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a b s t r a c t

This paper proposes a robust test statistic for individual effects in the error component
model with incomplete panel data. Specifically, on the base of the difference of variance
estimators of the idiosyncratic errors at different levels, we construct a statistic to test
for the existence of individual effects, which can be shown to asymptotically normally
distributed under the null hypothesis. Power study shows that the test can detect local
alternatives distinct at the parametric rate from the null hypothesis and has a larger
asymptotic power than the correspondingANOVA F testwhen the individual heterogeneity
effects are correlatedwith regressors.Monte Carlo evidence shows that the test statistic has
desired finite sample properties. A real data example is analyzed for illustration.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In practice, one often find that some data are incomplete or unbalanced, which can be led bymany reasons. For example,
in the econometric analysis of consumer panel data, some individuals’ data can be dropped out after some time points
because the corresponding householdsmoved out. Up to our knowledge, however, the incomplete panels do not receive the
attention they deserve in theory. Note that, the incomplete data include the monotone missing patterns and the random
missing patterns. In this paper, for the sake of simplicity, we mainly focus on the monotone missing panel data patterns,
and leave the latter as a future research topic.

Consider the following one-way error component regression model with monotone missing panel data,

yit = α + X ′

itβ + µi + νit , i = 1, 2, . . . ,N, t = 1, 2, . . . , Ti, (1)

whereα is a scalar, Xit is the it-th observation onK explanatory variables andβ is the vector of coefficients of the explanatory
variables. The individual effect µi is used to capture the heterogeneity of individuals, which is seen as a random variable
with mean zero and variance σ 2

µ in this paper, and the idiosyncratic errors {νit} are assumed independent and identically
distributed with mean zero and positive variance σ 2

ν . Throughout this paper, the missing pattern is set to monotone, which
means that once {yit , Xit} misses then {yis, Xis} will miss for each s > t . As Baltagi (2008) argued, misspecification of
individual effects in the error component will lead to seriously biased standard errors and inefficient statistical inference. It
is therefore important to test for the existence of individual effects in the error component. The main purpose of this paper
is to develop some robust test methods for individual effects in the error component model with incomplete panels.
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In the literature, there are some relevant work on testing for the individual effects in the error component models with
incomplete panel data. We give simple reviews as follows. Baltagi and Li (1990) extended the traditional Breusch and Pagan
(1980) Lagrange multiplier test to the error component regression model with incomplete data. The test is based on the
assumption that the alternative hypothesis is two-sided while in fact it should be one-sided due to the nonnegativity of
variance. Moulton (1987) extended the uniformlymostly powerful test (UMPT) of Honda (1985) to the casewith incomplete
panels. It is reported by Moulton and Randolph (1989) that the asymptotic N(0, 1) approximation of the test can be very
poor even in large samples. Moulton and Randolph (1989) further suggested a test statistic which has better critical value
approximations by standardized the test statistic in Moulton (1987). Similar to the aforementioned LM tests, this test has a
simple form that is easy to compute from OLS residuals. However, all the tests mentioned above require the assumption of
normality of idiosyncratic errors and independence among the regressors, individual effects and the idiosyncratic errors.

In this paper, we propose a test statistic for individual effects in the error component model with incomplete panel data,
which can be robust to the normally distributional assumption of the idiosyncratic errors and the independence among
the regressors, effects and the idiosyncratic errors. Specifically, on the basis of the difference of variance estimators of
the idiosyncratic errors at different levels, we construct a test statistic which can be shown to asymptotically normally
distributed under the null hypothesis, and as the extension of the moment-based test methods of Wu and Li (2014) to the
case with incomplete panels. Power study shows that the test can detect local alternatives distinct at the parametric rate
from the null hypothesis and has a larger asymptotic power than the corresponding ANOVA F test when the individual
heterogeneity effects are correlated with regressors. Monte Carlo evidence shows that the test statistic has desired finite
sample properties. A real data example is also analyzed for illustration.

The rest of this paper is organized as follows. In Section 2, we introduce an orthogonal-based estimator for the parameter
coefficient, construct a moment-based test statistic and study its asymptotic properties under the null and the alternatives
respectively.Monte Carlo simulation experiments and the corresponding results are stated in Section 3. Section 4 applies our
testing method to a real data example. Section 5 contains a short discussion and conclusion. Technique proofs are relegated
to the Appendix.

2. Testing for individual effect

2.1. Parameter estimation

Model (1) can be rewritten into the vector form as
yi = αιTi + Xiβ + µiιTi + νi, i = 1, 2, . . . ,N, (2)

where yi = (yi1, yi2, . . . , yiTi)
′, Xi = (Xi1, Xi2, . . . , XiTi)

′, νi = (νi1, νi2, . . . , νiTi)
′ and ιTi is a vector of ones of dimension Ti.

We can find a matrix QTi such that (
ιTi√
Ti
,QTi) is a Ti × Ti orthogonal matrix and then Q ′

Ti
ιTi = 0, although the matrix QTi is not

unique. Conducting a transformation on model (2) with the matrix Q ′

Ti
, we have

Q ′

Tiyi = Q ′

TiXiβ + Q ′

Tiνi, i = 1, 2, . . . ,N. (3)

Denote QTi = (qi,1, qi,2, . . . , qi,Ti−1) and qi,l = (qi1l, qi2l, . . . , qiTi l)
′, l = 1, 2, . . . , Ti −1. In practice, we recommend a simple

formofQTi with qi,l =
1

√
l(l+1)

[lei,l+1−
l

k=1 ei,k] for l = 1, 2, . . . , Ti−1,where ei,k is a Ti-dimensional vectorwith the kth ele-
ment being one and other elements zero.We consider the ordinary least squares (OLS) method for parameter β in model (3)

β̂ = argminβ

N
i=1

∥Q ′

Tiyi − Q ′

TiXiβ∥
2

=


N
i=1

X ′

i Pι⊥Ti
Xi

−1 N
i=1

X ′

i Pι⊥Ti
yi,

where ∥·∥ is the Euclidean norm and Pι⊥Ti
= QTiQ

′

Ti
= ITi − ιTi(ι

′

Ti
ιTi)

−1ι′Ti is independent of thematrixQTi . Note that the above

estimator is the so-called orthogonality-based estimator (OBE) in the paper of Wu and Zhu (2010). We can further obtain
that α̂ =

1
n

N
i=1 ι′Ti(yi − Xiβ̂) with n =

N
i=1 Ti. Under some mild conditions, α̂ and β̂ can be shown to

√
N-consistent and

asymptotically normal, see Wu and Zhu (2010) and Baltagi (2008) for more details on the parameter estimation.

2.2. Construction of statistics and power study

In this subsection, we consider to construct a statistic to test for individual effects in model (1). And we need to point out
that all the asymptotic results in this paper are based on the setting that the individual number N tends to infinity and the
numbers of time periods {Ti} are fixed.

The hypotheses of the test can be formalized as
H0 : σ 2

µ = 0 vs. H1 : σ 2
µ > 0,

where σ 2
µ is the variance of individual effects. For model (3), it holds that

E∥Q ′

Tiνi∥
2

= E


Ti−1
l=1

(q′

i,lνi)
2


= (Ti − 1)σ 2

ν .
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