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Abstract It is now widely recognized in the econometrics literature that the use of generaled
variables in regression models leads to a measurement error problem, thereby causing the
equation error Lo be serially correlated and heteroscedastic in both small and large samples.
The generated variable problem generally leads to a loss of efficiency in estimation. More
importantly, the presence of generated variables yields invalid inferences because the formula
used to obtain the standard errors is an incomsisient estimate of the true standard errors. In
the finance literature, generated variables typically arise in calculating measures of risk and
variability, in event studies based on residuals from an estimated market model, and the use of
betas estimated from market models as regressors in another model. In addition to the
standard generated variabie problem associated with inefficiency and invalid inferences, the
method 0§ construction of risk and variabilily measures can alsc render the ordinary least
squares estimates inconsisient. This paper surveys the use of generated variables in finance
through a critical examination of papers published in the Journa! of Finance in 1985, 1t is
found that only one published empirical paper makes an attempt at correcting for the presence
of generated variables.

1. INTRODUCTION

When a regression equation {herealier called the struciural equation) contains an unobserved
variable, either as the dependeni variable or an explanatory variable, one commonly used
procedure is to first obtain an estimate of the unobserved variable in some way {when 2
regression equation is used, this is called the auxiliary eguation), and then to estimate the
original regression replacing the unobserved variable by iis estimaie. To highlight the fact that
both the dependeni and explanatory variables in the struciural equation can be generated, this
paper refers §o the estimate of the cnobserved variable as a ‘generaled variable’ rather than the
term ‘gemerated regressor’ commonly used in the literature. There are three issues that arise
for parameter esiimales obiained when these generated variables are used ai the second stage:
consistency; efficiency; and inference. When consistent esiimafes are obtained at the first
stage, the presence ol generaled variables al the second stage does not affect the consistency of
the second stage estimates but generally leads to a loss of efficiency in estimation, and invalid
inferences because the formula used to obiain the siandard errors is an inconsistent estimate of
the true standard errors (see, for example, Pagan {1984, 1886), Newey and McFadden {1994)
and McKenzie and McAleer (1997)).

This paper examings the issue of generated variables in the finance literature where generated
variables often arise in calculating measures of risk and volatility; in event siudies where the
dependent variable is obiained as a residual from an estimaied market model; and the use of
betas estimated {rom a market model as regressors in another model. One characteristic of
quite a few finance papers is thai the components of the generated variables are estimated from
many different iime series models, and the generaled vaziables are then used in a regression
model estimated using cross section data. This method of estimation raises some issues not
previously considered in the literajure.

Section 2 containg details of a survey of generaied variable papers published in the Journal of
Finence in 1995 while section 3 discusses some theorstical economeiric issues that arise with
the estimation methods and {he generated variables used in ihese papers. A briel conclusion is
contained in seciion 4.

2. SURVEY RESULTS

Table 1 provides a summary of the ten papers appearing in the Journal of Finence in 1995 that
contain generated variables. In addition, there were several papers thai used estimates of
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unobserved volatilities as variables but the specific model used to generale the volatilities
{often a Black—Scholes (1973)-style option pricing model) meant that the estimales of
volatility could be obtained as a simple function of observed variables and, therefore, contained
no unobserved parameters (see Campa and Chang (1995), Chen et al. (1895) and Litzenberger
and Rabinowitz (1995)). These papers were excluded from the study. There was one
theoretical paper (Kim (1995)) that discussed some of the problems associaled with using
estimaied firm betas as explanatory variables in a regression model {rom an errors in variables
perspective. The reason for choosing empirical papers in finance was that the non—systematic
search of the literature reported in McKenzie and McAleer (1997} suggesied that generated
variables continue to be used quite widely in finance without the standarc% errors being adjusted
appropriately. The Journal of Finance was chosen as the subject of the survey as it is the
ieadini journal in the finance literature. The year 1995 was chosen arbitrasily, but it is
nevertheless represeniative.

Several common features of the papers in Table 1 are worth noting: (i) the components of the
generated variables are quite often estimated from many different time series models, and the
%enera.ted variables are then used in a regression model estimated using cross section data (see,
or example, Bajaj and Vijh (19952‘); (ii} when the auxiliary and structural equations are both
estimated using time series daia, the sample size at each stage can differ dramatically (see, for
example, Ilmanen (1995)); and (iii} generated variables often relate to measures of risk,
volatility, a firm’s beta and excess returns (see, for example, Billett ef al. {1995)). Only one of
the papers reported in Table 1, Bekaert and Harvey (1995), makes explicit reference to the
éenerated variable problem and Pagan’s 51984) classic paper. In Bekaeri and Harvey (1995),

to mitigate the generated variable problem” (p. 435) heteroskedasticity—consistent standard
errors computed a la White {1080) are reported. An examination of the way the enerated
regressor was derived suggesis thai the measurement error will be serially corzelated as well.
Monte Carlo evidence for the cases reported in Smith and McAleer (1993) suggesis that using
Newey and West’s {1987) heteroscedasticity and aulocorrelation consistent covariance matrix
to correct for the generated variable problem leads to standard errors that are generally
downwardly and, quite often significantly, biased.

3. THEORETICAL ISSUES

This section is devoted to a detailed analysis of several issues raised in the paper by Billett el
al. (1995) which contains four different variables thai are generated from lime series models
and are then used in a cross section model. For expository purposes, the number of explanatory
variables in the structural and auxiliary equations is kept to a bare minimum.

Suppose the structural equation of inierest is

y; = ag + 3, Xy, + 85Xy + g i=1 N, (1)

where the a, are unknown parametess, € is assumed to be distributed as niid(0, UE), and in

cross sectional analyses i is assumed to refer to the ith firm. Equation (1) is assumed io be
correcily specified. The auxiliary equation is assumed to be of the form

s

!i’. - bgi "i"‘ b}.iwli% ’i"‘ ﬂi%, izi,..N, tml,..,T’ (2)

where the by, are unknown parameters, and 7, is assumed io be disiributed as niid(0, cr?ﬂ}.

Equation {2} is also assumed to be correctly specified. Given the structure of {2}, ordinary
least squares (OLS) can be applied to (2) for each firm i to give unbiased, T consistent and
efficient estimates of the parameters [efficiency in this context only concerns the estimation of

{2)]. Denotie the OLS estimates of bev bli and o*?ﬁ by ﬂ{)i’ ﬁli and s?, and the predictions (or
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fitted values} and prediction errors from this model as Zy = ﬁﬂi + ﬁliwlii and Uiy = 22,

respectively.

In Billet! ef al. (1895), equation {2) is a market model with z

's equity atl time ¢, and W, ., being the rate of return on the market porifolio at time ¢ {which

, being the rate of return on firm

is not dependent on i). Since ihis paper is an event study suppose that the event occurs at
T+7, then the excess return (generated variable (a)) is W, , and the cumulative abnormal
return i3 C; = Yppr—10 T o F Ypy . (generated variable (c)). In Billett ef al. (1995),
7=80. The paramsier estimate fy; 18 firm P's beta (generated variable (b)), and 5; is the

estimate of the standard deviation of the borrower’s stock return (generated variable r&d)).
Implicit in an event siudy is the assumption that the evens has some elfect. Thus, at {=T4+7,
equation (2) becomes

so that 5i measures the impact of the event on firm i’s return. In this case, the excess return,
Up 0 15 given by

Yppr = 0+ (Og0g) + (0B W ip s+ Tip o (4)

50 that Uy, 18 implicitly an estimate of 5} It should be noted that E(uit-}-r)z 6],, and

E(B};) = by, but Es) = a'??iiﬁ/{’I‘—E)]1/}21‘[('2[2»1)/2]/I‘[('Ji‘m-?)/z];‘.e::rﬂi (see Kawada ef al (1980,
P 200) and Johnson et al (1994, section 8.2)). If (2) applies for t=T+1,.,T+7-1, then E(C,)

Suppose that X, is the unobserved variable in (1) and it is replaced by Ko 1o give

-

Vp=ag ek ek, +g + 2n( X, — Xgi ) i=1,.,N. {5)

Define by = ¢, + a,(X,, — 37{2].1). In ihese circumstances, whether E(h,) = 0 depends on whether
E(}%m} = X?i' When kzi is Y Ci or ﬁé, even though ¢; is homoscedastic, hi will be

heteroscedasiic because V(hi) depends on o2, llowever, unlike the standard generated variable
problem, he will nol be serially correlated since the errors in {2} are assumed to be

independently distributed! This means a White {1980)—siyle adjustment io the standard errors
will be an appropriate remedy for the inconsistency of the OLS standard errors, unlike the cases
dealt with in the literature 1o date (see Pagan (1884, 1986), Newey and McFadden (1994} and
McKenzie and McAleer (1997)).

In contrast to the standard generated variable probiem, even when XZi is an unbiased estimaie
of Xo; there is no guarantee that

. )
(g~ Ko/
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will converge to zero as N-w. Without an additional assumplion about how T Lehaves ag N-w,
we have a standard errors in variables problem, so that OLS applied to (5) is inconsisient. For

example, if T is fixed as N-w, when Xzi is a parameter it is not a consistent estimate of Xzi or

when Xzi depends on estimaled parameters they are not JN consistent estimates of the

underlying parameters. If appropriale insirumenls are available, this inconsistency problem
can be overcome by using the insirumental variable technique (see Pagan {1984, Model 6) and
McKenzie and McAleer {1997, section 3.5) for a related example, and Kim {1995) for another
example). Finding an appropriate instrument for C; and ﬁli may be difficult given the

assumptions of the model but resort could be made to Durbin’s (1954) suggestion to use the
rank of the problem variable as an instrument. If N-o and Toa, then when Xﬁi is an parameter

it is a consistent estimate of X, and when X, depends on estimated parameters they are

consistent estimates of the underlying parameters. Thus, estimates of the structural equation
will also be consistent.

When E(f(zi} # Lo there is an additional problem, namely thai the following two expressions
will not converge to zero if T is fixed as N-a:

N I\
(2) B} _ /N, (b) B} _yXyihy

/N
Therefore, even insirumental variables estimation with appropriate instruments will not

provide consisient estimates. Consisient estimation in this case requires T, N-o so that plim 5,

— o . and the consistency of OLS applied to (5) is assured. If inlerest only focuses on testing
the null hypothesis a,=0 (or 2 joint hypothesis involving a,=0), OLS applied to (5} will be

consistent, asymptotically efficient and inference will be valid under the null, since the
generated variable effect in the disturbance term disappears (see Pagan (1984} and McKenzie
and McAleer (1997) for a discussion of this in the standard case).

However, if y, is the unobserved variable in (1) and i} is replaced by v, to give

yy=ag+ 3, Xy + 29Xy + g + {r;— i) i=1,0N, (6)

then it is easily seen that the generated variable problem in (6) persists, regardless of the
hypothesis being tested. This substituiion does not lead to the errors in variables problem

alluded to for a generated variable but if E(&i - yi);‘-ﬂ, then similar results as for the case when
B(X,,) # Xq; apply.

The previous discussion is predicated on the assumption that {2) was correctly specified so that
applying OLS leads to /T consisteni parameter estimates. If {2) is misspecified, for example
Wlit is not the appropriate regressor or important explanatory variables are omitted, then

estimates of the parameters of (2) will be neither unbiased nor 4T consistent. The previous
discussion suggests this inconsistency will also carry over to the estimation of {1) when the
generaled variable based on the inconsistent parameler estimates is used (see Pagan {1986) and
McKenzie and McAleer (1994) for sufficient conditions for consistency of the estimates of the
structural equation). This strong dependence of the consisiency of the parameter estimates of
EZ; provides a powerful case for checking the correctness of the specifications of both {1} and
2).
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Even when lime series data have been used to esiimaie both the siructural and auxiliary
equations, there are a number of siudies where different sample sizes have been used to
estimate the models ai the first and second stages (see, for example McAleer and McKenzie
{1991} and the papers they cite). When the errors in the structural and auxiliary equations are
uncorrelated, McKenzie and McAleer (1990, section 3.2) show that compared to the case of
using an identical number of observaiions for both the first and second stages, using fewer
observations ai the first stage will lead {0 larger variances at the second stage. However, if the
difference in the two sample sizes disappears asymptioctically, using & dilferent number of
observations at the firsi and second stages will be asympictically negligible.

An examinalion of those papers in Table 1 thai use time series daia al both the first and
second stages suggesis large differences in the sample sizes used at each stage (see, for example,
Iimanen (1995} and Jorion {1995)). Even this iz a little misleading since in IImanen §1995), for
example, data for the siructural equation are monthly while for the US bond beta {generated
variable {b)} daily daiz over the preceding month are used so that all the data that are ever
going to be available are used (assuming different betas for each month). This suggests similar
problems will arise to those discussed when cross section data are used for the structural
equation and lime series data for the auxiliary equation. The local bond beta (generated
variable (c}} for each month is computed using monihly data for the preceding twelve months.
Unlike the standard generated variable problem discussed in Pagan (1984} and McKenzie and
Mchleer {1097), where the substitution of the generated variable for the unobserved variable
causes the struciural equalion’s error at each point to be correlated with every other error, the
way in which the local bond variable is calculated using overlapping data will generate a
moving average of order eleven in the error of the siructural equation!

4. CONCLUSION

This paper has comsidered some theoretical problems thai arise with the iype of generated
variazbles commonly used in ihe finance literature. It remains to be demonstrated thai these
problems with generaied variables are imporfant in practice. However, papers where both
unadjusted and adjusied standard errors are presenied suggest that the difference can be
sufficient io cause the use of ynadjusied standard errors to lead to incorrect inferences (see the
papers discussed in McKenszie and Mchleer {1997, section 1)). As indicated in section 3,
further considerations are: whether insirumental variable estimation is required, and the effect
of using alternative estimation methods; and what sample sizes are used to estimaie the
auxiliary and structural eguations, and the impact of different sample sizes on the standard
errors of the second stage estimates.
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