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Equivalence scales provide answers to questions like how much a household with two children needs
to spend compared to a couple to attain the same welfare level. These are important questions for
child allowances, social benefits and to assess the cost of children over the life-cycle for example. We
discuss equivalence scales in an intertemporal setting with uncertainty. To estimate equivalence scales
we use a panel from German households (GSOEP) containing subjective data on satisfaction with life
and satisfaction with income to represent the welfare level. Because satisfaction is measured on a
discrete scale we use limited dependent variable models for panel data in estimation. Using satisfaction
with life data we find that larger households do not need any additional income to be as satisfied as
a couple. Using satisfaction with income, however, yields equivalence scales that increase with house-
hold size.

1. INTRODUCTION

Equivalence scales indicate how much expenditure a household with a given
demographic composition needs to reach the same welfare leûel as a reference
household with a different demographic composition. For example, equivalence
scales provide answers to questions like how much expenditure a household with
four children needs compared to a household with two children, or how much
expenditure a childless couple needs compared to a single person household, to
attain the same welfare level. The answers to these questions are important,
because, for example, poverty thresholds, child allowances and social benefits are
based on them. In a single-period setting equivalence scales can be used to assess
the costs of children for this single period. In addition, a household considering
having children might want to assess the costs related to this decision. Costs are
then related to the whole life-cycle instead of a single period. Equivalence scales
in an intertemporal setting can be used to assess the cost of children over the life-
cycle.

Results for equivalence scales can be expert-based or economic model-based.
The German Social Assistance and the OECD provide expert-based scales, for
example. Economic model-based scales require a translation of equivalence scales
to economic models. This, in turn, requires explanation of what is meant by
‘‘expenditure’’ and ‘‘welfare level ’’ in the definition of an equivalence scale. Esti-
mation of equivalence scales also requires data.1 Using single-period cross-section

Note: I thank Bertrand Melenberg, Arthur van Soest, and three anonymous referees for helpful
comments. The usual disclaimer applies. The data used in this study are from the public use version
of the German Socio-Economic Panel Study. These data were provided by the Deutsches Institut für
Wirtschaftsforschung.

1Equivalence scales used in policy are not only based on econometric models but are also expert-
based.
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models, several approaches are available in the literature. In all these models
expenditure in the definition of equivalence scales is replaced by income so equiv-
alence scales indicate how much income a household with a given demographic
composition needs to reach the same welfare level as a reference household with
a different demographic composition. We will discuss three approaches to define
‘‘welfare level.’’

The first approach relies on demand systems. The term ‘‘welfare level ’’ in
the definition of equivalence scales is replaced by ‘‘utility’’ and equivalence scales
are just ratios of the expenditure of attaining a given utility level for households
with different demographic characteristics. The utility function in the model
determines demand equations that can be estimated. However, these demand
equations do not fully identify cost functions, therefore equivalence scales are
not identified on the basis of demand data alone. Pollak and Wales (1979) and
Blundell and Lewbel (1991) who discuss the identification issue in more depth
show this.

The second approach also relies on micro-economic models and again the
term ‘‘welfare level ’’ in the definition of equivalence scales is replaced by ‘‘utility.’’
However, instead of using indirect measures of the expenditure function, data
that reveal the expenditure function directly are used in estimating equivalence
scales. To construct the expenditure function a question concerning the level of
income the household would consider ‘‘very bad,’’ ‘‘bad,’’ ‘‘insufficient,’’ ‘‘suf-
ficient,’’ ‘‘good’’ or ‘‘very good’’ in their current circumstances is used. This is a
so called Income Evaluation Question (IEQ) used by, for example, Van Praag
and Kapteyn (1973), Van Praag and Van der Sar (1988), and Melenberg and van
Soest (1996). It can be interpreted, as a direct measure of the expenditure needed
to attain a given utility level. Equivalence scales can then be estimated from these
estimated expenditure functions.

The third approach does not require an explicit micro-economic model.
Instead, subjective data on satisfaction are used and hence the term ‘‘welfare
level ’’ in the definition of equivalence scales is replaced by ‘‘satisfaction level.’’
The relationship between satisfaction and household characteristics like income
and demographics is specified. The parameters in this relationship are estimated
using satisfaction data and an ordered response model. Melenberg and van Soest
(1996) find that the results based on satisfaction data lead to much more plausible
results than the results based on the IEQ. They state that a reason for this finding
might be that the IEQ asks for information in some virtual situations, whereas
the satisfaction question refers to the household’s actual situation. In this paper
we will therefore use satisfaction data to estimate equivalence scales for Germany.
For an overview of studies using subjective data (mainly IEQ data) see Kapteyn
and Wansbeek (1985).

In addition to the use of subjective data we discuss the definition of equival-
ence scales in intertemporal setting. This is not obvious when future events, like
income for example, are uncertain, which makes equivalence scales in an intertem-
poral setting also interesting from a theoretical point of view. For example, in an
intertemporal context, expenditure in a given period need not be equal to income
in a given period (intertemporal substitution). Furthermore, the definition of wel-
fare depends on the period that is considered. Equivalence scales based on a
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specific period will be referred to as period-specific equivalence scales. Equival-
ence scales based on lifetime welfare will be referred to as lifetime equivalence
scales. In an intertemporal setting with uncertainty, the definition of lifetime wel-
fare is not obvious and needs clarification, so lifetime equivalence scales are inter-
esting from a theoretical point of view. Furthermore, period-specific equivalence
scales can differ for each period of the life-cycle and they can depend on the age
of children, for example. Therefore, comparing two households that differ in
terms of composition during (part of) the lifetime, would lead to a sequence of
period-specific equivalence scales. A lifetime equivalence scale is just a single num-
ber, which is a neat way to present the results from the comparison. On the other
hand, its aggregate nature covers some of the effects of household composition
over the life-cycle on lifetime equivalence scales.

To compute single-period and lifetime equivalence scales we will use data
from the German Socio-Economic Panel (GSOEP). Satisfaction data for
Germany, based on the GSOEP, have been analyzed in a descriptive fashion
in sociology. For example, using the 1984 through 1992 waves, Andreß (1996)
investigates satisfaction with income as well as changes in satisfaction with
income. He concludes that the main explanatory variables are income, labor
market state and demographics (like civil status or household size). Using the
1984 through 1987 waves, Landau (1992) concludes that changes in satisfaction
with life can be traced back to changes in living conditions like employment,
health and family composition. When explaining the satisfaction level, the sex
of the head of household matters, in addition to the changes in living con-
ditions. Winkelmann and Winkelmann (1995) use an econometric model
instead of just a descriptive analysis. They use satisfaction with life data from
1984 through 1989 to examine the social cost of unemployment. Satisfaction
below a given level is defined as zero and the other values are coded as one.
A binary choice panel data model with fixed or random effects is estimated
based on a balanced panel.

One of the problems with subjective data is that two households that have
the same welfare level might answer the questions on satisfaction differently. If,
for example, one household mainly measures satisfaction in the range 4
through 6 whereas another household measures it in the range 6 through 8,
then a satisfaction level of 6 has a very different meaning for these households.
Using panel data can accommodate this problem. Panel data allow for house-
hold specific effects that do not vary over time and they might be correlated
with the regressors. Adding the household specific effects allows households
that are exactly the same in their observable characteristics to differ in average
satisfaction level and hence average welfare level, where the average is taken
over time. Because satisfaction is measured on a discrete scale we will use
ordered response panel data models (ORPD) in estimating equivalence scales.

In Section 2 we discuss the notion of equivalence scales in an intertemporal
setting, in Section 3 we describe the data and in Section 4 we explain the model
we use in estimation. Sections 5 and 6 contain the estimation results. In Section
5 the ages of children are not taken into account, whereas they are in Section 6.
Section 7 concludes.
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TABLE 1

THE FIVE APPROACHES

Approach Model Data Used

1 Life-cycle with certainty Demand data
2 Life-cycle with uncertainty Demand data
3 Life-cycle with uncertainty Satisfaction data
4 Based on interpretation of data Satisfaction data
5 Based on interpretation of data Satisfaction data

2. EQUIVALENCE SCALES IN AN INTERTEMPORAL SETTING

The definition of equivalence scales contains the terms ‘‘expenditure’’ and
‘‘welfare level.’’ In micro-economic cross-section models, expenditure is usually
set equal to income. In an intertemporal setting expenditure in a given period
need not be equal to income in that period due to the possibility of intertemporal
substitution. Furthermore, future income, for example, might be uncertain.
Whether the future is certain or uncertain influences the definition of ‘‘expendi-
ture’’ and ‘‘welfare.’’ In this section we will discuss five approaches to estimate
equivalence scales in an intertemporal setting. These will be referred to as lifetime
equivalence scales. In all approaches we will explain what is meant by ‘‘welfare,’’
which intertemporal micro-economic model is used (if any) and what type of data
is used to estimate lifetime equivalence scales. An overview on how these
approaches relate in terms of the model and data used is given in Table 1. Com-
paring the definitions of ‘‘welfare’’ is rather involved, so for a discussion, see the
detailed explanations of the five approaches below.

The first three approaches use a life-cycle model with a utility function that
is assumed to be intertemporally additive. To describe these approaches in more
detail we need some notation:

xt is total expenditure in period t,
pt is a vector of period t commodity prices,
ht is household composition in period t,
ut is discounted utility in period t,
wt is the income in period t,
At is the value of assets at the beginning of period t,
rt is the real interest rate in period t,
It is the information on period t variables, ItG{wt , pt , rt , ht},
C is the end of the lifetime,
h is (h0 , . .. , hC ),
F t is all the information available at the beginning of period t, satisfying
F 1 ⊆ F 2 ⊆ · · ·⊆ F C,
Et denotes expectation over F C conditional on F t .

To compute equivalence scales we will compare a reference household (consisting
of two adults) with a comparison household. Therefore, we will introduce some
additional notation. Let I0

t denote the information related to a specific period t
for a reference household, I0

t G{w0
t , pt , rt , h

0
t } and let I1

t denote the information
related to a specific period t for a comparison household, I1

tG{w1
t , pt , rt , h

1
t}.

Hence they only differ in terms of wt and ht . All the available information at the
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beginning of period t is denoted by F
0
t and F

1
t , respectively. Let Ej

t denote
expectation conditional on F

j
t, jG0, 1. What is in F t depends on whether uncer-

tainty is allowed for or not. Under certainty F tGF CGI0∪ · · · ∪IC whereas
under uncertainty F tGI0∪I1∪ · · · ∪It . Similar expression hold for F

0
t and

F
1
t .

We will restrict attention to a life-cycle model in which lifetime utility U
is intertemporally additive in (discounted) within-period utility ut and in which
preferences over household composition are intertemporally additive as well.
Hence, if we define UH(h0 , . . . , hC ) to reflect preferences over household compo-
sition over the life-cycle, then

(1) UH(ht , . . . , hC )G ∑
C

τGt

fτ (hτ), tG0, . . . , C

for some arbitrary functions fτ , τG0, . . . , C.
Now

UG ∑
C

tG0
ut(xt , pt , ht)CUH(h0 , . . . , hC )

At the beginning of period t, a household maximizes expected utility as of period
t subject to a budget constraint, i.e.

(2)
max

xt ,...,xC

Et� ∑
C

τGt

{uτ (xτ , pτ , hτ)Cfτ (hτ)}�
s.t. AτC1G(1Crτ)(AτCwτxτ), τ¤ t, ACC1G0

The first approach we discuss in detail is presented in Banks, Blundell, and Preston
(1994a). In the absence of uncertainty, the expectation operator in maximization
problem 2 can be dropped. Furthermore, Banks et al. (1994a) replace ut by
Ft(ût(xt , pt , ht)), where ût(xt , pt , ht) is an indirect utility function representing
within-period preferences. In estimating equivalence scales, Banks et al. (1994a)
proceed in three steps. In the first step the parameters in ût(xt, pt, ht) are estimated
using the UK Family Expenditure Survey (FES) from 1969 through 1988. To
explain the second step, let λ t denote the marginal utility of expenditure, i.e. λ tG

∂Ft�∂xt . The optimal expenditure path follows from the equation λ tGλ tC1 (see
Deaton, 1992, for example). Using observations on xt from the FES this equation
can be used to estimate the parameters in Ft. All the parameter estimates are used to
construct the optimal expenditure path for a reference household and the resulting
optimal expenditure path yields the optimal value for ∑C

tG0 ut(xt , pt , h
0
t ), i.e. life-

time utility U excluding household composition preferences over the life-cycle, i.e.
UH(h0 , . . . , hC ), see (1). In the third step, we construct equivalence scales. There-
fore we need optimal expenditure paths to reach the same lifetime utility as a
comparison household. Because demand data do not identify UH(h0, . . . , hC ),
lifetime utility is not identified and hence equivalence scales will depend on the
choice for ft(ht). Banks et al. (1994a) are very much aware of this and they start

103



assuming UH(h0, . . . , hC)G0. With this specification for U, their results for life-
time equivalence scales are ‘‘too high when judged against what seems intuitively
reasonable.’’2 This is stated in Banks, Blundell, and Preston (1994b) who report
the same lifetime equivalence scales as Banks et al. (1994a). To bring the lifetime
equivalence scales at a more plausible level they choose a specific function
UH(h0, . . . , hC) such that lifetime equivalence scales are intuitively more
reasonable.

For a notion of equivalence scales it is important to distinguish certainty
from uncertainty. In approach two we extend the Banks et al. (1994a) approach
to a life-cycle model with uncertainty. This model will still suffer from the same
identification problem as the previous model but emphasis here is on the defi-
nition of equivalence scales. The same definition of equivalence scales will be used
in a model using a different type of data to identify UH(h0 , . . . , hC ). In a life-
cycle model with uncertainty the information available at the beginning of period
t is modelled to be

F tGI0∪I1∪ · · · ∪ItG{w0 , . . . , wt , p0 , . . . , pt , r0 , . . . . rt , h0 , . . . , ht}

Compared to the approach in Banks et al. (1994a), step one of the estimation
procedure does not change due to the intertemporal additivity of lifetime
utility. To determine optimal expenditure levels under uncertainty, the relation
λ tGλ tC1 in step two is replaced by λ tGEtλ tC1 (see Deaton, 1992, for example)
and this is used to estimate the parameters in Ft. However, step three, the
construction of equivalence scales is more complicated due to uncertainty.
Under uncertainty, an obvious definition of lifetime welfare is expected lifetime
utility rather than lifetime utility. Furthermore, ex ante optimal expenditure
levels are random variables because they depend on future optimal expenditure
levels which, in turn, will depend on the particular realizations for the uncer-
tain variables in these future periods, like income or prices, for example.
Therefore lifetime equivalence scales will be random variables.3 However, ex
post equivalence scales may be estimated.4 At the beginning of period t, a
reference household uses its information, F

0
t say, and its budget constraint to

determine the optimal expenditure level x*t . This gives a value for the expected
utility as of period t, E0

t ∑C

τGt{uτ (x*τ , pτ , hτ)Cfτ (hτ)} for the reference household.
A household with a different household composition in period t for which
E1

t ∑C

τGt{uτ (x*τ , pτ , hτ)Cfτ (hτ )}equals E 0
t ∑C

τGt{uτ (x*τ , pτ , hτ)Cfτ (hτ)} will choose
a different optimal value for xt , when compared to the reference household. Com-
paring the optimal values for xt yields period-specific equivalence scales, et say,
based on the same expected utility as of period t. These et depend upon all infor-
mation up to period t for both a reference household and a comparison household,

2Banks et al. (1994a) use rtG0.05 but they do not explain how they choose p0 , . . . , pC and
w0 , . . . , wC .

3The exception to this rule is a model with dynamically complete markets. Then, by definition,
any future (random) expenditure stream can be obtained with enough additional initial funds and
appropriate investments in the various securities. Hence, optimal future expenditure streams then do
not depend on realizations of uncertain variables in these future periods.

4In the remainder we will drop the ex post prefix in period-specific and lifetime equivalence scales.

104



i.e. etGet (F
0
t , F

1
t ). To compute lifetime equivalence scales the et have to be esti-

mated for each period of the life-cycle.5 Lifetime equivalence scales can then be com-
puted as the discounted period-specific equivalence scales. Using a time-constant
nominal interest rate r, lifetime equivalence scales can be computed as

∑C

tG0 (1Cr)−tx1t

∑C

tG0 (1Cr)−t x0t

G
∑C

tG0 (1Cr)−tet(F
0
t , F

1
t )x0t

∑C

tG0 (1Cr)−tx0t

To estimate lifetime equivalence scales we need a pattern for x0t . For simplicity
we will use the expenditure pattern resulting from a life-cycle model with certainty
and intertemporally additive lifetime utility over quantities of individual goods in
which the rate of time preference is equal to the real interest rate. Then, the
optimal xt divided by a price index are constant over time (see Deaton, 1992). If
we let the price index increase at rate ρ, then x0t grows at rate ρ and x0tG

(1Cρ)tx00 . It is easy to show that the lifetime equivalence scale can be approxi-
mated by

(3)
∑C

tG0 et(F
0
t , F

1
t )C(ρAr)∑C

tG0 t et(F
0
t , F

1
t )

CC(ρAr)C (CC1)�2

ignoring terms of order (ρAr)2 and higher.
If we assume that the price index increases at rate r (i.e. ρGr) and hence

keeping real expenditure of the reference household constant in all periods, the
lifetime equivalence scale is just the average of the period-specific equivalence
scales. Lifetime equivalence scales will be smaller than the period-specific equival-
ence scales because the period-specific equivalence scales for periods where no
children are present are equal to one.

Approaches one and two use indirect measurement of lifetime utility U by
means of expenditure data. This leads to a similar identification problem as in
the cross-section model using demand data: the function UH(h0 , . . . , hC ) cannot
be identified using demand data and hence lifetime equivalence scales still cannot
be identified. As indicated in the introduction we will use satisfaction data to
estimate equivalence scales.

Approaches three through five discussed below avoid the identification prob-
lem but they rely heavily on the definition of period-specific and lifetime equival-
ence scales given before and on interpretations of the answers to the satisfaction
question. We will give three possible interpretations of these answers that lead
to the same equivalence scales. The reason considering more than one possible
interpretation is that it is not clear what people have in mind when answering the
question. The three approaches differ in terms of the length of the period as well
as the level of uncertainty in that period. Approach three takes into account the
remaining life-cycle as of period t as well as uncertainty in future income, prices
and interest rates. Therefore, in this approach the period-specific and lifetime
equivalence scales can be interpreted in a life-cycle model. Approach four also
takes into account the remaining life-cycle as of period t but assumes that future
income, prices and interest rates are equal to their period-t values. Approach five

5However, using demand data does not identify ft(ht ) so the same identification problem appears.
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takes into account only a single period. Hence, the answer to the satisfaction
question is related to an economic problem that is decreasing in complexity with
approaches three through five. Approach three relates to an economic model.
Approaches four and five are very similar. The main difference is that uncertainty
of future events, like future household size for example, is taken into account in
approach four whereas it is not in approach five. Without reference to an econ-
omic model, interpretation of the equivalence scales in approach four and five is
not as clear as in approach three. We will now discuss these approaches in more
detail.

In approach three we use a life-cycle model under uncertainty as described
above and we use a direct measure of welfare by means of satisfaction data. An
interpretation of the answer to the satisfaction question is that it is the maximum
expected utility as of period t, i.e.

Et� ∑
C

τGt

{uτ(x*τ , pτ , hτ)Cfτ(hτ)}�
or some monotonically increasing transformation of it. To be able to use the
answers to the satisfaction question we have to relate them to explanatory vari-
ables. We will assume that the information in F t can be summarized by It so the
maximum expected utility as of period t and hence satisfaction in period t depends
only on the past through It . The parameters in this relation can be estimated
using an ORPD model, explained in Section 4. Given the parameter estimates,
period-specific equivalence scales can then be computed by equating satisfaction
in period t for a comparison household with satisfaction for the reference house-
hold. These period-specific equivalence scales are then used to construct lifetime
equivalence scales as described above. This is an example of a life-cycle model,
which, together with an interpretation of the satisfaction data, can be used to
compute equivalence scales. In this life-cycle model the period-specific equivalence
scales can be interpreted as period-specific life-cycle consistent equivalence scales.

The interpretation of the satisfaction data used in approach three is not the
only interpretation possible. In approach four an alternative interpretation is used.
For instance, we assume that the head of household, when answering a satisfac-
tion question in a given period t, performs a thought experiment. In this experi-
ment, future income, prices and the interest rate are kept at their level in period
t. The head of household then answers how satisfied he�she will be as of period
t. For a household with a given composition in period t, a definition of period-
specific equivalence scales is the amount of money that is needed to attain the
same satisfaction level in period t as the reference household. We also assume
that satisfaction in period t only depends on period-t information. In the
interpretation used here, this assumption is satisfied for income, prices and inter-
est rates. For household composition this implies that either future household
composition is the same as in period t or that future household composition is
uncertain but that the distribution of household composition as of period t is
completely determined by household composition in period t. An ORPD model
discussed in Section 4 can be used to estimate the parameters in the relation
between satisfaction and period-t information. These parameter estimates will
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determine period-specific equivalence scales, et say. Using (3) and ignoring terms
of order (ρAr)2 and higher, lifetime equivalence scales follow by taking a
weighted average,

(4)
∑C

tG0 etC(ρAr)∑C

tG0 t et

CC(ρAr)C (CC1)�2

where r is the (time-constant) real interest rate and ρ is the time-constant rate of
expenditure growth of the reference household. In this interpretation, satisfaction
data can be analyzed without a life-cycle model. However, the two interpretations
of satisfaction data discussed in approaches three and four lead to the same esti-
mates of period-specific and lifetime equivalence scales.

Finally, in approach fiûe we assume that the head of household answers how
satisfied he is in period t, based on his period t information. Period-specific equiv-
alence scales, et , are again defined in terms of reaching the same satisfaction level
as the reference household, see approach four. Lifetime equivalence scales are
again a weighted average of these period-specific equivalence scales, see (4). Simi-
lar to approach four, an ORPD model discussed in Section 4 can be used to
estimate the parameters in the relation between satisfaction and period-t infor-
mation. These parameter estimates will determine the et from which the lifetime
equivalence scales follow easily. In this approach satisfaction data are analyzed
without reference to a life-cycle model.

3. DATA

We use the German Socio-Economic Panel (GSOEP). This panel dataset
consists of data as of 1984 on Germans born in the former West Germany and
foreigners living in the former West Germany. As of 1990 it also contains data
on Germans born in the former East Germany. The sampling strategy is such
that for each of the three subsamples no new households are added except house-
holds that stem from the first wave of the subsample. The topics covered are
household composition, employment and professional mobility, earnings develop-
ment, housing and living conditions, regional mobility, health, occupational and
family biographies, and personal satisfaction. Topics that were surveyed in only
one year include social security, education and training, allocation of time and
savings, and assets held by the households.

In this paper we will focus on estimation of period-specific and lifetime equiv-
alence scales for Germans born in the former West Germany using personal satis-
faction data. For computational reasons we will only use the data from 1984–91
(see below). Information on the data can be found in Wagner, Burkhauser, and
Behringer (1993) as well as on the world wide web.6 The first wave of the panel
is important in the sense that only the persons in the households that were selected
for an interview in 1984 are followed over time, so the only new persons or
households that are added stem from the initial households. To avoid strong
relationships between the households used in estimation we determine the head
of household in 1984 (from a question in the survey) and this person is followed
over time. Any other persons or households stemming from these initial house-
holds are left out of our sample.

6URL is http:��www.diw-berlin.de�soep�e.faltblat.html
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TABLE 2

DEFINITION AND OVERVIEW OF VARIABLES

Variable Definition

SATLIFE Satisfaction with life of head of household, measured on a scale from 0 (very
dissatisfied) to 10 (very satisfied)

SATINC Satisfaction with household income responded by the head of household,
measured on a scale from 0 (very dissatisfied) to 10 (very satisfied)

LINC Log(real total household income) in Deutschmark�month
LHHSIZE Log(household size)
SATHLTH Satisfaction with health of head of household, measured on a scale from 0

(very dissatisfied) to 10 (very satisfied)
FULLEMP Dummy equal to 1 for a full-time employed head of household, 0 otherwise
PARTEMP Dummy equal to 1 for a part-time employed head of household, 0 otherwise
UNEMPL Dummy equal to 1 for an (involuntarily) unemployed head of household, 0

otherwise
NONPART Dummy equal to 1 for a nonparticipating head of household, 0 otherwise
SELFEMP Dummy equal to 1 for a self-employed head of household, 0 otherwise
AGE Age of the head of household divided by 10
AGE2 AGE squared
DUMMY85–91 Time dummies for respectively 1985 to 1991

For the purpose of estimating equivalence scales, satisfaction with life and
satisfaction with income can be used. Both variables are measured on a discrete
scale from 0 (very dissatisfied) to 10 (very satisfied). The questions are presented
in the Appendix. Household income is an important explanatory variable in this
context. The head of household is asked to report the household net monthly
income. The exact question is presented in the Appendix. In Table 2 we present
definitions of the variables used in this study. Real income is nominal income
divided by the consumer price index, as reported in the statistical yearbooks of
Statistics Germany. In Table 3 we present an overview of the data. It contains

TABLE 3

SUMMARY STATISTICS FOR THE VARIABLES DESCRIBED IN TABLE 2
(STANDARD DEVIATIONS IN PARENTHESES)

1984 1985 1986 1987 1988 1989 1990 1991

#obs 3926 3470 3187 3041 2827 2634 2509 2343
SATLIFE 7.40 7.22 7.34 7.14 7.00 7.07 7.28 7.36

(2.11) (2.00) (1.86) (1.88) (1.91) (1.92) (1.75) (1.70)
SATINC 6.34 6.42 6.59 6.58 6.60 6.73 6.81 7.01

(2.59) (2.44) (2.26) (2.26) (2.21) (2.14) (2.10) (1.99)
LINC 7.84 7.87 7.94 7.97 8.00 8.03 8.06 8.08

(0.58) (0.56) (0.54) (0.54) (0.53) (0.53) (0.53) (0.52)
LHHSIZE 0.78 0.80 0.81 0.81 0.82 0.82 0.82 0.82

(0.54) (0.54) (0.53) (0.53) (0.53) (0.53) (0.53) (0.52)
SATHLTH 6.67 6.65 6.63 6.56 6.37 6.35 6.34 6.37

(2.69) (2.47) (2.42) (2.35) (2.40) (2.41) (2.31) (2.28)
FULLEMP 0.62 0.62 0.62 0.62 0.62 0.61 0.60 0.60
PARTEMP 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.03
UNEMPL 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.01
NONPART 0.30 0.30 0.30 0.30 0.31 0.32 0.34 0.33
SELFEMP 0.06 0.06 0.06 0.07 0.07 0.06 0.06 0.06
AGE 4.92 4.97 5.03 5.09 5.18 5.23 5.31 5.37

(1.66) (1.62) (1.60) (1.58) (1.55) (1.54) (1.53) (1.49)
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averages and standard errors for each variable in each year. It shows that, on
average, satisfaction with life does not show a pattern in the early years but it is
increasing from 1988 onwards. In contrast, the average satisfaction with income
is increasing over time and it is always below the average satisfaction with life.
The logarithm of real household income is increasing over time, on average. The
average household size is constant over time. The fraction of people in full-time
employment decreases slightly as of 1989, whereas the fraction being part-time
employed is stable over time. The fraction unemployed decreases over time and
the fraction of nonparticipants increases from 1988 onwards.7 All these changes
can be caused by the changing age distribution in the sample. It should be remem-
bered that we only use the heads of households that responded in 1984. Therefore,
the age distribution shifts to the right over time.

Figure 1 contains several graphs. The upper graphs contain nonparametric
estimates for the relation between satisfaction with life and log(income) and the
relation between satisfaction with income and log(income). Both are based on a
quartic kernel using a rule of thumb bandwidth which is equal to
M−1/5 sd(log(income)), where M is the number of observations in the pooled
sample and sd(log(income)) is the standard error of the explanatory variable
log(income). These graphs also contain 95 percent uniform confidence bands for
the nonparametric estimates based on Härdle and Linton (1994). According to
both satisfaction measures satisfaction increases with log(income). Satisfaction
with income rises sharper with log(income) than satisfaction with life does. The
lower graphs give satisfaction with life and satisfaction with income averages for
each size of household present in the sample. The circles represent the averages
whereas the crosses represent the boundaries of 95 percent (pointwise) confidence
bands. There is no clear relation between household size and satisfaction with life
or satisfaction with income. Comparing the two, however, shows that household
size has a larger effect on satisfaction with income than on satisfaction with life.
The former effect, if nonzero, is negative. It is needless to say that these results
do not correct for other characteristics of the family. In particular, household size
and income will be positively related. In Sections 5 and 6 we will estimate models
taking into account additional explanatory variables.

One of the additional variables is the expenditure level in period t. In the
existing cross-section models the expenditure level is assumed to be equal to
income instead of income plus (part of) the value of assets. This is a strong
assumption. In an intertemporal setting and using the assumptions in the previous
section, the optimal expenditure level in period t only depends on income in
period t and on initial assets in period t and not on previous realizations of
income. However, initial assets in each period are not available in our dataset.
Therefore, we assume that the effect of initial assets is captured by the household
specific effect and that the remainder is absorbed in the error term. Without
information on initial assets in each period this assumption is not testable. How-
ever, panel data can be used to relax the assumption that expenditure is equal to
income as is used in cross-section models.

7Persons are unemployed if they are looking for a job or if they are willing to start in a job
immediately or within a year. Persons are nonparticipating if they indicate so or if they state that
they are looking for a job but would not accept any offer within a year.
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Figure 1. Nonparametric Estimates for the Relationship Between Satisfaction with Life and Log(in-
come), Satisfaction with Income and Log(income), Satisfaction with Life and Household Size, and
Satisfaction with Income and Household Size

4. MODELS

In estimating period-specific equivalence scales we use the following Ordered
Response Panel Data (ORPD) model:

(5) �y*it Gβ′txitCα iCuit , iG1, . . . , N, tG1, . . . , T

yitGj if γ jFy*it ⁄γ jC1 , γ 0G−S, γ 1G0, γ RGS, γ j⁄γ jC1

110



Figure 1.—continued

Here R is the number of possible outcomes for yit (RG11), N is the number of
households in the sample, T is the number of time periods, α i , iG1, . . . , N, are
the household specific effects and uit are the error terms, iG1, . . . , N, tG1, . . . , T.
xit will include time dummies δ t , tG1, . . . , T. We also assume independence over
the individuals, iG1, . . . , N. Note further that β is allowed to vary over time. As
we will explain below, we can allow the thresholds γ j to vary over the individuals
for the fixed effects model. To be able to estimate the parameters
βG(β′1 , . . . , β′T )′ we have to add distributional assumptions on α i and�or uit to
this model. The additional assumptions are specified below.

To compare the estimation results for different models we will use fixed
and random effects models as well as a pooled model. We start with a fixed
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effects parametric model adding the assumption that the uit, iG1, . . . , N, tG
1, . . . , T are independent of α and (x1, . . . , xT) and that they follow an iid
standard logistic distribution. Estimation can then be performed in the follow-
ing two steps (see Das and van Soest, 1999). In the first step we construct
dummy variables ỹitg as

ỹitgG�0 if yit⁄g

1 otherwise

Hence, if yit is larger than some threshold g, then ỹitg equals one whereas it is zero
otherwise, gG0, . . . , RA2. Transforming the yit variables into dummy variables
together with the logistic distributional assumptions allows us to use the estimator
for the fixed effect binary choice model with logistically distributed error terms
to get a consistent estimator. For this model an estimator is available, based
on a conditional likelihood (see Chamberlain, 1980, for example). Whereas the
likelihood depends on the parameters α i , the conditional likelihood does not
and the estimates for β resulting from maximizing the conditional likelihood are
consistent. Note, however, that not all the coefficients of the time dummies δ t ,
tG1, . . . , T, are identified so the coefficient related to δ 1 is normalized at zero.
For each choice of g we can employ a fixed effects binary choice logit model and
maximize a conditional log-likelihood to obtain consistent estimates. If we assume
independence between the dependent variable and a dummy rit equal to one if
household i was observed in period t, and zero otherwise, using an (un)balanced
panel hardly affects estimation procedure available for panels without missing
observations. The approach is the same as in Das and van Soest (1999). In the
absence of attrition and selection bias the conditional likelihood contribution for
household i for a given g now is as follows:

P(ỹi1g , . . . , ỹiTg �xi1, . . . , xiT , ∑
T

tG1
ritỹitg , β )G

1

∑d∈Big
exp�∑T

tG1 rit (dtAỹitg)β′txit�
where

BigG�(d1 , . . . , dT ) �dt∈{0, 1}, dtG0 if ritG0, ∑
T

tG1

dtG ∑
T

tG1

rit ỹitg�
Furthermore, it is easy to show that the conditional likelihood contributions do
not depend on the thresholds γ ij if the γ ij are allowed to vary with i. Due to the
transformation of yit to the binary variable ỹitg , the thresholds can be absorbed
into the fixed effect as long as they do not vary over time. Conditioning on the
sufficient statistic ∑trit ỹitg not only gets rid of the α i but also of the thresholds,
even if they depend on i.

For each choice of g the Maximum Likelihood (ML) estimator, bg say, yields
consistent estimates for β if the model assumptions are satisfied. Analogous to
the proof that the likelihood of the multinomial logit model is globally concave
we can prove that the likelihood of a fixed effects binary choice logit model is
globally concave. Therefore, local optimization algorithms can be used to locate
the global maximum.
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In the second step, all the resulting estimates are combined and an Asymp-
totic Least Squares (ALS)8 estimator is computed (using an estimate for the opti-
mal weighting matrix). This step imposes the restrictions that bg should not vary
with g. Due to the linearity of these restrictions we can write down an explicit
expression for the resulting ALS estimator bALS , bALSG(A′WA)−1A′Wb, where A
represents the linear restrictions,9 W is the inverse of an estimator for the covari-
ance matrix of b, where b consists of a vector of the first step estimates bg. The
asymptotic distribution of this estimator follows easily from standard ALS
theory: 1N(bALSAβ )→N(0, (A′WA)−1).

To compute the efficient ALS estimates we need to invert the covariance
matrix of the first round estimates. The size of this matrix depends on the dimen-
sion of β and on the number of choices for g used. If the dimension of β is large
we restrict the number of choices for g. We then only use gG5, 6 and 7 in the
first step of the procedure. We do not estimate γ 2, . . . , γ RA1 in this procedure.
However, this is not a serious disadvantage because we are interested in equival-
ence scales that can be computed from the estimated β t’s directly.

In the random effects model we additionally assume that the α i are indepen-
dent of xiG(xi1 , . . . , xIt ) and that they are iid N(0, σ2

α ) distributed. The likelihood
for an (un)balanced panel is then equal to

∏
N

iG1
�
S

−S
�∏

T

tG1
{Fu(γ yitC1Aβ′t xitAα)AFu(γ yitAβ′txitAα )}rit	g(α ) dα

where Fu is the distribution function of uit and g(α) is the density of the α i . In
this model the thresholds γ j are also estimated. The γ j are not allowed to vary
with i. We estimate the model using all the levels of the dependent variable.

In a pooled model we assume that α iG0 for all i and that the uit are iid
(standard) logistically distributed and that they are independent of (x1 , . . . , xT ).
Hence, the observations in the pooled panel are iid over both i and t. Therefore,
standard cross-section estimation procedures for an ordered response model can
be applied to the pooled sample. We will apply Maximum Likelihood.

5. ESTIMATION RESULTS: MODELS EXCLUDING THE AGES OF CHILDREN

We performed the estimation procedure for the fixed effects panel data model
described in Section 4 for both satisfaction with life and satisfaction with income.
The number of households in the sample, N, is equal to 4179 and T is equal to
8. The results are presented in Table 4 and Table 5 respectively. For satisfaction
with life the regressors are chosen from the main explanatory variables described
in the introduction and they include the logarithm of income, satisfaction with
health, labor market state, age squared and the logarithm of household size. Due
to the fixed effects approach, time constant regressors disappear into the fixed
effect. This implies that, for example, parameters related to variables representing

8For ALS see Kodde et al. (1990) and the references therein. ALS is just a special case of Mini-
mum Distance estimation.

9AGıg � Idim(β ) , where ıG is a vector of ones of size G where G is the number of bg’s used in the
first step, � is the Kronecker product and Idim(β) is the identity matrix of size equal to the number of
elements in β .
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TABLE 4

RESULTS BASED ON A FIXED EFFECTS MODEL FOR SATISFACTION WITH LIFE

(STANDARD ERRORS IN PARENTHESES)

Parameter 1984 1985 1986 1987 1988 1989

LINC 0.330** 0.372** 0.078 0. 528** 0.234* 0.284**
(0.099) (0.109) (0.115) (0.110) (0.116) (0.113)

LHHSIZE 0.390** 0.043 0.141 −0.050 0.168 −0.277*
(0.114) (0.118) (0.126) (0.122) (0.128) (0.125)

SATHLTH 0.232** 0.304** 0.412** 0.320** 0.329** 0.260**
(0.018) (0.021) (0.022) (0.021) (0.022) (0.021)

PARTEMP −0.861** −0.454 −0.346 0.015 −0.944** −0.030
(0.216) (0.241) (0.270) (0.251) (0.361) (0.267)

UNEMPL −1.194** −0.817** −1.292** −0.816** −0.538* −0.535
(0.208) (0.216) (0.232) (0.232) (0.237) (0.302)

NONPART −0.408** −0.620** −0.444** −0.058 −0.086 −0.015
(0.158) (0.167) (0.176) (0.177) (0.183) (0.168)

SELFEMP −0.102 −0.395* −0.387 −0.312 −0.570** −0.344
(0.179) (0.197) (0.205) (0.199) (0.210) (0.197)

AGE2 0.564** 0.559** 0.552** 0.533** 0.523** 0.499**
(0.157) (0.154) (0.151) (0.148) (0.145) (0.142)

TIME DUMMY −1.079 0.136 −3.105** −1.535 −0.970
(1.021) (1.060) (1.018) (1.108) (1.097)

Notes: *Significant at the 5% level; **significant at the 1% level.

civil status and region of residence cannot be estimated. Although they can vary
over time, these variables are constant over time for almost all households. A
time-varying explanatory variable used in Van Praag and Van der Sar (1988) is
income per household equivalent, where household equivalent is household size to
the power α . Taking the log of this variable results in two explanatory variables
log(income) and log(household size).

Because satisfaction with life covers all aspects of one’s life, apart from
log(income) and log(household size) we also include satisfaction with health,
dummies for labor market state and age squared in estimation. Due to the high
dimension of β t and the large number of time periods we only use gG5, 6 and 7
in estimation. This increases the number of households that do not contribute to
the likelihood for all choices of g by 165, when compared to using all possible
choices for g. Contrary to satisfaction with life, satisfaction with income relates
to household income and hence it refers to the household situation and not only
to the head of household’s situation. Therefore, we exclude variables that are
specific for the head of household from the explanatory variables in the satisfac-
tion with life equation. So, for satisfaction with income we only use log(income)
and log(household size) as explanatory variables. The low dimension of β t allows
us to use gG0, . . . , 9 in this model. Note that under the assumptions in Section
2 initial assets in each period should be included. However, the value of initial
assets is not available in our dataset. Therefore, the effect of initial assets is
assumed to be captured by the household specific effect and the remainder is
assumed to be absorbed in the error term. Furthermore, prices are taken into
account by using real income instead of nominal income.

Using satisfaction with life data, the variable y*it in (5) can be interpreted as
the underlying satisfaction level on a continuous scale (i.e. the latent satisfaction
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TABLE 5

RESULTS BASED ON A FIXED EFFECTS

MODEL FOR SATISFACTION WITH INCOME

(STANDARD ERRORS IN PARENTHESES)

Year Parameter Estimates

1984 LINC 1.778**
(0.072)

LHHSIZE −0.785**
(0.092)

1985 LINC 1.598**
(0.081)

LHHSIZE −0.794**
(0.097)

1986 LINC 1.537**
(0.088)

LHHSIZE −0.786**
(0.099)

1987 LINC 1.371**
(0.088)

LHHSIZE −0.535**
(0.102)

1988 LINC 1.301**
(0.090)

LHHSIZE −0.584**
(0.103)

1989 LINC 1.292**
(0.090)

LHHSIZE −0.570**
(0.105)

1990 LINC 1.138**
(0.094)

LHHSIZE −0.619**
(0.104)

1991 LINC 1.092**
(0.097)

LHHSIZE −0.628**
(0.107)

DUMMY85 1.485*
(0.714)

DUMMY86 1.977**
(0.750)

DUMMY87 3.020**
(0.768)

DUMMY88 3.601**
(0.763)

DUMMY89 3.765**
(0.795)

DUMMY90 5.082**
(0.814)

DUMMY91 5.710**
(0.821)

Notes: *Significant at the 5% level;
**significant at the 1% level.

level) which is transformed into a discrete variable to answer the satisfaction
question. The coefficients can be interpreted in terms of the latent satisfaction
level. We conclude that, in general, the coefficient related to log(household
income) is significantly positive. Satisfaction with health has a significantly
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positive effect on satisfaction with life and the estimates are in the range
[0.23, 0.5]. An increase of one in satisfaction with health will lead to an increase
between 0.23 and 0.5 in latent satisfaction with life. Comparing this effect to the
effect of income on latent satisfaction with life we conclude that for most years,
ceteris paribus, income should be multiplied by numbers in the range 2 through
4 to establish the same increase in latent satisfaction with life as an increase of
one in satisfaction with health. This demonstrates the importance of the effect of
a change in satisfaction with health on satisfaction with life, compared to the
effect of income changes. For the dummies related to labor market state (full-
time employment is the reference level) the coefficient related to the unemploy-
ment dummy is significantly negative. This strong negative effect on satisfaction
with life has been found before in Winkelmann and Winkelmann (1995). The
non-participation dummy is significantly negative for 1984, 1985 and 1986. This
might be due to the low social status associated with (voluntary) unemployment.
Most time dummies are insignificant.

Because most parameter estimates related to log(household size) are (insig-
nificantly) positive, an increase in the size of the household does not lead to a
decrease in the satisfaction with life of the head of household. Thus, this increase
in household size does not need to be compensated by an increase in income to
maintain the level of satisfaction. Therefore, period-specific equivalence scales
would even decrease with household size. We have two possible explanations for
this result. Firstly, we have the economic argument that children enjoy our life
so satisfaction with life should not deteriorate if they are present. Secondly, we
have a statistical argument. The objective function value in the ALS step can be
used to perform an overidentifying restrictions test. The null hypothesis of no
misspecification was rejected at any conventional significance level. This indicates
that the model for satisfaction with life is misspecified and the results on period-
specific equivalence scales can be due to model misspecification.

The results for satisfaction with income are presented in Table 5. Log(house-
hold income) has a strong positive effect and the coefficient related to log(house-
hold size) is significantly negative, indicating that larger households are less
satisfied with a given amount of income than smaller families. The effect of
log(income) seems to be much stronger than the effect on satisfaction with life.
However, the difference can be caused by the different set of explanatory variables
used. If we estimate the model for satisfaction with life only including log(income)
and log(household size), the effect of income is approximately one third of the
effect of income on satisfaction with income and the coefficient of log(household
size) is significantly negative for some, but not all, years. Again we conclude that
income has a much stronger effect on satisfaction with income than on satisfac-
tion with life.

In the results in Table 5, income has a significantly positive effect and now
the effect of an increase in household size is negative. This implies that there is
room for income compensation. This differs from the results based on satisfaction
with life. The period-specific equivalence scales for single person households,
couples with one child, couples with two children and couples with four children
are presented in Table 6. Period-specific equivalence scales follow from equating
latent satisfaction with income for a household with a given composition (i.e. the

116



TABLE 6

PERIOD-SPECIFIC EQUIVALENCE SCALES BASED ON SATISFACTION

WITH INCOME (HOUSEHOLD SIZE EQUAL TO TWO ADULTS IS

THE REFERENCE HOUSEHOLD) (STANDARD ERRORS IN

PARENTHESES)

Year HSG1 HSG3 HSG4 HSG6

1984 0.736 1.196 1.358 1.624
(0.024) (0.023) (0.044) (0.083)

1985 0.708 1.223 1.412 1.727
(0.026) (0.027) (0.053) (0.102)

1986 0.701 1.230 1.426 1.754
(0.028) (0.028) (0.056) (0.110)

1987 0.763 1.171 1.311 1.535
(0.035) (0.032) (0.061) (0.113)

1988 0.732 1.200 1.365 1.638
(0.036) (0.035) (0.067) (0.128)

1989 0.736 1.196 1.358 1.624
(0.037) (0.035) (0.068) (0.129)

1990 0.686 1.247 1.458 1.818
(0.038) (0.041) (0.082) (0.161)

1991 0.671 1.262 1.489 1.880
(0.040) (0.044) (0.089) (0.178)

Notes: HSGhousehold size; HSG2 is the reference case.

comparison household) to latent satisfaction with income of a reference house-
hold. The period-specific equivalence scale is equal to the income for the compari-
son household for which it reaches the same latent satisfaction level as the
reference household, divided by the income of the reference household. The com-
parison household differs only in terms of income and household composition,
so the remaining explanatory variables (if present) as well as α i and the error term
are assumed to be the same for both households. Due to the linear specification in
log(real income) the logarithm of the ratio of the income of the comparison
household and the reference household and hence the log of the period-specific
equivalence scales can be computed easily. Taking exponentials yields the period-
specific equivalence scales, which depend only on household composition and the
parameter estimates. In the specification of Table 5, household composition
affects satisfaction with income only through household size, so the period-
specific equivalence scales are a known function of household size and the param-
eter estimates. For a given household size, uncertainty in the period-specific equiv-
alence scales only comes about through the estimated parameters. As these
period-specific equivalence scales are known transformations of these estimated
parameters, their standard errors can be estimated using the derivative of the
transformation with respect to the parameters and the covariance matrix of the
parameter estimates (Delta method10). The resulting standard error estimates are
fairly stable over time with values that are closest to one in 1987 and values
farthest from one for 1991. A single person household needs approximately 0.7
times the expenditure of a couple to be as well off as the couple. This number is

10If 1n(β̂Aβ )→N(0, V), n→S, then 1n( f (β̂)Af (β))→N(0,(df�dβ′)V(df�dβ)), n→S. With a
given function f and a consistent estimator for the matrix V, a consistent estimator for the variance
of the transformation f (β) is obtained.
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approximately 1.22 for couples with one child, 1.40 for a couple with two children
and 1.7 for a couple with four children. All these numbers differ significantly
from one. Several results on equivalence scales for the former West Germany are
available in the literature. Merz and Faik (1995) use a 1983 cross-section on
West Germany and a consumption based demand system approach to construct
equivalence scales. Using an Engel curve specification for expenditure on a basic
basket of goods they report equivalence scales of 0.68, 1.18, 1.29 and 1.32,
respectively. Using an ELES complete demand system they report values of 0.68,
1.17, 1.28 and 1.3, respectively. In particular, the equivalence scale for a couple
with four children is considerably lower than the number presented here.

The approach to use subjective data to estimate equivalence scales has been
used before on German data. Van Praag, Hagenaars, and van Weeren (1982)
estimate poverty lines based on a West German sample of 1979. They use subjec-
tive data on the Income Evaluation Question (IEQ). The poverty lines lead to
equivalence scale estimates of 0.83, 1.11, 1.20 and 1.34, respectively. We conclude
that the equivalence scales based on the IEQ appear to be closer to one than the
ones based on satisfaction with income. This finding is also reported in Melenberg
and van Soest (1996). Finally we note that the equivalence scales computed in
this paper are smaller than those in Melenberg and van Soest (1996) based on a
1984 cross-section of Dutch households. The difference between theirs and our
results can stem from at least three sources. The first source is the use of a panel
data model instead of a cross-section model. The reason for the lower equivalence
scales in this paper compared to Melenberg and van Soest (1996) could be due to
the inclusion of household specific effects in the panel data model. For example,
households with high average income have a higher α i and hence are more satis-
fied with their income than people with a low average income, ceteris paribus.
Analogously, households with a large average size are less satisfied with their
income. This positive correlation between LINC and the individual specific effect
and negative correlation between LHHSIZE and the individual specific effect
affect equivalence scales. Depending on the size of the effects the resulting equiv-
alence scales can be higher or lower when compared to cross-section models. The
second source is the different country analyzed and the third source is the differ-
ent set of explanatory variables used. The direction of the effect of the latter two
sources is less clear.

Finally, expert-based scales on equivalence scales for Germany exist. As
reported in Table 5 of Merz and Faik (1995), the German Social Assistance scales
are 0.55, 1.35, 1.70 and 2.40, respectively. The OECD expert-based scales are
0.59, 1.29, 1.59 and 2.18, respectively. The conclusion is that these expert based
scales are much steeper than the scales based on consumption or subjective data.
When comparing the scales based on consumption data with the ones based on
subjective data the results are mixed.

To investigate the model underlying our results the overidentifying restric-
tions test is carried out in the ALS step and again the null hypothesis of correct
model specification is rejected. This result, together with the result on the satisfac-
tion with life model indicates that we need a more general model. An important
assumption in this ordered response model is the logit distributional assumption.
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Violation of this assumption leads to inconsistent estimates in this limited depen-
dent variable type of model. Therefore, it is worthwhile to consider semipara-
metric ordered response panel data models. To the best of our knowledge, the
estimator proposed in Abrevaya (2000) is the only one available. Using semipara-
metric estimation techniques for the ORDP model is the topic of a subsequent
paper (see Charlier, 1997).

Another possible reason for misspecification of the previous models may be
that ages of children were not taken into account when estimating the equivalence
scales. This is the topic of the next section.

6. ESTIMATION RESULTS: MODELS INCLUDING THE AGES OF CHILDREN

The models in Section 5 do not take into account the ages of children; the
only relevant statistic is the number of members in the household. To take ages
of children into account, we use a specification that differs slightly from the ones
in Kapteyn, Kooreman, and Willemse (1988) and Melenberg and van Soest
(1996). We modify their specification to nest the model where the effect of house-
hold composition is only through log(household size). Let wj be the weight given
to household member j, where the household members are sorted in descending
order on the basis of their age. We define w1G0, wjGln( j�( jA1)), jH1 and
hcG∑ wj f (aj ) where hc stands for household composition, the summation is over
all household members j, aj is the age of household member j and

f (aj)G�1 if ajH18

1Cπ1(18Aaj)
2Cπ2(18Aaj )

2(36Caj ) if aj⁄18

Compared to Kapteyn et al. (1988) and Melenberg and van Soest (1996) the
modification we have made is that w1G0 instead of 1, which implies that the
oldest household member does not contribute. Then

hcGlog(hhsize)Cπ1 ∑ jwj1(aj⁄18)(18Aaj)
2Cπ2 ∑jwj1(aj⁄18)(18Aaj)

2(36Caj)

where 1(.) is an indicator function which is one if the condition between paren-
theses is satisfied and zero otherwise.

Now define SUMWF1G∑j wj1(aj⁄18)(18Aaj)
2�100 and SUMWF(2G

∑ j wj1(aj⁄18)(18Aaj)
2(36Caj)�1000. In estimation we included the additional

terms

π0hcGπ0 log(hhsize)C100π0π1SUMWF1C1000π0π2SUMWF2

and we allowed π0, π1 and π2 to vary over time. In the tables following we will
present estimation results for, among others, π0, 100π0π1 and 1000π0π2, and not
for π1 and π2. This should be kept in mind when testing or interpreting these
coefficients from the tables. This model reduces to the previously estimated model
if both π1 and π2 are zero.

The results in Table 4 based on satisfaction with life indicate that an increase
in household size need not be compensated by an increase in income. Based on
the point estimates, equivalence scales would even decrease with household size
using satisfaction with life. Therefore, we will focus on the results using satisfac-
tion with income in the remainder. Including the terms related to the ages of
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children and allowing the coefficients to vary over time leads to insignificant
parameter estimates for (π1,π2), both for a given year and for all years simul-
taneously. Furthermore, the shape of the functions f (aj) varied tremendously for
the years in the sample. Therefore, it is more instructive to get an idea of the
‘‘average’’ effect of ages of children on the equivalence scale and we estimate a
fixed effects model in which the parameters are not allowed to vary over time.
This leads to the estimation results presented in columns two and three of Table
7. As before all possibilities for g are used in estimation, so gG0, . . . , 9. The
coefficients related to log(income) and log(household size) are significant and they
have the expected sign. Note that the estimates related to SUMWF1 and
SUMWF2 are 100π0π1 and 1000π0π2, respectively, where π0 is the coefficient
related to LHHSIZE. Using the Delta method we conclude that the coefficients
(π1, π2) are significant simultaneously. Compared to the results in Table 5 the
estimates for LINC and LHHSIZE are approximately equal to weighted averages
of the estimates in Table 5. Interpretation of the coefficients π1 and π2 can be
done in a graphical way. These coefficients determine the function f (aj), where aj

is the age of household member j. A plot of the function f (aj) can be found in
Figure 2. The upper graph contains point estimates whereas the lower graph also
contains pointwise 95 percent confidence bands.

Random effects estimates are presented in columns four and five of Table 7.
The effects of LINC and LHHSIZE are larger when compared to the fixed effect
estimates in Table 7. This might be due to positive correlation between LINC
and the individual specific effect and negative correlation between LHHSIZE and
the individual specific effect. The interpretation of this is that, ceteris paribus,
households with high average income have a higher α i and hence are more satis-
fied with their income than people with a low average income. Analogously,
households with a large average size are less satisfied with their income. Further-
more, the standard errors in the random effects model are lower than for the
fixed effects model. A plot of the function f (aj ) based on the random effects
estimates can also be found in Figure 2. The upper graph contains point estimates
whereas the lower graph again contains pointwise 95 percent confidence bands.
Compared to the fixed effects estimates, children contribute more to household
composition, see the definition of hC earlier in this section.

Finally, we present the pooled estimates in columns six and seven of Table
7. The parameters related to LINC and LHHSIZE are significant and they are in
between the fixed and random effects estimates. The parameters π1 and π2 are
significant now, both individually and simultaneously. A plot of the function f (aj)
can be found in Figure 2 and different from the fixed or random effects estimates,
the function is decreasing for low ages whereas it is increasing after the age of
six. A comparable pattern was found in Muffels, Kapteyn, and Berghman (1990),
based on Dutch data.

Period-specific equivalence scales for the fixed and random effects model and
the pooled model are presented in Table 8. They now also depend on the ages of
children, if present, due to the inclusion of SUMWF1 and SUMWF2 in house-
hold composition. The estimates based on the random effects model are further
away from one than the estimates based on the fixed effects model. Due to the
smaller standard errors of the parameters, the period-specific equivalence scales
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TABLE 7

ESTIMATION RESULTS BASED ON SATISFACTION WITH INCOME,
TAKING AGES OF CHILDREN INTO ACCOUNT (STANDARD ERRORS

IN PARENTHESES)

Parameter Fixed Effects Random Effects Pooled

LINC 1.491** 1.923** 1.685**
(0.048) (0.030) (0.027)

LHHSIZE −0.769** −1.121** −0.990**
(0.080) (0.040) (0.030)

SUMWF1 −0.255 0.458 −1.155*
(0.860) (0.595) (0.498)

SUMWF2 0.118 −0.076 0.325**
(0.227) (0.154) (0.126)

DUMMY84 0.0 −8.527** −8.917**
(0.219) (0.203)

DUMMY85 0.047 −8.470** −8.893**
(0.0a47) (0.220) (0.204)

DUMMY86 0.100* −8.460** −8.891**
(0.047) (0.222) (0.206)

DUMMY87 −0.001 −8.539** −8,.949**
(0.049) (0.223) (0.207)

DUMMY88 0.004 −8.565** −8.973**
(0.049) (0.224) (0.208)

DUMMY89 0.087 −8.490** −8.934**
(0.051) (0.226) (0.208)

DUMMY90 0.139* −8.475** −8.925**
(0.051) (0.225) (0.209)

DUMMY91 0.381** −8.289** −8.793
(0.052) (0.228) (0.210)

σ 2.183 0.0
(0.092)

γ1 0.5 0.5
γ2 1.033 0.972

(0.030) (0.029)
γ3 1.832 1.652

(0.038) (0.039)
γ4 2.705 2.360

(0.043) (0.044)
γ5 3.386 2.890

(0.044) (0.045)
γ6 4.720 3.892

(0.046) (0.047)
δ7 5.450 4.422

(0.047) (0.048)
δ8 6.532 5.197

(0.048) (0.049)
γ9 8.122 6.358

(0.051) (0.050)
γ10 9.098 7.105

(0.053) (0.053)

Notes: *significant at the 5% level; **significant at the 1% level.
Normalization: σGπ 2�3.

are estimated more precisely for the random effects model. The estimates for the
period-specific equivalence scales based on the fixed effects model are closest to
one. The estimates based on the pooled model are in between the estimates based
on the fixed and the random effects model.
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Figure 2. Graphs of the Function f (a), Defined in Section 6. The Upper Graph Contains Point Esti-
mates for the Function f (a) for Different Estimators; the Lower Graph Contains Pointwise 95%
Confidence Bands as Well

Results for the (ex post) lifetime equivalence scales based on ρGr are pre-
sented in Table 9. In computation we will follow Banks et al. (1994a) and assume
that children leave the household at age 18 and that the lifetime is the period
between 20 and 60 years of age. Hence C in the expression for lifetime equivalence
scales is equal to 39. The lifetime equivalence scales are the average of the period-
specific equivalence scales over the lifetime. Because the period-specific equival-
ence scales depend on the parameter estimates, the lifetime equivalence scales also
depend on the parameter estimates. Therefore, standard error estimates can be
obtained using the Delta method.
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TABLE 8

PERIOD-SPECIFIC EQUIVALENCE SCALES BASED ON SATISFACTION WITH INCOME

(HOUSEHOLD SIZE EQUAL TO TWO ADULTS IS THE REFERENCE HOUSEHOLD)
(STANDARD ERRORS IN PARENTHESES)

No. adults Ages of Children Fixed Effects Random Effects Pooled

1 0.699 0.668 0.665
(0.024) (0.008) (0.007)

2 1.000 1.000 1.000

2 6 1.121 1.214 1.179
(0.046) (0.022) (0.017)

2 12 1.195 1.258 1.225
(0.030) (0.014) (0.011)

2 12 6 1.297 1.443 1.377
(0.068) (0.033) (0.025)

2 18 12 6 1 1.535 1.757 1.760
(0.084) (0.040) (0.031)

TABLE 9

LIFETIME EQUIVALENCE SCALES BASED ON ρGr (LIFETIME RANGES FROM AGE 20 OF

THE HEAD OF HOUSEHOLD TO AGE 60) (STANDARD ERRORS IN PARENTHESES)

Age of Head of Household
No. Adults at Times of Birth Fixed Effects Random Effects Pooled

2 1.000 1.000 1.000

2 26 1.068 1.099 1.097
(0.013) (0.006) (0.005)

2 26 28 1.125 1.186 1.181
(0.024) (0.012) (0.009)

2 26 28 30 1.174 1.266 1.258
(0.031) (0.017) (0.012)

The results based on the fixed effects estimates are again closer to one than
the results using the random effects or the pooled estimates. Because ρ is equal
to r, the estimates do not depend on the age of the head of household at the times
children are born. The only aspect that matters is the time between the births.
Based on the fixed effects estimates, a couple having one child need to spend
approximately 1.07 times as much over the life-cycle as a couple without a child.
If children are born two years after the previous child, lifetime equivalence scales
for two children and three children are 1.125 and 1.174, respectively. All this is
computed under the assumption that children leave the household at age 18 and
that the life-cycle is defined over a period of 39 years.

Comparing the results to those results in Banks et al. (1994a) we have to
take into account that their reference household is the same but they normalize
the related equivalence scale to 2 instead of 1. Renormalizing to 1, their results
lead to life-time scales of 1.08, 1.2 and 1.38, respectively. The first one is close to
the one presented in Table 9 whereas the latter two are much smaller for most
models in Table 9. However, as noted before, the results by Banks et al. (1994a)
are arbitrary in the sense that demand data alone cannot identify the equivalence
scales.
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Finally, we tested for dependence between the household specific effects α i

and the explanatory variables. We performed a Hausman-type test comparing the
fixed effects and the random effects estimates for the parameters related to LINC,
LHHSIZE, SUMWF1 and SUMWF2. Under the null hypothesis of no depen-
dence both estimators are consistent, whereas under the alternative the fixed
effects estimator is still consistent and the random effects estimator is not. The
test can be performed easily when writing the fixed effects and random effects
estimators, bFE and bRE, say, in terms of influence functions. Using these influence
functions it is easy to construct a consistent positive definite estimator for the
covariance matrix of the difference between the two estimators. This then is used
to perform a χ 2 test. The degrees of freedom are equal to the number of parameter
estimates compared, i.e. 4 in our case. The test statistic is equal to 177.8, which
is much larger than the critical value of the χ2

4 distribution at any conventional
significance level. The result is mainly due to the precise but different estimates
related to LINC and LHHSIZE (see Table 7). Because the pooled model is a
restricted version of the random effects model, the pooled specification will be
rejected as well, when compared to the fixed effects model. Thus, the random
effects and pooled model are misspecified. Using an overidentifying restrictions
test we also conclude that even this fixed effects panel data model is misspecified,
so an even more general model might be preferred.

Another reason for misspecification could be the exclusion of log(income)
squared, log(household size) squared and their cross-product. Including these
terms still led to the conclusion that, on the basis of the overidentifying restric-
tions test, the resulting model is misspecified. Besides, including these terms would
lead to equivalence scales that depend on income, which is not feasible from a
policy point of view. Therefore, we restrict attention to a specification including
log(income) and log(household size).

7. CONCLUSIONS

In this paper we have tried to answer questions like how much a household
with four children needs to spend compared to a household with two children or
how much a childless couple needs to spend compared to a single person house-
hold to attain the same welfare level. The answers to these questions are import-
ant because poverty thresholds, child allowances and social benefits are based on
them. In an intertemporal setting they can be used to assess the cost of children
over the life-cycle. Especially for the latter, we have discussed the definition of
equivalence scales in an intertemporal setting under uncertainty. We conclude
that it is possible to estimate ex post lifetime equivalence scales. Estimation of ex
ante equivalence scales is not possible. We provided results for West Germany
based on the GSOEP.

Using satisfaction with life data we do not find a decrease in satisfaction if
household size increases. Hence, children enjoy our lives which would imply that
an increase in household size does not need to be compensated. However, testing
the specification indicates that the model is misspecified, so conclusions from the
results might not be valid due to model misspecification.
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Using satisfaction with income data we do find a decrease in satisfaction if
household size increases. This implies that there is room for compensation. When
comparing the resulting period-specific equivalence scales to other results in the
literature (see Merz and Faik, 1995) we conclude that the equivalence scales based
on subjective data are much flatter than expert-based scales. When comparing
the period-specific equivalence scales based on subjective data to those based on
expenditure on a basic basket of goods or equivalence scales based on a complete
demand system, the results are mixed.

The period-specific equivalence scales are then used to estimate lifetime
equivalence scales. On the basis of the most general model estimated in this paper
we find period-specific equivalence scales that are approximately 1.12 for a couple
with a six-year-old child, 1.2 for a couple with a twelve-year-old child and 1.3 for
a couple with a six-year-old child and a twelve-year-old child. Using these period-
specific equivalence scales, lifetime equivalence scales are constructed. The lifetime
equivalence scales indicate that a couple having one child needs to spend approxi-
mately 1.07 times as much over the life-cycle as a couple without a child, to reach
the same lifetime welfare as the reference household. If children are born two
years after the previous child, lifetime equivalence scales for a couple with two or
three children are 1.125 and 1.174, respectively.

Specification testing indicates that all three models are misspecified. This
might be due to the distributional assumption in the models. Using semipara-
metric estimation techniques for an ORDP model is the topic of a subsequent
paper (see Charlier, 1997).

APPENDIX

The questions on satisfaction with life�satisfaction with income that were
answered by the respondents, as well as the monthly net household income ques-
tion are as follows.

1. How satisfied are you today with the following areas of your life? Please
answer by using the following scale, in which 0 means totally unhappy,
and 10 means totally happy. If you are partly happy and partly not, select
a number in between. How satisfied are you . . .

[AP0302] with your household income?

2. At the end we like to ask you for your satisfaction with your entire life.
Please answer by using the following scale, in which 0 means totally
unhappy, and 10 means totally happy.

[AP6801] How happy are you at present with your life as a whole?

3. [AH46] If everything is taken together: how high is the total monthly
income of all the household members at present? Please give the monthly
net amount, the amount after the deduction of tax and national insurance
contributions. Regular payments such as rent subsidy, child benefit,
government grants, subsistence allowances, etc., should be included. If not
known exactly, please estimate the monthly amount.

DM per month
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