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PRACTITIONERS’ CORNER

Computing Robust Standard Errors for Within-groups
Estimators™

M. Arellano

1. THE MODEL AND THE ESTIMATOR

The purpose of this note is to explain how to use standard packages
to calculate heteroskedasticity and serial correlation consistent standard
errors for within-groups estimators of a linear regression model from
panel data. We are concerned to discuss the model
Vie =X + e + uy #=1....,i=1,...,N) §))
where x;, is a £ X1 vector of exogenous variables such that
E(uuixp, ..., X, ¢)=0

and e; is an unobservable permanent effect potentially correlated with
Xg. The u;, are assumed to be independently distributed across indi-
viduais but no restrictions are placed on the form of the autocovariances
for a given individual:

EQuy tge| X1, e o0, Xi7, €)= Gy

thus allowing for heteroskedasticity and serial correlation of arbitrary
form. Alternatively model (1) can be written as

yi=th3+e,l+u,- (i=1,...,N) (2)
TX1 TXkEkX1 X1

u; ~id. (0, ;)
where [/ is a T X1 vector of ones. We assume that T is small and N is
large, as is often the case with household or company data, thus
considering asymptotic results as N — oo for fixed T.

Transforming the variables in (2) into deviations from time means
climinates the e/s. Let ¥7 = Qy;, X{ = QX; and uf = Qu;, where Q is
the deviations from time means operator:

Q=I:—-1'T

the within-groups estimator of § is just the OLS regression of y} on X}:

* I am grateful to David Hendry for helpful comments.
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Bwe = (XX X*y* (3)

with X* = (XV... Xf) and y* = (»7" ... ¥¥).
It is well known that under appropriate regularity conditions

VN@Bwe—B 7 NO,M'VM™)
where

M =p lim N™HX*X")

and N
V=plim N'Y XX
N—o= i=1
il. ESTIMATING THE avin OF fyg
A White estimator of V is of the form (see White, 1984, p. 136):

Ve S XPaX
N = i Wit i

where @} = y§— X}Bws. Note that X}'QX} = X!'Q/X] with Q=
Q§,Q, which suggests the consistency of V for V. In effect, this can be
proved as a special case of the Theorem 6.3 given by White (1984).
Therefore a robust estimator of avm(Bwe) can be obtained as

" N
avin (fwe) = (X*'X *)“( 2 X?'ﬁ?ﬁ?’X?) X+ x+! 4)
i=1

This covers the most general case. Two alternative estimators that have
also been used in practice are the following:

. N -
aviii (Bye) = (X*'X*T‘( ) X.-*'R*X?) (XX (5)
=1
where
. N
Qt=N"'Y apiy
i=1
This estimator has been discussed by Kiefer (1980) and will produce
consistent standard errors if x;, and uy, are fourth order independent
and in particular if £, = £ for all i, that is, in the case of homoskedastic

arbitrary intertemporal covariance. Finally, if the classical assumption
2, = ¢*I; holds, avm(Byg) can be estimated by means of

avin (Byg) = 62(XYX*)! (6)
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where

dre—— ¥ il
N(T_“ 1) i=1

Note, however, that if N(T — 1) is replaced by NT or (NT — k) in the
definition of 0%, we obtain an estimator of o? that is not consistent for
fixed T (e.g. see Hausman and Taylor, 1981).

[II, COMPUTATIONAL COMMENTS

Expression (4) can be easily calculated from astandard package provided
the option of White standard errors is available for a multivariate regres-
sion with linear restrictions (for exampie in TSP: option ‘ROBUST’
with the command ‘LSQ’). The idea is that instead of calculating Sy as
the ‘stacked regression’ of y* on X* (which would produce standard
errors that require degree of freedom corrections even under classical
assumptions), we estimate §§ by least squares in the system of T equations
with cross-equation linear restrictions

+ = +
Ya = xpB+uy

Vir = 16 + iy
The y},..., Y are thus treated as ‘different’ variables on which N
observations are available and similarly the x}. The resulting estimator
of § will also be By, but the standard errors computed robustly will be
calculated according to the formula in (4).

Clearly, once avm () is available, one can perform valid hypothesis
testing in the presence of heteroskedasticity and serial correlation of
unknown form. Also notice that the previous arguments extend to
instrumental variable estimators and models that are non-linear in the
parameters.

Note, however, that despite our ability to estimate consistently the
standard errors for fyg, unless £, = g2I holds, more efficient estima-
tors of @ are possible. If Q; = §2 for all i, a computationally simple
efficient estimator is SUR-GLS based on the first differences of (1).
More generally, under heteroskedasticity of unknown form, efficiency
gains through the use of auxiliary variables (e.g. cross-products of the
x’s) of the type considered by Chamberlain (1982) and Cragg (1983)
are possible. Indeed, asymptotically efficient estimators of § can in
principle be derived relying on nonparametric estimators of first dif-
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ference transformations of the £2; on the lines of Robinson (1985) and
Newey (1986).
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