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QUANTITY RATIONING AND CONCAVITY IN A
FLEXIBLE HOUSEHOLD LABOR SUPPLY MODEL

Arie Kapteyn, Peter Kooreman, and Arthur van Soest`

Ahctrucr-In the fim part of this paper we derive explicit
expressions for the direct ulility function, conditional demand
equations, and rnncavity eonditions in both price~inmme and
quantity spatt for the demand system introduced by Hausman
and Ruud (I9R4). These results arc then used in an empirical
static family labor supply model, in which kinked hudget
constraints and unemployment benefits arc taken into account
for both spouses. Imposition of concavity is necessary for
consistem estimation and the concavity constraint appears to
be binding.

1. Inttroduction

HE larger part of the recent labor supply
Tliterature is devoted to the explanation of
Jemale labor supply decisions, thereby addressing
the theoretical and econometric problems associ-
ated with non-participation, non-linear and non-
convex budget sets and stochastic specification
(see, for example, Heckman (1974), Hausman
(1979, 1980, 1985), Moffitt (1986), Arrufat and
Zabalza (1986), Blundell and Meghir (1986) and
Blundell, Ham and Meghir (1987)). In these pa-
pers, male labor supply decisions usually play a
role only through thé (by assumption exogenous)
explanatory variable "other household income,"
which includes male labor earnings.

In this paper we adopt the more general ap-

proach of modelling male and female labor supply
simultaneously. First of all, there is some evidence
that the exogeneity assumption of "other house-
hold incomé' in female labor supply models is not

always tenable; see Smith and Blundell (1986).
More importantly, male and female labor supply
decisions within a household are likely to be fun-
damentally interrelated and a full understanding
of a household's labor supply behavior requires

taking this interrelationship into account in setting
up the empirical model.

The joint modelling of male and female labor

supply creates some specific problems in addition
to those encountered in modelling individual labor
supply. One of the issues is how to represent the

Reccived for publication May 18, 19RR. Revision accepted
for publication August 24, I9R9.

'Tilburg University.

household members' preferences. We will follow
the usual approach of assuming that preferences
can be represented by a joint household utility
function with male leisure, (emale leisure and total
household consumption as arguments.

A second issue that comes up specifically in
modelling joint male and female labor supply is
that one usually also has to derive condiriona!
supply equations, i.e., equations that give optímal
labor supply of a househotd member, given a fixed
number of hours of labor supply by the partner.
For example, if the female stops working, the
functional form of the male labor supply equation
changes Irom its notional to its conditional form
(assuming absence of other quantity constraints).
For popular flexible functional forms (in the sense
of Diewert (1974)), such as the Almost Ideal De-
mand Systems and the Indirect Translog, the
derivation of conditional commodity demand or
labor supply equations is a cumbersome afïair,
and closed forms can generally not be obtained.
See, for example Kooreman and Kapteyn (1986).

It appears that at this moment there exist only
two flexible forms suited to deal with conditional
equations and unconditional equations in a rela-
tively tractable way. The first one is the direct
quadratic utility function, which was used for this
kind of problem by Wales and Woodland (1983)
and by Ransom (1987a, b). A second one has been
introduced by Hausman and Ruud (1984). Since
the properties of the Hausman-Ruud system have
not been discussed in the literature extensively, we
provide a rater elaborate analysis of the system,
including the derivation of the conditional labor
supply equations, the computation of direct util-
ity, and the imposition of concavity in wages of
the expenditure function. The need to compute
direct utility in an arbitrary point of the choíce set
may arise if the budget set is non-convex, in which
case different local utility maxima on convex sub-
sets of the budget set have to be compared. Impo-
sition of concavity is sometimes necessary in em-
pirical applications, as the likelihood function of
the model may not be well-defined if concavity is
not satisfied.

Copyright m 1990 ~ 55 ~



S6 THE REVIEW OF ECONOMICS AND STATISTICS

The practical importance of these issues will be
illuslrated ín section IV by an empirical example.
In section V we make a brie( comparison between
the direct quadratic and the Hausman-Ruud sys-
tem. There we also discuss the importance of
modelling the labor supply of spouses jointly.

concavity is equivalenl to

B- p'~3Q' - A is negative definite.t (3)

11. The Hausman-Ruud System

A. The Model

A household is assumed to maximize a utility
function with male leisure, female leisure and total
household consumption as its arguments. We as-
sume that the expenditure function in real terms
corresponding to maximiza[ion o( the utility func-
tion under a linear full income constraint is of the
Gorman Polar Form type introduced by Hausman
and Ruud (1984):

c(w,u) a uexp(-~3'w)
-{Bt8'wf iw'Aw},

where w z (~,, w~)', the husband's and wifé s
(real) after tax wage rates; u is household utility

level; and A-~~ Y~ 1 , ~- I~ I, 8~~ S 1 ,
` II 1

and B are parameters.
The corresponding indirect utility function is

given by

~Íw.~) a f~~exp(Q~w),
p'-Bf~fB'wf iw'Aw, (1)

where p denotes the household's real non-labor
incomc.

Application of Roy's identity yields the follow-
ing labor supply functions:

h'~dtp'~fAw, (2)

where h' a ( h~, h~ ) ' is the vector of optimal
numbers of working hours of husband and wife,
respectively.

B. Concauity

The use of the function given by (1) is limited
by the usual regularity conditions on expenditure
functions. For this specification, only concavity
has to be considered, i.e., the matrix of second
order partial derivatives of the real expenditure
function must be negative definite. Homogeneity
of degree zero and monotonicity with respect to u
are satisfied automatically. lt is easy to show that

From now on we assume that A is non-singular.
Note that, if ~i'A-t~ ~ 0, a necessary condition
for concavity is given by

P' ~ ~R'A-'R} t. (3~)

If ,[3 ~ 0 and (3'A-t(3 s 0, then B is negative
definite for no value of ~'. This case is excluded
from now on. In the special case that A is positive
definite, it is easy to prove that (3') is not only
necessary but also sufi'icient for (3). (See, for a
proof of a more general result, Bekker (1986).)

The application o( duality theory strongly hinges
on the concavity condition; without this property,
there is no utility maximizing problem behind the
labor supply equations. Therefore, (3) must hold
for all relevant ( w, ~), including shadow wages
and corresponding virtual incomes.

C The Direcr Urility Function

Non-convexity of the budget set makes it neces-
sary to compare the values of the direct utility
function in difTerent points. We shall derive the
direct utility function by calculating ihe utility
level in some arbitrary point (h,~, h~, y), where y
is the household's real income:

Y ~ Ft f w„h~, f wjh~. (4)

Let k be the vector h- 8, where h 3(h~,, h~)'.
Given (h~„ h~, y), we first seek ( shadow-)wages w
and corresponding non-labor income p satisfying

k~~'~tAw (5)

{i' ~{t f B f 8'w f iw'Aw (6)

~ s y - h'w. (7)

Equations ( 5) through (7) yield, atter substituting
(7) into (6):

w - A-tk ~ -p'A-t~

p'a i(w-A-tk)'A(w-A-tk)

- ik'A-tk f y f B.

(8)

(9)
Substituting (8) into (9) yields a quadratic equa-

t B is ~ust thc Hessian of the expenditure function. Since the
expcnditure runction is defincd in terms of real wages (wages
divided by the pritt of consumption), lhe usua! condition that
the Hessian of the eapenditure function is negalive scmi-defi-
nite is replaced by (3).
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tion in ft':

iWi2Q~A"~-p'-ik'A-'k fyfB~O
(10)

and if p' is known, w can be found from (8):

w ~ A-t(k - p'Q). (11)

Thus ( w,P) can be determined iff (10) has a real
solution, i.e., iff

1 t Q'A"tQ{k'A'tk - 2(y f B)} ~ 0. (12)

A solution is only feasible if it satisfies concavity
condition (3). Obviously, i( Q a 0, the solution of
(10) and (11) is unique and it satisfies (3) if and
only if A is positive definite. If Q~ 0 and (12)
holds, then (10) and (11) yield ( at most) two
solutions (w, p') and only the smallest of the two
satisfies the necessary condition (3'):

P~ s (Q,A-tQ)-t - ~(Q,A-~Q)-2

t(Q'A-tJ3~-t~k'A-tk - 2( y t B)~}t~~
(13a)

w ~ A-t(k - p'(3). (13b)

If this solution satisfies (3), then it is feasible and
the utility level follows from (]):

(I(h,~, h~, l') a p'exp(R~w). (14)

The reader should be aware of the relation be-
tween invertibility (i.e., the question whether
(w,~, w~, p) can be solved as a function of
(h,~, h~, y)) and concavity (i.e., good behavior of
the direct or indirect utility function). As usual in
dually specified systems, concavity can only be
checked in (h,~, h~, y)-space if invertibility is
guaranteed, since it involves (shadow-)wages. In

the special case that A is positive definite, (3) and

(3') are equivalent. This implies that, if (w~„ w~, It)
can be found, exactly one solution satisfies the
concavity conditions. Thus, in this special case,
"invertibility guarantees concavity."

D. Rationed Labor Supply

In this subsection, we derive rationed labor
supply functions, i.e., labor supply for one individ-

ual if-for some reason-the partner's number of
working hours is fixed. This means that the house-

hold maximizes utility, taking into account some
binding constraint on one of the three goods.
Rationed supply functions can be determined us-

ing shadow-wages and shadow-income (see Neary
and Roberts (1980)).~ We derive the female's ra-
tioned labor supply h~, for given h~„ actual wage
rates w~, and w~, and non-labor income fr. (The
malds rationed labor supply can be derived in the
same way.) We search for a shadow wage rate w~,
and corresponding jr, such that

h,~ a Q,~li' t y,~w,~ t aw~ t S~, (15a)

li f h,,,w,~ - p t h,,,w,,,

K' ~ jr f B t S~w~ t d,,,iv~ ( l5b)

t?(Y~wj f Y~,wT~ t a w~ w,,, . (1Sc)

if a feasible solution (w,~, p) (with corresponding
jr') is found, optimal [emale labor supply is given
by

h~ ~ Q~~' t y~ w~ f

System ( 1S) implies

aiv„~ t S~.

a2ivT t ativ„~ -1 aa - 0

(16)

(17)

with ao --hm i- ~3,~(Ir f B t h,~w,~ t S~K~
t z y~ w~ } t a H~ f 5,,,, al ~ Y,~ t Q,,, (- h,,, f 5,,,
f aw~ }, az a?Q~,Y~,. If (17) has no real solution,
no shadow wage can be found and h~ cannot be
determined. (17) has a real solution ifí

D-~i~(-h,,, f d,~ t aw~~~ t yT

- 2~3mY,,, { h,,, w,~ t~ t B t S~ H j t 2 y~ w~ }

z 0. (18)

If w,~ is found, then ~r, W' and h~ follow immedi-
ately from ( 15) and (16). The solution is feasible
iff it satisfies concavity condition (3).

We focus on the "regular" case, i.e, Q~,y~, ~ 0.
If (18) holds, the solutions [or iv~ are

W~ s -QT t t ( h,,, - 5,,, - aw~ ~rY,,,

t(Q~Y,~) t~.

The corresponding value of jr' is

Ír' a Q,~~Y,~ T Q~~~- (19)

Since Q,~ ~y,~QQ' - A is indefinite or semi-definite
and QQ' is positive semi-definite, it is easy to see

~ Rationed supply functions can altematively be determined
using first order condnions for muimization of the direct
utility funetion, which is explicitly derived in xetion IIC,
sub~ect to the budget constraint and the rationing levds.
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that only one solution can be feasible:

w,~ - ~3,~ t f~ h~, - ê,~ - a w~ Í rY~,

} ( Q~,Y~, ) - t ~ . ( 20 )

Note that, even in the special casé of a positive
definite matrix A, this solution is not necessarily
feasible; condition ( 3) should always be checked.
Thus, the relation between "partial invertibility"
and concavity is different from the relation be-
tween "full invertibility" and concavity, as dis-
cussed in Section IIC.

In this section we derived the conditional fe-
male labor supply function h~(w~, h~„ p f w,~h~,)
corresponding to household preferences given by
(14). The result is a closed form expression for h~.
Lundberg ( 1988) follows a different strategy: She
starts with conditional demand functions in some
convenient form and dces not discuss the issue
whether it is possible to find a household utility
function corresponding to these equations. Our
approach has the advantage that a closed (orm
expression of the indirect utility function is avail-
able. As a consequence, it is easy to check whether
the underlying system of preferences satisfies regu-
larity properties (e.g., concavity) and it is possiblc
to use non-convex budget sets.

111. Applications

The rationed labor supply functions derived in
section IID can be applied in several siluations.
The most common example is the nonnegativity
constraint for females. If this restriction is bind-
ing, the husband's labor suppiy function should be
replaced by a rationed labor supply function, as
described in section IID.

A similar situation arises if individual budget
sets are piecewise linear and convez (see, e.g.,
Blomquist (1983) and Hausman (1979)), as in the
case where spouses file separately and the tax
system is progressive and piecewise linear. If, for
example, the optimal number of the husband's
working hours is at a kink, then female labor
supply is not given by (2) but by the conditional
labor supply function given in section IID. If the
budget set is non-convex, wmparison of values of
the direct utility function, derived in section IIC,
is necessary to determine the optimum.

Apart from constraints arising (rom the shape
of the budget set, restrictions may stem from
demand side factors or institutional constraints on

the labor market. Particularly in The Netherlands,
actual hours are not only determined by labor
supply decisions of the household, but also
strongly depend on institutional constraints and
demand side factors. Possibilities to work a non-
standard number o( hours are rare. It therefore
seems unrealistic to treat actual hours as if they
were chosen freely by the members of the family.
This is one of the reasons why several recent
Dutch labor market surveys do not only contain
information on actual hours worked, but also on
preferred hours, i.e., the number of hours someone
would like to work at a given wage rate.~ Preferred
hours are provided by respondents in a ceteris
paribus context, i.e., it is assumed that the partner
dces not change his or her actual number of
working hours. This way of questioning implies
that pre(erred hours in the data set are to be
interpreted as optimal hours, conditional on the
fact that the actual number of hours worked by
the partner is fixed. Thus, a conditional labor
supply equation is needed to explain preferred
hours.

Some further explanation may be useful at this
point. Of course, preferred hours are not very
interesting by themselves from an economist's
point of view; it is actual hours that we want to
study eventually. But, due to institutional con-
straints and demand side (actors, preferred hours
appear to be a better reflection of the household's
preferences than actual hours. Thus, certainly in
The Netherlands, preferred hours should be used
to reveal preferences. In a later stage, information
on family preferences can be used in a labor
market model, in which actual hours are linked to
preferences as well as institutional constraints and
demand side factors.

IV. An Empirical Example

In this section, we present an application of the
model studied in section II. A similar model,
estimated for a different data set, can be found in
Kapteyn and Woiuiez (1988). In that paper, some
of the results derived here have been used. For the
rest, the Kapteyn and Woittiez paper concentrates

~ A typical wording of the survey question asking for pre-
fcrred hours is: "How many hours a week would you like to
work if you could choose frcely and if your average hourly
wage rate remains as it is now? Assume that other family
memlxrs do not change their numtxr of working hours."
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on different issues, particularly habit formation
and preference interdependence. In our model
preferred hours of husband and wife are the en-
dogenous variables, for reasons discussed in sec-
tion 1[I.

A. Specification oj the Mode!

Since each individual provides his or her pre-
ferced number of working hours taking the part-
ner's actual labor supply as given, only condi-
tional labor supply functions are relevant. Thus,
from the individual's point of view the household
budget set is only two-dimensional. In the absence
of non-convexities and with a piece-wise linear
budget constraint, the optimal number of hours
for each spouse, given the number of hours worked
by the other spouse, can be found by computing
conditional labor supply for each of the linear
segments, as described by, for example, Hausman
(1979). If a spouse is unemployed and receives a
benefit, the budget set is non-convex and the
optimum is found by explicit utility comparison of
various points.

Regarding the stochastic specification, it is im-
portant to distinguish between difïerent sources of
random errors, i.e., measurement errors, optimiza-
tion errors and random preferences. Preference
variation across households in our model could be
incorporated by allowing, e.g., the parameters d,~
and ê~ to depend upon household characteristics:

K

6~- ~x~d;tfc~ ( i-m,j) (21)
i-t

where x~ ( j a 1, ... , K) are observed characteris-
tics (including a constant term) and c, is a random
variable representing unobserved sources of pre(-
erence variation. This corresponds to translating;
see McElroy ( ]987). Random S's however, lead to
random shadow wages and a complicated likeli-
hood function. Moreover, the lack of global con-
cavity, as discussed in section IIB, implies that it
is necessary to truncate the distribution o( the c's
in some rather intricate way. It is easy to see that
conditions like (3') or (12) imply that the c's have
to lie in a polyhedron and it is hard to find a
tractable distribution which allows for such a kind
of truncation. Although we do recognize the im-
portance of a stochastic specification that allows
for random preference variation, the ensuing com-
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plications make this an issue beyond the scope of
this paper.

Our stochastic specification is "ad hoc" in the
sense that it only allows for optimization (or mea-
surement) ercors. We add normally distributed
ercor terms to the conditional labor supply func-
tions. Thus, for a female not receiving an unem-
ployment compensation, we have

hf- max { 0, hÍ f cI i
where hf is the observed preferred number of
working hours and h~ is the optimal choice given
the budget constraint.'

lf a[emale dces receive an unemployment com-
pensation, we only know whether she is seriously
looking for a job or not. The optimization error ,I~
is incorporated as an error in the "regime choice":

u~ut-uafn~.

where ut and uo are the utilities of working and
not working, respectively. If u~ 0, the female
wants to work; if v ~ 0, she is not seriously look-
ing for a job. Male preferced labor supply is
treated in the same way.

The vector of error terms (c~„ c~, rf~„ rlt)' is
assumed to follow a normal distribution with mean
zero and covariance matrix

I oz . .
po~,o~ o~ .

~ 0 a~
~ o . . a~~u

An asterisk indicates that the variance dces not
appear in the likelihood function, so that it cannot
be estimated. Because of the small number of
people in the sample receiving an unemployment
benefit, we impose cov(c,~, n~) - cov(c~, ~,~) - 0,
and var(p~,) a var(nt).

B. Dara and Estimation Resulrs

The data used stem from a labor mobility sur-
vey conducted in The Netherlands in 1982 by the
Institute of Social Research of Tilburg University
jointly with the Netherlands Central Bureau of
Statistics. The data set has been used by various
researchers in The Netherlands for studies on

~ For individuals who work less than IS hours a week, it is
only known whether preferred hours uceed actual hours or
not. It is seraighttorward to take this into xcount, considering
h~ as a tatent variabla.
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labor supply, labor mobility, and income distribu-
tion. The survey was held among a random sample
of Dutch households with at least one member
between 16 and 65 years of age. In each house-
hold, all members between 16 and 65 years have
been interviewed. The information collected per-
tains to incomes, hours worked per week, desired
working hours per week, search behavior, demo-
graphics, etc. Non-response is equal to 35.7~.
Comparison with population characteristics shows
that the survey is fairly representative of the popu-
lation from which it was drawn, although students
and unemployed people appear to be somewhat
underrepresented. Altogether the survey comprises
2677 persons in 1299 households. The analysis
here is restricted to families with at least two
adults. Also, self-employed, students, and disabled
people are omitted from the sample. As a result,
data on 520 households were used in the estima-
tion.

For non-participating individuals before tax
wage rates are predicted using a wage equation
with log(age), log(age)-squared and education as
predictors. For males and females separate wage
equations were estimated, using Heckman's two-
stage procedure (see Heckman ( 1979)). Apart from
an interccpt S,o (i - m, J), the variables on the
right hand side o( ( 21) are log(family size) (with
ccefficient d;t) and a dummy for the presence of
children younger than six (ccefficient d;~).

The model was estimated by means of maxi-
mum likelihood.s To impose concavity of the cost
function in wages in a relevant region of the
( h~,, h~, y )- space, the parameter B has been re-
stricted, i.e., an upper bound in terms of other
parameters in the model has been set to B, such
that concavity is guaranteed in all data points;b i[
turns out that this restriction is binding. It should
be noted that resring of the restriction is impossi-

s A tabk with likclihood contributions is availabk on rc.
qucsL The likelihood contribuuons vary according lo whethar
one or two spouxs are participating, whcther or not the budget
sct is convea, whether or not preferred hours ue uro, etc.

~ For a povtive dcfinite matrix A, concavity is equivalenl to
13'1. Substitwing ( l9) and ( l8) into O') yields

B S - t rl f ~IwM~, f Ó~K~ t
]Y~M~

I

' ilY..t(8,. - h.. f cwj)j - iY,.t~.r.~~~A-t~)-x

.(~~~-tp)-',

This restriction-and a similar one for male labor supply-hu
bcen imposed for all sample observations.

Pararnetcr
TABIF I.-ESTIMATION RLSULTS

EsGmate Swndard FJror'

a OriR x 10-~ O.13 x IO"~
~„ -o zo x to-j o.lo x to-~
~j -0.47 x 10-y O.a7 x 10-T
y,~ OR6 x 10-r 0.93 x IO-r
y O.a7 0.20
~0 32.3 2.2
s o za.o a.l
~, 3.9 t.o
dl t - 2a.0 3.5
á,,, -O.aO 0.g2
a~i -13.9 2.7
o,,, 6.7 0.12
a~ 19.3 1.7
a~ 21 a x lOto 32.5 x lOtt
v - 0.21 0.07
B - 390.I8 -e

'env ,o~ m.u;,r or rée p.,.merer oum,w u a.~a,.wa ,. o„k~
product.

`nr. .,um.r. or tr .rw~. ~u vpp~r ea,,,d teur ro uK unpa.:uoe ar
caocanty, ree loornore 6) w eo atandud ertor muW br compuKd.

ble, since the likelihood is not well-defined under
the alternative. We have discussed this more fully
in Van Soest, Kooreman, and Kapteyn (1988).

Table 1 presents the parameter estimates. Q,~
(" the male non-labor income efiect") is signifi-
cantly negative and y~ (representing [he largest
part of the female own wage effect) is significantly
positive, whereas Q~, a and y,~ do not difïer signif-
icantly [rom zero. ~,~ and Q~ have the expected
sign, indicating that leisure is a normal good. The
variables concerning family composition play a
significanl role in the female hours equation but
not in the male hours equation. A direct economic
interpretation for the parameters other than Q~,
and Q~ is hard to give. The economic meaning of
the estimates is brought out more clearly by graphs
and elasticities.

In figures la through ld family labor supply
functions are drawn for a family without children
as a function of before-tax wage rates. In each
case the remaining variables are set at their sample
means. We distinguish between "short run" (the
partner is rationed at a certain number of hours)
and "long run" (the partner is not rationed) labor
supply functions. In each figure two short-run
labor supply functions are drawn: one for the case
that actual hours worked by the partner equal the
sample mean ( h~ s 22.6 or h,~ a 42.3) and one
for the case that the partner does not work. Figure
la shows a backward bending male labor supply
(unction implying that the negative income effect
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dominates the positive own wage effect. Figures
lb and lc reveal the expected negative relation-
ship between one's own preferred number of hours
and the partner's wage rate, but the efTects are
small. Figure ld shows that female labor supply is
forward bending. The own wage impact is much
larger for the wife than for the husband. Figure ld
also reveals the working of the tax system. The
piece-wise linear progressive tax system leads to
jig-sawed responses of preferred hours to the own
be(ore-tax wage rate. The reason for this is that
each time an individual is at a kink in the budget
constraint, she wants to stay there if the before-tax
wage rate changes a little bit. To stay at a kink
with an increasing before-tax wagt rate entails a
reduction of work efiort. The downward sloping
parts in figure ld are hence hyperbolas. The same
kind of non-difTerentiabilities is in principle also
present in figure la, but in this case the hyperbola
parts are so small that the drawing cannot reveal
them. This is caused by the small male own wage
efTect.

The difíerence in own wage elasticities is born
out by figure 2 where some indifTercnce curves are
depicted, using the results of section IIC. Figure
2a shows a few indifïerence curves upon which the
husband's decision is based i( his wife works h~ -
22.6 hours; it is easy to see that a change in the
male wage rate only has a very small impact on
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the optimal number of male working hours. In
figure 2b, where the wifé s indifíerence curves are
drawn if the husband works h~, - 42.2 hours a
week, the (own) wage impact is much larger (note
the difíerence in scale between both figures).

V. Conclusions

Modelling household labor supply under dif-
ferent regimes (i.e., taking account of kinks and
corners) requires the use of shadow prices if one
wants to work with specifications that are given in
dual form. Unfortunately, most of the known
flexible forms have the undesirable property that
shadow prices cannot be found in closed form,
except for some special cases. The only known
exceptions are the direct quadratic utitity function
and the Hausman-Ruud specification. Of course,
knowing shadow prices at some point amounts to
knowing the value of the direct utility function at
that point. Indeed, the first thing accomplished in
this paper is the derivation of the direct utility
function corresponding to the Hausman-Ruud
specification. Secondly, the application of ra-
tioning theory requires that the system considered
satisfies lhe Slutsky conditions in alI data points.
Hence, we have imposed concavity conditions for
all data points in the empirical example consid-
ered.

A drawback of the Hausman-Ruud specification
might seem to be that it is difficult to allow for
random preferences in a utility consistent way. At
first sight the direct quadratic utility function dces
not sutTer [rom such a problem. Ransom (1987b)
presents a specification with random ertors and
provides conditions under which the ensuing
model is coherent. The conditions are easy to
impose and estimation of the model is relatively
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straightforward. It turns out, however, that for
certain values o( the random preferences the bliss
point of the diroct quadratic utility function is
inside the budget constraint, and in such a case
the demand equations do not represent a utility
maximum. We have shown elsewhere (Van Scest,
Kooreman, and Kapteyn (1988)), that the restric-
tions on random preferences required to prevent
this (rom happening are quite sirrular to the re-
strictions which have to be imposed on the ran-
dom pre(erences in the Hausman-Ruud system to
guarantee a well-behaved system. Therefore, there
are no compelling a priori reasons to prefer one
system or the other. Thus we havc two reasonably
tractable flexible systems available which can be
used for the analysis of household labor supply in
the presence of kinks and corners, and the choice
between them in each case should be based on the
data at hand.

REFERENCES
Arrufat. J., and Anthony Zabalza, "Female Labor Supply with

Tuation, Random Preferences, and Optimization Er-
rors," Eronametncu 54 (1986), 47-63.

Bek)eec Paul. Essuvs on IdennJicurion in [~beur Marlelt wirh
[.rrrnr Vuriuhler. Department of Econometrics, Tilburg
University (1986).

Blomquist, Sriren, "The Effect of Income Taxation on the
Labour Supply of Muried Men in Sweden;' Journul oJ
PubGc Econonuct 22 (1983), 169-197.

Blundell, Richard, and Costaz Meghir, "Selection Criteria for a
Microeconometric Model of Labour Supply;' Journul oJ
ApplieJ Econonrtrrict I (I986), 55-80.

Blundell. Richard. John Ham, and Costas Meghir, uUnem-
ployment and Female Labour Supply;' The Economrc
Jownul 97 (1987), 64-64.

Dicwert. Erwin, "Applications of Duality Theory." in
M. Intnlligator and D. Kendrick (eds.), Frontirrt aJ
QuunnrucicY Econumiu, Vol. 11 (Amsterdam: North-
Holland. 197d), 106-171.

Hausman, lerry. "The Econometria o[ Labor Supply on Con-
vez Budget Sets," Economict [~nert 3(1979), 171-174.

"The ElTects of Wages. Tucs and Fized Costs on
Womcn's Labor Force Participation;' Journul oJ Pubhc
Econonucs Id (19go), 161-194.
,"Thc Econometrics of Nonlineu Budget Sets," Econo-
merncu 53 (1985). 1255-12R2.

Hausman, Jerry, and Paul Ruud. "Family labor Supply with
Tazes." American Eronomic Rmitw 74 (1984), 242-248.

Hcckman, James, "Shadow Prices. Markct Wages and Labor
Supply:' Economerricu 42 (1974), 679-694.

"Sample Selection Bias az a Sptcificauon Error;'
Erammerncu 47 (1979). 153-161.

Kapteyn, Arie, and Isolde Woittiez, "Prefcrentt Inttrdepen-
dence and Habit Formation in Family Labor SuDPIY,'
in F. Laisney et al. (edJ. Micrcecm~omerrtcs: Sun~rys
unrJ Applicuuon.r (Clevcdon, Avon: Tielo Ltd., 1989), ch.
I o.

Koorcman, Petcr, and Arie Kaptcyn, "Estimation of Rationed
and Unrationed Household Labor Supply Functions
Using Flezible Funclional Forms." The Economic Jour-
nul 96 ( I986), 398-412.

Lundberg, Shelly, "Labor Supply of Husbands and Wives: A
Simultancous Equations Approach," this nEVtew 70
(1988 ) . 224- 235.

McElroy, Maqorie, "Additive General Error Models for Pro-
duction, Cost and Derived Demand or Share Systems;'
Journul oJ Polinrul Eronomv 95 (1987), 735-757.

MoRtt, Robert. "The Econometrics of Piecewise-Linear Bud-
gct Constraints." Journul uJ Burutest 8 Econonuc Smns-
uu 4 (1986). 317-32R.

Neary. Petcr, and Kevin Roberts, "The Theory of Household
Behaviour under Rationing." Ewopeun Economrc Re-
vtew 13 ( I980). 25-42.

Ransom. Michxl, "A Commem on Consumer Demand Sys-
lems with Binding Non-Negativity Coastraints;' Jour-
nul oJ Eronometnct 34 (19R7a), 355-359.

"An Empirical Model of Discrete and Continuous
Choice in Family Labor Supply," this tu:vlEw 59
(1987b).465-472.

Smith, Richard, and Richard Blundell, "An Ezogeneity Test
for a Simultaneous Equation Tobit Model with an Ap-
plication to Labour Supply;' Economarica 34 (1986).
679-685.

Van Soest. Arthur, Peler Koorcman, and Arie Kapteyn.
"Cohercnt Specification of Demand Syslems with Cor-
ner Solutions and Endogenous Regimes;' Working Pa-
per, Tílburg University ( 1988).

Wales, Terry, and Alan Woodland, "Estimation of Consumer
Demand Systems with Binding Non-Negativity Con-
straints;' Juwnu! oJ Eronometriu 21 (1983). 263-285.



Reprint Series, CentER, Tilburg University, The Netherlands:

No. 1 G. Marini and F. van der Ploeg, Monetary and fiscal policy in an optimising

model with capital accumulation and finite lives, The Economic Jounwl, vol. 98,

no. 392, 1988, pp. 772 - 786.

No. 2 F. van der Plceg, International poliry coordination in interdependent monetary
economies, loumal oj International Economicr, voL 25, 1988, pp. 1- 23.

No. 3 A.P. Barten, The history of Dutch macroeconomic modelling (1936-1986), in W.

Driehuis, M.M.G. Fase and H. den Hartog (eds.), ChaUengesjorMacroeconomic
ModeUing, Contributions to Economic Analysis 178, Amsterdam: North-Holland,
1988, pP. 39 - 88.

No. 4 F. van der Plceg, Disposable income, unemployment, intlation and state spending

in a dynamic political-economic model, Public Choice, vol. 60, 1989, pp. 211 - 239.

No. 5 Th. ten Raa and F. van der Ploeg, A statistical approach to the problem of

negatives in input-output analysis, Economic Modelling, vol. 6, no. 1, 1989, p~. 2

- 19.

No. 6 E. van Damme, Renegotiation-proo! equilibria in repeated prisoners' d'Jemma,

Joumal of Economic Theory, vol. 47, no. 1, 1989, pp. 206 - 217.

No. 7 C. Mulder and F. van der Ploeg, Trade unions, investment and employment in

a small open economy: a Dutch perspective, in J. Muysken and C. de Neubourg

(eds.), Unemployment in Europe, London: The Macmillan Press Ltd, 1989, pp. 200

- 229.

No. 8 Th. van de Klundert and F. van der Ploeg, Wage rigidity and capital mobility in

an optimizing model of a small open economy, De Economist, vol. ]37, nr. 1,

1989, PP. 47 - 75.

No. 9 G. Dhaene and A.P. Barten, When it all began: the 1936 Tinbergen model

revisited, Economic ModeUing, vol. 6, no. 2, 1989, pp. 203 - 219.

No. 10 F. van der Ploeg and AJ. de Zeeuw, Contlict over arms accumulation in market

and command economies, in F. van der Plceg and A.J. de Zeeuw (eds.), Dynamic

PoGcy Games in Economics, Contributions to Economic Analysis 181, Amster-

dam: Elsevier Science Publishers B.V. (North-Holland), 1989, pp. 91 - 119.

No. 11 J. Driffill, Macroeconomic policy games with incomplete information: some

exiensions, in F. van der Ploeg and AJ. de Zeeuw (eds.), Dynamic Policy Cames

in Economics, Contributions to Economic Analysis 181, Amsterdam: ELcevier

Science Publishers B.V. (North-Holland), 1989, pp. 289 - 322.

No. 12 F. van der Ploeg, Towards monetary integration in Europe, in P. De Grauwe et

al., De Europese Monetairt lntegratie: vier visies, Wetenschappelijke Raad voor het

Regeringsbeleid V 66, 's-Gravenhage: SDU uitgeverij, 1989, pp. 81 - 106.



No. 13 RJ.M. Alessie and A. Kapteyn, Consumption, savings and demography, in A.
Wenig, KF. Zimmermann (eds.), Demogruphic Changt and Economic
Development, Berlin~Heidelber~: Springer-Verla~, 1989, pp. 272 - 305.

No. 14 A. Hoque, J.R. Magnus and B. Pesaran, The eatact multi-period mean-square
torecast error for the fust-order autoregressive model, Journnl ojEconometrics,
vol. 39, no. 3, 1988, pp. 327 - 346.

No. 15 R. Alessie, A. Kapteyn and B. Melenberg, The effects of Gquidity constraints on
consumption: estimation from household panel data, European Economic Review,
vol. 33, no. 2~3, 1989, pp. 547 - 555.

No. 16 A. Holly and J.R. Magnus, A note on instrumental variables and maximum likeli-
hood estimation procedures, Annala d Économic et dt Statirtique, no. ]0,
April-lune, 1988, pp. 121 - 138.

No. 17 P. ten Hacken, A. Kapteyn and I. Woittiez, Unemployment benefits and the
labor market, a micro~macro approach, in B.A. Gustafsson and N. Anders
Klevmarken (eds.), The PoGtica! Economy oj Socia! Secutiry, Contributions to
Economic Analysis 179, Amsterdam: Elsevier Science Publishers B.V.
(North-HoUand), 1989, pp. 143 - 164.

No. IS T. Wansbeek and A. Kapteyn, Estimation of the error-components model with
incomplete panels, Journal oj Econometricr, vol. 41, no. 3, 1989, pp. 341 - 361.

No. 19 A. Kapteyn, P. Kooreman and R. Willemse, Some methodological issues in the
implementation of subjective poverty definitions, The Joumal of Human
Resources, vol. 23, no. 2, 1988, pp. 222 - 242.

No. 20 Th. van de Klundert and F. van der Ploeg, Fiscal policy and finite lives in
interdependent economies with real and nominal wage rigidity, t7xforrt Economic
Pnpers, voL 41, no. 3, 1989, pp. 459 - 489.

No. 21 J.R. Magnus and B. Pesaran, The exact multi-period mean-square forecast error
for the fust-order autoregressive model with an intercept, Joumal: oj
Economet~icr, vol. 42, no. 2, 1989, pp. 157 - 179.

No. 22 F. van der Ploeg, Two essays on political economy: (i) The political economy of
overvaluation, The Economic Joumal, vol. 99, no. 397, 1989, pp. 850 - 855; (u)
Election outcomes and the stockmarket, European Joutna! of Political Economy,
vol. S, no. 1, 1989, pp. 21 - 30.

No. 23 J.R. Magnus and A.D. Woodland, On the maximum likelihood estimation of
multivariate regression models containing serially correla[ed error componen[s,
Intenwtiona! Economic Review, vol. 29, no. 4, 1988, pp. 707 - 725.

No. 24 AJ.J. Talman and Y. Yamamoto, A simplicial algorithm for stationary point
problems on polytopes, Mathematics ojOpemtions Research, vol. 14, no. 3, 1989,
pp. 383 - 399.

No. 25 E. van Damme, Stable equilibria and forward induction, Jouma! of Economic
Theory, vol. 48, no. 2, 1989, pp. 476 - 496.



No. 26 A.P. Barten and LJ. Bettendort, Price formation of fuh: An application of an
inverse demand system, European Economic Review, vol. 33, no. 8, 1989, pp. 1509
- 1525.

No. 27 G. Noldeke and E. van Damme, Signalling in a dynamic labour market, Review
oj Economic Studies, vol. 57 ( 1), no. 189, 1990, pp. 1- 23.

No. 28 P. Kop Jansen and Th. ten Raa, The choice of model in the construction of
input-output coefficients matrices, Intemariona! Economic Review, vol. 31, na. 1,
1990, pP. 213 - 227.

No.29 F. van der Ploeg and A.J. de Zeeuw, Perfect equilibrium in a model of
eompetitive arms aecumulation, Jnternationa! Economic Review, vol. 31, no. 1,
1990, pp. 131 - 146.

No. 30 J.R. Magnus and A.D. Woodland, Separabi]ity and aggregation, Economica, vol.
57, no. 226, 1990, pp. 239 - 247.

No. 31 F. van der Ploeg, International interdependence and po(icy coordination in
economies with real and nominal wage rigidity, Creek Economic Review, vol. 10,
no. l, June 1988, pp. 1- 48.

No. 32 E. van Damme, Signaling and forward induction in a tparket entry context,
Opemtions Reseanh Proceedings J989, Berlin-Heidelberg: Springer-Verlag, 1990,
PP- 45 - 59.

No. 33 A.P. Barten, Toward a levels version of the Rotterdam and related demand
systems, Contributions to Operations Research and Econamicr, Cambridge: MIT
Press, 1989, pp. 441 - 465.

No.34 F. van der Ploeg, International coordination of monetary policies under
alternative exchange-rate regimes, in F. van der Ploeg ( ed.), Advanced J.ectures
in Quantitative Economics, London-Orlando: Academic Press Ltd., 1990, pp. 91
- 121.

No. 35 Th. van de Klundert, On socioeconomic causes of 'wait unemployment', European
Economic Review, vol. 34, no. S, 1990, pp. ]O11 - 1022.

No. 36 RJ.M. Alessie, A. Kapteyn, J.B. van Lochem and TJ. Wansbeek, Individual
effects in utility consistent models ot demand, in J. Hartog, G. Ridder and J.
Theeuwes (eds.), Panel Data and Labor Maticet Studies, Amsterdam: ELcevier
Science Publishers B.V. (North-Holland), 1990, pp. 253 - 278.

No. 37 F. van der Ploeg, Capital accumulation, in0ation and long-run contlict in
international objectives, ~ford Economic Papers, vol. 42, no. 3, 1990, pp. 501 -
525.

No. 38 Th. Nijman and F. Palm, Parameter identification in ARMA Processes in the
presence of regular but inwmplete sampling, Jouma! of Time Senes Analysis, vol.
l l, no. 3, 1990, PP. 239 - 248.

No. 39 Th. van de Klundert, Wage difterentials and employment in a two-sector model
with a dual labour market, Metroeconomica, vol. 40, no. 3, 1989, pp. 235 - 256.



No. 40 7it. Nijman and M.FJ. Steel, Exclusion restrictions in instrumental variables
equations, Economerric Rtviews, voL 9, no. 1, 1990, pp. 37 - 55.

No. 41 A. van Soest, I. Woittiez and A. Kapteyn, Labor supply, income taxes, and hours
restrictions in the Netherlands, Jouma! ojHuntan R~rowt;er, voL 25, no. 3, 1990,
pp. 517 - 558.

No. 42 Th.C.MJ. van de Klundert and A.B.T.M. van Schaik, Unemployment persistence
and loss of productive capaciry: a Keynesian approach, loumal of Macro-
~ortomict, voL 12, no. 3, 1990, pp. 363 - 380.

No. 43 Th. Nijman and M. Verbeek, Estimation of time-dependent parameters in linear
models using aoss-sections, paneLc, or both, Joruna!of Econometrics, voL 46, no.
3, 1990, pp. 333 - 346.

No. 44 E. van Damme, R. Selten and E. Winter, Alternating bid bargaining with a
smallest money unit, Cames and Economic Behavior, vol. 2, no. 2, 1990, pp. 188
- 201.

No. 45 C. Dang, The D,-triangulation of R' for simplicial algorithms tor computing
solutions of nonlinear equations, Mathematics of Opemtions Researrlt, voL 16, no.
1, 1991, pp. 148 - 161.

No. 46 Th. Nijman and F. Palm, Predictive accurary gain from disaggregate sampling in
ARIMA models,lounta! ojBrcriness dc Economic Statistics, voL 8, no. 4, 1990, pp.
405 - 415.

No. 47 J.R. Magnus, On certain moments relating to ratios of quadratic forms in normal
variables: further results, Sankhya.~ The Indian Joumal of Statisticr, vol. 52, series
B, part. 1, 1990, pp. 1- 13.

No. 48 M.FJ. Steel, A Bayesian analysis of simultaneous equation models by combining
recurs~ve analytical and numerical approaches, Jowrw! oj Económetrics, voL 48,
no. 1~2, 1991, pp. 83 - 117.

No. 49 F. van der Ploeg and C. Withagen, PoUution control and the ramsey problem,
Environntenta! and Resource Economics, vol. 1, no. 2, 1991, pp. 215 - 236.

No. SO F. van der Ploeg, Money and capital in interdependent economies with
overlapping generations, Economica, vol. 58, no. 230, 1991, pp. 233 - 256.

No. 51 A. Kapteyn and A. de Zeeuw, Changing incentives for economic research in the
Netherlands, Europeun Ecorwmic Review, vol. 35, no. 2~3, 1991, pp. G03 - 611.

No. 52 C.G. de Vries, On the relation between GARCH and stable processes, Jouma!
ojEconomerrics, vol. 48, no. 3, 1991, pp. 313 - 324.

No. 53 R. Alessie and A. Kapteyn, Habit formation, interdependent preferences and
demographic effects in the almost ideal demand system, The EconomicJoumal,
vol. 101, no. 406, 1991, pp. 404 - 419.



No. S4 W. van Grcenendaal and A. de Zeeuw, Control, coordination and conflict on
international commodity markets, Economic Modelling, vol. 8, no. 1, 1991, pp. 90
- 101.

No. SS F. van der Plceg and AJ. Markink Dynamic policy in linear models with rational
expectations of future events: A computer package, Computer Scienct in
Economiu and Management, vol. 4, no. 3, 1991, pp. 175 - 199.

No. S6 H.A. Keuzenkamp and F. van der Ploeg, Savings, investment, government
finance, and the current account: The Dutch experience, in G. Alogoskoufis, L..
Papademos and R. Portes ( eds.), Ertenutl Constraines on Macroeconomic Policy:

The European F-rperience, Cambridge: Cambridge University Press, 1991, pp. 219

- 263.

No. 57 Th. Nijman, M. Verbeek and A. van Soest, The efGciency o[ rotating-panel

designs in an analysis-of-variance model,loumal ojEconometncs, vol. 49, no. 3,

1991, pp. 373 - 399.

No. 58 M.FJ. Steel and J.-F. Richard, Bayesian multivariate exogeneity analysis - an
application to a UK money demand equation, Jounw! oj Econometrics, vol. 49,

no. 1~2, 1991, pp. 239 - 274.

No. S9 Th. Nijman and F. Palm, Generalized least squares estimation of linear models
containing rational future expectations, Internationa! Ecoitomic Review, vol. 32,

no. 2, 1991, pp. 383 - 389.

No. 60 E. van Damme, Equilibrium selection in 2 x 2 games, Revista Espanola de
Economia, vol. 8, no. 1, 1991, pp. 37 - 52.

No. 61 E. Bennett and E. van Damme, Demand commitment bargaining: the case of
apex games, in R. Selten (ed.), Came Equilibrium ModeLr II! - Strruegic
Bargaining, Berlin: Springer-Verlag, 1991, pp. 118 - 140.

No. 62 W. Guth and E. van Damme, Gorby games - a game theoretic analysis of
disarmament campaigns and the defense efficiency - hypothesis -, in R.
Avenhaus, H. Karkar and M. Rudnianski (eds.), Dejense Decision Making -

Anatytical Suppon and Cri.ris Management, Berlin: Springer-Verlag, 1991, pp. 215

- 240.

No. 63 A. Rcell, Dual-capacity trading and the quality of the market, Journa! oj
Firwncial Intermediation, vol. 1, no. 2, 1990, pp. ]OS - 124.

No.64 Y. Dai, G. van der Laan, AJJ. Talman and Y. Yamamoto, A simplicial
algorithm for the nonlinear stationary point problem on an unbounded
polyhedron, Siam Journaloj Optintiration, vol. 1, no. 2, 1991, pp. 151 - 165.

No. 65 M. McAleer and C.R. McKenzie, Keynesian and new classícal models of
unemployment revisited, Tite Economic Jounwl, vol. ]01, no. 406, 1991, pp. 359
- 381.

No. 66 AJJ. Talman, General equilibrium programming, NieuwArchiejvoor Wisbutde,
vol. 8, no. 3, 1990, pp. 387 - 397.



No.67 ].R. Magnus and B. Pesaran, The bias of forecasts from a first-order
autoregression, Econornetric Theory, vol. 7, no. 2, 1991, pp. 222 - 235.

No. 68 F. van der Ploeg, Macroeconomic policy coordination issues during the various
phases of economic and monetary integration in Europe, Etuopean Econotny -
Tlu Economics of EMU, Commission of the European Communities, special
edition no. 1, 1991, pp. 136 - 164.

No. 69 H. Keuzenkamp, A precursor to Muth: Tinbergen's 1932 model of rational
expectations, The Economíc Joumal, voL 101, no. 408, 1991, pp. 1245 - 1253.

No. 70 L. Zou, The target-incentive system vs. the price-incentive system under adverse
selection and the ratchet effect, lournalojPublic Economics, vol. 46, no. 1, 1991,
pp. S k - 89.

No. 71 E. Bomhoff, Between price reform and privatiution: Eastern Europe in
transition, Fu~onzrnarkt und PortfoGo Management, vol. S, no. 3, 1991, pp. 241 -
2S 1.

No. 72 E. Bomhoff, Stability ofvelocity in the major industrial countries: a Kalman filter
approach, lntemationa! Monetary Fund Staff Paperr, vol. 38, no. 3, 1991, pp. 626
- 642.

No. 73 E. Bomhoff, Currency convertibility: when and how? A contribution to the
Bulgarian debate, Kredit und Kapital, vol. 24, no. 3, 1991, pp. 412 - 431.

No.74 H. Keuzenkamp and F. van der Ploeg, Perceived constraints for Dutch
unemployment policy, in C. de Neubourg (ed.), The Art oj Fu!! Employment -
Unemp[oyment Policy in Open Economies, Contributions to Economic Analysis
203, Amsterdam: Elsevier Science Publishers B.V. (North-HoUand), 1991, pp. 7
- 37.

No. 75 H. Peters and E. van Damme, Characterizing the Nash and Raiffa bargaining
solutions by disagreement point axions, Mathematics ojOperations Research, vol.
16, no. 3, 1991, pp. 447 - 461.

No.76 PJ. Deschamps, On the estimated variances of regression ccefficients in
misspecified error components models, Econometric Theory, vol. 7, no. 3, 1991,
pp. 369 - 384.

No. 77 A. de Zeeuw, No[e on 'Nash and Stackelberg solutions in a differential game
model of capitalism', Jouma! oj Economic Dynanticr and Contrul, vol. 16, no. 1,
1992, pp. 139 - 145.

No. 78 J. R. Magnus, On the fundamental bordered matrix of linear estimation, in F. van
der Ploeg (ed.), Advanced Lectwe.r in Quantitative Economics, London-Orlando:
Academic Press Ltd., 1990, pp. S83 - 604.

No. 79 F. van der Ploeg and A. de Zeeuw, A differential game of international poUution
eontrol, Systerru and Contro! L.etters, vol. 17, no. 6, 1991, pp. 409 - 414.

No. 80 Th. Nijman and M. Verbeek, The optimal choice of controls and pre-experimen-
tal obsetvations, Jownal of Econometrics, vol. 51, no. 1~2, 1992, pp. 183 - 189.



No. 81 M. Verbeek and Th. Nijman, Can cohort data be treated as genuine panel data?,
Empirica! Econo~nècr, vol. 17, no. 1, 1992, pp. 9- 23.

No. 82 E. van Damme and W. Guth, Equilibrium selection in the Spence signaling game,
in R. Selten (ed.), Game EquiGbrium ModeLr II - Methods, MoroLr, and Markeu,
Berlin: Springer-Verlag, 1991, pp. 263 - 288.

No. 83 R.P. Gilles and P.H.M. Ruys, Characterization of economic agents in arbitrary
communication structures, Nieuw Archiej voor Wiskunde, vol. 8, no. 3, 1990, pp.
325 - 345.

No. 84 A. de Zeeuw and F. van der Ploeg, Difference games and policy evaluation: a
conceptual framework, Oxjord Economic Papers, vol. 43, no. 4, 1991, pp. 612 -
636.

No. 85 E. van Damme, Fair division under asymmetric information, in R. Selten (ed.),
Rationa! Interaction - Essays in Honor of John C. Harsanyi, Berlin~Heidelberg:
Springer-Verlag, 1992, pp. 121 - 144.

No. 86 F. de Jong, A. Kemna and T. Kloek, A contribution to event study methodology
with an application to the Dutch stock market, Journaloj Banking and Firwrue,
vol. 16, no. 1, 1992, pp. 11 - 36.

No. 87 A.P. Barten, The estimation of mixed demand systems, in R. Bewley and T. Van
Hoa (eds.), Contributions to Con.rumer Demand and Econometricr, Essays in
Honour of Henri Theil, Basingstoke: The Macmillan Press Ltd., 1992, pp. 31 - 57.

No. 88 T. Wansbeek and A. Kapteyn, Simple estimators for dynamic panel data models
with errors in variables, in R. Bewley and T. Van Hoa (eds.), Contributions to
Consumer Dentand and Econometrict, Essays in Honour of Henri Theil,
Basingstoke: The Macmillan Press Ltd., 1992, pp. 238 - 251.

No. 89 S. Chib, J. Osiewalski and M. Steel, Posterior inference on the degrees of
freedom parameter in multivariate-t regression models, Economiur Letters, vol.
37, no. 4, 1991, pp. 391 - 397.

No. 90 H. Peters and P. Wakker, Independence of irrelevant alternatives and revealed
group preferences, Econometrica, vol. 59, no. 6, 1991, pp. 1787 - 1801.

No. 91 G. Alogoskoutis and F. van der Plceg, On budgetary policies, growth, and
external deficiu in an interdependent world, lottrna! oj the Japanese and
Internationa! Economies, vol. 5, no. 4, 1991, pp. 305 - 324.

No. 92 R.P. Gilles, G. Owen and R. van den Brink, Games with permission structures:
The conjunctive approach, Intemational Jouma! oj Came Theory, vol. 20, no. 3,
1992, PP. 277 - 293.

No. 93 JA.M. Potters, IJ. Curiel and S.H. Tijs, Traveling salesman games, Mathematica!
Progranvrting, vol. 53, no. 2, 1992, pp. 199 - 21 l.

No. 94 A.P. Jurg, M.J.M. Jansen, JA.M. Potters and S.H. Tijs, A symmetrization for
finite two-person games, Zciuchrijt f'ur Operations Research - Methods and ModeLt
of Operntions Researrh, vol. 36, no. 2, 1992, pp. 111 - 123.



No. 9S A. van den Nouweland, P. Borm and S. Tijs, Allocation rules for hypergraph
communication situations, International Joumal of Came Theory, vol. 20, no. 3,
1992, PP. 25S - 268.

No. 96 EJ. Bomhoff, Monetary retorm in Eastern Europe, European Ecorwmic Review,
vol. 36, no. 2~3, 1992, pp. 454 - 458.

No. 97 F. van der Ploeg and A. de Zeeuw, International aspects of poUution control,
Environmenta! and Resow~ce Economics, vol. 2, no. 2, 1992, pp. 117 - 139.

No. 98 P.E.M. Borm and S.H. Tijs, Strategic claim games corresponding to an NTU-
game, Gamcr and Economic Behavior, vol. 4, no. 1, 1992, pp. S8 - 71.

No. 99 A. van Soest and P. Kooreman, Coherenry of the indirect translog demand
system with binding nonnegativiry constraints, Jouma! oj Econometrics, voL 44,
no. 3, 1990, pp. 391 - 400.

No. 100 Th. ten Raa and E.N. Wolff, Secondary products and the measurement of
productivi[y growth, Regional Science aná Urban Economics, vol. 21, no. 4, 1991,
pp. 581 - 615.

No. ]O1 P. Kooreman and A. Kapteyn, On the empirical implementation of some game
theoretic models ofhousehold labor supply, TheJournalofNtutwn Resourres, vol.
2S, no. 4, 1990, pp. 584 - 598.

No. ]02 H. Bester, Bertrand equilibrium in a differentiated duopoly, Intemational
Economic Review, vol. 33, no. 2, 1992, pp. 433 - 448.

No. 103 JA.M. Potters and S.H. Tijs, The nucleolus of a matrix game and other nucleoli,
Marhematicr of Operntionr Research, vol. 17, no. 1, 1992, pp. 164 - 174.

No. 104 A. Kapteyn, P. Kooreman and A. van Soest, Quantity rationing and concavity in
a Uexible household labor supply model, Review of Economics and Statirticr, vol.
72, no. 1, 1990, pp. SS - 62.



P.O. BOX 90153. 5nM I F Tll RI 1Rr Tu~ ni~-ru~o~ ANDS
Bibliotheek K. U. Brabant

' I I ~ ~ ~R~~tl~ VI~ I A~~ l~lll,~q


	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

