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a b s t r a c t

This papermodifies the Hausman and Taylor (1981) panel data estimator to allow for serial
correlation in the remainder disturbances. It demonstrates the gains in efficiency of this
estimator versus the standard panel data estimators that ignore serial correlation using
Monte Carlo experiments.
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1. Introduction

The random effects (RE) panel data model assumes that all the explanatory variables are uncorrelated with the random
individual effects, while the fixed effects (FE) panel data model assumes that all the explanatory variables are correlated
with the random individual effects. Instead of this ‘‘all’’ or ‘‘nothing’’ assumption, the Hausman and Taylor (1981) panel data
estimator allows someof the explanatory variables to be correlatedwith the individual effects. One of themaindisadvantages
of the fixed effects estimator is that it wipes out the effects of time-invariant variables. In contrast, the Hausman and
Taylor estimator recaptures the estimates of these time-invariant variables which are important in empirical applications;
see Cornwell and Rupert (1988), Egger and Pfaffermayr (2004) and Serlenga and Shin (2007)for three applications of this
estimator. This paper extends the Hausman and Taylor (HT) estimator to allow for serial correlation in the remainder
disturbances of the AR(1) type. The standard fixed effects (FE) and random effects (RE) panel data models with serial
correlation in the remainder disturbances have been considered by Bhargava et al. (1982) and Baltagi and Li (1991),
amongst others, see Baltagi (2008). While the fixed effects AR(1) estimator (FE-AR(1)) considered by Bhargava et al. (1982)
is consistent for the HT model, it does not provide an estimator of the time-invariant variable coefficients which are
usually of interest in most economic applications. The Baltagi and Li (1991) random effects AR(1) (RE-AR(1)) estimator
provides estimates of the time-invariant variable coefficients, but these will be consistent only if the individual effects are
uncorrelated with all the regressors. The modified HT estimator allowing for AR(1) disturbances (denoted by HT-AR(1))
is more efficient than the HT estimator that ignores this serial correlation. Unlike the FE-AR(1) estimator, it captures the
effects of time-invariant variables, and, unlike the Baltagi and Li (1991) RE-AR(1) estimator, it allows for possible correlation
between the regressors and the individual effects. In this paper, we report Monte Carlo experiments that demonstrate the
gains in efficiency of this HT-AR(1) estimator over the standard HT estimator in the presence of serial correlation.
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2. The model and assumptions

Consider the following Hausman and Taylor (1981) panel data model:

yit = X ′

itβ + Z ′

i γ + uit, i = 1, . . . ,N, t = 1, . . . , T , (1)

where uit = µi + νit, and β and γ are unknown vectors. The Xit are time-varying regressors, while the Zi are time invariant.
This HT model is allowed to have first-order serial correlation in {νit} of the AR(1) type:

νit = ρνit−1 + εit, |ρ| < 1, (2)

where εit is a white noise process with variance σ 2
ε . The µi are independent of the νit for all i and t . In vector form, Eq. (1)

can be written as

yi = Wiδ + ui, i = 1, . . . ,N, (3)

with

ui = µiιT + νi,

where yi = (yi1, . . . , yiT )′ ,Wi =

Xi, ιTZ ′

i


, Xi = (Xi1, . . . , XiT )

′ , δ′
=


β ′, γ ′


, ui = (ui1, . . . , uiT )

′, and ιT is a vector of
ones of dimension T . Eq. (3) can be also written as

y = Wδ + u, (4)

with

u = (IN ⊗ ιT ) µ + v,

where y =

y′

1, . . . , y
′

N

′
,W = (X, Z), with X =


X ′

1, . . . , X
′

N

′
, Z =


Z ′

1, . . . , Z
′

N

′
⊗ ιT , u =


u′

1, . . . , u
′

N

′
, µ =

(µ1, . . . , µN)′, and v = (v1, . . . , vN)′.

3. The generalized least squares (GLS) estimator

Assuming that the individual effects µi are random with µi ∼ i.i.d.(0, σ 2
µ) and E


µi|X ′

it, Z
′

i


= 0 for all i and t , the

resulting RE GLS-type estimator correcting for AR(1) remainder disturbances will be the best linear unbiased estimator
(BLUE); see Baltagi and Li (1991). In fact, this estimator applies the Prais–Winsten (PW) transformation in the first step to
transform the remainder AR(1) disturbances into serially uncorrelated classical errors. More specifically, one premultiplies
Eq. (4) by

C =



1 − ρ2 0 0 · · · 0 0
−ρ 1 0 · · · 0 0
...

...
...

. . .
...

...
0 0 0 −ρ 1 0
0 0 0 0 −ρ 1


to get

y∗
= W ∗δ + u∗, (5)

where y∗
= (IN ⊗ C) y,W ∗

= (IN ⊗ C)W , and u∗
= (IN ⊗ C) u. Using the fact that CιT = (1 − ρ) ια

T , where ια′

T =

α, ι′

T−1


and α =

√
(1 + ρ) / (1 − ρ), the transformed regression disturbances are given by

u∗
= (IN ⊗ C) u = (IN ⊗ CιT ) µ + (IN ⊗ C) v = (1 − ρ)


IN ⊗ ια

T


µ + v∗, (6)

where v∗
= (IN ⊗ C) v. As shown in Baltagi and Li (1991), the variance–covariance matrix of the transformed disturbances

is given by

Ω∗
= E


u∗u∗′


= σ 2

µ (1 − ρ)2

IN ⊗ ια

T ι
α′

T


+ σ 2

ε (IN ⊗ IT ) , (7)

and

σεΩ
∗−1/2

= (IN ⊗ IT ) − θα


IN ⊗ J̄αT


,

where Eα
T = IT − J̄αT , J̄αT = ια

T ι
α′

T /d2, d2 = α2
+ T − 1, θα = 1 −

σε

σα
, and σ 2

α = σ 2
ε + d2 (1 − ρ)2 σ 2

µ. Premultiplying the PW
transformed observations by σεΩ

∗−1/2, one gets

σεΩ
∗−1/2y∗

= σεΩ
∗−1/2W ∗δ + σεΩ

∗−1/2u∗. (8)
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