interpreted as a manifestation of
leverage effect. Furthermore, the leverage effect is greater for small than for
large firms, thereby implying that for a given percentage change in stock
price small firms would experience a greater variation in their stock volatili-
ties. Our results remain unaltered even after accounting for the bid-ask
spread and trading volume.

The plan of this paper is as follows. In Section I, we describe the data and
methodology. Section II contains the evidence for AMEX and NYSE stocks. In
Section III, we examine the stability of the model parameters over the same
period. In Section IV, the results are corroborated by testing the leverage
hypothesis and controlling for bid-ask errors and trading volume. The final
section summarizes the paper.

I. Data and Methodology
A. Data

Daily return data used in this study were obtained from the CRSP files.
Our sample contains 251 AMEX-NYSE stocks with no missing returns be-
tween July 1962 and December 1989. The stock returns were adjusted for any
stock splits, stock repurchases, or dividends paid during the entire sample
period. To investigate the stability of stock price dynamics, we also examine
three nonoverlapping subperiods: (1) July 1962 to December 1969, (2) Jan-
uary 1970 to December 1979, and (3) January 1980 to December 1989.!

Trading on the NMS started in April 1982, and during the first year it was
limited to the most actively traded stocks (approximately 40 stocks). In order
to consolidate an adequately large sample, our analysis uses daily returns for
250 NMS stocks with continuous closing bid prices from January 1984 to
December 1990.

B. Empirical Methodology

Consistent with Pagan and Schwert (1990),2 and the observed stock return
seasonal patterns, our preliminary data analysis indicates that daily security

! We also considered larger samples that include stocks continuously traded during each
subperiod. This method derived 770 stocks in the first subperiod, 873 stocks in the second, and
895 stocks in the last subperiod. The results of both approaches were qualitatively the same and
therefore, for brevity, we report only those pertaining to the original sample of 251 securities.

% Pagan and Schwert (1990) compare various models for conditional stock volatility and find
that the EGARCH model provides a better description of squared returns than any other
parametric procedure.
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returns of individual firm i, r; ,, can be modeled as:

5
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D;, is a dummy variable representing the day of the week, and 4, , is the
variance of the error term u; ,, conditioned on information available at time
t— 1

The relations in (1) and (2) describe an AR(1)-EGARCH(1, 2)-in-mean
model with the logarithm of lagged stock price P;, ; (henceforth “the log
price”), incorporated in the conditional variance equation. The attractiveness
of an EGARCH formulation is that it captures the asymmetric effect of lagged
shocks on conditional volatility (see Black (1976), Christie (1982), Glosten,
Jagannathan and Runkle (1989), Schwert (1990), and Nelson (1991)). The log
price in equation (2) allows us to investigate the leverage effect. Black (1976)
and Christie (1982) demonstrate that the coefficient 6, should be negative if
leverage induces an inverse relationship between stock price and volatility.?
Relation (2) therefore provides a direct test of the leverage effect and controls
for heteroskedasticity and possible serial correlation in stock returns.

Nonparametric procedures are employed to test the hypothesis of no associ-
ation between each parameter in the model and a firm’s market capitaliza-
tion.* These procedures are particularly useful when the form of distributions
is a priori unknown or when there is a problem in the unit of measurement.
For subsequent empirical analyses the Spearman rank correlation test is
used (see Kendall and Stuart (1973)). Consider a set of paired data {(x;, v,);
i =1,2,...,n}, the Spearman rank correlation coefficient r, is given by

ry = Cov(r, ,r,)/0,,0, (3)
where r, is the rank assigned to z; with standard deviation o, ; z = x, y.
% The inverse relationship is also implied by the constant elasticity of variance diffusion models

examined by Cox (1975) and Cox and Ross (1976). Beckers (1980) tests the model by rewriting it
in the log-linear form,

Ino? =Ky + kIn 8, + &,

where S, is the stock price and ¢, is a random error term.

* Throughout this empirical analysis, a firm’s market capitalization represents the average
year-end market value of its equity, which is determined by multiplying the number of shares
outstanding by the market price.
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Under the null hypothesis of no correlation, r, has zero mean and variance
1/(n — 1). When n is large the distribution of r, is approximately normal.

We use the Noether method to test for time trends in the model parameter
estimates. Suppose three observations z,, z,, and z3 are recorded. If the z’s
are random realizations of a continuous random variable, each possible
permutation of these three numbers has a '/ ¢ probability of occurrence.
Consider n independent triplets of these observations and let w be the
frequency with which z; < z, < z;. Under the randomness hypothesis, w has
a binomial distribution of (w; n,"/,). For large n, w can be approximated by
a normal distribution with mean n /6 and variance 5n/36. The randomness
hypothesis can be tested against an alternative hypothesis of a monotonic
increasing, decreasing, or cyclical trend.

II. Results
A. Diagnostic Tests

To verify the adequacy of the specification in equations (1) and (2), we
perform diagnostic checks for serial correlation in the first and second
moments of the 251 resulting residual series. The Ljung-Box (1978) portman-
teau test is performed on the first twelve lags of standardized residuals, y; ,,
and squared standardized residuals, lpft. Under the null hypothesis, these
test statistics are distributed asymptotically as y2(11).

The average cross-sectional test statistic for the level is 7.91 with standard
error of 5.23; for the squares it is 13.88 with a corresponding standard error
of 9.2. None of these test statistics are significant at conventional levels. In
testing for serial correlation, 4 of the 251 standardized residuals and 7 of the
squared standardized residuals lie within the 5% critical region. These tests
further reinforce Pagan and Schwert’s (1990) finding that the EGARCH
formulation adequately fits stock return data.

B. AMEX-NYSE Evidence

Maximum likelihood estimates of the model (1) and (2) for 251 stocks are
obtained for each period.? Consistent with existing literature, we find day-of-
the week effects in the returns. For this reason only cross-sectional averages
of the other model parameters, together with the Spearman rank correlation
coefficients, are presented in Table 1.6 Note that a pair of ranked variables
represents ranked firm market capitalization and the ranked parameter in
question.”

Several interesting observations emerge from Table I. First, the cross-sec-
tional averages of ¢;’s are statistically positive, with magnitudes ranging

5 The Davidon-Fletcher-Powell numerical algorithm is used to obtain maximum likelihood
estimates of the model.

5 Details of these results are contained in an earlier version of this paper, and are available
from the authors upon request.

" We also calculated the Spearman rank correlation using firms’ median year-end market
values of equity, and the results were qualitatively unchanged.



