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In this paper we consider the estimation of time-dependent parameters in linear modcls from
panel data, cross-seclions, or both. We determine the fraction of individuals that should be
rcinterviewed each period in order to minimize the variance of the most efïicient estimator of
linear combinations of lhe parameters. Moreover we derive simple sufficient conditions for the
optimal fraction to be zero or one, respectively.

1. introduction

In recent years economists often have financial resources at their disposal to
have data collected. In this paper we analyse how to spend this money
efficiently if the aim is, e.g., to monitor average expenditures on some con-
sumption categories by either interviewing the same individuals in several
periods or interviewing different individuals in dift'erent periods or a combina-
tion of these two approaches. The 6rst approach yields a data set known as a
panel, while the second approach gives a series of cross-sections. As is well
known [see, e.g., Hsiao (1985)] a panel data set has several advantages
compared to a series of cross-sections: if a panel is available additional
parameters might be identifiable, omitted variable bias might be reduced, and
errors-in-variables models might be estimable without recourse to external
instruments [Griliches and Hausman (1986)]. On the other hand, it has
recently been shown in the econometric literature that panel data are not
indispensible for the identification of parameters in a wide class of models
[see, e.g., Deaton (1985), Moffitt (1988), and Heckman and Robb (1985a,b)].
Relatively little attention however seems to have been paid to the analysis of
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for helpful comments and suggestions. Financial support by the Royal Dutch Acadcmy of Arts
and Sciences (K.N.A.W.) and by the Netherlands Organisalion for Scientific Research (N.W.O.) is
gratefully acknowledged by the first and second author, respectively.
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the efficiency of estimators obtained from panels, cross-sections, or a combina-
tion of these two data sources, which is the subject of this paper.

In the first part we concentrate on the estimation of linear combinations
~'p -~T lf rpr of the period means ~, in the simple analysis of variance model

y~r - ilr f a; f f;r, i~ 1,..., N, t~ 1,..., T, (1)

where the a; and e;r are i.i.d. random variables with mean zero and variances
aá and a~2, respectively, which are mutually independent of the unknown
constants irr. Subsequently, we discuss extensions to the analysis of covariance
model

Y;r-Frrt~,x;,ta;te;r,

where the x;r are observed and independent of a; and 1:;, and extensions to (1)
or (2) with linear restrictions on the time-dependent parameters. Throughout
this paper we assume for simplicity that the parameters aá and a~ are known
a priori. If these parameters are unknown and replaced by consistent estimates
the same results hold true asymptotically.

Let rl denote the relative cost of interviewing T different individuals in T
periods compared to interviewing the same individual T times. The value of rl
of course depends on T and on the problem under consideration, but experts
suggest that it will usually be slightly larger than one. The only formal analysis
of ~ in the literature we are aware of is presented by Duncan, Juster, and
Morgan (1987) who suggest that the field costs of a cross-sectional survey
comparable to an additional wave of the Panel Study of Income Dynamics
(PSID) are 30`b to 70`b higher than the costs of such an additional wave,
yielding 0.7 f 0.3T ~ rl ~ 0.3 f 0.7T. We show in section 2 that a pure panel
will yield the most efficient estimate of any linear combination of the period
means in ( 1) if ~ ~ 1 f(T- 1)p with p- a;(aá f a; )-1, while the same holds
true for a series of cross-sections if ~ ~ 1- p. If one is estimating changes in
means the condition for optimality of panels can be relaxed to ~~ 1- p,
while in case of an estimate of the average mean cross-sections are already
optimal if rl ~ I f(T - 1)p. Analytical and numerical results are presented for
cases in which neither of these conditions is satisCied. In section 3 a numerical
illustration is given using Dutch consumer expenditure data. Extensions to the
analysis of covariance model ( 2) are provided in section 4, while section 5
contains some concluding remarks. Note that we do not assume any a prrori
knowledge on the parameters in (1) or (2). If such knowledge would be
available, Stein-rule estimators or estimators based on an assumed hyperdistri-
bution would be superior to the estimators to be considered below.
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2. Analytical and numerical results tor the analysis ot variance modcl

Dcnote the maximum sample size per period, given the available funds, if
di(Terent individuals are interviewed each period by N and the fraction of Ihe
funds used to collect panel data by J1, which implies that J1,tN individuals will
be reinterviewed every period, while the remaining (1 - J1)N individuals will
be replaced each period. The analysis of this type of data is advocated, e-g., by
Kish (1986) who refers to it as a spGt panel design (SPD). We will determine
the optimal value of ~ as a function of the relative cost of the two types of
data sets rt, the importance of the individual e(fect p and the linear combina-
tion E'~ of the ~,'s one is interested in. A similar analysis of the choice
between pre-experimental observations and contro) groups in social experi-
mentation has been presented by Aigner and Balestra (1988).

In order to determine the optimal fraction ~ of the budget to be spent on
the collection of panel data, we will first derive the ef6cient estimalor and its
variance for given values of 71. It is well known [see, e.g., Hsiao (1986, p. 34
(T.)] that the best linear unbiased estimator of }~ ~(~~,..., ~T)' in (1), using
only the information on individuals which are reinterviewed every period, is
the Aitken estimator ~~ (which in this case coincides with the OLS estimator)
and that

var( ~o) z ( 7t~N ) -' V~, (3)

where V~ - a~IT } ~a~T~T and rT is a T-dimensional column vector of ones.
Analogously, the best linear unbiased estimator based on the cross-section
information only is the OLS estimator ~~, for which

var(F~~,) a ((1 -71)N)-~V~r. (4)

with V~, ~( a~ f o; )IT. Since ~ and fi~, are independent, the best linear
unbiased estimator which uses a~ available data is given by

jt~ {11tIVo' f (1 -A)V~,~}-~{~tlVó ~~of (1 -A)V~r~l~r:}. (5)

It is easily verified that

var(f~F~) - N-'~'(V~;~ f J1W)-lf~ (6)

whcre W-~Vó ~- V~, ~. Since V~, ~ is positive definite and W is symmetric
tliere exists a nonsingular matrix Q such that Q'V~, ~Q - IT and Q'WQ s D
with D a diagonal matrix containing the eigenvalues d, of V~,W and
Q containing the (suitably normalized) eigenvectors of V~,W ( see, e.g.,
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Gantmacher (1959, p. 313 ft.)]. Therefore the variance of E'p can be written as

r a2
var(E'~)sN-'S'[IrtaD]-~B-N-~ ~ `~.t (~d,tl)'

with 8- Q'E. Straightforward algebra shows that in our case

V~,Wa (1 -P)-~[(n tP- 1)fr-~P[1 t(T- 1)P)-~rr'í-~~

(7)

(8)

with eigenvalues d, ~~(1 - p)-~ - 1~d ( ! - 1,..., T- 1) and dr- n[1 f
(T- 1)p]-~ - 1. Using the equaGty of the first T- 1 eigenvalues we obtain

r-t a: SZ,,, ~ , t , rvar(E p) N- r~ ~d, t 1} N- J1drt 1

1-~ wt.~N-aa
~df 1}J1drf1 '

(9)

with w - ST(8'ê)-~. Because V~, ~(oá f a;)Ir- QQ' and (o; f o~ ) ~r~tiT
is the eigenvector of V~,W associated with dr, (9) can finally be rewritten as

1-~ w
var(E~P) a N-t~o; f a;)E`E ]1di. l} adr-f 1'

(10)

with w - T-~(E'~r)2rf~E-
Eq. (10) shows how the variance of the best Gnear unbiased estimator of E'p

depends on the [raction of the budget spent on reinterviews. For the special
case where T a 2 and rl a 1, it can be easily checked (rom this expression that
~, f~2 has smallest variance if ~ ~ 0(pure cross-sections), that p2 - p., is
estimated most efTiciently if 7~ a 1(pure anel), while for estimating p, or p2
the intermediate value a 3 1-(1 t 1- pZ )-t is optimal, which are well-
known results in the literature [see, e.g., Raj (1968), p. 157) or Cochran (1977,
p. 347)j.

Eq. (10) however generates more general results. The variance of E'p will be
minimized at ~ s 1 if d, ~ 0( t a 1,...,T), irrespective of E. The smallest
eígenvalue of V.,W is dT~ ~[1 t (T - 1)p]-1 - 1 which implies that a pure
panel will yield the most eflicient estimate of any linear combination of tl~e
period means if ~ ~ 1 i- (T - 1)p. The same holds irue [or pure cross-sections
if d, ~ 0 ( r~ l, . .., T), or ~ ~ 1 - p. If the relative cost of interviewing T
di(Terent individuals compared to interviewing the same individual T times
satisfies 1- p ~~ ~ 1 f(T- 1)p, the optimal sample design will depend on
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Tablc t

Valucs o( 1~ for which the variance of tha cflicicn( cs(imator of (hc period mean is minimized and
relative elTiciency compared to pure pancl or cross uctions if q a l.

T-2 T~3 T-6 Tzl2
Rcl. Rcl. Rcl. Rcl.

p a' elT. a' c(f. J1' cli. k' c(l~.

0.3 0.49 0.9R O.SI 0.96 O.S7 0.93 063 O.R9
Q6 0.44 0.90 0.4R O.R4 O.S6 0.74 064 0.65
0.9 0.30 0.72 0.35 O.S9 0.43 0.43 0.51 O.12

the parameter of interest. In general it will be difficult to obtain analytical
expressions for the optimal value of ~, ~'. However, ~' can easily be
determined numerically because it will either be a solution to the quadratic
first-order condition for a minimum of (10) or a boundary extremum because
~ E[0,1 J. Note also that a split panel design cannot be optimal if the
parameter of interest is a change in means, which implies that ~'iT- 0 or
w- 0. In that case a pure panel will be optimal if ~~ 1- p, while the series of
cross-sections is preferable if ~ ~ 1- p. The counterpart of this result is the
case where the parameter of interest is the overall mean, where ~ is propor-
tional to iT implying w- 1 and hence optimality of the series of cross-sections
if ~cl-F(T-1)p.

In order to illustrate the fact that the split panel design might be preferable
to pure panel or pure cross-section designs we present the optimal percentage
of people reinterviewed each period, 100 ~', as a function of p and T
assuming that ~- 1 and that the aim is to estimate the period means as
accurately as possible. Moreover we present in table 1 the relative efliciency of
the estimator based on this sample compared to an estimator based on a pure
panel or on a pure series of cross-sections (which can easily be seen to yield
equally efficient estimators in this case).

Cochran (1977, p. 351) showed that if rt - 1 and individuals are included in
the sample for not more than two periods, the percentage of reinterviews
which minimizes var(~,) tends to 50`b if T increases, irrespective of the value
of p. As evident from table 1, this result no longer holds in the present model.
Replacing half of the sample every period was also found to be optimal if T is
large, by Raj (1968, p. 162) who however assumed that Eu, ,u;,,-, with
u,r ~ a; f e;r is a decreasing function of s (s ~ 0).

3. Fstimates of Dutch consumer expenditures

In this section we will briefly consider the implications of the results in the
previous sections for the estimation of the monthly consumer ezpenditures of
Dutch households. We use the 342 complete monthly observations in 1985 of
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Table 2
Minimum (mazimum) relative cost of interviewing difierent iadividuals every period ~[or a panel

(scries of cross-sectioas) to yietd cfficieat estimatcs.

Change in Monthly Quarterly Annual My linear
means meaa meaa mean combination

W~o W~l~t2 W~t~4 W~t WE(O,l)

Food
Panel if n~ 0.24 7.1 8.9 9.4 9.4
C.S. if q ~ 0.24 0.27 0.33 9.4 0.24

Clo~hing
Panel if q~ 0.75 1.7 2.6 3.8 3.8
C.S. if n ~ 0.75 0.81 0.93 3.8 0.75

the so-called Expenditure Index panel conducted by INTOMART, a private
marketing research agency, on two well-defined consumption categories: food
expenditures and expenditures on clothing (including shoes, etc.). Precise
definitions of these categories are available on request.

The maximum likelihood estimates of p- a;(a~ t a; ) -' in (1) for food and
clothing are 0.76 and 0.25 with standard errors 0.005 and 0.002, respectively.
These point estimates reflect the fact that food expenditures are relatively
stable compared to expenditures on clothing. In model ( 1) we tested for
first-order autocorrelation in the e„'s with a common autoregressive parameter
y. This model (with aá - 0) was considered in Raj ( 1968). The Lagrange
multiplier test statistic against this alternative can be shown to be equivalent
to N times the (noncentered) R2 of a simple regression (see appendix). The
values of this test statistic are 1.44 and 3.52 tor food and clothing, respectively,
which we do not take as evidence against the null. Unrestricted ML estimation
of the covariance matrix of ac, f e,,, assuming only that the observations are
independent over individuals, suggests that there is some heteroskedasticity in
the data which we have however ignored.

The estimate p- 0.76 for food suggests that the relative cost of interviewing
dilTerent instead of the same individuals, ~, should be smaller than 1- p- 0.24
(or a series of twelvt monthly cross-sections to yield estimates of any linear
combination of the monthly food expenditures that are as accurate as the ones
that can be obtained from a panel in which all households are retained for one
year. If ~~[1 t(T- 1)p] - 9.36, the panel will be preferable without ambigu-
ity. For clothing these conditions are rt ~ 0.75 and rt ~ 3.75, respcctively. In
section 2 it was shown how these conditions are alTected if one restricts
attention to lint'ar combinations ~;? ~ f,P, with ~;? t~, - 0 (change) or ~t -~Z
-~~~-~t2 (annual average). The numerical resul[s are given in table 2 where
we atso present the minimum (maximum) value of ~[or which a panel (series
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Fig. 1- The optimal panel pervnage (a) for food given relative rnst (q) and linear combination ot
interest (u).

of cross-sections) will be optimal if the aim is to estimate monthly or quarterly
expenditures, respectively. These values can be obtained along the lines
described in the previous section.

Because it is evident from (10) that the optimal percentage of households
reiriterviewed every period,100 ~', depends on T, p, rl, and w - T- t(~'tT)2~~'~
only, an alternative way to present the results in table 2 is to plot the values of
J~" as a function of ~ and w if T- 12 and p - p as in figs. 1 and 2. The results
of table 2 can easily be reconstructed from these figures, and moreAVer the
reader can directly obtain the optimal value of ~ for any linear combination
of the period means he might be interested in. For comparison we have also
indicated for which values of p and w a pure panel will be more informative
than cross-sections. This is the case if ~~ 1- p f Tpw, as can be easily
checked from (10). It is unfortunate that the results in figs. 1 and 2 imply that
the optimal sample design will strongly depend on the parameter of interest,
because one will typically use the same data set for the estimation of many
difterent parameters of interest.

Finally, table 3 contains the optimal value of 11 if monlhly, quarterly, or
annual means or changes in means are to be estimated for three values of the
relative cost factor rl as well as the relative efficiency of the efficient estimator
in case of optimal sample design compared to pure cross-sections or pure
panels. It is evident from these results that the optimal design can be
substantially more informative than the extreme possibilities.
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4. Extensions to an analysis of covariance model and to restricted parameters

In this section we first extend the results obtained in section 2 for the
analysis of variance model (1) to the analysis of covariance model

Y,r-~rfQrx„ta,te,,, (2)

where a, and e;, are distributed as before and are independent of the observed
exogenous variable. Without loss of generality we assume that Ex;, - 0(t -
1, ..., T). Subsequently, Gnear restrictions on the ~t,'s and (3,'s are incorpo-
rated into the analysis and an application to the estimation of marginal budgct
shares of the consumption categories analysed in section 3 is presented.

As in section 2 we start with the derivation of the variance of the e(licient
estimator B of B -(ut,..., p.r, i(it,..., if3r)' given the sample design. Strai~ht-
forward generalization of (7) imp6es that, if the eigenvalues of VISW - r1V,.,Vv t
- 12T, with V., and Vo the variance of B if only cross-section or only panel
observations are used, respectively, are denoted by d, (t - 1, ..., 2T ) and the
corresponding matrix of eigenvectors is denoted by Q, it holds true that

zr
var(~'B~-N-t ~5,2(~d,fl)-t,

r-1
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with S - Q'~. For model (2) it can be easily checked that

rl 1 rl P iTlT 0 i l
V"W-(1-p-lll2T- I-p lf(T-1)Pl 0 SL ' ()

with fl„ - Ex„x;s~Ex~ (t, s- 1,..., T).
The eigenvalues of V~,W are d~ - ~(1 - p)-1{1 - p[1 f(T - 1)p]-~d„} - l,

with d,~ - 0(t - 1,...,T - I), d,~T~ T, and dx, (t - T f 1,...,2T) the eigen-
values of fl. Optimality of a series of cross-sections for any linear combination
of p,'s and Q,'s requires d, ~ 0(t - 1,...,2T) or r~ ~ 1- p as in section 2,
since 0 ~ d,~, ~ T. Similarly, a pure panel is preferable without ambiguity if the
relative cost factor rt satisfies rl ~ 1 f(T - 1)p, in which case d, ~ 0(t -
I,...,2T). If the attention is restricted to linear combinations of the Q,'s only,
less stringent conditions can be obtained because S~ ~ 0 for t - 1, .. ., T.
Therefore, for any linear combination of the ~~'s a series of cross-sections will
be the optimal design if d, ~ 0(t 3 Tf 1,...,2T), or

I d~"
rt~(1-p)I1-Pli-(T-1)p

'

while a panel is optimal if

d mu
r~ ~(1 - p)I 1- P l f(T- 1)p ), (13)

where dm'" and d 1~` denote the smallest and the largest eigenvalue of dd,
respectively. In applications d~" and d~` can simply be estimated consis-
tently if panel observations on z~, are available.

In order to obtain some feeling for these results we consider two special
cases. A first special case is the one where x;r can be assumed to be generated
by the analysis of variance model that was discussed in the previous sections,

x!r ~ l~s~ } a.c; f e:;r. (14)

where the ar, and e,;, are i.i.d. random variables with mean zero and variances
o; and o~, respectively, which are mutually independent and independent of
the unknown constants P,,, which yields d~" - 1- px and dm"` ~ I f
(T - 1)p„ with p: - a;(o;f o~)-~. For this special case conditions (12) and
(13) reduce to the earlier ones if px - 1. I[, on the other hand, there is no
individual efTect in the exogenous variable (p„ - 0), either a series of cross-sec-
tions or a pure panel will be optimal because the right-hand sides of (12) and
(13) coincide. If neither (12) nor (13) holds, the optimal value of ~ can be
obtained along the lines sketched in section 2.

-,
x

-1
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In the second special case that we consider we only assume

Ex„x„z0, s,r-1,...,T. (15)

This condition appears to be satisfied for many economic variables. lf (15)
holds, the eigenvalues of tl, j, ( t a 1, ..., T), satisfy

0 5j, 5 1 f(T- 1)maxll,,,r., (16)

because every element of !l is nonnegative and the right-hand side is the
largest eigenvalue of the matrix with diagonal elements equal to 1 and
ofTdiagonal elements equal to max, ~,dl,,, which bounds every element of .fl.
Using (16), it is straightforward to check that if the attention is restricted to
linear combinations of the Q,'s sufitcient conditions for optimality of pure
panels and series of cross-sections are

l t (T- 1)max(R„) -~
,~~(1-p) 1-p r,.:

l f (T- 1)p

and

(17)

rt ~ l - p, (18)

respectively.
In applied work often a priori restrictions on the parameters in (2) such as

Qi -.--- QT -~3 will be imposed. lf the restrictions are linear such that
q~ - R'B is the new set of parameters, the eigenvalues of rIR'V.SR(R'VPR)- ~- I
can be used instead of the eigenvalues of rIV,.,Vó ~- I to obtain suflicient
conditions for a pure panel or a series of cross-sections to be optimal. Because
thc minimal eigenvalue of the first matrix is not smaller than the minimal
eigenvalue of the latter and analogously the maximal eigenvalue of the first
matrix is bounded by the maximal eigenvalue of the latter, the suRicient
conditions for optimality of pure panels or cross-sections obtained above will
still be sulTicient in case of linear restrictions on the parameters.

In order to illustrate the resuUs above, we consider the estimation of the
marginal budget shares of the consumption categories food and clothing
assuming that (2) is valid where y„ denotes the expenditures on one of the two
consumption categories and x„ denotes total monthly expenditures on non-
durables. The model can be motivated by a two-stage budgeting argument
where the total expenditures on nondurables in every month are determined
prior to the decisiun on how to split them over the various categories. The
maximum likelihood estimates of p in (2) for food and clotlung are U.74 and

1 k.con p
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0.16 with standard errors 0.005 and 0.001, respectively. The LM test statistics
against the hypothesis of first-order autocorrelation in lhe e„'s introduced in
section 3 equal 0.41 and 3.73 respectively. lf (14) is imposed on the expencli-
tures on non-durables the ML estimate of px is 0.41 witli standard error 0.003.
The LM test statistic against first order autocorrelation in es;, in (14) takes the
insignificant value of 0.10.

Using (l2) and (13), the estimates of p and px suggest that a pure panel will
be optimal for any linear combination of the marginal budget shares if
n ~ 0.47 for food and ~~ 1.23 for clothing. Cross-sections are optimal if
~ ~ 0.27 and ,t ~ 0.87, respectively. Note that these results imply that, if the
aim is to analyse marginal budget shares, the optimal design does not depend
on the linear combination of the parameters one is interested in for realistic
values of rt, contrary to the results on period means in section 3. The largest
unrestricted ML estimate of !l„ (r ~ s) is 0.93. If this value is used the
conditions for optimality of a pure panel will change into ,t ~ 2.86 and
rt ~ 2.41 for tood and clothing, respectively. Note however that (16) yields only
a rough bound of the largest eigenvalue of Sl. If this eigenvalue is,estimated
directly, the lower bounds for optimality will reduce to 0.51 and 1.29,
respectively, which again imply optimality of a panel design. Using the
minimal eigenvalue to obtain upper bounds of ~ for a series of cross-sections
to be optimal yields ~ ~ 0.26 and rl ~ 0.89.

5. Summary

In this paper we derived a number of simple conditions which can be used
to assess whether a panel or a series of cross-sections or a combination of both
will yield most eflïcient estimates of some linear combination of time-depen-
dent parameters in a linear model. These results can be generalized in a
straightforward manner to other models. Similar results for the optimal design
of rotating panels have been obtained by Nijman, Verbeek, and van Soest
(1988).

In the empirical analysis it was shown that if one is estimating period
means, the type of data which is preferable will often strongly depend on the
linear combination of the time means to be estimated. Only if the relative costs
of a panel data set compared to a series of cross-sections are fairly high or
fairly low, one of these data sets will be unambiguously preferable. If an
exogenous variable with a relatively small individual effect, such as total
expenditures on nondurables, is included in the model and attention is
restricted to the efTects of this variable, the optimal design will be somewhat
simpler to obtain. In many cases a panel will be preferable for likely values of
the relative cost parameter, ircespective of the linear combination of regression
parameters one is interested in.
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Appendix: Derivation of the LM test statistic

The Lagrange multiplier test against first-order autocorrelation in the e„ in
(1) is a test against the alternative

Y~~ - fr, f a, f u~r~ u ;; a iuJ.r-l } F~r~

where

1 y Yz ... yr-i

V{a,irf u,} -ll-o; 7 1 Y "' :
Yr- ~

f QálrlT.

Tlie null hypothesis is Ho: 7~ 0 and the loglikelihood is given by

N N N

L- ~ L,~constant- i~ iog~~~- i~{1';-F~)~n-~{1',-Fr).
,-~ ;-~ i-t

Let

Y'~- ~Y'1~ W2~~3)-~~~Z.~a.i)r

then

aL, r r aw„ a IoB I~I~,yk--iE E-
;-i ,-t a~k awr,

r r a w`.

- 2,~ ,~t a~k
{Y;;-Fr~){I'„-Fr,).

where w„ and w" are the (r, s)-elements of fl and fl-', respectively. Using

a io~~~a~ a~-~ a~
-w" and - -t1-~-S1-~,awu a~Gk a~k

we can writc

... Y 1

~L~ - -~tracel ~~~,fl-~If ~{Y;-f~)~~ ~ á~k~l-~~Y,-l~)~
~k 1 J
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which is straightforward to compute under the null. Since the Fisher informa-
tion matrix is block-diagonal with respect to tJ~ and ~, the LM test statistic for
y- 0 can be written as [see, e.g., Engle (1984)]

~,.~,- (~a~;,(E á~ a~,1-t~~ á~
~,

to be evaluated under Ho. Consequently f~M can be calculated as N times the
noncentered R2 of a regression of lN on BL;~a~k (k - 1, 2, 3). As is well
known, under the null hypothesis ~~M converges in distribution to a central Xz
distribution with one degree of (reedom. The test against autocorrclatiun in (2)
can be derived along similar lines.

Re(erences

Aigner, D.J. and P. Dalcstra, 1988, Oplimal experimental dcsign for error componcnts modcls,
Econometrica Sfi, 955-972.

Cochran, W., 1977, Sampling techniques, 3rd ed. (Wilcy, New York, NY).
Deaton. A., 1985, Panel data from time series of cross stclions, Journal of Econometrics 30,

109-126.
Duncan, G.1., F.T. Juster, and 1.N. Morgan, 1987, The rok of panel studies in research on

economic behavior, Transportation Research 21 A, 249-267.
Engle, R.F., 1984, Wald, likeliiwod ratio and Lagrange multiplier lests in econometrics, in: Z.

Griliches and M.D. Intriligator, eds., Handbook ot economelrics, Vol. 2(North-Holland,
Amsterdam) 775-826.

Gantmacher, F., 1959, The theory of malrices, Vol. 1(Chclsca Publishing Comany, Ncw York,
NY).

Griliches. Z. and 1.A. Hausrrran, 1986, Errors in variabks in pancl data, Journal of Economctrics
3t, 93-I1R.

f Ieckman, 1. and R. Robb, 1985a, Alternative methods for evaluating lhe impact of interventions,
in: 1. Hcckman and B. Singer, eds., Longitudinal analysis of labor market data (Cambridge
Universily Press, Cambridge) 156-245.

Heckman, 1. and R. Robb, 198Sb, Alternative tnethods for evaluating the impact ot intorvemions:
An overview, lournal of Econometrics 30, 239-267.

Hsiao, C., 1985, Benefits and Gmitalions of panel da1a, Ecorwnretric Reviews 4, l21-174.
flsiao, C., 1986, Analysis of panel data (Cambridge Univenity Prcss, Cambridgc).
Kish. L., 1986, Timing of surveys for public policy, Australian Joumal of Statistics 28, 1-12.
Mofïitt, R., 19g8, Estimating dynamic models wilh a time series of rcpeated cross sections, Mimeo.

(Drown University, Providence, RI).
Nijman, Th.E., M. Verbeck, and A. van Soest, 1988, The optimal design ot rotating pancls in a

simple analysis of variance model, Research memorandum FEW 318 (Tilburg Univcrsity.
Tilburg).

Raj, U., 196R, Sampling theory (McGraw-Hill, New York, NY).



Reprint Seríem, CantER, Tilburg Univermity, The Netherlanda:

No. 1 0. Marini and F. van der Plceg, Monetary and fiacal policy in an
optímiaing model wíth capital eccuaulation and finite lives,
The Economic Journal, Vol. 98, No. 392, 1988, pp. 772 - 786.

No. 2 F. van der Ploeg, International policy coordínation in ínterdependent
monetary economiea, Journal of Internetionel Econwica, Vol 25, 1988,
PD. 1 - 23.

No. 3 A.P. Barten, The history of Dutch mecroeconomic modellíng
(1936-1986), in W. Dciehuia, M.M.O. Faae and H. den Hartog (eds.),
Challen es for Mecroeconomic Modellín , Contributiona to Economic
Malyaia 17 , Amaterdam: North-Holland, 1988, PP. 39 - 88.

No. 4 F. van der Ploeg, Diaposable inco~e, unemployment, inflatíon and
state apending ín s dynamic politlcal-econwic model, Public Choice,
vol. 60. 1989. PP. 211 - 239.

No. 5 Th. ten Raa and F. van der Plceg, A statistical approach to the
problem of negatíves in input-output anelysie, Economic Modellíng,
Vol. 6, No. 1, 1989. PP. 2- 19.

No. 6 E. ven Damme, Renegotíetíon-proof equilibria in repeated prísoners'
dilemma, Journal of Economic Theory, Vol. 47, No. 1, 1989,
pp. 206 - 217.

No. 7 C. Mulder and F. van der Plceg, Trade uníons, investment and
employment in a small open economy: a Dutch perapective, in J.
Muysken end C. de Neubourg (eds.), Unemployment in Europe, London:
The MecMillan Presa Ltd, 1989, PP. 2~ ' 229.

No. 8 Th. van de Klundert end F. ven der Plceg, Wage rígidíty and capitel
mobllity ln an optimizing model of a amall open economy, De Economist
137, nc. 1, 1989, pP. 47 - 75.

No. 9 G. Dhaene and A.P. Barten, When it all began: the 1936 Tinbergen
model revisited, Economic Modelling, Vol. 6, No. 2, 1989.
pp. 203 - z19.

No. 10 F. van der Plceg and A.J. de Zeeuw, Conflict over arms accumuletion
in market and command economiea, in F. van der Plceg and A.J. de
Zeeuw (eds.), Dynamic Policy Games in Economics, Contributions to
Economic Malysis 181, Amsterdam: Elsevier Science Publiahera B.V.
(Norch-Holland), 1989. pp. 91 - 119.

No. 11 J. Driffill, Macrceconomic policy games with incomplete information:
some extensions, in F. van der Plceg and A.J. de Zeeuw (eds.),
Dynamíc Polícy Cames ín Economics, Contributíons to Economic Analysis
181, Ams[erdem: Elsevíer Science Publishers B.V. (North-Holland),
1989. PP. 289 - 322.

No. 12 F. van der Plceg, Towards monetary integratíon in Europe, in P.
De Grauwe e.e., De Europese Moneteíre Inteqrstie: vier vísies,
Wetenschappeli~ke Read voor het Regeringsbeleid V 66, 's-Grevenhage:
SDU ui[geveri~, 1989, pp. 81 - 106.



No. 13 R.J.M. Alesaie and A. Kapteyn, Conaumption, savings and demogrephy,
in A. Wenig, K.F. Zimmermann (eds.), Demogrephic Change and F,conomic
Development, Berlin~Heidelberg: Springer-Verlag, 1989. Pp. 272 - 3~~5.

No. 14 A. Hoque, J.R. Magnua end B. Peseren, The exect multi-period menn-
square forecast error for the first-order autoregressive model,
Journal of Econometrics, Vol. 39. No. 3, 1988, pp. 327 - 34h-

No. 15 R. Alessie, A. Kapteyn end B. Melenberg, The effects of liquidity
constcaints on consumption: estímetion from household panel dntn.
European Economic Review 33, No. 2~3, 1989. pp. 547 - 555.

No. 16 A. Holly and J.R. Magnus, A note on instrumental veriables and
maximum likelihood estimation procedures, Anneles d'Économie et de
Statistique, No. 10, April-June, 1988, pp. 121 - 138.

No. 17 P. ten Nacken, A. Kepteym end I. Woittiez, Unemployment benefits and
the labor market, a micro~mecro approech, in B.A. Gustafsson and N.
Mders Klevmarken (eda.), The Political Economy of Sociel Security,
Contributíons to Economic Analysis 179, Amsterdem: Elsevier Science
Publiahera B.V. (North-Hollend), 1989, pp. 143 - 164.

No. 18 T. Wansbeek end A. Kapteyn, Eatimatíon of the error-components model
with incomplete panela, Journal of Econometrics, Vol. 41, No. 3,
1989. pP. 341 - 361.

No. 19 A. Kapteyn, P. Kooreman and R. Willemse. Some aethodological issues
in the implementetion of aubjective poverty definitiona, The Journnl
of Human Resources, Vol. 23, No. 2, 1988. pp. 222 - 242.

No. 20 Th. van de Klundert end F. van der Plceg, Fiscal policy and finite
lives in interdependent economiea with real end nominal wege
rigidity, Oxford Economic Papers. Vol. 41, No. 3. 1989. PP- 459 -
489.

No. 21 J.R. Magnus and B. Peearen, The exect multi-period meen-square
foreceat error for the first-order autoregreasive model with an
intercept, Journal of Econometrice, Vol. 42. No. 2, 1989,
pp. 157 - 179.

No. 22 F. van der Ploag, 7bo esaaya on political economy: (i) The politicel
economy of overvsluation, The Economic Journal, Vol. 99, No. 397.
1989, pp. 850 - 855; (11) Electíon outcomea end the stockmarket,
European Journal of Political Economy, Vol. 5, No. 1, 1989, pp. 21 -
30.

No. 23 J.R. Magnus and A.D. Woodlend, On the maximum likelihood eatimetion
of multívariste regreasion modela containing aerielly correlated
error componenta, International Economic Review, Vol. 29, No. 4,
1988. vp. 707 - 725.

No. 24 A.J.J. Tnlman end Y. Yamamoto, A simpliciel algorithm for atationery
point proble~m on polytopea, Mathematica of Operetions Research, Vol.
14, No. 3, 1989. pp. 383 - 399.



No. 25 E. van Damme, Stable equilibria end focward inductlon, Journal of
Economic Theory, Vol. 48, No. 2, 1989. PP. 476 - 496.

No. 26 A.P. Barten end L.J. Bettendorf, Price formation of fish: An
application of an inverse demand aystem, European Economic Review,
vo1. 33. No. 8, 1989. Pp. 1509 - 1525.

No. 27 0. Noldeke and E. ven Damme, Signalling ín e dynamíc labour market,
Revíew of Economic Studies, Vol. 5~ (1), no. 189, 1990, pp. 1- 23

No. 28 P. Kop Jansen and Th. ten Rea, The choice of model in the
construction of input-output ccefficients matrices, Internatíonal
Economic Review, vol. 31, no. 1, 1990, pp. 213 - 227.

No. 29 F. ven der Plceg end A.J. de Zeeuw, Perfect equilíbrium in a model of
competitive arms accumulation, Internationel Economic Review, vol.
31, no. 1, 1990, pp. 131 - 146.

No. 30 J.R. Magnus end A.D. Woodland, Separability and Aggregation,
Economice, vol. 57, no. 226, 1990. PP. 239 - 247.

No. 31 F. ven dec Ploeg, International interdependence and policy
coordination in economiea with ceal end nominal wage rigidity, Greek
Economic Review, vol. 10, no. 1, June 1988, pp. 1- 48.

No. 32 E. van Demme, Signaling and forward inductíon in e market entry
context, 0 rationa Research Proceedin s 1 8, Berlin-tieidelberg:
Springer-Verlag, 1990. PD. 5- 59.

No. 33 A.P. Barten, Toward a levels veraion of the Rotterdam and releted
demand systema, Contributions to rations Research and Economics,
Cambridge: MIT Presa, 1989, pp. 1- 65.

No. 34 F. van der Plceg, Internetional coordination of monetary policies
under alternative exchenge-rete regimes, Advenced Lectures in
Quantitative Economics, London-Orlendo: Academic Pcess Ltd., 1990,
PP- 91 - 121.

No. 35 Th. van de Klundert, On aociceconomic cauaes of 'waít unemployment',
European Economic Review, vol. 34, no. 5, 1990, pp. 1011 - 1022.

No. 36 R.J.M. Alesaie, A. Kapteyn, J.B. ven Lochem end T.J. Wansbeek,
Indlvidual effecta in utility consistent models of demand, in J.
Rartog, G. Ridder end J. Theeuwes (eds.), Penel Date and Labor
Market Studies, Amsterdam: Elsevier Science Publishera B.V. (North-
Holland), 1990, pp. 253 - 278.

No. 37 F. van der Plceg, Capital accumulation, inflation and long-run
conflict in international objectives, Oxford Economic Papers, vol.
42, no. 3. 1990, PP. 501 - 525.

No. 38 Th. Ntjman and F. Palm, Paremeter identification in ARMA Processes in
the presence of reguler but incomplete samplíng, Journal of Time
Series Anelysis, vol. 11, no. 3, 1990, pp. 239 - 248.



No. 39 7'h. ~an de Klundert, Wage differentials end employment in e two-
sector model with e dual labour market, Metrceconomica, vol. 40, no.
3. 1989. pP. 235 - 256.

No. 40 Th. Nijmen end M.F.J. Steel, Exclusion restrictions in instrumental
variables equations, Econometric Reviews, vol. 9, no. 1, 1990, pp. 3~
- 55.

No. 41 A. van Scest, I. Woittiez end A. Kapteyn, Labor supply, income taxes,
and hours restrictions in the Netherlands, Journal of Human
Resources, vol. 25, no. 3. 1990. PP. 517 - 558.

No. 42 Th.C.M.J. van de Klundert end A.B.T.M. van Schaik, Unemployment
persistence and loss of productive capacity: a Keynesien approach,
Journal of Macrcecono.ics, vol. 12, no. 3, 199~. vP. 363 - 380.

No. 43 Th. Nijman and M. Verbeek, Estimation of time-dependent parameters in
linear models using cross-sections, panels, or both, Journal of
Econometrics, vol. 46, no. 3. 1990. pp. 333 - 346.



P.(~ RC~X ~C11 ~,~ .~,flfl(1 I F Tll Rl 1RC~ THF NFTNFI~LANDS
Bibliotheek K. U. Brabant~ i ~u~ u i N i~NU ii u ii ~uu~b~ ui K iiu i


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22

