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:1larno Verbnek

14 PSEUDO PANEL DATA

In the previous chapters much attention was paid to estímation and testing
strategies using panel data in a variety of models.~ In practical situations,
however, a true panel data set may not always be available, while repeated
cross sections are. For example, in the United Kingdom, no panel data are
available on consumer expenditures or laboiir supply. Nevertheless, a random
sample of the population is available each year in the Family Expenditure
Surveys (F.E.S.). Recently, several authors have stressed the fact that panel
data are not indispensible for the identification of many commonly estimated
models and that the parameters of interest can often be identified (with or
without some additional assumptions) from a single cross section or a series
of cross sections (see, for example, Heckman and Robb [1985], Deaton [1985]
and MofTitt [1991]). In this chapter we shall discuss the identification and
estimation of panel data models from repeated cross sections. In particular,
attention will be paid to linear models with fixed individual effects and to
models containing lagged endogenous variables.

Models containing individual effects that are correlated with the explana-
tory variables ("fixed effects models") often arise natutally from economic
theory, for example in life cycle models where the individual effects represent
marginal utility of wealth (see, for example, Heckman and MaCurdy [1980],
~1laCurdy [1981] and Browning et aL (1985J). Deaton (1985] has shown that
the slope parameters in such models can usually be identified from a series of
independent cross sections. In his approach, which will be described below,
individuals sharing some common observed characteristics, Gke age or sex,
are grouped into cohorts, after which the averages within these cohorts are
treated as observations in a pseudo panel (or synthetic panel). Because the
observed cohort aggregates are error-ridden measurements of the true cohort
population values, Deaton [1985] proposes an errors-in-variables approach.
In practice this errors-in-variables problem is usually ignored if the number
of observations within each cohort is reasonably large (see, e.g., Browning
et al. (1985J, Blundell et al. [1989] and Moffitt [1991]). The latter author,
among other things, generalises the identification and estimation results to

' This chapter has benefitted from helpful comments by Bertrand 4felenbetg and Theo
Nijman.
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models with lagged endogenous variables (excluding fixed effects). Extensions
to linear dynamic models are also providetl by Collado [1991], who, however,
does not ignore the errors-in-variables problem.

The structure of this chapter is as follows. In Section 14.1 the estimation

of a linear fixed efiects model is discussed along the lines sketched by Deaton
(1985], while in Section 14.2 attention is paid to an instrumental variables

interpretation oí estimators based on grottped data, with a discussion of possi-

ble alternative estimators. The estimation of models with lagged endogenous
variables is briefly discussed in Section 14.3. Finally, Section 14.4 concludes.

14.1 Estimation of a Linear Fixed Efiects Model

To illustrate identification and estimation from pseudo panel data we shall
start with analysing a simple linear model with fixed individual effects, as
discussed in Chapter 3. Consider the basic covariance model as given in (3-2),

y~: - i,~tA-f a~ -~ ua, t- 1,...;T, (14-1)

where p is the parameter of interest. The index i refers to individuals and
throughout this chapter we shall assume that the available data set is a series
of independent cross sections, such that observations on N individuals are

available in each period.2

If the individual effects a; are uncorrelated with the explanatory variables
in x,,, model (14-1) can easily be estimated from repeated cross sections by
pooling all observations and performing ordinary least squares treating a; ~- u;,

as a composite error term. The drawback of using repeated cross sectional
data is that the variance of a; cannot be identified. ~loreover, the resulting
estimator may be less efficient than when a genuine panel data set would be
available. This latter point is discussed elaborately in Nijman and ~'erbeek

[1990].

However, in many applications the individual effects a; are likely to be
correlated with the explanatory variables in ~; so that estimation procedures
treating the a; as random drawings from some distribution (as in the ran-
dom effects model) lead to inconsistent estimators, unless the correlation is
explicitly taken into account. When panel data are available, this problem
can be solved by treating the a; as fixed unknown parameters. Obviously, this
strategy no longer applies if no repeated observations on the same individirals
are available.

In a recent paper, Deaton [1985] suggests the use of cohorts to obtain
consistent estimators for ;3 in (14-1) if repeated cross sections are available,
even if the individual effects are correlated with the explanatory variables.

2 Because different individuals are observed in each period this implies that i does not run
from I to N for each t.
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Let us de(ine C cohorts, which are firoups of individuals sharing some cornrnon
charactr.rist.ics. These groups are de(ined such that each individual is a mernb~r
of exactly one cohort, which is the same for all periods. For example, a par-
ticular cohort may consist of all malr's born in L950-1955, or oi all individuals
having a university degree on .lanuary 1, 1980. It is important to realizc
that the variables on which the cohorts are defined should be observed for alt
individuals in thc sample. This rules out variables like "wage earnings in 19~37"
or "family size at January lst, 1990" because these variables are typically not
observed for all individuals in the sample.

If we aggregate all observations to cohort level, the resulting model can
be written as

J~~ -?rr.rti~ f á~r f u~r, c- 1, ...,C; t- 1,...,T, (14-2)

where y~r is the average value of all observed y;,'s in cohort c at time t, and
analogously for the other variables in the model. The resulting data set is
a pseudo panel or synthetic panel with repeated observations over T periods
and C cohorts. The main problem with estimating A in (14-2) is that á~,
depends on t, is unobserved and is likely to be correlated with ~, (viz. if a; is
c.orrelated with x„). Therefore, treating á~, as random errors is likely to lead
to inconsistent estimators, wtrile treating them as fixed unknown parameters
results in an identification problem unless the variation over t can be ignored
(~~t - ir~}. If cohort averages are based on a large number of individual
observations, this assumption seems reasonable and a natural estimator íor
,3 to look at is the covariance estimator (or within estimator) on the pseudo
panel, given by

pH, - (?~r - ?.~)(y~e - yr:) J , (14-3)
r

where i{ - T~T 1~, is the time average of the observed cohort means for
cohort c. If the average cohort siae n~ - N~C tends to infinity, consistency of
this estimator requires that

C T

PLm C7, ~ ~(?~t - ~)ut:a - Q
n~--~ ~-t r-r

and

(14-4)

1 C T

Plim C:7, ~ ~(~t - ~)á~~ - ~. (14-5)
"~-~ ~-r ~-r

Since á~, -~ a~ (for some a~ ) if the number of observations in cohort c at
time t tends to infinity, this argument can be used to prove consistency (as
in Moffitt (1991]). However, it is not a priori obvious that ( 14-4) holds when
only the number observations per cohort (N~C) tends to infinity. This will
only be the case if there are no time effects in u;t, i.e., if plim„~-.o, u„ - 0 for
all t. b4oreover, as shown by Verbeek and Nijman [1992a], even if the cohort

t
,(~ ~(~r - ~)(~r - ~) ) (~ ~~-r r-~ r-r r-
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sizes are large, the bias in the within estimator on the pseudo panel, AN„ may
still be substantial.

Consequently, using n~ -. oo to approximate the behaviour of i3~„ though
simplifying, may not be the best choice in practice, a point to whicl~ we shall
return below. Procedures have been developed that do not depend on having
large numbers oí observations per cohort. A convenient way of analysing the
problem follows from considering the cohort population version of (14-2), as
suggested by Deaton [1985]

y~~ - x{iQ ~- a~ ~- u~„ c- 1, ..., C, t- 1, ...,T, (14-6)

where the asterisks denote unobservable population cohort means and where
a~ is the cohort fixed effect, which is constant because population cohorts
contain the same individuals in all periods. Now i~, and j~, can be considered
as error-ridden measurements of xt, and y~,. In particular, it is assumed that
the measurement errors are distributed with zero mean, independent of the
true values. In particular,

~ 0 a o'C 2~t - y~ 1 ~, i.i.d. ~~0~ ; ~ ~ - ~ , (14-ï)
.~i -~i J " `

where the population cohort means are treated as fixed ( unknown) constants.
Although ~, o and o0o are unknown, they can easily be estimated consistently
(for tV, T, or both, tending to infinity) using the individual data. Once
estimates for E and o are available, it is easy to adjust the moments in the
within estimator to eliminate the variance due to measurement error (cf. Fuller
(1987]). This leads to the following errors-in-variables estimator

i
I C T ~ `-

Qo - (CT ~ ~(~~ - ?~)(?~~ - ~) - rÈ~ x
~-~ ~-~

1 C TC C7, ~ ~(?~~ - ?~)(y~~ - Y~) - rà , (14-8)
~-~ ~-i

where ~ and ó are estimates of E and o, respectively, and where r- (T -
1)~T. As discussed in Verbeek and Nijman ( 1992b], the original estimator
presented by Deaton [1985] is characterized by r- 1. líowever, eGminating
the incidental parameters first ( by within transforming the data) and working
out the appropriate moments results in r-(T - 1)~T. Of course, when T is
large, the difference between the two estimators will be negligible.

The asymptotic behaviour of i3o depends crucially on the type of asymp-
totics one is willing to apply. If the number of observations in each cohort
(n~) tends to infinity, the measurement errors tend to zero and both r and v
tend to zero, as well as their estimators. In this case the errors-in-variables
estimator ;3D is asymptotically identical to the within estimator on the pseudo
panel Qn,. Consequently, if n~ is reasonably large, most applied studies ignore
the errors-in-variables problem and use standard estimators Like {3~v, see,
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for r'xample, I~rowning rt al. [1985~ (with an average cohort size of 19Q), or
Blundell et aL [1989) (with cohort sizes of 3Q0-400).

For finite n„ the r'rrors-in-variables estimator 13D is consistent for ,3 for
cithcr C or T going to infinity (or both) provided that the adjusted momr'nts
matrix of the explanatory variables in (14-8) is nonsingular.

The construction of the cohorts.

In the constr~iction of pseudo panel data, it is clear that there is a trade-off
between the number of cohorts C and the size of these cohorts. Smaller cohorts
(with less observations) imply less precise estimates of the population cohort
means, so essentially the trade-off is between the number of observations and
the acciiracy of these observations. Using the errors-in-variables estimator
!3D it is possible to optimize on this trade-off and to choose an optimal cohort
size. If, instead, one uses the standard within estimator QN„ there is also a
trade-off, but in this case it is between bias and variance of the estimator.

In addition to the sizes of the cohorts, the way in which the cohorts are
constructed is also important. Since one would like to have measurement error
variances that are as small as possible, one would like to construct the cohorts
such that the variation within cohorts is small, while the variation between
different cohorts is large. In other words, the individuals within each cohort
should be as "homogeneous" as possible, while those from different cohorts
should be as "heterogeneous" as possible. Suppose, as an extreme example,
that cohorts are defined on the basis of a variable that is independent of the
variables in the model. In that case the true cohort means xit would be
identical for each cohorx c(and equal the overall population mean) and the
only source of variance left in the data that is not attributed to measurement
error would be the variation of ~t over time. If these population means do not
change over time, all variation in the observed cohort means is measurement
error and the errors-in-variables estimator QD does not have a well-defined
probability limit.

In practice, cohorts should be defined on the basis of variables that do
not vary over time and that are observed for all individuals in the sample.
This is a serious restriction. Possible choices include variables like age (date
of birth), sex, race, residential location, manual or non-manual worker, etc.
Identification of the parameters A in the model requires that the expectation of
each element in ~, conditional on the cohort identifying variables varies with
t. This requirement puts a heavy burden on the cohort identifying variables,
in particular if only birth cohorts are used (e.g., Blundell et al. [1989]).

The choice of asymptotics.

As said before, the behaviour of the estimators depends crucially on the
asymptotics one is willing to apply. In addition to the two dimensions in real
panel data (N and T), there are two additional dimensions, the number of
cohorts C, and the number of observations per cohort n~, which can be used
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to define asymptotics. Contrary to N and T, these latter two dimensions
are not cíetermined by the available sample but can be chosen in the analysis
stage.

In choosing the desired asymptotics, I would like to start from the view
that asymptotic theory is not meant as a guideline for how our estimators
will behave when we get more data. Rather, we appeal to asymptotic theory
when some dimension of the sample we already have is large enoitgh for this
to be appropriate. This view gives rise to the question which dimension of the
sample is "large enough" to use asymptotics on it. An additional important
question is which type of asymptotics assures consistency of our estimators.

Table I4-1: Consistent estimators for ,Q

N fixed N -a oo N -~ oo N -~ o0

C fixed C fixed C-- oó C--~ o0

n~ fixed n~ -. oo n~ fixed n~ -~ o0

T fixed

T~ oo Qo

`

~3o,3H,

Qo

Qo

po ~ Qw

QD,i3K,

We shall analyse the second question first. In Table 14-1 we present an

overview of conditions for consistency of our estimators pk, and Qo under
the assumption that the individual effects a; and the explanatory variables
in x„ are not uncorrelated, while u;, and x„ are. When only N and n~ tend
to infinity (indicated in the table by ~`) consistency of the estimators depends
on the question whether aggregation into coltorts is independent of u,,, i.e.,
whether u~, in (14~) can be assumed to be zero. If there are no cohort or
time effects in the error term u;,, this is the case and CT ~ oo is not required
to attain consistency. If u~, is nonZero, both QK, and po are inconsistent
because they converge to a random variable instead of a constant. They are,
however, unbiased estimators for Q. Overall, we see in the table that the crucial

condition for consistency of the standard within estimator Qu, is whether the
number of observations per cohort n~ tends to infinity or not. This is obvious
because p~, and 3o become equivalent when n~ tends to infinity.

There is, unfortunately, no general rule to judge whether n~ is large enough
to use asymptotics in n~. In a recent article, Verbeek and Yijman [1992a]

analyse the bias in 3~v for finite values of n~. Depending on the way in which
the cohorts are constructed, the bias in the standard withirt estimator may
still be substantial, even if the cohort sizes are fairly large. In general, it
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herlds that, for given n~, the bias is srnaller if the cohort are chosen such that
thc rclative maf;nitude of thc mc.rsurement crrors is smaller compared to the
witlrin cohorts variance of ~',. [n practice, however, it may not be that easy
to chouse tlle cohorts in such a way.

14.2 An Instrumental Variables Interpretation

In a recent paper, dfo(fitt [1991] proposes an alternative approach to the
estimation from repeated cross sections, which generalizes the discussion above
in some directions. His approach starts from the general observation that
grouping can be viewed as an instrumental variables procedure, a fact which
was first noted by Durbin (1954]. To illustrate this we first of all decompose
each individiral effect a; into a cohort effect a~ and individual i's deviation
from this effec.t. Letting d„ (c - 1, ..., C) equal 1 if individual i is a member
of cohort c and 0 otherwise, we can write

c
a; - ~ a~d~; f v;. (14-9)

~-r
Substituting (14-9) into (14-1), one obtains

c
y;t - x;t~ f~a~d~~ -~ v; f u;t, (14-10)

~-r
where-for expository purposes-attention is restricted to a scalar x variable.
Because a; and x;, are torrelated, it is not unlikely that v; and x;, are corre-
lated as well. Therefore (14-10) can not be estimated consistently using least
squares procedures.

Now, suppose that instruments for x;, can be found that are (asymptoti-
cally) uncorrelated with v; (and u;,). In that case, an instrumental variables
estimator produces a consistent estimator for A and a~. Defining the time
dummies D„ - 1 if s- t and 0 otherwise, we can use these dummies,
interacted with the cohort dummies, as instruments for x;,, i.e., we derive
a linear predictor from the reduced form' "

C T C
xta - ~~7r,eed~,D,a f ~?'s,rdr; -t-w;,. (14-11)

~-r,-r c-r

The linear predictor for x;, from this is given by i;, - i~,, which is the average
value of x;, in cohort c at time t. The resulting IV estimator for Q is then
given by

r ( 1
pfvr - ~~ ~(x~e - i~)~~ - ( ~ ~(x~i ' z~)(y~r - Yr:)J , (14-12)

`e-1 t-1 `e-1 t-l

Indeed, this equation suffers from ezact multicollinearity. Arbitrary restrictions can be
used to solve this problem without affecting the resulting linear predictor.

~
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which is identical to the standard within estimator ~3H. on the pseudo panel of
cohort data, as presr.nted in the previous section.

Of course, conditions for consistency of (3~vt are identical to those for Ata..
These conditions imply that the instruinents for x;, vary with t (at least one

element in y~ is nonzero) and are (asymptotically) uncorrelated with v; and

u;t. Given the presence of d~; in (14-17) these conditions reduce to'

N T

phm 1 ~ ~(x~~ - i~)u;~ - ~
„~,~ ~YT ;-t ~-~

and

(14-13)

1 N T

plim ~ ~(i~, - i~)v; - 0. (14-14)
„~,~ NT ~-t ~-t

It is easy to verify that these two conditions are equivalent to (14-4) and
(14-5), respectively. Under these conditions the instruments for x;, are asymp-
totically valid ( for n~ -r oo).

Recently, Moffitt [1991] presented a more general class of instrumental
variables estimators. Instead of using cohort dummies, time dummies and a
full set of interaction dummies, IVfoffitt's approach allows a more parsimoni-
uous parametrization. Because the errors-in-variables problem is neglected,
n~ y oo is assumed thoughout.

Moffitt starts by introducing the linear projection of ~; upon a vector of
time invariant variables, ~, say,

o; - ~ B -~ v; (14-15 )

and the linear projection of x;, upon time invariant and time varying variables

x.~ - Í~,71 ~- ~7Z f w~~ . (14-16)

Now (1~I-15) is substituted into (14-1) and ttiis new equation is estimated
using the linear projector of x;, from (1-I-16), as an instrument for x,,. Con-
sistertcy of this IV estimator requires that at least one element of 7t is different
from zero, and that

1 N T

plim N7,~~i„u„-~
n~-ro ~-( tcl

and

(14-17)

1 .N T
plim -~~2~tv~ - 0. (14-13)
„~-~ NT ~-i a-t

Since x;, and o; are correlated this latter condition is nontrivial.

Since tiloffitt's instrumental variables procedure generalizes the standard
within estimator on the pseudo panel, for which conditions for consistency

~ Ideally, notation should indicate that i reflects diHerent inàividuals in each period, Cor

example by letting t run from 1 to T, while i runs írom 1~ tY(t - 1) to Nt tor a given

value ot t.
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have been analysed in mom depth above, it is worthwhile to analyse thr~
yuc~stion whether rnorr~ attractivic estimators can be construeted from t.his
procednre. `fhis is a tough question, bccause it is very ríilricult to verify
whether conditions (14-17) and, particularly, (14-18) hold, Iet alone to test
them. Essentially, conrlition (14-18) says that, eonditional upon ia., f and v,
should be (isymptotically) uncorrelated. Suppose, withont loss of generality,
that f r is orthogonal (or orthogonalized) with respect to w,. Then, (14-18)
says that f r and v; are asymptotically uncorrelated. The only case where this
is a priori obvious is the case where f r does not vary with i and asymptotics
are taken for N~ oo.

Even when a genuine panel cíata set is available, consistency of the IV
estimator is not guaranteed, whatever asymptotics one wants to use. Only in
the extreme case, where tv; contains individual dummies (such that v; - 0),
consistency follows cíirectly (provided (14-17) holds), independent of the choice
of instruments for z;,. ~Vhen z;, is used as its own instrument, the standard
within estimator (or covariance estimator) for A is obtained. Ilowever, when
w; does not contain a dummy for each individual, some source of unobserved
heterogeneity is left in v;, which may be correlated with the instruments for
x;, (conditional on w,). If these instruments vary with t only, consistency is
obtained for N y oo, as in the case of pseudo panel data.

In summary, we have seen in this section that it is possible to give an
insttumental variables interpretation to the (standard) estimators based on the
pseudo panel. This interpretation suggests a whole new range of estimators.
However, while consistency of the standard within estimator is achieved when
cohort sizes tend to infi~ity, there is no such guarantee for alternative estima-
tors in this class, unless the instruments for x;, do not vary with i conditional
upon the instruments for n;. Having instruments for individual time series
data that do not exhibit individual variation, may not be a fortunate situation
and may lead to inaccurate estimators.

14.3 Estimation of Linear Dynamic Models

In this section we shall brieRy discuss the estimation of models containing
lagged endogenous variables using repeated cross sections. Our starting point
is the autoregressive model without exogenous variables, as discussed in, e.g.,
~ndetson and Hsiao [1981] and Nickell [1981],

yec - óy;.e-, f ar f utc, t- 1. .... T. (14-19)

In this section, we shall analyse the question to what extent the results of
Section 14.1 can be generalized to capture the autoregressive model. Note that
it is an inherent feature of model (14-19) that a; and y;,t-1 are correlated.
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Defining cohorts in exactly tlie same fashion as b~fore, we obtain

J~~ - óJ-,a-i f á~t ~- u~~, c- 1,...,C; t- 1,...,T, ( 14-20)

where it is important to realize that aggregates with a different time index are
based on difíerent individuals. The cohort population version of this model is

y~, - óy~,,-1 ~ a~ ~ u~„ c- 1,...,C; t- 1,...,T. (14-21)

Assuming, as before, that

y~i - y~c "' i.i.d(0,~o0), (14-22)
the measurement error adjusted within estimator based on cohort aggregates
is given by

i
1 ~ T z T-1.

óo - (CT ~ ~(y~.~-i - Y~,-i) - 7, aoo~
~-i ~-r

1 C TC C;T, ~ ~(y~,~-t - TJ-~,-i)(J~,i - Y~) ~
~-i ~-i

(14-23)

where it is assumed that an initial observation for 1- 0 is available (such

that y~,-1 -(1~T)~; ly~,,-1). This estimator is consistent for ó provided
T-. oo (see Collado [1991] for details). The inconsistency for finite T is due
to exacily the same cause as the inconsistency of the covariance estimator in
the autoregressive model based on a genuine panel data set (see Chapter 6),
viz. that the (within) transformed regressor is correlated with the transformed
error term. As this correlation is of the order 1~T it disappears when T gets
large.

Just as in the case of true panel data, it is possible to construct a consistent
estimator for ó for finite T, by using instrumental variables techniques (cf.
Collado [1991]). Let us, instead of taking within transformed data, take first
differences, denoted by r.~. Then we have

Jy~~ - ó-~Y~.~-i ~- Dá~r ~- ~u~~, c- 1,...,C; t- 2,...,T. (14-2-1)

The least squares estimator based on (14-24) corrected for measurement error,
given by

1 C T
2

óo - C(T - 1) ~~(Dy~.e-i) - 2000
~-i ~-z

1 C T

~~ Dy~,~-iJy~~ ,
C(T - 1) ~-i ~-z

(14-25)

is inconsistent, even for T--. oo. Now suppose we use y~,,-2 as an instrument
for .,y~,,-1. Of course, j~,,-z is not a valid instrument because it is correlated
with ,,~~,, but it is possible to correct for this. Since, from (1.1-22),

E{(J~,~-z - Y~,i-z)(Dy~.t-i - ~Y~.e-i)} - -QOO, (1-1-26)
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a consistent estirnator for finite T is given by

C T ~~ 1
- (C(T - 1) ~

~(y~,c-z~y~,a-i) f áoa~
~-~ ~-~

X

1 C T

1 C(T - 1) ~ ~ y~,~-aDy~i . ( 14-27)
` ~-r c-s

Thus, we can correct for the invalidity of the instrument by adding (an estimate
for) o0o to the covariance matrix. Because data on an individual level are
available, this variance can be identified from the micro data.

A discussed before, if cohort sizes tend to infinity one can ignore the

errors-in-variables problem and set áoo to zero. In this case, bó is still

inconsistent for finite T, while the instrumental variables estimator b presented
in (14-27) is consistent.

Several generalizations of the ideas outlined in this section are possible.
First, alternative (adjusted) IV estimators for model ( 14-19) can be devel-
oped, for example using 0j~,,-Z as instruments along the lines of Chapter 6.
Second, exogenous variables can be added to the model as well. This is a

straightforward extension of the methods presented in the preserrt section and
Section 14.1. (See Collado [1991] for details.)

14.4 Concluding Remarks

In this cliapter we have briefly discussed the problem of estimating panel
data models from a time series of independent cross sections. In particular,
attention was paid to the estimation of a static "fixed effects" regression model
and to an autoregressive model with individual effects.

The approach suggested by Deaton [1985] is to divide the population
into a number of cohorts, being groups of individuals sharing some common
characteristics, and to treat the observed cohort means as error-ridden mea-
surements of the population cohort means. The resulting estimator for the
static linear model with fixed effects is a corrected within estimator based
on the cohort agóregates. This estimator is consistent when the number of
cohorts or the number of sample periods (or both) tend to infinity. If the
number of observations in each cohort is large, it may be valid to ignore the
errors-in-variables problems and to treat the pseudo panel set as a genuine
panel data set.

The latter assumption is made by ,tifotFtt [1991], who considers a general
framework of instrumental variables estimators (of which explicit grouping is
a special kind}. The conditions for consistency of estimators from this class
are nontrivial, except for some very special cases.
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The estirnation of dynamic panel data models from repeated cross sections
is considered hy Cc~I1:Lrln (l~~l], who ~xt~nds the results of D~~aton (1~4.5] to
moclcls with :~ lag;ed endogenous variable appParing on t.he right-hand sidc.
A straightforwarcl ~xtension is shown to yield consistent estimators for thc~
nuntbc~r of tirne periods tencling to infinity only. I3y using an instnimental
variables estimator based on the grouped data, consistency can be achieved
for finite T.

Finally, it should be mentioned that the fact that pseudo panel data are
created from repeated cross sections also has some advantages. Many panel
data sets suffer from (possibly non-random) attrition, a problem which is
clearly not present in cross sectional data sets. Moreover, pseudo panel data
can provide a relatively long time series of observations compared to genuine
panel data.
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