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1 Introduction

In almost all international comparisons of income inequality in the 1980s, Sweden has been

found to have the least inegalitarian income distribution (see BaIT, 1992, for a recent

overview). It is likely that this outcome is very much affected by the policies pursued, primarily

in the 1960s and 1970s, by major trade unions and the government. The blue collar workers'

Swedish Trade Union Confederation (LO) pursued a "solidaristic wage policy" which was

aimed at levelling wage rates within and across occupations. As shown by e.g. Hibbs (1990),

this policy led to a compression of the distribution of earnings among blue collar workers.

Government policies have affected the post tax and transfer income distribution by several

means. The implementation of a compulsory social insurance system (e.g. the sickness

insurance in 1955 and the pension scheme gradually in the 1960s) and certain allowances

(housing allowances and continuous increases in the amounts of child allowances) are

important in this respect. Furthermore, the government pursued a policy of increasingly

progressive income taxation throughout this time period. Some of these policies have been

reversed in the 1980s and early 1990s, with the decentralisation of wage negotiations and a

series of tax reforms. However, recent research indicates that very little has happened to the

income distribution (see Gustafsson and Palmer, 1993; Gottschalk, 1993), at least until the end

of the 1980s.

For a person with preferences against income inequality, this may be seen as a favourable state

of affairs. On the other hand, the policies described above have, apart from ethical

considerations, been criticised for two kinds of disadvantages that have been extensively

investigated in empirical economic studies on the welfare state. First, it is likely to affect

economic incentives and efficiency. Progressive income taxes and social security (e.g. the

sickness insurance) have effects on incentives to labour supply and work effort. In addition, a

compressed wage structure is likely to decrease the economic incentives for individuals to

develop skills that may increase the economic returns from their work. Second, the policies

described above may level out earnings differences that have arisen on the labour market as

compensations for more broadly defined inequalities, such as undesirable job characteristics.

Decreasing monetary compensation for these characteristics may thus actually accentuate

inequality. Furthermore, some income differences are levelled out when the income concept is

extended from annual incomes to incomes earned over a longer time period - levelled

differences in annual incomes may thus also entail increased inequality in total incomes over

longer periods.
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The discussion thus far suggests that studies on income distribution in the welfare state have a

broad substantive and conceptual scope. In this sense all five papers included in this thesis deal

with income distribution analysis. Apart from this similarity, the five studies also share the

common property of being empirical studies analysing micro-level data. The first study uses the

HINK sample provided by Statistics Sweden, while the other four .use the Swedish Level of

Living Survey (SLLS) conducted by the Swedish Institute for Social Research, Stockholm

University. The first study employs income distribution measures, while the other four use

statistical models as empirical method. The papers can be classified into different areas of

empirical economics: the first two can be classified as studies in public economics, since they

analyse public sector interventions, the tax system and the compulsory sickness insurance. The

last three are best described as studies in labour economics, since they analyse wage and

earnings distributions.

2. Summary of the Thesis

The first study looks at the income distribution effects of the 1991 Swedish tax reform. The

1989 income distribution is compared with a hypothetical distribution obtained with the

microsimulation model designed at the Swedish Ministry ofFinance. This model only considers

the direct effects of changes in the tax/transfer systems, in other words it does not model any

behavioural responses to such changes. The income distribution effects of the changes in the

tax and transfer systems are analysed separately using a decomposition technique first

proposed by Kakwani (I984). This decomposition breaks down the difference between the

Gini coefficients for the pre- and post-tax/transfer income distributions into three components:

(1) A component measuring the degree of tax progressivity (or transfer regressivity). For

taxes, progressivity is measured as the fraction of the total tax burden shifted from relatively

low income earners to relatively high, compared to a proportional tax system. (For transfers,

regressivity is measured as the faction of total transfers shifted to the relative low income

earners, compared to a proportional transfer system.)

(2) A component measuring the overall mean tax rate (the overall mean share of incomes

received from transfers).

(3) A component measuring the horizontal equity of the tax/transfer systems, i.e. rerankings

induced by the respective system in the transition from pre- to post-tax or transfer income.

In further analyses of these decompositions, we apply the generalization of the Gini coefficient

proposed by Yitzhaki (1983), where different value judgements on aversion to inequality in

different parts of the income distribution could be considered in the aggregation. Five main

conclusions emerged from this first study. (1) The distribution of pre tax and transfer

household equivalent income is unambiguously more equal under the post-reform regime. (2)
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The increased amounts of child and housing allowances (a part of the 1991 reform) have a

substantial equalising effect on the household income distribution. (3) The pre-reform tax

system has a larger vertical equalising component (the progressivity and rate components taken

together). The decreased progressivity is the most important explanation to this change in the

lower end of the income distribution, while the decreased tax rate explains more of the

difference in the upper end. (4) The reform increased the horizontal equity of the tax system.

(5) The observer must make a value judgement on how to aggregate different parts of the

income distributions, to decide which distribution of household disposable incomes is to be

considered most equal.

The second study investigates whether, and to what extent, economic incentives affect work

absence among blue collar workers in Sweden. In setting up the economic model we assume

that the choice of whether to attend work or not is made as day-to-day decision. In other

words, we assume that the worker makes this decision every day contingent on his perception

of his health, contracted work hours, income and the price of being absent. The individual cost

of being absent is the share of the individual's daily earnings not covered by the sickness

insurance. We also consider other costs of attending work (e.g. risk exposure and undesirable

job characteristics) and not attending work (cost of increased probability of loosing the job,

assumed to increasing with the unemployment rate). A linear demand function for work

absence is derived. As demand for work absence could not be fully observed, i.e. it could only

be observed for full days, the demand for work absence had to be modelled as a threshold

value function, with a logit specification for the probability of attending work each day.

Our data-set only permits us to observe the number of days each individual has been absent

from work during a year, thus, we have a time-aggregation problem. Under the assumption of

no serial correlation and no unobserved heterogeneity, the model could be estimated using

binomial maximum likelihood. However, there are reasons to believe that both serial

correlation and unobserved heterogeneity can be present. To relax the assumption of no serial

correlation, a Markov chain model is estimated using non-linear least squares. To

accommodate the problem of unobserved heterogeneity, a mixture distribution model is

formulated and estimation is carried out using a semiparametric estimator.

We use two data-sets in this second study - a sample of around 2,000 blue collar workers

from the SLLS interview year 1981, as well as an extension of this sample to an annual panel

1981-1984. In the results from the second data-set, Slutsky conditions were not

unambiguously fulfilled for either of the models. For the 1981 sample, however, they were

fulfilled in the results from the model shown to be best by both the Akaike and the Bayes

information criterion: the mixing distribution model with two distinct groups. The results also

show that the local unemployment rate has a significant inverse effect on work absence and

risk exposure a significant positive effect. The results obtained from the 1981 sample using the
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mixing distribution model were used to simulate changes in work absence between 1990 and

1991. It was found that the model could explain 72 per cent of the actual changes. About 79

percent of the predicted changes is attributed to alteration of compensation levels in the

sickness insurance and the rest to changes in the unemployment rate.

The third study examines -the hypothesis that compensating wage differentials can explain

male-female wage differentials. The data are obtained from the 1981 Swedish Level of Living

Survey. Separate hedonic wage equations are estimated for males and females and since wage

offers are more adequate than observed wages when studying discrimination, corrections

sample selection bias are made using Heckman's (1979) method. To correct for possible

endogeneity of the "undesirable job characteristic" variable, we use an instrumental variable

method. Very small compensating wage differentials were found, and when using the

instrumental variable technique, the coefficient estimates obtained were negative, i.e. not

consistent with theory. The overall conclusion of the study is that gender differentials in

working conditions are not important in explaining of the wage differentials between men and

women.

The fourth study exarrunes changes in mean wage differentials between individuals with

different educational attainments, one of the main determinants of the rate of return to

education, between 1968, 1981 and 1991 in Sweden. We concentrate on three issues

concerning these differentials: (1) Male-female differentials; (2) Wage differentials due to

education "quantity" (i.e. years of schooling completed); and (3) Differences due to education

"quality" (i.e. education level obtained). Furthermore, two methodological issues are

investigated: (1) To what extent does correcting for sample selection bias (using Heckman's

1979 method) affect the estimates? When comparing wages of individuals with different

educational attainments, the most relevant wage concept is (again) wage offers rather than

observed wages - if one has a further interest in returns to education. However, an additional

question is raised as to whether this distinction is practically relevant any longer, given the

increase in female labour force participation. (2) To correct for small sample errors, a very

common method is to use the Mincerian quadratic earnings function. However, recent research

(see Murphy and Welch, 1990) has shown that this earnings function is overly restrictive and

can therefore lead to biased estimates of for example wage differentials due to educational

differences. Therefore, we will compare the results obtained with the restrictive Mincerian

quadratic earnings function with those of a more flexible functional form (a cubic spline

function). Five main conclusions emerge from the analysis. (1) The rate of return to education

declined considerably between 1968 and 1981. However, since 1981 there has been little

change. (2) The magnitude of the decline was not the same across all levels of education. The

decline was particularly pronounced for university education. (3) The decline was not equally

shared between men and women. The decline was larger for women. (4) The correction for
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sample selection bias did not change the results considerably. The only possible exception is

indicated by the results for females 1968. (5) The quadratic wage function and the cubic splines

give approximately the same results, except when there was an interaction effect of formal

schooling and work experience on wages. This was true for the results from the 1968 sample

for both males and females.

The fifth study compares the human capital and purely stochastic models for predicting

earnings mobility and distribution. There are several motives for extending income distribution

analysis to include over time. Most income distribution data-sets cover only a few years.

However, statistical models for predicting earnings mobility can be used to extend the data-set

thus creating a "pseudo-panel". The statistical models which could be used can be classified

into human capital models and stochastic models. According to the stochastic theory for

earnings mobility a cross-section income distribution could be rationalised by a stochastic

process for earnings mobility. The human capital theory asserts that observed individual

earnings can be seen as the outcome of accumulation in individual investment. Investments

could be made in formal schooling or work experience - on-the-job-training. The purpose of

this fifth study is to compare the usefulness of different versions of these models in order to

predict future individual earnings and earnings distributions. The data used is a 20-year panel

of 651 employed Swedish males aged 23-65 throughout the sample period. The models are

estimated on 17 annual observations for each individual and predictions are made for the last

three years. The results show that the human capital model gives reasonably good predictions

of earnings distributions if individual variances are calculated.
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1. Introduction

All of the numerous income tax reforms in Western industrialized countries, implemented

in the latter part of the 1980's, share two common properties: (1) a reduction in marginal tax

rates and (2) a broadening of the tax base.'. Prior to the tax reform of 1991 Sweden was in

the position of having the highest marginal tax rates in the GEeD - on average, between 50

and 75 per cent for the majority of the working population. In the 1991 tax reform marginal

tax rates were cut to between 30 and 50 per cent, the tax base was extensively broadened,

and child and housing allowances were increased. The policy debate preceding the tax reform

dealt, apart from the effect of taxes on economic incentives and behavior, very much with

equity considerations and taxation's effects on the income distribution. Advocates for the

reform stressed the importance of increasing horizontal equity (equal treatment of income

units in an equal positionr'. The skeptics argued that the reform would compromise the old

tax system's vertical equity principle of taxation according to ability to pay, and that income

units with unequal tax-paying ability, should be taxed unequally.

Since the three main elements of the tax reform have contradictory impacts on the income

distribution, it is an empirical question what the overall end result will be. The purpose of

this study is to demonstrate how recently developed techniques can be used to, ex ante,

estimate the effects of different parts of the tax and benefit reform on income equalization

(income redistribution). The tax and benefit systems are analyzed separately, and the effect

on the income distribution of three different properties of the respective systems are

estimated. These properties are: (1) the overall mean tax or benefit rate, (2) the progressivity

of the tax system and the regressivity of the transfer system and (3) the horizontal equity of

each system.

The method used is based on decompositions of the equalizing effect measured as the

difference between the generalized Gini coefficients for the distribution of income before and

after taxes and transfers. This decomposition method, which makes it possible to estimate the

effects on the income distribution of the three properties mentioned above, was first proposed

by Kakwani (1984).

The aim of the study is to compare, or order, different properties of the pre- and post

reform benefit and tax systems using aggregate measures. As is shown by Sen (1974),

ordering of income distributions with the help of aggregate measures could involve value

I See Whalley (1990) for a description of tax reforms in seven countries following the V.S. 1986 tax reform.

2 In the proposal to the parliament for a new tax system the Swedish Minister of Finance writes: "An
important goal for the tax reform that I have suggested is that the tax paid should to a greater extent be based on
the tax liables income, i.e. the horizontal equity should be improved" (Prop. 1989/90: 110 page 630).
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judgements of where inequality matters most in the income distribution. The same is

obviously true for summary measures of tax/benefit progressivity/regressivity and measures

of horizontal equity. To make these value judgments explicit, we will use a parametric

generalization of the Lorenz based measures, investigated by Yitzhaki (1983), and consider

different generalizations of the decomposition.

The data used is from a microsimulatiorr' carried out by the Swedish Ministry ofFinance.

The original data base is the 1987 Household Income Survey provided by Statistics Sweden.

The rules that are used in the microsimulation are the outcome of the agreement made in the

autumn of 1989 between the Social Democratic government and the Liberals. To obtain the

pre-reforrn income distribution, the original 1987 data has been transformed to correspond

to 1991 levels of wages, prices, taxes and transfers. The post-reform distribution has been

obtained through a simulation using the "new" tax/transfer rules on the 1991 income

distribution data. Household economic behavior, labor supply and savings, were assumed to

be fixed. Indirect economic effects of the tax reform, or welfare changes due to changes in

distortions of households choices between labor and leisure, could unfortunately not be taken

into account. However, a one per cent increase in labor income for all individuals is assumed

in order to account for "increases in labor supply or because the functioning of the economy

is improved" (Eklind and Johansson (1989».

Several conclusions emerge from this study. (i) The distribution of original" income is

unambiguously more equal under the post-reform regime. (ii) The increased amounts of child

and housing allowances have a considerable equalizing effect on the income distribution. (iii)

The pre-reform tax system has a larger vertical redistributive (equalizing) component than

does the post-reform tax system. Decreased progressivity is the most important explanation

for this change in the lower end of the income distribution, while the decreased tax rate

explains more of the difference in the upper end of the distribution. (v) It is a value

judgement which of the distributions of disposable incorr are the most equal. The first four

of these main findings apply when the calculations were redone within each separate

household group.

3 The methods of the microsimulation are presented in Eklind and Johansson (1989).

4 Here defined as gross income less child and housing allowances.
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Schwartz and Gustafsson (1991) have previously carried out a microsimulation study of the

income distribution implications of the Swedish 1991 tax reform. Their focus is, however,

somewhat different - they concentrate on the distribution of disposable income. This study

considers the impact of the change of different properties of the tax and benefit systems on

the income distribution. The study also has a second potential contribution to make: it is the

first time, to the authors knowledge, that the generalized Kakwani decomposition is applied

to study the income distribution implications of a tax reform. The study shows that more

information is gained when the analysis is extended to several generalizations of the

decomposition, and that a single generalization could lead to misleading results.

The paper is organized as follows. Section 2 describes the methods used. Section 3 presents

the results of the empirical study. In Section 3.2, the complete population - here defined as

households with head of household between 25 and 65 - is analyzed and equivalence scales

are used to compensate for differences in needs. In Section 3.3 the same analysis as 3.2 is

carried out separately on the different types of households. This is done in order to evaluate

if the main conclusions from Section 3.2 hold for the within-group income distribution, or

wheather they are due to differences between the pre- and post-reform benefit and tax systems

treatment of different types of household (i.e. sensitive to the choice of equivalence scales).

Conclusions are given in Section 4.
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2. A short description of the method

2.1. Measures of the equalizing effecr'

It is well known that if the Lorenz curve for one income distribution is above the Lorenz

curve of another income distribution at every point, the first income distribution is

unambiguously more equal than the second. In addition, it is also well known that the first

income distribution is preferred to the second based on any concave social welfare function".

If, however, the Lorenz curves cross, it is not possible to order the income distributions

without further value judgements.

This leads to the problem of how to aggregate the information contained in a Lorenz curve

into a single measure. In other words, the problem has to do with how one should weight

different segments of the income distribution. The ordinary Gini coefficient is most sensitive

to clges in the part of the income distribution with highest density. To illustrate this

implicit value judgement, consider the following formula for the Gini coefficient':

G 1 + 1
N

2(xN+2xN_1 + •.. +Nx1 )

N 2 I.L

(1)

where N is the number of income units; p. is mean income; and the income units are ordered

in descending order. Assume that a transfer of 1 SEK from the income unit with rank h to

the income unit k, where h > k, takes place. The summation within the parenthesis will

increase by N + 1 - k and decrease by N + l v h. G will decrease by 2(h - k)/N2p. . This

decrease will be larger the larger the difference in rank, that is, the difference between h and

k. By contrast, the difference in monetary units between the income of the income units does

5 In the descriptions of the methods in this section, we will assume that the distribution of gross income is
more equal than the distribution of original income and that the distribution of disposable income is more equal
than the distribution of gross income. Tax progressivity and benefit regressivity are necessary condition for this
outcome. All empirical studies of the income distribution effects of benefit and tax systems that I have seen
support this outcome (see, for example, O'Higgins and Ruggles (1981) for the UK, Fritzell (1991) for Sweden
and O'Higgins et. al. for several other countries). This assumption is, however, not necessary for using the
proposed methods.

6 Atkinson (1970).

7 This definition of the Gini coefficient and the example is from Lambert (1989) chapter 2 p. 44.
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not matter. This means that the Gini coefficient gives maximum weight to redistributions

where the distribution density is highest.

To make this value judgement explicit, Donaldson and Waymark (1980) and Kakwani

(1980) proposed the following generalization of the Gini coefficient:

1
G(v) = 1-Iv (v-1) . (1-py-2 . L (P) dp

o

(2)

where p measures the income unit's order in the distribution, ranging from 0 to 1, and L(P)

is the Lorenz curve. By choosing different values of the parameter v, it is possible to express

different views about the importance of equality in different segments of the income

distribution. In other words, one can consider the implications of choosing different social

welfare functions. The properties of this coefficient have been further investigated by Yitzhaki

(1983).

Figure 1 shows the weighting function w Jl(p) = v(v- l )(1-p)JI-2 for the values 1.8,2.0,2.2,

2.4. If v > 2 the weights will decrease with rank. The opposite is true for 1 < v < 2. G(2)

is the ordinary Gini coefficient, when the same weight is given to all income units. As v -00 ,

the total weight becomes assigned to the lowest income unit. In this case, the weight structure

corresponds to a Rawlsian social welfare function, whereby maximizing the well-being of the

worst off is the central criterion for evaluing the desirability of an income distribution.

In this study we will compare the impacts of the pre- and post-reform transfer and tax

systems on the income distribution. To do this, we depart from the difference between the

Lorenz curves for original and gross income, Lx-Lx+B' to analyze the effects of the transfer

system, and the difference between the Lorenz curves for gross and disposable income,

LX+B-Lx+B-T' to analyze the effects of the tax system. We will denote these differences the

"equalizing effect" of the transfer and tax systems respectively''.

If the difference between the Lorenz curves is larger in every point for one system, it is

unambiguously more equalizing. If both systems are more equalizing in different parts of the

8 "Redistribution" is the most common notation for this difference (see, for example Lambert (1989) and
Phaler (1987». I think that notation is misleading for two reasons. First, the two Lorenz curves are not
necessarily based on the same ordering of income units. More specifically, the difference for a certain proportion
of individuals cannot be interpreted as the share of income redistributed from those on the right side of the point
to those on the left, as the two groups do not necessarily consist of the same individuals when comparing the two
Lorenz curves. Second, it is not a measure of a balanced budget proposal. What is measured is then shares of
different sums.
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Figure 1. Weighting functions for the generalized Gini coefficient.
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income distribution, we must make a value judgement as to which system is most equalizing.

When aggregating this information into a single measure, we will use the difference between

the generalized Gini coefficients to explicitly weight different parts of the income distribution.

2.2. Decomposition of the equalizing effect

In this section we will show how different properties of the transfer and tax systems, and

their effect on the income distribution, could be analyzed separately. We will also discuss

how these different measures should be interpreted.

In order to study the effect of different properties of the tax system on the income

distribution, Kakwani (1984) suggests a method to decompose the difference between Gini

coefficients for original and gross income as a measure of the equalizing effect from a tax
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system. Lambert (1989) derives a corresponding decomposition for the transfer system.

Formula 3 gives the decomposition for the transfer system and formula 4 is for taxes.

(3)

(4)

where b is the overall mean share of transfer income; XKB is the concentration curve for

transfers when the income units are ordered by ascending original income (the first subindex,

X, shows the ordering variable, the second, B, the measured variable); XKX+B is the

concentration curve for gross income when the income units are ordered by original income;

t is the overall mean share of taxes paid; X+BKT is the concentration curve for taxes when

the income units are ordered by gross income; and X+BKX+B-T is the concentration curve for

disposable income when the income units are ordered by gross income.

These decompositions show that the equalizing effects are determined by three properties

of the tax or transfer system. They are:

(i) The departure from proportionality. A strictly proportional tax or transfer system will not

affect the relative income distribution. Two distinct kinds of departure from proportionality

may occur. Firstly, the transfer system could be regressive, which means that those

households with relatively low income receive a larger share of the sum of transfers relative

to their income. Secondly, the tax system could be progressive, meaning that low-income

units pay a smaller share of the sum of taxes relative to their to their income than do high

income units. Each of these will have an equalizing effect on the income distribution.

(ii) The relative volume of total transfers and taxes. At a given degree of departure from

proportionality, the equalizing effect will be larger at a higher average tax/transfer rate. This

means that if for example two tax systems are compared, one being more progressive and one

having higher overall average tax rates, one could not tell a priori which has the most

equalizing effect on the income distribution.

(iii) Horizontal equity. If no reranking occurs when moving from the pre- to the post

transfer/tax income distribution, the Lorenz curve for gross/disposable income and the
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concentration curve for gross/disposable income will coincide in every point. If at least two

income units change place, the curves will depart and the difference between them will be

negative in the interval of the reranking. At a given average transfer or tax rate and a given

degree of departure from proportionality, the maximum equalization will be in a regime with

no rerankings. The more rerankings, the less equalization. As will be discussed below,

measures of rerankings could be interpreted as a measures of horizontal equity.

2.2.1. Departure from proportionality

The difference between the concentration curve for transfers and the Lorenz curve for

original income, Lx(p)- X+BKB(P), measures the share of total transfer payments shifted to

the lowest lOOp per cent from the highest lOO(l-p) per cent, compared to if all income units

received transfers proportional to their original incomes. The degree of departure from

proportionality is determined by the distribution of original incomes and the incidence of

income units who receive allowances in different parts of the income distribution. However,

if the transfer is means tested, the regressivity is also affected by the rules for the transfer

and the extent to which the intentions they codify are fulfilled in practice.

Departure from proportionality in the case of taxes (progressivity) can be analyzed in a

similar way. If taxes are exactly proportional to the pre-tax income of the income units, the

concentration curve X+BKT will be exactly identical to the Lorenz curve for pre-tax incomes.

If, however, the taxes paid increase at a rate more than proportional to pre-tax income, the

concentration curve for taxes paid will be below the Lorenz curve for pre-tax incomes. The

distance Lx(P)-x +BKT(P) is the fraction of the total tax burden shifted from high income units

(the top 1OO( I-p) per cent) to low income units (the bottom lOOp per cent) when the tax is

progressive rather than proportional''.

When the departure from proportionality is aggregated into a single new measure (or when

ordering two alternative tax/transfer systems), the same problem arises as when measuring

the equalizing effect. That is, the outcome is dependent on the value judgement placed on the

importance of departure from proportionality in different ranges of the income distribution.

The ordinary Kakwani index for departure from proportionality measures the area between

the concentration curve and the Lorenz curve. This measure is most sensitive to departures

9 The definition is given in Lambert (1989) chapter 7 p. 179.
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from proportionality in the range of the income distribution where density is highest'", In

this study we will use the generalized Kakwani measure for departure from proportionality.

Formula 5 yields this measure for transfers and formula 6 does so for taxes.

1
pK(v) = v(1-v)!(1-p)V-2[XK(P)B- LX(P)]dp = Gx(v) - xCB(V) I (5)

o

1

nK(v) = v(1-v)!(1-p)V-2[Lx+B(P)-x+sK:rW)]dp = X+BC~v) - GX+B(v) I (6)

o

where XCB(v) is the concentration index for transfers when the income units are ordered by

original income and X+BCT(v) is the concentration index for taxes when the income units are

ordered by gross income.

2.2.2. Horizontal equity

The operation of any tax-and-transfer system involves a transition from an ex ante to an ex

post income distribution. For the case of a tax system, the transition from pre-tax to post-tax

income distribution, Feldstein (1976) suggests the following formulation of the principle of

horizontal equity: "If two individuals would be equally well off (i.e. have the same utility

level) in the absence of taxation, they should also be equally well off if there is a tax", i.e.

equal treatment of equals. The motives for studying horizontal equity have been extensively

debated during the last decades ll . Musgrave (1991) investigates the requirements of

horizontal equity under various formulations of distributive justice and different principles of

taxation, ranging from the Lockean entitlement view and the benefit approach to taxation to

utilitarianism and the ability-to-pay approach to taxation 12. Musgrave finds that "... the

10 This could be shown in a similar way as was done above for the ordinary Gini coefficient.

11 See for example Musgrave (1959, 1991), Feldstein (1976), Atkinson (1980) and Kaplow (1989).

12 The three different variants of utilitarian tax principles that he considers are 1.S. Mills equal absolute
sacrifice rule and the ability-to-pay approach to taxation, the view of equal marginal sacrifice rule, and the "neo
utilitarian" view originally proposed by Vickrey and Harsanyi.
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requirement for horizontal equity remains essentially unchanged under the various

formulations of distributive justice ... " (Musgrave 1991, p. 116). But is there a case for

measuring horizontal equity?

According to the entitlement view, the pre-tax and transfer distribution has an intrinsic ethical

justification. This has led many authors to claim that a preservation of the initial utility

ordering is a central concern of the advocates of this view of justice':', On the other hand,

the argument that natural law entitles a person to keep what he earns in the market rules out

redistribution. Taxes could still be needed to finance social goods, but according to the

entitlement logic all should pay an amount equivalent to the benefit received, i.e. the

distributions of burdens will be totally dependent on income and substitution elasticities of

demand for social goods. Horizontal equity will thereby be achieved but measures of

horizontal equity will not have any meaningful interpretation. The same is true for all other

theoretical models of distributive justice, based on the ability-to-pay view of the distribution

of the tax burden. Musgrave (1991) concludes that horizontal inequity is a second-best

problem, horizontal inequity arises because the tax base in reality is imperfectly defined. In

other words, the intentions of the tax system are not achieved in reality.

The measure of horizontal equity that we will use measures rerankings. A reranking occurs

if an individual does not maintain her rank when comparing the distributions of original and

gross income or gross and disposable income. The principle of "equal treatment of equals"

has, as King (1983) suggested, been extended to "and unequals treated accordingly".

It is possible to measure the extent of reranking with Lorenz and concentration curves!",

Let us first consider rerankings resulting from taxation. x+BKX +B-T is the concentration

curve for disposable income where the income units are ordered in ascending order according

to their pre-tax (gross) income. Kakwani (1980) has proved that this curve will be above the

conventional Lorenz curve for disposable income,

13See for example Atkinson (1980) and Atkinson and Stiglitz (1980).

14.rhis measure of horizontal equity was originally used by Atkinson (1980). See Plotnick (1985) for a
comparison of different measures of horizontal inequities.
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X+B KX+B-T ~ LX+B-T for all 0 s p ~ 1 .

If the ranking is the same for the pre- and post-tax income distributions, these two curves will

coincide in every point. If the rank is changed, the inequality will be strict for some points,

and the more the rank is changed, the larger will be the distance between the curves.

Kaplow (1989) criticizes the reranking measures of horizontal equity for not adequately

measuring the degree of horizontal equity: "Minute movements leading to order reversals

count as full violation of horizontal equity while substantial disturbances in the initial

distribution that result in no order reversal are ignored" (page 141). In the ranges of the

income distribution with the highest density, departures from horizontal equity have (a priori)

the highest probability of resulting in rerankings. If the area between the concentration curve

and the Lorenz curve for disposable income is used as an aggregate measure of horizontal

equity15, too much weight is given to the high density areas of the income distribution. In

this case, horizontal inequity should not be seen as being more severe because there are many

income units with similar pre-tax incomes (and the probability for rerankings is therefore

high). It is a value judgement which part of the income distribution one considers as the most

important locus for high horizontal equity.

To make this value judgement explicit, it is possible to use the generalized Gini and

concentration indices:

(8)

A corresponding measure is used to measure reranking caused by the transfer system:

(9)

where GX+B(v) is the generalized Gini index for gross income and XCX+B(v) is the

generalized concentration index for gross income when the income units are ranked according

to their original incomes.

15 The difference between the ordinary concentration index and the Gini coefficient for disposable income.
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To sum up, we will use the following decompositions of the equalizing effect of transfers

and taxes when we compare the pre- and post-reform tax and transfer systems:

(10)

(11)

i.e. three aggregate measures of three properties of the transfer and tax system respectively,

the overall share in income of benefit and taxes respectively, departure from proportionality

and horizontal equity. These three properties together determine the equalizing effect of the

respective systems.
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3. Results: Effects of the Swedish tax reform of 1991

3.1. The data and some additional methodological considerations

In this section we will compare two income distributions: one pre-reforrn and one simulated

post-reform. The simulation is described in more detail in the appendix. The data source of

the pre-reform income distribution is the 1987 Household Income Survey provided by

Statistics Sweden. It is the principal annual micro-data source on incomes in Sweden. It is a

stratified sample of about 10,000 households.

In this study, we select households with the age of head of household between 25 and 65.

The reason for excluding the age group between 18 and 25 is that this group has an income

distribution that is very different from the rest of the population. This is because there are

many observations with very low incomes, sometimes due to studies and sometimes to

temporarily very irregular life habits. The individual's income position in this age group tells

us very little about his lifetime income 16. The results of the study, especially when more

weight is given to the lower end of the income distribution, would have been very much

dependent on this age group. The reason for excluding households headed by people aged 65

or above is primarily that the quality of the data in this age group is not as good as in the rest

of the population. Also, the tax reform affects old age pensioners very differently from the

other population and would deserve a study of its own. These selection criteria resulted in a

sample size of 7,277 households.

The observation unit in this survey, and the unit of analysis in our study, is the household.

The households consist of one or two married or cohabiting adults and children aged 17 or

younger living in the same family. To generate the pre-reform income distributions from the

1987 data, the income data was transformed to correspond to the 1991 price and cost levels.

The post-reform income distribution was obtained through a simulation using the tax-benefit

model at the Ministry of Finance. We have used the same results as have been used in the

official calculations to evaluate the reform proposal. The only changes in taxes that will be

considered in this study are the changes in income and wealth taxes. The increase in

consumption taxes was left out of the analysis, as there are no consumption data. The part

16 This is shown in Bjorklund (1992).
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of the tax reform that we considered is the increase in child and housing allowances and the

decrease in income taxes. Therefore, this is not a balanced budget proposal in the simulation

results.

The simulation of the effect of the tax reform is purely static in the sense that it does not

take the household's economic behavior responses to tax/transfer changes into account.

However, a one per cent increase in labor income was imputed due to "increased labor supply

or a general improvement in the functioning of the economyv'". This is a highly

unsatisfactory approximation. Ideally, the kind of data an economist would like to have is data

generated by a general equilibrium model that takes all economic effects of the change in the

tax/transfer system into account and produces distributions of individual utilities. The data

requirements for such a model are, however, unrealistic. In practice, a trade-off exists

between detailed information on household income components but very limited information

on economic changes or very stylized information on household income components but more

realistic computations of economic implications of a tax reform l8. The focus of this study

is to show how recently developed methods could be applied to the analysis of the income

distribution implications of a tax reform. These methods could also be used on more realistic

data that hopefully will be possible to obtain for ex ante analysis of future tax and benefit

reforms.

We define disposable income as the total amount that a household can consume during a

year without changing the real value of the wealth. Gross income is defined as disposable

income plus taxes paid. Original income is earnings and fringe benefits from work, income

from capital and capital gains and income from private and social insurance. Two per cent

of the market value of the home is imputed as income for homeowners. Original income is

thus, gross income less child and housing allowances.

17 Eklind and Johansson (1989) page 2.

18 An alternative to using results from a microsimulation is to use income distribution data, collected after the
tax reform. This method also has many drawbacks. The main problem is to separate the effects that are caused by
the tax reform from those caused by other changes in the economy. With no knowledge about the individual
households' labor supply behavior and economic restrictions, it could be misleading to calculate changes in the
income distribution. If a relatively well-off person responds to the tax reform by reducing his labor supply, while
a poorer person responds by increasing his labor supply, we may observe an income rank reversal but not a
utility rank reversal. In our study, however, simulations do not take behavioral responses into account. What we
can measure is thus income changes, as if the economic behavior was constant.
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Most tax systems, and all transfer systems, take differences in household needs into

consideration, either explicitly or implicitly. There are probably several high-income single

person households that pay more income tax than a married couple with dependent children

and even higher income, due to tax-exempted child allowances and the separate taxation of

spouses. Similar examples could be constructed for most tax systems. It would be misleading

to measure tax progressivity by comparing different types of households without taking

characteristics other than income into account. There are two methods of dealing with this

problem: (1) only compare income units from the same household groups, (2) use equivalence

scales to transform the incomes of different types of income units. The disadvantage with the

first method is that it severely limits the results, since one can only compare intra-household

group changes in the income distribution. The disadvantage with the second method is that

it always involves value judgements since one must choose the particular equivalence scales

used (see, for example, Fisher (1987)).

In this study we will use both methods. First, we will study the entire population and use

equivalence scales. The equivalence scales we use are derived from the rules for social

welfare allowance, which are determined by the National Board of Health and Welfare19.

To examine whether the conclusions from the first part of the study hold within sub-groups

of the population, we will do the same decomposition of the equalizing effect of the benefit

and tax systems for different types of households/".

We have chosen the values 1.8, 2.0, 2.2 and 2.4 for the parameter of the generalized Gini

coefficient. The reason for choosing two values above 2 is that most people, including the

author of this paper, are more concerned about the distribution in the lower end of the

distribution when comparing income distributions.

Table 3.1 reports some summary statistics from the simulation study. A few points should

be noted. First, the mean original income is lower under the post-reform regime. This is

19 A single person without children is given the weight 1.15 and a couple without children 1.90. Children in
ages 0-3,4-10 and 11-17 are given the weights 0.55, 0.65 and 0.75, respectively.

20 A related issue is the choice of unit of analysis. One can choose either the household or the individual.
The argument for choosing the individual is that all individuals should be counted equally and that political
decisions should be based on the welfare of all individuals. On the other hand, children do not have the right to
vote in any democracy. The practical implication of the choice of unit of analysis is that large households, i.e.
households with children, are weighted more heavily. We have chosen the household as unit of analysis for
practical reasons, but as we do the within-group analysis separately by type of household, the choice is not of
great importance.



16

because the higher costs for employers to provide fringe benefits is assumed to be directly

passed through to wages. Second, the types of households that do not gain from increased

allowances, households without children, gain more on average on the changes in taxation.

Third, all single adult households, as well as households with three or more children, will

increase their disposable income (on average) more than other households after the tax

reform.
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Table 3.1. Summary statistics.

Group Number of nin Mean X Mean X+B

Adults Children n. % Pre-reform Post-reform Pre-reform Post-reform
)

0 1 704 23.4 159960 159296 160074 159631

2 171 2.3 173 893 173 199 185892 193465

3 ~2 97 1.3 173 531 174249 200 318 214543

4 2 0 2345 32.2 336236 332791 336331 332814

5 2 1 205 16.6 344 071 340052 351 272 350987

6 2 2 1 245 17.1 349648 344 855 363916 366 501

7 2 ~3 510 7.0 326557 322459 357990 367742
-------------------------- --------------------------------- ---------- -----------

8 All, 7277 100 261 520 259028 267066 267457
unadj.

9 All, 157781 156 480 159909 159790
equiv.

Table 3.1. Continued.

Group Mean X+B-T Mean B Mean T

Pre- Post- Change, Pre- Post- Change, Pre- Post- Change,
reform reform % reform reform % reform reform %

104 574 110812 6.0 114 335 193.9 55500 48819 -12.1

2 134477 146499 8.9 12000 20266 68.9 51 416 46966 -8.7

3 158099 173033 9.4 26787 40294 50.4 42219 41 510 -1.7

4 218525 228590 4.6 5 23 460.0 117806 104 224 -11.5

5 236662 248 102 4.8 7201 10935 51.9 114611 102 886 -11.2

6 250340 262 133 4.7 14268 21645 51.7 113577 104 367 -8.1

7 255268 271 674 6.4 31433 45284 44.1 102721 96068 -6.5
------------------------------------------------------------------------------------------

8 178984 188516 5.3 5546 8429 52.0 88082 78941 -10.4

9 106 186 111 952 5.4 2 127 3310 55.6 53723 47838 -11.0
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3.2. Within- and between-group comparisons using equivalence scales

In this section we will compare both households from the same household groups and

households from different groups. As was shown in the previous section, some of the

reported income distribution effects of the benefit tax reform are due to the fact that different

household groups are affected differently by the reform. These between-group results are

highly dependent on the equivalence scales used.

Table 3.2. Generalized Gini coefficients for original income, Gx.

" Pre- Post- %
reform reform change

1.8 0.3905 0.3836 -1.78

2.0 0.2561 0.2512 -1.91

2.2 0.1469 0.1429 -2.73

2.4 0.0569 0.0531 -6.63

Table 3.2 depicts the generalized Gini coefficients for the distribution of original incomes

before and after the tax reform. As can be seen in the table, the Gini coefficient for all

generalizations is lower for the post-reform distribution. This follows from Lorenz

dominance: the Lorenz curve for post-reform original income is above the corresponding pre

reform curve at every point of the distributiorr '. The relative change is larger if more

weight is given to the lower end of the distribution. This indicates that the largest difference

between the distributions is located in that range.

The more equal distribution of the post-reform original incomes can be explained at least

in part by reference to two assumptions made in the simulations. First, it is assumed that the

higher costs of fringe benefits to employers22, are passed on directly to employees receiving

these fringe benefits, in the form of lower wages. As the individuals receiving these benefits

21 The Lorenz and concentration curves are calculated on percentile shares (lOO points). The comments in the
text are not only based on graphical inspection, but also on comparisons between the actual numbers of the
percentile shares.

~he abolition of the employers' rights to deduct subsidies to employees pensions, car benefits and meals.
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are on average relatively well off, this assumption then leads to a more equal observed post

reform income distribution. Second, households in the lower segments of the income

distribution tend to receive a larger share of their factor (or original) income from labor. The

assumption of a one per cent increase in labor income means that these households increase

their original income on average more than proportionally to their pre-reform income shares.

3.2.1. Decomposition of the equalizing effect of child and housing allowances.

The equalizing effect of housing and child allowances can be measured as the difference

between the Lorenz curves for gross and original income. The results are unambiguous: the

equalizing effect of these transfers is larger for the post-reform system (the difference

between the Lorenz curves is larger for that system at every point).

If we use an aggregate measure of the equalizing effect in this case, the difference between

the generalized Gini coefficient for original and gross income, we find that the post-reform

transfer system has a larger equalizing effect than the pre-reform system. This can be seen

in table 3.3. The difference is larger the more the lower parts of the income distribution are

weighted.

Table 3.3. Equalizing effect of child and housing allowances measured as
percentage difference between the generalized Gini coefficients for original and
gross income.

Pre- Post- Difference
reform reform

1.8 2.32 3.71 1.39

2.0 3.53 5.68 2.15

2.2 6.48 10.52 4.04

2.4 18.23 30.86 12.63

What part of the post-reform system's greater equalizing effect depends on differences in

(respectively) the average volume of the allowances, the degree of departure from



20

proportionality and horizontal equity? The answer can be obtained from decomposing the

equalizing effect.

Table 3.4. Household transfer incomes as shares ofgross income, b.

Pre-reform

0.0135

Post-reform Difference

0.0212 0.0077

Table 3.4 depicts the overall mean child and housing allowances as a share of total gross

household income. There is a considerable increase in these allowances after the reform.

Figure 2 depicts the concentration curves for child and housing allowances under both

regimes, along with the Lorenz curves for the original income distributions. As this figure

shows, the concentration curve for transfers is above the Lorenz curve for original income.

This means that households with relatively low original income receive transfers amounting

to a greater proportion of income than the transfers received by higher income households,

Le. both systems studied are regressive. Furthermore, the concentration curve for transfers

is above the diagonal in the Lorenz diagram. This means that households with relatively low

income receive more child and housing allowances measured in absolute amounts. Households

with children, who receive more allowances, are overrepresented in the lower end of the

distribution of equivalent incomes, i.e. the value judgements implicit in the equivalence scales

are similar to those governing the distribution of the allowances.
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Figure 2. Concentration curves for transfers and Lorenz curves for original income
distributions. Pre and post-reform. Equivalent incomes.
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The difference between the concentration curve and the Lorenz curve measures the

regressivity of the transfer system. This measure is larger for the post-reform transfer system

for all points between 0 and 0.855. Estimates of the Kakwani index for transfer regressivity

are given in Table 3.5. It can be seen that the difference between the systems increases as

more weight is given to the lower end of the income distribution. The difference between the

concentration curves and the Lorenz curves for the post-reform system does not exceed the
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Table 3.5. The Kakwani transfer regressivity index, GX-CB'. Child and housing
allowances.

" Pre- Post- Difference
reform reform

1.8 0.6943 0.7043 0.0100

2.0 0.6940 0.7111 0.0151

2.2 0.7350 0.7541 0.0191

2.4 0.8039 0.8266 0.0227

corresponding measure for the pre-reforrn system. This means that there exists a weight

coefficient, below 1.8, that will reverse the order in which the two systems are considered

as more regressive.

Table 3.6 reports the total vertical equity component of the redistribution imposed by the two

transfer systems. Column 3 shows the difference between these two components. It can be

seen that this component is considerably larger for the post-reform transfer system. As was

shown in Tables 3.3 and 3.4, both the transfer share of total gross income (b) and the transfer

regressivity component (GX-CB) were larger for the post-reform transfer system. To

determine the extent to which each component contributes to the redistribution, the post

reform transfer share component and the pre-reform transfer regressivity component are used

together. These results are reported in column 4. As can be seen in Table 3.6, between 92.7

and 96.0 per cent of the differences in redistribution due to vertical equity can be attributed

to differences in the transfer share of total income between the two systems.

Table 3.7 gives the estimates of horizontal inequity imposed by the two transfer systems. The

measures give higher estimates when the lower end of the income distribution is weighted

more heavily. This can be explained by the fact that the transfers studied are concentrated in

that end of the distribution. The measures of horizontal equity differ very little when

comparing the two transfer systems.

To sum up, the equalizing effect of the transfer system increased considerably. This

increase is primarily achieved neither by a higher transfer regressivity nor increased
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Table 3.6. Changes in measures of vertical equity imposed by the transfer system.

B B
VBpost- V B* VB*_VB Share of" V pre V post pre

vB
pre difference

1.8 0.0092 0.0146 0.0054 0.0144 0.0051 96.0

2.0 0.0093 0.0148 0.0055 0.0144 0.0052 94.3

2.2 0.0098 0.0156 0.0058 0.0152 0.0054 93.2

2.4 0.0104 0.0171 0.0064 0.0167 0.0060 92.7

VBpre = vertical equity before tax reform, (b/(l +b»*(GX-CB) .

VBpost = vertical equity after tax reform.

VB* = vertical equity index computed using the post-reform transfer regressivity

component and the pre-reforrn transfer regressivity component, i.e.

Share of difference = the percentage share of the difference between the pre- and

post-reform vertical equity component that can be attributed to differences in the

amount paid in transfers.

horizontal equity, but by an increase in the total amount of transfer payments.

3.2.2. Decomposition of the equalizing effect of taxes

The equalizing effect of taxes can be measured as the difference between the Lorenz curves

for gross and disposable income. The difference is larger for the pre-reform system in all

points below 0.955. Above these points it is larger for the post-reform tax system. The

aggregate measures of this difference, the percentage change in the generalized Gini

coefficient, are shown in Table 3.8. As this table shows, the equalization is bigger for all
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Table 3.7. Measures of horizonal equity of the transfer system.

Pre- Post- Difference
reform reform

1.8 -0.0002 -0.0004 -0.0002

2.0 -0.0002 -0.0005 -0.0003

2.2 -0.0003 -0.0006 -0.0003

2.4 -0.0004 -0.0007 -0.0003

generalizations. As there is no dominance for the equalizing effect, we can always find a v,

smaller than 1.8, that reverses this result.

To see which properties of the two tax systems that generate this finding, we decompose

the equalizing effect.

Table 3.8. Equalizing effect of the tax systems measured as percentage difference
between the generalized Gini coefficients for gross and disposable income.

v Pre- Post- Difference
reform reform

1.8 11.25 10.21 -1.04

2.0 15.38 12.25 -3.13

2.2 27.26 19.47 -7.79

2.4 81.38 66.14 -15.24

Table 3.9 shows the average share of total gross income collected in income taxes under both

regimes. It can be seen that the taxes are on average about 3.7 percentage points larger under

the pre-reform tax system.

Figure 3 shows the concentration curve for income taxes paid, along with Lorenz curves for

gross income under the two tax regimes. This figure reveals three interesting properties of

the two tax systems. First, both tax systems are unambiguously progressive, i.e. the
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Table 3.9. The over all mean income tax share ofgross income, t.

Pre-reform

0.3360

Post-reform Difference

0.2994 -0.0366

Figure 3. Concentration curves for taxes and Lorenz curves for gross income distributions.
Pre- and post-reform. Equivalent incomes.
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concentration curve for taxes are below the Lorenz curve at every point for both tax systems.
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Second, tax progressivity, measured as the vertical distance between the concentration curve

for taxes and the Lorenz curve for gross income, gives an ambiguous ordering of the tax

systems. The distance is larger for the pre-reform system up to the point 0.905. Third, the

relative difference between the systems is larger in the lower end of the income distribution.

This is shown in Table 3.10, where generalized Kakwani tax progressivity indices are

reported. When more weight is given to the lower end of the income distribution, the

difference becomes larger. If some weight sufficiently smaller than 1.8 is used, the

progressivity ordering of the tax systems is reversed.

Table 3.10. The Kakwani tax progressivity index, GX+B-CT,

Pre
reform

Post- Difference
reform

1.8 0.1018

2.0 0.0876

2.2 0.0849

2.4 0.0853

0.0946

0.0734

0.0635

0.0624

-0.0072

-0.0142

-0.0214

-0.0229

Table 3.11 depicts the vertical component of the equalization. It is larger for the pre-reform

tax system for all chosen values of v and the difference becomes larger as more weight is

given to the lower end of the income distribution. As was shown in Tables 3.9 and 3.10, both

the rate component and the progressivity component are larger for the pre-reform system. To

determine the extent to which these two components contribute to the total vertical

component, we have used the progressivity component of the pre-reform system and the rate

component of the post-reform system to construct VT*. As can be seen in Table 3.11, the

share of the difference in the vertical component that can be attributed to the rate component

is highly dependent on the weight (v), with the share ranging from 72.2 to 40.6 per cent. This

follows from the fact that the difference in progressivity between the two systems varies over

the range of the income distribution (see Figure 2). This result shows the importance of value
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Table 3.11. Changes in measures of vertical equity imposed by the tax system.

JI yT
pre v"post yTpost- yT* yT*_yT Share ofpre

T differencey pre

1.8 0.0515 0.0404 -0.0111 0.0479 -0.0080 72.17

2.0 0.0443 0.0314 -0.0130 0.0371 -0.0069 53.07

2.2 0.0429 0.0271 -0.0158 0.0321 -0.0067 42.25

2.4 0.0432 0.0266 -0.0166 0.0315 -0.0067 40.60

yT pre = vertical equity before tax reform, (t/(l-t»*(Gx+B-CT)'

yTpost = vertical equity after tax reform.

yT* = vertical equity index computed using the post-reform tax progressivity

component and the pre-reform tax progressivity component, i.e.

Share of difference = the percentage share of the difference between the pre- and

post-reform vertical equity components that can be attributed to differences in the

amount paid in taxes.

judgements when measuring tax progressivity.

Table 3.12 shows measures of the horizontal inequity imposed by the two tax systems.P

23 Ankrom (forthcoming), using the 1981 Household Income Survey, estimates the horizontal inequities
imposed by the whole Swedish tax and transfer systems (transition from market income plus employers
contributions to disposable income) to -0.06. An explanation for his very high estimates is that he treats social
insurance incomes as transfers.
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Table 3.12. Measures of horizontal equity of the tax system.

Pre- Post- Difference
reform reform

1.8 -0.0086 -0.0027 0.0059

2.0 -0.0063 -0.0023 0.0040

2.2 -0.0055 -0.0023 0.0032

2.4 -0.0053 -0.0024 0.0029

It can be seen that horizontal equity has increased considerably after the tax reform,

regardless of the measure used. An improvement in horizontal equity was stated as an explicit

goal of the 1991 tax reform. The increase has several explanations. Following Gravelle

(1992), sources of horizontal inequity can be divided into three categories: (1) family

characteristics, (2) sources of income, and (3) disposition of income.

Family characteristics. In this study we use the household as the unit of analysis. If we

compare two households with the same gross income, one with a single earner and one with

two earners, then the second household will pay less tax due to increasing marginal taxes and

separate taxation of spouses. Since marginal income tax rates are lower after the tax reform,

this source of horizontal inequity is expected to become less important.

Child and housing allowances targeted to households with dependent children are not taxable.

This means that households with children, at a similar level of gross income, pay

proportionally relatively less in income taxes than households without children. Since child

and housing allowances are higher after the tax reform, this source of horizontal inequity

should have increased.

Sources of income. It is well known that people pay different levels of tax depending on the

sources of their income. Different forms of compensation for labor are not taxed equally. The

same is true for different kinds of capital income. The tax reform act attempted to reduce

these differences. For example, employers' subsidies to meals are now taxed at the same rate

as wages, and the same is true for the fringe benefit of a free car. These attempts to broaden

the tax base will lead to an increase in the degree of horizontal equity.

Disposition of income. The level of the consumption tax varies when it is levied on different

kinds of goods and services. The tax reform act also attempted to reduce this source of
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horizontal inequity by mandating the same tax rate for all kinds of consumption including,

for example, construction services. Since data on household consumption is lacking, we

cannot here assess the extent to which this goal was achieved.

In Table 3.12 it can also be seen that measures giving more weight to the upper end of the

income distribution gives higher estimates of horizontal inequity, or rerankings. This can be

explained by the fact that households in the upper end of the income distribution tend to have

incomes from different sources that are not taxed equally.

3.2.3. The distribution of disposable incomes

Figure 4 shows the Lorenz curves for the distribution of pre- and post-reform disposable

income. The Lorenz curve for the pre-reform distribution is drawn with a thin, solid line and

the curve for the post-reform distribution is drawn with a wide, dotted line. As they are very

close, it is hard to distinguish the curves. If the thin solid line crosses the short vertical line

above the midpoint, the Lorenz curve for pre-reform disposable income distribution is above

the post-reform Lorenz curve at that point. As can be seen in the figure, the Lorenz curve

for the pre-reform distribution is above the post-reform between 0 and 0.855 where they

intersect. Between 0.855 and I, the Lorenz curve for the post-reform distribution is above

the pre-reform Lorenz curve, i.e. the distribution of disposable income is more equal in the

lower end of the distribution, but more unequal in the upper end, under the pre-reform

tax/transfer system.

Table 3.13. Generalized Gini coefficients for disposable income.

Pre- Post- Difference
reform reform

1.8 0.3385 0.3316 -0.0069

2.0 0.2090 0.2079 -0.0011

2.2 0.0999 0.1029 0.0030

2.4 0.0087 0.0124 0.0037

As can be seen in Table 3.12, the results of the generalized Gini coefficients are ambiguous:

if more weight is given to the lower part of the income distribution, the pre-reform income
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Figure 4. Lorenz curves for the distribution ofpre- andpost-reform disposable incomes.
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1.0
ID

E 0.90
CJ
c

0.8
ID

::0 0.70
(fJ

0
o, 0.6
(fJ

0
0.5

0.....,
0 0.4t-

'+-
0 0.3
c
0

....., 0.2....
0
0- 0.10....

CL
0.0

-- pre-reforrll
I I I I I I I post-reform

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
.855

Proportion of Income Recipients

distribution is more equal. It is then a value judgement which income distribution a person

averse to inequality would prefer.
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Figure 4 and Table 3.13 also reveal that the impact of the tax reform on the distribution

of disposable incomes is surprisingly small. This result is consistent with the findings of

Schwarz and Gustafsson (1991).

3.3. Within-group comparisons

In Table 3.1 we saw that different household groups were not affected equally by the

benefit and the tax reforms. Households with children increased on average their income from

child and housing allowances, while households without children on average enjoyed a larger

income tax reduction. Single parents increased on average their disposable income more than

other groups. It is possible that the results obtained in Section 3.2 were dependent on the

between group income distribution effects of the tax/transfer reform, i.e. could be very much

dependent on the choice of equivalence scales. In this section we investigate if the results

from Section 3.2 apply to the income distribution within household groups. To do this we

have made the same decompositions as we did in Section 3.2 for each household group

separately.

In Table 3.14.a to 3.l4.g we report the difference between the pre- and post-reform

components of the equalizing effect measured as percentage share of the pre-reform

generalized Gini coefficient for original income for different household groups

(i.e. [(ypre_yPost)/Gxpre]*100, where Y is the different measures). In Table 3.14.h, we

present the same measures for the weighted averages of the within group results. Table 3.l4.i

gives the results for the total population as a reference. In this exercise, the change in the

generalized Gini coefficient and the changes in the decomposition component sum up to the

total change in the generalized Gini coefficient when moving from original to disposable

income. This means that if a decomposition component, vertical or horizontal, is positive, this

component contributes less to equalization after the tax reform. If it is negative it contributes

more. The share of equalization that was due to the benefit rate and tax rate respectively was

obtained using the same method as in the previous section, i.e. the post-reform benefit/tax

rate was used together with the pre-reform regressivity/progressivity component. As can be

seen in Table 3.14.h and 3.l4.i, the main results from Section 3.2 hold for the within group

comparison. That is: (i) The distribution of original income was unambiguously more equal

under the post-reform regime. (ii) The increased amounts of child and housing allowances

have a considerable equalizing effect on the income distribution. (iii) The pre-reform tax
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system has a larger vertical redistribution (equalizing) component. The decreased

progressivity is the most important explanation in the lower end of the distribution, while the

decreased average tax rate explains more of the difference in the upper end. (v) It is a value

judgement which of the distributions of disposable income one considers the most equal.

There are, however, differences between the within-group decomposition components. The

differences in the increased equalizing effect of the child and housing allowances closely

follows the differences in the mean increased amount reported in Table 3.1: the largest

equalization is for single parent households. Note that benefit regressivity has decreased in

these groups, as well as in the group of households with two adults and three children. The

explanation of this phenomenon is that child allowances, which are the same amount for each

child, have increased relatively more than the income dependent housing allowances paid to

these groups.

The within-group equalizing effect of changes in income taxes are surprisingly

homogenous, and are approximately the same as for the total population. It is interesting to

note that horizontal equity has increased more in the group of single-member households

without children, than it has in the entire population. In this group, the effect of a broader

tax base could be isolated from the other two potential sources of horizontal equity mentioned

in section 3.2.2, i.e. separate taxation of spouses and (almost) tax exempted allowances.

In no group did the new tax/benefit system generate an unambiguously more unequal

income distribution. For the single parent groups and the group with two adults and two

children, however, the Gini coefficients for post-reform distribution of disposable income are

smaller for all generalizations. Thus, the single-parent households experienced both the

greatest increase in their average disposable income and the greatest decline in within-group

inequality.
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Table 3.14... Percentage change in components ofthe Kakwani decomposition ofequalizing effect due 10 child and housing allowances and
income taxes. Households with one adult and no children.

, 1.8 2.0 2.2 2.4

GX -2.4 -3.0 -5.7 -63.3
--------------------------------- -- -- - -- -- -- - ---------

VB, due to b -0.3 -0.4 -0.9 -10.7

VB, due to Gx-CB -0.2 -0.3 -0.9 -12.0

H B (CX+B-GX+ W 0.0 0.0 0.0 -0.1
..........n .

vT, due to t

v", due to c,.-oX+B

HT (CX+B-rGX+B-T)

2.9

1.1

-2.2

-1.0

4.2

4.7

-2.8

2.3

8.8

13.8

-5.2

10.0

100.5

169.6

-54.5

128.4

Table 3.14.b. Percentage change in components ofthe Kakwani decomposition ofequalizing effect due 10 child and housing allowances and
income taxes. Households with one adult and one child.

, 1.8

-2.2

2.0

-2.9

2.2

-13.2

2.4

-3.8

VB, due to b -7.2 -12.2 -73.5 -24.4

VB, due to Gx-CB 1.5 3.2 23.9 8.8

H
B

(CX+B-GX+ W 0.1 0.2 1.6 0.6

vT , due to t

v", due to c,.-oX+B

HT (CX+B-,GX+B-T)

3.7

2.5

-0.2

-1.8

6.2

5.8

-5.0

-4.7

31.5

31.1

-24.2

-23.8

10.0

10.7

-9.0

-7.1

Table 3.14.c. Percentage change in components ofthe Kakwani decomposition ofequalizing effect due 10 child and housing allowances and
income taxes. Households with one adult and /Wo children.

VB, due to b

VB, due to Gx-CB

H
B

(CX+B-GX+ W
v", due to I

v", due 10 c,.-oX+B

1.8

-1.0

-7.3

4.5

-0.8

1.7

3.3

2.0

-1.9

-15.6

6.2

1.7

3.4

7.9

2.2

-12.6

-130.4

52.7

16.2

26.1

62.3

2.4

-2.3

-27.7

12.0

3.2

5.3

12.6

HT (CX+B-rGX+B-T) -1.2 -3.1 -22.4 -3.9-------------- ----------------- - - - - - - - - - - - - - - ---------
-0.8 -1.4 -8.1 -0.9
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Table 3.14.d. Percentage change in components ofthe Kakwani decomposition ofequalizing effecr due to child and housing allowances and
income taxes. Households with rwo adults and no children.

, 1.8 2.0 2.2 2.4

Gx -2.6 -2.8 -5.6 -22.2--------------------------------- -- -- - -- -- -- - ---------
yB, due to b

yB, due to Gx-CB

0.0

0.0

0.0

0.0

-0.1

0.0

-0.4

-0.1

H B (CX+ B-GX+t0 0.0 0.0 0.0 0.0................................................................................................................................................
yT, due to t

v", due to CrGX+B

HT (CX+B-rGX+B-T)

2.3

2.7

-1.8

0.6

2.5

1.2

-2.0

-1.2

6.2

10.3

-4.3

6.5

25.7

46.7

-16.7

32.9

Table 3.14.e. Percentage change in components ofthe Kakwani decomposition ofequalizing effecr due to child and housing allowances and
income taxes. Households wuh rwo adults and one child.

, 1.8

-2.1

2.0

-3.0

2.2

-6.4

2.4

-IU

yB, due to b -1.0 -1.7 -4.6 -10.0

yB, due to Gx-CB -0.1 -0.2 -0.6 -1.6

H
B

(CX+ B-GX+t0 0.0 0.0 0.0 0.1

yT, due to t 1.9 2.8 6.6 12.8

v", due to CrGX+B 0.9 2.7 8.2 17.8

HT (CX+B-rGX+B-T) -9.6 -2.4 -4.5 -8.7

-9.2 -1.7 -1.9 0.9

Table 3.14.f. Percentage change in components of' the Kakwani decomposition ofequalizing effect due ro child and housing allowances and
income taxes. Households with rwo adults and two children.

GX

1.8

-2.9

2.0

-3.5

2.2

-9.4

2.4

-8.7

yB, due to b -1.9 -3.1 -10.5 -11.6

yB, due to Gx-CB -0.1 -0.2 -1.1 -1.4

H
B

(CX+ B-GX+t0 0.0 0.0 0.1 0.1

v", due to t 1.9 2.7 8.4 8.5

yT, due to CrGX+B 1.8 2.0 12.5 13.7

HT (CX+B-rGX+B-T) -1.7 -2.3 -7.0 -7.3

-2.9 -4.5 -7.0 -6.8
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T.blc 3.14.g. Percentage change in components ofth» Kakwani decomposition ofequalizing effect due 10 child and housing allowances and
income taxes. Households with two adults and three or more children.

, 1.8 2.0 2.2 2.4

GX -3.0 -3.5 -8.6 -7.7
-------------------------------- - -- -- --- -- -- - ---------

VB, due to b -4.7 -7.4 -24.1 -27.0

VB, due to Gx-CB 0.4 0.5 1.2 I.l

H B (CX+ B-G X+t0 0.2 0.3 1.3 1.6
••••n .

v", due to t

vT, due to CrGX+ B

HT (CX+B-~X+B-T)

3.5

7.6

2.4

6.3

3.4

5.1

-2.1

-3.8

9.1

13.5

-7.0

-14.7

9.3

14.5

-7.0

-15.4

T.blc 3.14.h. Percentage change in components ofthe Kakwani decomposition ofequalizing effect due 10 child and housing allowances and
income taxes. Weighled averages of within-group decomposition.

VB, due to b

VB, due to GX-CB

H
B

(C X+ B-GX+t0

v", due to t

v", due to CrGX + B

HT (CX+B-~X+B-T)

1.8

-2.5

-1.2

0.1

0.0

2.5

2.0

-2.5

-1.5

2.0

-3.0

-2.0

0.1

0.1

3.4

3.4

-2.6

-0.6

2.2

-6.8

-9.5

1.6

0.5

9.2

13.8

-6.3

2.5

2.4

-32.7

-10.0

-4.3

0.1

48.2

81.1

-27.7

54.8

T.blc 3.14.i. Percentage change in components of the Kakwani decomposition ofequalizing effect dUI! 10 child and housing allowances and
income taxes. All households and equivalence scales.

VB, due to b

VB, due to GX-CB

H B (CX+ B-GX+t0

v", due to t

vT, due to ~X+B

1.8

-2.0

-1.5

-0.1

0.1

2.4

0.9

2.0

-2.3

-2.5

-0.2

0.1

3.3

2.9

2.2

-4.0

-5.5

-0.4

0.3

6.7

9.1

2.4

-43.6

-68.8

-5.4

4.7

77.5

113.3

HT (CX+B-.GX+B-T) -1.7 -1.9 -3.2 -34.1
--------------------------------- -- -- --- -- -- - ---------

-2.0 -0.5 3.0 43.6
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4. Conclusions

Income distribution analysis always entails value judgements, firstly with respect to the

choice of an equivalence scale, and secondly regarding how to aggregate different parts of

the distribution into one measure. In this study we have shown how different properties of

a proposed new tax-and-transfer system could be analyzed ex ante by considering different

aggregations of the income distribution and by comparing the results that were obtained using

a certain set of equivalence scales for data on each group of households. This enables the

reader to consider the impact of different value judgements, and also to evaluate if the results

are dependent on these considerations. To consider only one set of equivalence scales and

one aggregation could yield a misleading result.
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Appendix

This appendix gives a short description of the changes in the tax and transfer system that

is taken into account in the microsimulation. The simulations refer to the government's

proposal for a new tax system in the autumn of 1989. Some minor changes took place when

the reform was implemented in 1991.

1. Changes in the tax base, labor income.

a. The value of a company car is increased to between 35 and 42 per cent of the price of a

corresponding new car.

b. The value of subsidized meals at work is added.

c. More stringent taxation on the benefit of low interest rates on loans granted by the

employer.

d. The benefit of shares is increased by 1.5 per cent.

e. Increases in the value of insurance benefits provided by the employer.

Workers (AGS+TGL+AGB+TFA) 1.32 per cent of earnings.

Private sector white collar workers (TGL+TFA) proportional to earnings.

f. The deduction for commuting costs is decreased to 12 SEK per 10 kilometers.

g. More stringent rules for tax on allowances for expenses.

h. Tax reduction of 1,800 SEK for couples with only one person working is abolished.

i. More stringent tax on pension funds.

2. Changes in the tax base, capital income.

a. More stringent tax on capital gains from promissory notes and shares.

b. The standard deduction for capital income is abolished.

c. More stringent tax on houses. The taxable value is increased to 2.5 per cent for apartment

houses and 1.2 per cent on houses.

d. More stringent tax on private rental income.

e. Reduced subsidization of interest payments on loans to finance apartment construction.

f. Previously tax-exempted savings funds become subject to a 20 per cent tax.

g. More stringent tax on capital gains from houses.
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3. Other changes in tax/transfer rules.

a. National income tax is changed from the following scales 1989:

Taxable income Tax, per cent

0-75,000, 5

75,000-140,000 17

140,000-190,000 31

190,000- 42

To the 1991 income tax scales on earnings:

0-170,000

170,000-
°
20

The tax rate on capital income and capital gains is 30 per cent 1991. The local government

tax rate is approximately 30 per cent and is not changed after the reform.

b. The standard allowance is increased from 3,000 to 4,000 SEK.

c. The personal exemption for earnings is 10,000 SEK for taxable income below 58,000. In

the interval 58,000-90,000 it is gradually increased to 18,000, and in the interval 95,000

175,000 it is gradually decreased to 10,000.

d. Interest payments are tax deductible up to 100,000 SEK and deductible to 70 percent above

100,000.

f. Deductions for deficits in own trade are decreased.

g. Child allowance are increased from 5,820 SEK in 1989 to 9,000 per child.

h. The total volume of means-tested, housing allowances paid is increased by 1,500 million

SEK.
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Worker Absenteeism

1. Introduction

1

1 9

Absenteeism has recently attracted increased attention in several of the social sciences (cf

Goodman and Atkin, 1984, for an overview). One reason for this is the long-term increase in

the economic importance of this phenomenon, which has been experienced in most

industrialised economies (GEeD, 1985). However, very few studies have analysed the impact

of economic incentives on this issue.

Sweden has a compulsory sickness insurance as a part of the national social insurance system.

An insured individual is entitled to benefits from the sickness insurance if his (or her)

perception of his state of health is such that he considers that "it does not permit him to do his

regular work". The regulations allow the insured person to be absent from work for up to eight

days without a certificate from a physician. As a person's state of health can be difficult to

monitor even for a qualified doctor, and as the decision to work or to be on sick leave is left

primarily to the insured individual, it seems realistic to believe that economic incentives

influence the every-day choice of whether to work or to be absent from work. On the other

hand, it is fair to say that many individuals who receive sickness insurance are, depending on

their state of health, expected to be insensitive to economic incentives.
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Figure 1. The average annual number of days on

sickness insurance in Sweden, 1980-1991. All insured

individuals. Source: The Swedish National Social

Insurance Board.

Work absence is defined as time when the employee is absent from work, which can not be

referred to as statutory leisure time or absence agreed in advance with the employer. A recent

time-use study (SAF, 1986) shows that 97.1 per cent of the work absence for blue collar
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workers in Sweden, is covered by the sickness insurance. Work absence and utilisation of the

sickness insurance can thus be seen as almost synonymous.

The recent developments regarding the average number of days spent on sickness insurance,

shown in Figure 1, reveal some marked fluctuations. It seems unlikely that these fluctuations

are caused by changes in the state of health of the Swedish population alone. There have,

however, been changes in economic incentives related to absence from work, alterations in the

contribution levels and macroeconomic fluctuations, that deserve further investigation.

The aim of this study is to investigate whether, and to what extent, economic incentives affect

absence from work. The econometric models are derived from standard economic utility

theory. First, a theoretical model for the day-to-day decision is formulated. Since the data we

have access to is the number of days absent during each year (1981-1984), models for the

number of days absent during a year are devised, under different assumptions on unobserved

heterogeneity and serial correlation, that are consistent with the day-to-day decision.

When analysing absenteeism behaviour empirically, it is very important to consider individual

heterogeneity. Individuals, primarily due to different state of health, are likely to differ in their

work absence behaviour, in this study their sensitivity to economic incentives. Obviously, it

would have been advantageous if individuals who are suffering from bad health could be

singled out. Unfortunately, this requires more information than can be obtained from our (if

any) data set. The data permits, however, that individuals who have been absent less then a

certain number of days to be selected and analysed separately. On the other hand, sample

selection problems will arise following such strategy. The approach we adopt, is to consider

information on the individuals state of health that can be obtained from the data set and to use

estimation methods that can handle the possibility of state dependence or unobserved

heterogeneity.

Under the assumption of no serial correlation or no unobserved heterogeneity, the model can

be estimated using binomial maximum likelihood. However, there are reasons to believe that

both serial correlation (see Avery & Hotz, 1984, for a review) and unobserved heterogeneity

can be present. Serial correlation can result from the well known fact that individuals state of

health tend to persist, or that they persist in their behaviour for other reasons (state

dependence). It can also result from omitted variables that change slowly over time (spurious

autocorrelation). To relax the assumption of no serial correlation two models are estimated; an

overdispersed binomial model using a quasi-likelihood estimator and a Markov chain model

using non-linear least squares. To handle the problem of unobserved heterogeneity a mixture

distribution model is estimated (c£ Titterington et aI., 1987) using a semiparametric estimator.
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Few other empirical studies have used economic theory to explain differences in absence from

work. Most of these studies share the methodological problem of time aggregation. Allen

(1981a) departs from a labour-leisure choice model and obtains, by comparative statics,

theoretical predictions of the signs of explanatory variables. He uses a representative sample of

U.S. employees and the dependent variable is the individual's absence rate in the two weeks

preceding the interview. Negative elasticities for hourly wage rates and household disposable

income and positive coefficients for self-evaluated risks at work are found. Dunn &

Youngblood (1986) test empirically the hypothesis of absenteeism as a labour supply

adjustment by estimating work absence as a function of the difference between a measure of

the worker's marginal rate of substitution between consumption and leisure (obtained through

interviews) and the actual wage rate. Their empirical results support the hypothesis of

absenteeism as a labour supply adjustment. Allen (1981b) estimates an inverse hedonic wage

function, where the possibility to be absent from work is viewed as a desirable non-pecuniary

element of the compensation package. A linear model with the absence rate as the dependent

variable is used and, because the mean absence rate is very close to zero, use is also made of a

logit model. Delgado & Kniesner (1992) start from the same economic hypothesis using panel

data on individuals working on London buses. The dependent variable is the number of days

absent during a year. Maximum likelihood and semiparametric estimators are used. The

dynamic specification is interpreted as "sluggish adjustments". Barmby et al. (1991a) stress the

importance of what they denote as "the demand side", i.e., the employers option to prevent

absenteeism. They use daily absence records from four manufacturing plants belonging to the

same firm in the UK, for the time period 1985-1989. Both Heckman's (1981) discrete panel

data techniques and duration models are estimated.

The present study extends two aspects of this literature. The everyday economic choice of

being absent from work is explicitly modelled contingent on occupation and personal

characteristics that may influence the choice. Given the kind of data in this study, i.e., the

number of days of work absence aggregated over the time period of one year, theoretically

consistent estimation methods are used.

The data are collected from the 1981 Swedish Level of Living Survey (SLLS). In order to

obtain information on individual work absence, this sample is matched with the National Social

Insurance Board register on the annual number of days for which sickness insurance for each

individual is paid. Individual income data are collected from tax registers. We use two types of

data sets. First, data for 1,967 individuals for the year 1981. Second, this sample is extended to

cover the period 1982-1984 using register data.

The paper is organised as follows. In Section 2 we derive the empirical specification of the

choice between work and work absence and discuss how hypotheses previously used in labour
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econorrucs, could be used to explain the relationship between occupation and absenteeism.

Section 3 describes the data used and the Swedish sickness insurance and tax systems. Section

4 discusses the econometric model specification, and addresses estimation and testing issues.

The empirical results are given in section 5 and the final section contains a discussion of the

results.

2. Theoretical Specification

To model the every day choice of whether or not to be absent from work, we adopt an

approach that has been widely used for labour supply models. We assume that each individual

has a utility function

u =vex, L;s), (1)

where x is a composite consumption good, L is leisure and s is a vector of personal

characteristics. Leisure consists of contracted leisure time, t 1
, and time absent, t", The utility

function is maximised subject to a budget constraint

(2)

where h· is the contracted number of working hours, R is income from sources other than

labour, w is net wage and 8 is the share of the income the worker receives when absent. The

price of the composite consumption good, x, is normalised to be one. h· can be divided into

desired number of working hours and time absent, hence h· =h + t a. This gives the identity

T == h + t" + t', where T is total time available.
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Figure 2: a) partial compensation, 8 E (0, 1), b) no compensation, 8 =0, c) full compensation,

8= 1.

The budget constraint is illustrated in Figure 2. In these figures we have assumed that absence

from work is a continuous choice. The income tax has two brackets and the compensation

scheme for work absence is linear. In Figure 2a the slope of the budget line is the negative of
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the relative price between consumption and time absent, i.e., -w(l- 5). The virtual income

when absent equals the compensation received when absent from work plus non-labour

income, i.e., R +h·&;. If £5 =0, i.e. there is no compensation when the individual is absent from

work (Figure 2b), the slope of the budget line is -w (the net wage) and income when absent is

solely R. If £5 =1, i.e., there is full compensation when absent from work (Figure 2c), the

relative cost for being absent is zero and the slope of the budget line is vertical.

In order to obtain a linear demand function for time absent, we assume the following functional

form for the direct utility function (cf Hausman, 1980)

(3)

where s =sj13- a/f32
, s is a vector of socio-economic variables, a and 13 are parameters and

b =aj13. When the utility function (3) is maximized subject to the budget constraint (2), the

following demand function for work absence is obtained

r =h· -aw(l-5)-f3(R+h·w5)-s=h· +aw· +f3y-s. (4)

The latter expression introduces the notations to be used. This is a linear function of the cost

for the individual of being absent from work (net earnings not covered by the health insurance,

i.e. the relative cost between absence and consumption), w·, and virtual income when the

individual is absent, y. It is easy to show that the demand for absence equation (4) is the dual to

the supply function for labour given in Hausman (1980) and Blomquist (1983). If the demand

for absence equation (4) is to be consistent with a well behaved utility function, the Slutsky

condition

(5)

must be satisfied. We have eta / Ow· =a and eta / cy =13. Thus, it IS sufficient that

a < 0 and f3~ 0, for every t" ~ O.

It is important to emphasise that the contracted leisure time is exogenous in this model. Every

day the individuals are assumed to choose between attending work or not, conditional on their

perception of their health, the contracted number of work hours and the costs of the

alternatives. We thus, assume that the contract specifying the hours of work is made between

the worker and the employer in advance. An alternative specification is to assume that

contracted leisure time and time absent are substitutes and that the individual chooses a
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combination of these two. An important component of such a model would be to consider the

costs of abuse of the sickness insurance, i.e., a moral hazard problem.

In the vector of socio-economic variables, s, variables related to health are included. It is also

important to consider, and in the empirical analysis control for, individual characteristics that

are likely to be correlated with work absence and the cost and income variables. Since the cost

variable partly consists of the wage rate, we use the compensating wage differential (e.g.,

Rosen, 1986) and the efficiency wage (e.g., Shapiro & Stiglitz, 1984) hypothesis to get some

idea about which variables should be included in s.

Compensating wage differentials. When a person accepts a job offer, he/she not only accepts a

wage rate and a contracted number of work hours, but also a number of non-wage

characteristics. The worker may accept higher risks at the workplace in exchange for a higher

wage rate. If the worker chooses a higher risk level, he is likely to have a higher rate of work

absence for two reasons. First, since the worker faces a higher level of risk at the workplace,

he will strive to minimise the exposure time to these risks, i.e., he has, ceteris paribus, greater

incentives to be absent from work. Second, workers who are exposed to higher risks also have

a higher probability of being absent due to work related illnesses or injuries. Ideally, one would

like to separate these causes of differences in absenteeism. This requires, however, that work

absence can be separated according to cause of absence. Thus, omitting the risk may lead to

biased estimates of the relationship between wage rate and absence.

Efficiency wage hypothesis. The employer may influence the level of absence by several means,

for example, the controls on the employees could be increased (see Henrekson et aI., 1992, p.

79 for a review of an empirical study on the firm level). However, some jobs are by their nature

very difficult to monitor. Shapiro & Stiglitz's (1984) shirking model predicts that when the

possibilities of monitoring workers' job performance are poor, employers may pay wages above

the market clearing level in order to elicit adequate effort from their employees. That is the

employer pays a wage higher than the market wage to induce the worker not to be absent from

work. Thus, if we do not control for the employer's monitoring level we may get a positive bias

of the estimates on the relation between wage rate and absenteeism. Another implication is that

when unemployment increases, shirking or absenteeism decreases. The potential cost of being

caught shirking and eventually loosing one's job is greater if the unemployment rate is high and

it is harder to find a new job. Wages will, because of excess supply on the labour market,

ceteris paribus, be lower in times of high unemployment. Thus, if we do not control for

unemployment we may get a negative bias on the estimated relation to wages.
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3. Insurance System and Data

7

In this section we present the variables included in the models (tables contanung all the

variables are given in Appendices 1 and 2). The data are obtained from the 1981 SLLS, see

Eriksson & Aberg (1987). The total sample size of the survey is 5,613 individuals. Some

selections are made for the present study. First, the sample is restricted to individuals aged 20

to 64 years throughout the sample period 1981-1984. Second, individuals not in the labour

force in 1981 are excluded from the sample. We also exclude self-employed, students, military

personnel and white collar workers, i.e, the study is restricted to blue collar workers. The

reason for excluding these other groups is to limit heterogeneity arising from differences in

sickness insurance systems that can not be obtained from the available data. After these

exclusions are made, the sample consists of 1,981 individuals.

The dependent variable is the number of days for which each individual receives compensation

from the sickness insurance, aggregated over the time period of one year. Data for this variable

are obtained from the National Social Insurance Board registers, by matching with the SLLS

sample. As a measure of work absence, these data contain three deficiencies. First, as

mentioned in the introduction, the share of absence from work that is covered by sickness

insurance is estimated to 97.1 per cent. Second, during the time period studied the first day in

each sickness spell was not compensated by the insurance and consequently was not reported.

Third, those days that the individual does not regularly work (e.g., Saturdays and Sundays), are

not covered by the sickness insurance for the first ten compensated days in one spell. After that

time period, however, they are covered by the insurance as well and are therefore recorded, in

our data.' The advantage of using data from the register, is that they generally contain very

few, if any, measurement errors.

Data to construct the cost and mcome variables, i.e. the different components of the

individual's income, are obtained from tax registers that are matched with the SLLS. As was

shown in Section 2, the cost and virtual income variables are influenced by the compensation

level in the sickness insurance and by the income tax. In the studied time period, 90 per cent of

the insured income below the social insurance ceiling was compensated by the insurance for all

days covered by the insurance, i.e. for the days that we have recorded in the data set. Very few

individuals in our data set, only about 3 per cent, have labour incomes above the ceiling. The

Swedish income tax system consists of two parts; a proportional tax imposed by the local

authorities and a progressive tax imposed by central government. The local tax rate varies

between Sweden's 286 communes, but as there is a dense clustering around the mean tax rate,

I In 1987, the rules of the sickness insurance were changed, the first day is compensated and days that
individuals do not regularly work are also covered the first ten days in a spell.
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we obtain a simplification by assuming that all individuals pay the mean local tax. rate. The

income tax. is based on the individual's gross income from labour, capital and social security.

The mean marginal tax rates are exhibited in Appendix 1.

As labour income is not fully compensated by the sickness insurance, the marginal tax rate is

dependent on how many days the individual is absent from work, i.e. it is not independent of

the individual decision whether or not to attend work. This means that if the marginal tax. rate

is changed for the individual, the budget set will vary between days within the time period (a

year) that we have aggregated, furthermore it means that the marginal tax. rate is endogenous

for at least one day during that time period. This implies that we have to approximate these

separate budget sets with one for each individual during the aggregated time-period. Thus, we

have to approximate the marginal tax. rate each individual faces during the aggregated time

period. The approximation used, is the marginal tax. rate each individual actually pays for the

year studied. This marginal tax-rate is then used to calculate a linear budget set for each

individual, i.e. to calculate the cost variable and the average daily virtual non-labour income.

The cost variable, w', is calculated as 10 per cent (the share of labour income not covered by

the sickness insurance) of the net marginal hourly wage rate, i.e. the hourly wage rate

multiplied by one minus the individual's marginal income tax. rate, for labour incomes below the

social security ceiling. For incomes above the ceiling, the cost is counted as 100 per cent of the

hourly wage rate. The hourly wage rate is obtained by dividing the potential annual labour

income by the number of hours of work stated in the 1981 survey. Thus, when using the 1981

1984 panel we assume that the individuals do not change their number of hours of work from

those in 1981. To calculate the potential annual income from labour, we have added 10 per

cent for each day recorded as the individual has been compensated by the sickness insurance.

For individuals with insured incomes above the social security ceiling, 100 per cent is added for

the part of their incomes exceeding the social security ceiling.

The non-labour income, y, consists of two parts. The first one is the average daily income from

capital and child and housing allowances. If the individual is married or cohabiting only, 50 per

cent of these allowances are incorporated. The second part is net daily income from sickness

Insurance.

Contracted working hours, h', is based on the self reported number of contracted weakly

working hours in 1981, obtained from the survey. The self reported contracted working hours

are classified into four levels to obtain h'. h' takes the values 2, 4, 6 and 8, if the self reported

contracted weekly working hours are :::; 10, >10 and :::; 20, >20 and :::; 30 and > 30,

respectively.
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The specification of the vector of the socio-economic variables was discussed in Section 2. The

conclusion from that discussion was that, in addition to variables related to health, variables

relating to working conditions, variables measuring the level of monitoring of workers and the

unemployment level should also be considered.

The variables relating to the state of health are obtained from the SLLS survey. Questions on

some sixty different illnesses are put forward. The questions are of the following kind "have

you during the last twelve months had headache, cold, a heart attack, etc". Since the survey

was conducted during the spring and summer 1981, it is likely that some variables are

endogenous, depending on the number of days spent on sickness insurance. Since we include

working conditions, some types of illnesses that may be symptoms of bad working conditions,

e.g., headache, pain in the chest etc., are not included. A subset of eleven variables, for which a

physician has most likely made a diagnosis, are chosen (see Appendix 2 for a description of the

variables). The illness variables chosen can be considered as exogenous and are hopefully not

severely affected by bad working conditions. Since we are only interested in controlling for

differences in the state of health we choose to reduce the dimension by performing a principal

component (PC) analysis (see Appendix 2). The three first PC:s, HSl, HS2 and HS3 are

included, they account for almost 60 per cent of the variation in the illness variables. A

dichotomous variable, DISAB, taking the value one if a person is in some way disabled and

prevented from doing his work properly, is also used.

We use two types of working condition variables: occupation specific risk indices and self

reported information from the 1981 survey.

The occupation specific risk indices consisting of two SIR indices (Standard Incidence Ratio)

measure reported accidents at work and work related diseases for the period 1981-1983 per

100 000 worked hours, respectively, and are provided by the National Board of Occupational

Safety and Health. 195 different occupations are considered and the indices are matched with

the SLLS. As these two indices are highly correlated and measure the same expected influence

on absence, we perform a PC analysis (see Appendix 2). The first PC, RISK, which takes care

of 87 per cent of the variation in the risk variables, is included in the model.

The SLLS survey contains questions on several job characteristics some of which we use in

this study. The number of such variables is large and they are highly correlated. Furthermore,

they have, in most cases, the same expected influence on work absence. Therefore, a PC

analysis is performed (see Appendix 2). We choose to include the first three PC:s that take care

of about 40 per cent of the variation in the variables. The first PC, DISSl, can be interpreted as

a physically demanding factor. The second PC, DISS2, can be interpreted as a mentally

demanding factor. The third PC, DISS3, can not be given any firm interpretation.
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The risk indices and the self reported job characteristic variables can be interpreted as

measuring different aspects of higher costs for actually attending a job; the costs for risk

exposure and disutility, respectively. On the other hand, all the job characteristic variables, e.g.,

contact with poison and monotonous body movements, are likely to cause work related

diseases and accidents. The advantage of using the risk indices is that they give a more

objective measure of risk. When an individual characterises his job as physically demanding,

this could be generated by his perception of his health rather than by the nature of his work.

The advantage of using self reported characteristics is that they are more directly tied to the

particular individual's workplace.

Two dummy-variables, if it is "important to arrive on time at the work place", IT/ME, and "if it

is required to clock in", PUNCH, are used to measure the monitoring level at the individual's

workplace.? The unemployment variable, UNEMP, is the county specific annual average

unemployment rates that have been matched with the original data set.

Data for the number of days spent on sickness insurance and the components of income, can be

obtained for the individuals in the sample for the years 1982-1984 from the two registers.

There are primarily two advantages with extending the analysis to include these years. First, the

number of observations is radically increased. Second, as a result primarily to the 1982

marginal tax reform (see the Figure in Appendix 1), some additional variance in the cost

variable is introduced. However, there are also some disadvantages. First, the data on the

number of days spent on sickness insurance for 1982 differ somewhat compared with the other

years. For this year, the variable measures the number of days in spells terminated in 1982, i.e.

spells that begun in 1982 but are terminated in 1983 are counted as zero. Second, the

measurement of the variables obtained from the 1981 survey (e.g., hours of work and

workplace characteristics) will be inferior as changes from 1981 can not be measured.

As it is impossible to judge between these advantages and disadvantages, we carry out the

empirical analysis using both of these data sets. Individuals with zero or missing value on labor

income in 1981 - 1984 (either not working, working in the "informal sector" or outside

Sweden) are excluded from the sample for the year(s) in question. 129 observations are

excluded with this criterion (14, 17,45 and 67 observations in 1981, 1982, 1983 and 1984,

respectively). The resulting samples consist of 1,967 individuals for the 1981 sample and of

7,757 observations for the 1981 - 1984 panel. The number of individuals for each year is given

in Appendix 1.

2These two variables have previously been used by Arai (1993) to measure the monotoring level.
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Demand for time absent, t"; is a latent variable that is not directly observable. Instead we can

observe absence for two days or more.' If we partition the socio-economic variables, s, into

r Z and B, where z is a vector of exogenous variables, r is the corresponding parameter

vector and B is a random or fixed variable taking into account nonobservable variables. For

individual i at day h, equation (4) may be written

(6)

where subscript t indicates year, (h are identically and independently distributed (iid) random

variables and &Ih = Bj + &h' with &h =hI: - hj; +a(W;: - Wj; ) +fJ(Ylh - YIt) + r(zlt - Zlh). The

annual variables are measured as annual averages. If all explanatory variables as well as h· are

constant over the year, we have that eh =o. This is a situation that is unlikely. Thus even if no

unobserved heterogeneity is present, it is likely that we have systematic errors due to time

aggregation of the explanatory variables.

Let I'h be an indicator variable for absenteeism such that

t ={I, if i; > k'h
ih 0 Of a i,:

, 1 t lh~ ih

where k;h is a threshold value for day h. If demand for absence exceeds k,h, individual i will be

absent. Under the assumption that (h has a logistic distribution and that kIt =k,h, the

probability to be at work on day h is

with the probability of being absent Pr(Ijh =1) =1- Pr(llh =0) =1/[1+ exp(k,t - (hI; + aWl: +

fJYIt + rz, + e; )J.

3If an individual is absent two days, it will be recorded as one day. Accordingly an individual who is absent for
365 days during a year, enters the year asabsent,
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4.1 Estimation

The Binomial Model

Worker Absenteeism

Let V;t be the number of days person i is absent during year t. Under the assumption of no state

dependence, i.e., that Bih is independent of Big, for every hand g, V;t is binomially (Bin)

distributed with parameters 1[it =Pr(lih =1) and NI' the number of days in year t, i.e.,

N,

v,t =L t; - Bin (Nt , 1[it ).

h=]

If v,t is independent of ~I" for every i, j, t and t' and if there is no unobserved heterogeneity

present (i.e., e, =0, for every i), the log-likelihood function can be written

(7)

where T is the number of years and n/ is the number of individuals in year t. The maximum,
likelihood (ML) estimates of the parameter vector Cl} = (fJ, a, y') are obtained by maximizing e
in (7).

If there is serial correlation (i.e., Bih is not independent of B,g' for every h and g) and/or there is

individual unobserved heterogeneity (i.e., e.:t:- 0), the ML estimator of the Bin model yields

inconsistent estimates. Unobserved heterogeneity is a main cause for overdispersion (i.e., the

predicted variance is greater than the one expected from the theoretical distribution).

Depending on the assumption of the cause for overdispersion, different tests for overdispersion

and different estimation procedures are applicable.

Overdispersed Binomial Model

When absence is serially correlated over days, v,t is not binomially distributed. Under the

assumption of a correct mean function, the estimation can, e.g., be performed by regarding f

in (7) as a quasi-likelihood function. This estimator is suggested by McCullagh & Nelder

(1983) along with the additional assumption Var(V,t) =d-N t 1[it (1- 1[it), where d- > 1. The d
is a measure of overdispersion. The same parameter estimates as for the original binomial

model are obtained, but the covariance matrix is adjusted with an estimate of cl- .
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The Markov Model

Another approach is to allow for state dependence.' If we extend equation (6) into

13

where A is a parameter to be estimated, we obtain a two-state Markov chain with state one

corresponding to absence and state zero to working (c£ Heckman, 1981). There are four

possible transitions (0~ 1), (0~ 0), (1~ 0) and (1~ 1). The four transition probabilities

take the forms POD =1/[1+ exp(hi~ +awi: +fJYIt + rz, - kit)], PI] =1/[1+ exp{-o: + aw,: +

fJYl1 + rZIt +.,1, - kl1)}], PlO = 1- PII and Pal = 1- POD' where P1k = Pr(Ylh = k!Y,h_1 = j), for j, k

= 0, 1. The probability of being in a state at time period t is written as P, =(POt Pit). By the

Markov property (e.g., Bhat, 1972, Ch, 3), the probability of the present state depends only on

the probabilities in the previous period, i.e., we may write P, =Pt-lP, where

P = (POD Pal J.
PlO PII

The process is time homogenous within a year, since the elements in the transition matrix P

cannot reflect daily variation in explanatory variables.

Under the Markov assumption, the expected number of days absent during a year, given that

the person is present the first day is (cf Bhat, 1972, Ch. 3 and Andersson & Brannas, 1992)

(
N ) N P Pal (1- Pal - PlO )[1- (1- Pol - PlO t' ]

/-LaI, = t 01 +-----(--=----)-=-2 -C::.,
Pal + PlO Pal + PlO

and the expected number of days absent, given that the person is absent the first day is

The term raised to N, tends to zero if Poo is large (i.e., the probability for a person to work

given that he worked the day before) or if PI] is large (i.e., the probability to be absent given

absenteeism the day before). Thus, we may exclude the term raised to NI' Therefore, the mean

number of days absent is given by

4We do not allow for duration dependence which is a restrictive assumption. However, Barmby et al. (1991b)
could reject the hypothesis of duration dependence, using a model on daily data.
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(N,) = NtPO] + (l-POI-PlO)(A.n +(1-A.) )
f.J ()2 WO] 'f' PlO ,

POI + PlO Pol + PlO

Worker Absenteeism

(8)

where </J = 1 if the individual is present the first day and zero if absent the first day. The

following expression is estimated with respect to p' = (01', A) using non-linear least squares

v - N, +
it - f.Ja eit , (9)

where eit is an error term. The only individuals we know with certainty enter as absent are the

ones with 365 days of absence during the year, hence for these individuals </J = O. Rather than

attempting to use a switching regression approach, we assume known sample separation such

that for the remaining individuals have </J = 1. It can be noted that if A= 0 then f.J;~') =NI "it"
Asymptotically, it holds that J;i (jJ - p) is normally distributed with mean 0 and covariance

matrix Q, where p' =( iiJ', ~) (cf. Gallant, 1987, Ch. 1 and 2). Under the assumption of

homoscedastic errors, the estimator of the covariance matrix is

(10)

where 52 = L: t ,! (V:t - jJ;~')r[i;», and M =Of.J(p)/ op', with }J(p) a stacked vector of

estimated f.J;~,). With heteroscedastic errors of an unspecified form the covariance matrix

estimator is

Q- = }-'p}-'
F ,

The Mixture Distribution Model

(11)

Unobserved heterogeneity can be modelled if we let the stochastic parameter 6'h = B] in the

demand for absence function, hence

Heterogeneity is individual if i =j and group specific if the number of groups, K, is less than n.

A semiparametric estimator may be used (e.g., Andersson & Brannas, 1992) to estimate the

unknown parameters, {i}, and the distribution function H (8) of e. The parameters and the

distribution function are estimated jointly. The nonparametric ML estimator of H (8) takes the

form of a discrete distribution function. By this, the probability for a person to be absent on

day h equals
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K

Pr(/ih =1)=Iq) Pr(/ih =11 0) ,
f=J
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where Pr(/ih = 11 0)) =1/[1+ exp(kit - (hi; + aw i: +fJYit + rz, + Of))]. This yields the log

likelihood function

(12)

that is maximised with respect to o», the probabilities q1"'" qK' the mass points 01"'" OK and

the finite number K. Leroux (1992) shows that the number of groups may be consistently

estimated using the Akaike information criteria (AlC, Akaike, 1973) or the Baysian

information criteria (BIC, Schwarz, 1978).

The probability that a given observation is associated with a particular group j (j= 1, ..., 10 may

be obtained by the Bayes rule as

(13)

The d) is a logistic discrimination probability.

4.2 Overdispersion Tests

It is important to test for overdispersion in qualitative dependent variable models because

generally, if present, this leads to inconsistent estimates (see Godfrey, 1990, Ch. 6 and

Yatchew & Griliches, 1985). On the other, hand if the overdispersion is on the borderline of

detectability and the mean function is correctly chosen, the ML estimator without

overdispersion is asymptotically efficient (Cox, 1983).

Under the assumption that Var(V;t) =cl N,7r,rC1- 7rit ) , tests for overdispersion can be made

using, e.g., the Pearson chi-square statistic

v.t

that is asymptotically X2(r.;=lnt - p) distributed and where p is the number of estimated

parameters. A satisfactory (when r.;=lnt ~ 00, see McCullagh & Nelder, 1983) estimator for

cl is
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Dean (1992) proposed a score test for extra-binomial variation under the assumption that,

Pr(I;h =liB;) = /[1 + exp(ki l - (h;: + aw;: +13Yit + rz; + ~))], where B, are iid with E( B;) =0

and var( B;) =~. The score test for testing ~ =0, i.e., to test if the model (7) is adequate, is

based on the log-likelihood function under the alternative hypothesis,

where in is the ML estimate when ~ = 0 and 1;1 (in) = (~I - NJril ) 2- N I 1r;1(1- 1rit ). The

Fisher information matrix, I (in, ~), evaluated at ~ =0 is used to obtain an estimator of the

variance of T(in). If the information matrix is partitioned as

the score test takes the form

I ]"',;.
1 ',;.,;.

S =T(in)/W, (14)

~ ,
where W2 =1 2 2 -I J:~l 2' S is asymptotically normally distributed with expectation zero

UniTe mG(} rooo

and variance one.

5. Results

In this section we will discuss the results. First, we give a general description and comparison

between the different estimation methods used. We then discuss individual, and groups of,

parameter estimates.

The parameter estimates for the 1981 data and the 1981-1984 panel are shown in Table 1 and

Table 2, respectively.' The first three columns in each table give the parameter estimates and

standard errors (se) from the binomial ML estimation as well as the QL corrected se's. Using

this estimation method, we find that overdispersion is present using both data sets; .t =

195582.02, S= 3174.22 and er = 100.50, for the 1981 data and.t = 833525.94, S= 6469.48

and er = 107.41 for the panel. The coefficients of determination, are as expected, quite small,

R2 = 0.11 and 0.08, respectively.

SIt must be noted that the estimated parameters are standardized by the standard error in the logistic
distribution. Thus the estimates can not be interpreted as the structural ones and it would not be correct to
restrict the parameter of h· to be one. Consequently, it is not possible to test if this estimated parameter is
different from one.
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Table 1. Parameter estimates and standard errors for the Binomial ML, Markov
model NL and mixture distribution semiparametric estimation for the 1981 sample.
(se(QL) and se(H) indicates standard errors computed from the quasi-likelihood and
heteroscedastic covariance matrix, respectively. *indicates a parameter that is
insignificant, at the 0.05 level).
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Variable/
Parameter

Binomial model Markov model Mixture model

Estimate se se(QL) Estimate se se(H) Estimate se
Const (81) -5.2054 .0537 .5383 -4.9385 .3708 .5456 -6.2921 .0865
AI82 2.9736 8.6460 .5830
h* .1204 .0051 .0512 .1276 .0346 .0509 .1800 .0074
Y -.0008 .0002 .0024 * -.0020 .0015 * .0025 * -.0019 .0003
w· -.0404 .0085 .0850* .0008 .0634* .0559* -.0494 .0125
UNEMP -.1719 .0058 .0583 -.1964 .0402 .0752 -.2728 .0099
FEMALE .4688 .0142 .1428 .1672 .0855 .1481* .5104 .0197
SINGLE .1659 .0154 .1542* .0182 .0951 * .1841 * .1346 .0219
DIV .1589 .0161 .1617* -.0702 .1008* .1581 * .1680 .0209
AGE .0251 .0005 .0053 .0165 .0033 .0054 .0319 .0008
KlDS6 -.1399 .0125 .1251 * .0296 .0874* .1235* -.1459 .0202
KlDSl6 -.1134 .0076 .0757* -.2204 .0691 .0751 -.3100 .0167
IT/ME .1705 .0130 .1299* .2200 .0960 .1484* .3429 .0212
CLOCK .1856 .0115 .1152* .1280 .0706* .1273* .1828 .0157
DISSI .2481 .0073 .0730 .0963 .0459 .0866* .2539 .0102
DISS2 -.2993 .0098 .0981 -.3751 .0675 .1111 -.4863 .0166
DISS3 .0655 .0095 .0949* .1227 .0600 .1120* .1138 .0133
RiSK .0942 .0051 .0510* .0426 .0320* .0447* .1241 .0069
DISAB .9327 .0108 .1087 .6969 .0686 .1027 1.2174 .0185
HSI -.1111 .0148 .1484* -.4070 .1792 .2630* -.8783 .0426
HS2 -.5750 .0201 .2013 -.9925 .4208 .5581 * -2.4695 .0957
HS3 .3834 .0325 .3254* 1.6064 .8645* 1.1665* 4.1156 .1969
ql .9815 .0006

Note: Let qI = 1/(1 + e-') and maximize with respect to the unconstrained t/J. On convergence we

get qj' The variance is estimated from the Gauss approximation V(qj) = o-~e-2~ / (l + e-~)4 •

Columns 4, 5 and 6 show the Markov model parameter estimates and se's from the non-linear

least squares estimation (grid search over A is used for the estimation, as there were problems

with convergence with unrestrictedly minimizing (9). Thus no standard errors for the estimate

of A, A, are estimated). The se's are estimated from the covariance matrix (10) and from the

heteroscedasticity consistent covanance matrix (11), respectively. The coefficient of

determination, R 2 = 0.15 and 0.09, shows only a small change from the binomial model. The

values of A that minimise the sums of squares are A = 2.97 and 4.70. To test Ho: A =0 against

HA:A:t:- 0, we use (see, e.g. Gallant, 1987, Ch. 1.5) F ="'...t(H(M MTJH't "'...tIel, which is

F(l,nr-p) distributed under Ho. Here, H is a vector that picks out the appropriate variance
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element for A. We obtain F = 0.131 and 0.015, thus the Markov model is not a significant

improvement over the binomial model for either of the two data sets.

Table 2. Parameter estimates and standard errors for the Binomial ML, Markov
model NL and mixture distribution semiparametric estimation for the 1981-1984
panel. (se(QL) and se(H) indicates standard errors computed from the quasi-
likelihood and heteroscedastic covariance matrix respectively. *indicates a in-
significant parameter, at the 0.05 level).

Variable/ Binomial model Markov model Mixture model
Parameter

Estimate se se(QL) Estimate se se(H) Estimate se
Const (81) -4.3350 .0249 .2581 -4.6106 .1361 .1986 -5.0183 .0426
A/82 4.7010 4.8792 1.0969
h' .0639 .0023 .0238 .0508 .0123 .0200 .0834 .0031

Y -.0015 .0001 .0010* -.0015 .0005 .0007 -.0020 .0001
• -.0010 .0010 .0099 -.0008 .0057* .0018* -.0016 .0011w

UNEMP -.1342 .0024 .0246 -.0917 .0129 .0193 -.1801 .0036
FEMALE .3659 .0071 .0738 .1276 .0309 .0453 .4029 .0092
SINGLE .0873 .0078 .0810* .0147 .0422* .0622* .1011 .0102
DIV .2896 .0079 .0822 .1308 .0377 .0586 .3224 .0096
AGE .0191 .0003 .0027 .0115 .0014 .0019 .0244 .0004
KIDS6 -.1661 .0060 .0620 -.0812 .0409 .0400 -.2351 .0091
KIDSl6 -.0801 .0036 .0373 -.1016 .0244 .0267 -.1356 .0062
ITIME .1183 .0064 .0660* .1462 .0373 .0501 .1763 .0090
CLOCK .1496 .0058 .0600 .1176 .0280 .0416 .1566 .0074
DISSI .2315 .0037 .0379 .0397 .0193 .0286* .2817 .0050
DISS2 -.2518 .0049 .0506 -.0162 .0240* .0345* -.3584 .0080
DISS3 .0237 .0047 .0488* .1026 .0251 .0378 .0504 .0061
RISK .1048 .0025 .0263 -.0167 .0125* .0197* .1303 .0033
DISAB .7864 .0055 .0572 .5353 .0276 .0380 .9584 .0098
HSI .0287 .0070 .0722* .0072 .0396 .0561 * .0049 .0089 *
HS2 .3009 .0136 .1408 .2502 .1282* .0771 .4788 .0244
HS3 .2064 .0093 .0968 .1861 .0434 .0491 .2199 .0112
qj .9858 .0005

Note: Let qI = 1/(1 + e-') and maximize with respect to the unconstrained t/J. On convergence we

get ql' The variance is estimated from the Gauss approximation V(qj) = Cr~e -2~ / (l + e -~)4 .

The mixture model is semiparametrically estimated (the BFGS algorithm in GAUSS) with K =

1, 2, ..., T treated as fixed. As can be seen from Table 3, the minimum AlC and BIC are

obtained for K = 2 using both data sets. Thus, the estimates, shown in columns 7 and 8, are

those corresponding to K = 2. The first group is very large for both data sets, 98.7 per cent for

the 1981 sample and 98.4 per cent for the panel. The rest of each sample, naturally belongs to

the second group. The signs of the intercepts for the two groups reveal that the probability to

be absent is larger for the second group.
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Table 3. Information criteria values for different K.

the 1981 sample the 1981-1984 panel

K AIC BIC AIC BIC
1 152442.23 152995.29 618339.28 618392.33
2 152785.01 152843.65 618055.05 618113.68
3 152787.00 152851.22 618056.80 618121.02
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By using Bayes rule or the logistic discrimination probability (13), we classify the individuals

into group one if the probability d. is larger than 0.5 and into group two if otherwise. Box

plots of the distribution of days absent for the two samples are shown in Figure 3. The second

group may be interpreted as primarily consisting of the long term sick and thus less sensitive to

economic incentives to be absent from work. The classifying rule above (i.e., using the mean

prediction, ~ = NriJiJ' for individual i belonging to group j) is used to estimate the coefficient

of determination, R 2 = 0.53 and 0.55 for the two samples, respectively. Compared with the

other two estimation methods this is a major improvement in goodness of fit.

Days a Days
400 400
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360

320 320

280 280

240 240

200 200
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0 02
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Figure 3. Box plot of the number ofdays absent for the two groups in a) 1981 and b) the
panel 1981-1984.

(i) Cost and income elasticities. The estimates of a, range from 0.0008 to -0.0494. The only

positive estimate, inconsistent with respect to the Slutsky conditions, is that of the Markov

model for the 1981 sample. However, it is not significantly different from zero. The largest

estimate in absolute value, significantly different from zero, was obtained when using the

semiparametric estimator on the 1981 sample. The estimates of f3, i.e., the coefficient for

virtual income, show very small variation. The estimates are between -0.0020 and -0.0008 and

significantly different from zero when the semiparametric estimator is used and when the

Markov model is used for the panel 1981-1984. Negative coefficient estimates for both wage

rate and disposable income are also obtained by Allen (1981a).
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As the income elasticities are negative for all estimation methods, the Slutsky condition (5) is

not satisfied for every la > 0 for any of the estimation techniques and, as mentioned above, not

satisfied at all for the Markov model on the 1981 sample. However, if the Slutsky condition is

solved for la, it can be seen to apply for every la < 50.5 and 26.0 for the binomial and mixture

models, respectively, using the 1981 sample. Hence, it applies for all individuals since la is a

latent variable measuring hours ofwork absence per day and it is impossible to work this many

hours. Using the panel, the results can not be unambiguously interpreted since the Slutsky

conditions are satisfied for every la < 0.67, 0.53 and 0.80 using the binomial, Markov and

mixture models respectively.

Elasticities facilitate the interpretation of the economic content of the parameter estimates. The

elasticity of the expected number of days absent, E (V,t) with respect to the kth explanatory

variable, Zk' is

- 8E(V,t) Zk -z (l-n )
llitk - "" E(V ) - ik It Yk >

OZk ik:

where r k is the parameter corresponding to Z k and since 0E (V,t ) / OZk

- N, Jru (1- Jru ) r r: The elasticity of the contribution level is

since oE(V,t ) / 00 =NtoJr,t / 00 =- N, Jru (1 - Jra ) ( aw - ph•w). Using the estimates from the

1981 sample and mixture distribution model (results where the Slutsky condition is satisfied)

the elasticity of the mean number of days absent with respect to the contribution level, 0, is

calculated for the two groups separately. This yields a mean value of 0.441 and 0.00001 for

groups one and two, respectively. Thus a reduction of 0 by 10 per cent would decrease the

mean level of days absent by about 4.4 per cent in group one. A box plot of the distribution of

the elasticities for the 1981 samples are shown in Figure 4.

(ii) State of health. The parameter estimates on DISAB are, always positive and strongly

significant, whereas the parameter estimates for the PC:s are hard to interpret. The estimates

are only significant in one case out of three and at least the first PC, in the 1981 sample, is of a

unanticipated sign (see the loading in Appendix 1). Two possible explanations are that the

variables relating to health are highly correlated with DISAB and that those who are on

maternity leave have the right to stay home without being registered as absent.
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Figure 4. The distribution of the estimated
elasticity of number of days absent with respect to
5for the two groups in 1981.

(iii) Risk and disutility ofwork. The risk variable has a positive coefficient for all methods used

and, in most cases, also significant. This effect on work absence should be taken into account

in, for example, the cost-benefit analysis of increased safety at work. The principal components

for the self reported variables measuring the disutility of work have with, most approaches,

significant effects on work absence. The effect, however, is not uniform. The second principal

components, the contrast between repetitive, monotonous (negative loadings) and outdoor

(positive loadings) job characteristics, have a significant (except for the Markov model for the

panel) negative coefficient estimate. Thus individuals with the work profile: low stress and

outdoor work, have on average a lower absence rate. As the risk and disutility components are

highly correlated, it is, unfortunately, not possible to separate these effects.

(iv) Monitoring level. The two dummy variables used to measure the monitoring level, whether

or not the individual uses a punch clock and whether or not it is important to be on time, both

have positive signs and are significant for almost all techniques. Following the discussion in

Section 2, this result was not expected. There are, however, several possible explanations for

this. First, a small fraction of work absence is not reported to the sickness insurance (see SAF,

1986), it is likely that the reporting rate is higher in firms with a higher monitoring level.

Second, lower work time flexibility will probably induce higher absence as, for example, visits

to the dentist or the bank must be reported if the work time flexibility is low.

(v) Unemployment rate. Unemployment has a significant inverse effect on work absence for all

estimation techniques. The elasticity with respect to the unemployment rate is, using the 1981

sample and the mixture distribution model, -0.623 for group one and -0.00001 for group two.

Thus an increase of one per cent in the unemployment level would decrease the number of days
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absent by 0.6 per cent in group one. This is a fairly strong effect and could very well be an

important reason for the decline in work absence that has been observed recently.

(vi) Personal characteristics. The results are very similar to those obtained in other empirical

studies on this issue (see primarily Bjorklund, 1991). Age has a significant positive effect. This

result was expected since the state of health detoriates on average with age. Women are

significantly more absent than men. Unmarried persons are absent more than married.

6. Conclusions and Further Research

To give an illustration of what our results tell us about the interpretation of changes in work

absence seen recently, we will predict the change in work absence between 1990 and 1991 and

compare the result with the actual outcome on aggregate data. The reason for analysing the

change between these two particular years, is because two interesting alterations took place in

1991. First, on March 1 the level of the sickness insurance paid was reduced from 90 to 60 per

cent of the wage for the first three days and from 90 to 80 per cent for days 4 - 89. Second, the

unemployment level increased from 1.5 to 2.7 per cent. Table 4 shows the change in the

average number of days absent from work because of sickness, divided into different length of

spell of illness, between these years.

Table 4. Average number of days on sickness
insurance divided into different kinds of spells.
1990 and 1991. AII insured individuals.

Spell length, days
1 - 6
7 - 14
15 - 89
90 - 364
365 
All

1990
4.80
1.44
5.76
4.56
7.44

24.00

1991
3.82
1.12
4.95
4.28
8.33

22.50

Difference
-0.98
-0.31
-0.81
-0.28
0.89

-1.50

Under the assumption that the spell length within the first group, 1 to 6 days is uniformly

distributed for both 1991 and 1992 and that 10/12 of the work absence occurred after March

1, the cost of being absent from work increased, on average by 8.1 per cent in 1991 compared

with 1990.

For this experiment we have chosen the estimates from the mixture distribution model and the

1981 sample. The motive for using the results from this model is, as is shown in Section 5, that

it is superior to the binomial model and it could not be shown that the Markov model is

superior to the binomial model. Our motive for using the 1981 sample rather than the panel is,

in addition to the arguments given in Section 3, that the Slutsky condition is ambiguously
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satisfied for the results using this data set and, thus not consistent with our theoretical model.

Using these estimates and the presumptions given above, our predictions for the change

between 1990 and 1991 is that days of work absence will decrease by 4.50 per cent in the first

group and 4.45 in the whole sample. About 79 per cent of this change is attributed to the

alteration in the levels of sickness insurance paid and the rest to the changes in the

unemployment level.

The actual outcome is, as can be seen in Table 4, that work absence due to sickness decreased

from an average of 24.00 to 22.50 days, i.e, a 6.25 per cent decrease. Thus, our predictions

underestimate the actual outcome. However, there are several reasons why we failed to predict

the actual outcome of the changes between these two years.

The actual outcome is based on all insured individuals while our estimates are for a subsample

of blue collar workers. The estimates originate from data ten years before the predictions. One

major change in the sickness insurance was realized in 1987 with the result that the first day on

sick-leave is compensated and the days that individuals do not regularly work are covered for

the first ten days. This would result in an underprediction of days on sickness insurance in our

model since the number of absences for just one day is not represented in our model.

In addition, other alterations of potential importance for the changes in the average number of

days on sickness insurance may have either not been identified in this study, or have been

identified but the change between 1990 and 1991 could not be measured, e.g., changes in

working conditions. Finaly, it should again be stressed that the estimates of cost and income

elasticities have large variances and vary between different estimation techniques.

Further research

There are several ways to improve the results, both through better data and further

methodological research in this area

The estimates of the cost and income parameters would improve if there was more variation in

primarily the cost variable. To obtain this, it is desirable to have a change in the level of the

sickness insurance paid in relation to the wage within the sample period, or alternatively a

major reform of the marginal tax rates, such as the 1991 income tax reform in Sweden. Several

alternative definitions of the income variable are also possible. It can, for instance, be argued

that household, rather than individual, income is the most appropriate income concept for the

kind of decision modelled in this study.

It would also be desirable to have information on differences in the indirect costs of being

absent. According to the dual labour market hypothesis (cf Piore, 1972), the labour market

can be divided into two sectors: one primary sector with relatively high wages and
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opportunities for career advancements and one secondary sector with no on-the-job-training

and small opportunities for advancement. There are non-economic barriers that prevent the

secondary sector workers from entering the primary sector. There are probably higher costs, in

terms of forgone career possibilities, for being absent from work in the primary sector. More

information, primarily on how to classify different jobs, is, however, needed in order to test this

hypothesis.

Differences between different demographic groups deserve further investigation. It could be

questioned whether the differences in behaviour between men and women can be properly

accounted for by only, as was done in this study, allowing for differences in intercept. Age

groups could also differ more than is allowed for with a linear specification.

In this study we have tried to deal with two methodological problems, time aggregation and

individual heterogeneity. Handling individual heterogeneity is, in our opinion, a key issue when

studying absenteeism behaviour empirically. In this study a semiparametric estimator is used to

empirically separate the individuals in the sample as they respond, primarily because differences

in their state of health, very differently to economic incentives. An alternative to this method is

to use the dependent variable to sample different groups and use estimation techniques to

handle the problem of endogenous sampling (e.g., Cassel, 1989). A subject for further research

is to compare these methods.
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Appendix 1. Description.
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Mean marginal tax rates in 1981, 1982, 1983 and 1984.

Descriptive statistics for the number ofabsences.

Year Mean St. dev. Min Max Number of
observations

1981 22.31 53.43 0 365 1967
1982 16.89 37.47 0 344 1964
1983 24.89 55.28 0 365 1936
1984 25.13 58.25 0 365 1914
Total 22.27 52.03 0 365 7781
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Descriptive statistics for the independent variables, the 1981 years sample.

Mean St.dev. Min Max
Economic variables

h· Contracted labor time 7.25 1.38 2.00 8.00
• Cost of being absent 1040 .94 .14 25.03w

y Virtual income 111.73 29.15 -3.56 199.73
UNEMP Unemployment rate 2.37 .92 1.00 5.50

Dangerous or unhealthy work environmens
DISS1 First PC (see Appendix 2) 1.18 .81 .00 3.36
DISS2 Second PC (see Appendix 2) -AI .59 -1.92 1.22
DISS3 Third PC (see Appendix 2) -.33 .56 -1.84 1.19
RISK First PC (see Appendix 2) -.00 1.32 -1.59 6048

Control at the workplace
TIME Punctuality is important .74 044 .00 1.00
PUNCH Use of punch clock is required .33 047 .00 1.00

Personal characteristics
SINGLE Single .20 040 .00 1.00
DIVORCED Divorced .08 .27 .00 1.00
FEMALE Female .53 .50 .00 1.00
AGE Age of individual 38.37 11.70 20.00 61.00
CHILD6 Number of children below 6 year .27 .58 .00 3.00
CHILD16 Number of children below 16 047 .79 .00 6.00

year
State ofhealth

DISAB Disabled . I8 .27 .00 1.00
HS First PC (see Appendix 2) .09 .32 -.02 2.28
HS2 Second PC (see Appendix 2) -2. I5 .26 -2.14 .99
HS3 Third PC (see Appendix 2) -.04 .24 -.18 .50
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Appendix 2: Principal component analysis

Loadingsfor the principal components, HSI, HS2 and HS3.

1981 1981-1984

VariablelPC HSI HS2 HS3 HSI HS2 HS3

INJURED .14 -.88 -.41 .01 .01 -.01
STRUMA .04 .01 .03 .02 .02 .02
TB .00 .00 .00 .00 .00 .01
HEARTH .01 .00 .01 .01 .01 .01
STOMACH .09 -.19 .02 .08 .17 .95
HEMORR .96 .07 .21 .98 .16 -.1 0
PREGNANT .17 .42 -.88 .17 -.97 .16
BROCK .01 -.01 .02 .01 .02 .02
MENTAL -.00 -.06 .00 -.00 .05 .24
CANCER -.00 .00 .01 -.01 .00 -.01
DIABETIC .00 .01 -.01 -.01 -.01 .03
NEURO .00 -.03 -.00 -.00 .02 .05
Variance/total 26.33 16.56 14.23 30.60 16.79 13.13
variance in %

Loadings for the principal components
(PC), RISK 1981 and 1981-1984.

VariablelPC RISK
RISK] .71
RISK2 .71

Variance/total variance in % 87.15
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Loadings for the principal components for (un)healthy conditions, DISSJ,
DISS2 and DISS3.

1981 1981-1984

VariablelPC DISSJ DISS2 DISS3 DISSJ DISS2 DISS3

DIRTY .19 .19 .04 .19 .18 .04
NOISEJ .13 -.02 .15 .13 -.02 .15
NOISE2 .13 .18 -.14 .13 .18 -.14
OUTSIDE .17 AS -.16 .17 AS -.16
TEMP .16 -.04 .09 .16 -.04 .09
DRAFT .27 .09 .02 .27 .08 .02
SMOKE .24 .02 .21 .24 .02 .20
SHAKE .10 .02 .03 .10 .02 .03
POISON .11 .04 .01 .11 .03 .01
LIFT .26 .22 -.17 .26 .22 -.16
OTHPHY Al -.02 -.07 Al -.02 -.07
SWEAT .39 .04 .00 .39 .04 .00
PHYEXH .26 -.24 -.05 .26 -.24 -.05
TIRED .02 -.21 -.23 .02 -.21 -.23
MENTEXH .01 -.30 -.54 .01 -.29 -.55
STRESS .12 -.39 -.49 .11 -.39 -048
REPET .10 -.27 .33 .10 -.27 .33
MONBODY .21 -.50 .38 .21 -.50 .38
UNPBODY .44 .06 -.04 044 .05 -.04
Variance/total 19.21 10.03 9.01 19.17 1.08 8.98
variance in %
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Descriptive statistics for the variables included in the PC analysis, 1981 years sample.

Mean St.dev Min. Max

Dangerous or unhealthy work environment

DIRTY Work is dirty .15 .36 .00 1.00
NOISE] Noisy environment .14 .35 .00 1.00
NOISE2 Noisy environment .31 .46 .00 1.00
OUTSIDE Work is outside .28 .45 .00 1.00
TEMP Exposed to non-normal .17 .38 .00 1.00

temperatures
DRAFT Exposed to strong drafts .23 .42 .00 1.00
SMOKE Exposed to gas, dust or smoke .23 .42 .00 1.00
SHAKE Exposed to strong shakes or .06 .24 .00 1.00

vibrations
POISON Exposed to poisons, acids or .11 .32 .00 1.00

explosives
Physically demanding work

LIFT Heavy lifting .25 .43 .00 1.00
OTHPHY Otherwise physically demanding .51 .50 .00 1.00
SWEAT Work causing daily sweating .32 .47 .00 1.00
PHYEXH Work is physically exhausting .26 .44 .00 1.00
TIRED Feel very tired at end of day .14 .35 .00 1.00

Stressful or monotonous work
MENTEXH Work is mentally exhausting .34 .47 .00 1.00
STRESS Work is stressful .57 .49 .00 1.00
REPET Work is repetitive .23 .42 .00 1.00
MONBODY Monotonous movements .49 .50 .00 1.00
UNPBODY Unpleasant body positions .47 .50 .00 1.00

Risk indices
IUSKI SIR, work accidents 1213.88 984.30 50.00 6000.0
RlSK2 SIR, work related diseases 1105.49 999.02 50.00 6000.0

State ofhealth variables
INJURED Persistent injury .05 .26. .00 2.00
STRUMA Struma .02 .15 .00 2.00
TB Tuberculosis .003 .06 .00 2.00
HEARTH Heart attack .005 .08 .00 2.00
STOMACH Gastric ulcer .03 .21 .00 2.00
HEMORR Hemorrohoids .08 .33 .00 2.00
PREGNANT Pregnant or pregnancy difficulty .04 .25 .00 2.00
BROCK Inguinal hernia .01 .14 .00 2.00
MENTAL Mentaly sick .02 .16 .00 2.00
CANCER Cancer .01 .12 .00 2.00
DIABETIC Diabetic .02 .15 .00 2.00
NEURO Neurological ilInes, e.g., Polio .01 .13 .00 2.00
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The determinants of the unexplained component of the male-female wage difference in
eweden are examined. The hypothesis that there is a compensating wage differential

associated with undesirable job characteristics is tested. Hedonic wage equations are
estimated using data collected in the 1981 Swedish Lecel of Living Survey. The
estimation takes into consideration possible sample selection bias due to the non
randomness of employment and the potential endogeneity of job choice variables in
wage offer equations. Overall, the analysis indicates that compensating wage differ
entials are not a major determinant of the male-female wage difference in Sweden.

I. INTRODUCTION

Over the past decade or so. there has been a renewed interest
among economists in Adam Smith's theory of compensating
wage differentials. The main argument is that jobs with
'undesirable' characteristics will command higher wages
(other things being equal) because: 'the whole of the advant-

Ages and disadvantages of the different employments of
~abour and stock must. in the same neighbourhood. be either

perfectly equal or continually tending toward equality'
(Smith. 1937. p. 100). For example. jobs with a greater level
of physical risk. in terms of the probability of death, illness or

_njury. are less desirable. and therefore. ceteris paribus,
should be characterized by higher wages. I

The 'modern' theory of compensating wage differentials is
based heavily on the theory of hedonic pricing (see Rosen
11974. 1986)). Within this framework. each job is character
ized by a series of non-wage attributes. The value of each of
these attributes is the compensating wage differential. These
differentials are not directly observed, however, but are
implicit in the wage rate of the job. Those firms which have
jobs with less desirable attributes will have to offer higher
wages in order to attract workers of a given quality.

It follows that one way to test for compensating wage

differentials is to estimate human capital wage equations
augmented with measures of job attributes. Examination of
the rates of return to these attributes provides information
on any compensating differentials. For example, industry
and/or occupation-specific death and accident rates and/or
self-assessed measures of working conditions and duties may
be included in cross-sectional wage equations (see for ex
ample. Marin and Psacharopoulos (1982): Duncan and
Holmlund (1983): Garen (1988); McNabb (1989) and Meng
11989)). However. as Brown (1980). Moore and Viscusi
(1990) and Smith (1979) point out. such an approach has not
generated unanimous support for the theory of compen
sating wage differentials.

Nevertheless. only limited empirical attention has been
directed towards examining the role of compensating differ
entials in determining the wages of women. This is surprising
given the potential for compensating wage differentials to
further our understanding of the determinants of the
male-female wage differential. More specifically, there may
be differences in undesirable job characteristics between men
and women and differences in the rates of return to such
characteristics. Clearly such information is important, re
membering that a large component of the male-female wage
differential is usually not 'explained' by differences in human

I An earlier version of this paper was presented at the meeting of the European Society for Population Economics, Marmara University.
Istanbul, Turkey. 7-9 June 1990.
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Table I. Human capital variables included in wage-offer equations. Sweden. 1981

753

Educational qualifications (%):

Place of residence 1%):
Rcs I Stockholm

4,s,; Gothenburg
'.d Malmo

e.A Other ernes > 30.000
Rcs5 Cities < 30.000
Rest: Rural areas

Variable

InW

Exp
tExpl"
School

Quail
Quail
Qual3

Qual4
_1015
""ual6

QlWC

Logarithm of hourly wage rate
(Swedish Crowns)
Years of work experience
Work experience squared
Years of schooling

Basic compulsory 6 or 7 years (i.e, folkskola],
Vocational education for at least I year in addition to Quail
Junior high school (e.g. realexamen. grundskola. hogre
folkskola. flickskola, folkhogskola)
Vocational education for at least I year in addition to Qual3
High school (i.e. studentexameru
Vocational education for at least 1 year in addition to Qual5
University degree

Women mean Men mean

3.502 3.695

16.2 21.56
382.9 649.9\

10.3 10.6

28.4 28.5
10.1 \57

\5.0 8.6
28.7 22.8
4.4 7.4
8.7 75
4.7 9.5

18.9 17.1
69 7.0
4.5 5.7

228 18.9
212 24.3
257 27.0

Source: 19?! I Swedish Lac/ of Luing Sun·cr.

Individual is employed at the time of the survey (i.e. has
JI > 0) The variables included in this reduced form equa
non are: age and its square. years of schooling. educational
qualifications. place of residence. marital status. number and
age of children in the household. disability status. father's
and mother's social class and educational qualifications.
rural background. number of siblings. non-labour income.
and the local unemployment rate. From the estimates of this

~uatlon. the inverse of the Mills ratio. i.. can be calculated.
.atls

.4lIIIlhere I'i is the deviation from the probit equation and PDF.d CDF are the probability density and cumulative density
functions. respectively (see Heckman (1979)).

The wage equation specification is a slightly modified
version of Jacob Mincer's influential 'post-schooling invest
ment' model. which has guided much of the empirical
research into the determinants of earnings and wages
(Mincer. 1974). In this model. earnings are primarily deter
mined by work experience (i.e. post-schooling investment)
and education (i.e. pre-labour market investment). In
Mincer's model. work experience is usually measured as the
number of years of employment after leaving formal educa
tion. while education is usually measured as the number of
years of formal schooling completed.

We have excluded age from the wage equations for three
reasons. First. Mincer (1974) has shown that an individual's

cumulative work experience is a more important correlate of
wages than age. Furthermore. numerous studies (see.
e.g. Heckman and Polachek (1974)) have shown that adding
age to a wage equation that already includes education and
work experience adds little explanatory power. Second.
work experience and age tend to be highly correlated (in
cross-sections}. so including both variables in wage equa
tions (along with their squares) generates worrying collin
earity, leading potentially to biased parameter estimates. In
our data. the zero-order correlations between work experi
ence and age for individuals with observed wages are quite
high: 0.95 for men and 0.79 for women. Third. from a
practical econometric point of view. including work experi
ence in the wage equation and age in the employment
equation assists in the identification of what is essentially a
two-equation system of equations (i.e. wages and employ
ment).

The simple measure of education. years of schooling
completed. is less relevant for the examination of the deter
minants of earnings in Sweden. It has been shown that
educational qualifications are a relatively more important
correlate of wages than years of schooling completed (see.
e.g, Blomquist (1979)). Therefore. in addition to years of
schooling. we have included six binary variables measuring
the highest educational qualification held by the individual
(the excluded category in the regressions is 'compulsory
education only'. see Table I).

The use of both years of schooling and educational
qualifications may be problematic because of collinearity. In
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the average level of risk is calculated for homogeneous
occupation and/or industry groupings. These 'aggregate'
estimates are then matched to individuals based on their

• (usually self-reported) occupation and/or industry. Even
though these measures may appear to be more 'objective'
compared to self-assessed measures. there is still con
siderable measurement error. The main source of measure
ment error is the inaccuracy in assigning the average risk
value to all individuals in a given occupation and/or in
dustry. That is. variation in risk across individuals in a given
occupation or industry is assumed to be zero. Errors in
matching also result when individuals misreport their occu
pation or industry. Finally. there is still the problem of the

.tential endogeneity of these risk variables In the wage

...."uatlons.
It is our belief that there is no basis of choosing one type of

measure over the other. SInce neither is 'ideal' for the
empirical Investigation of compensating wage differentials.

_erefore. we use self-assessed measures of working condi.ns and duties. However. our findings must be VIewed with
the limitations land strengths I of the data used to construct
these variables clearlv in mind.

Table J shows the distribution of the Job attribute variab
les for males and females. What IS immediately clear from
this table IS that there are considerable differences between
men and women with respect to levels of these attributes and
neither sex has a clear advantage (disadvantage) when they
.irc Judged as a group. For example. while 20.6% of men
report that their work is 'dirtv. only 2.5°0 of women do so.
t)11 the other hand. 46.2(~ 0 of women report that their work
requires monotonous hand or body movements while only
.~.~ ~(l(l of men report the same.

·\s mentioned above. there IS a potential problem with
1he specification of the wage equation. This specification
assumes that the job attribute variables are exogenous. This

_unlikely to be true since employment and occupational
d1ll1Ce decisions are theoretically endogenous. Therefore.
there IS no reason to assume that the sorting of individuals
into Jobs that differ with respect to desirable and undesirable
characteristics is exogenous. If this is true. then estimates of

_uatlons I and 2 that do not take into consideration this
potential endogeneity may generate biased estimates of any
compensating differentials (see Garen, 1988).

If the variables included in the wage equations were
continuous and fewer in number. one way to deal with this
problem would be to estimate the equations using simultan
eous equation techniques, such as two-stage least-squares
(TSLS) or other instrumental variables techniques. How
ever. the variables used here are all binary and there are a
large number of them. Therefore. such an approach is not

- feasible. However. in order to examine this issue, equal
weight was assumed for each of the 21 variables and a
composite index of job attributes, C*. was constructed

- simply by summing the indicators: C* = Ir~ 1C j . Since the
number of attributes is 21. the maximum score of the index is

21 and the minimum score is O. A higher value of C* implies
that the job the individual holds is characterized by a higher
level of 'undesirability'. Wage equations are then estimated
with this index in place of the 21 separate job attribute
variables.

By using this composite index. we are imposing equality
restrictions on the effects of each of the individual job
attributes. In order to test the validity of these restrictions.
we experimented with weighted indexes constructed after
carrying out a factor analysis of the 21 job characteristics.
Regressions using these weighted indexes confirmed the
findings discussed below and therefore. for brevity. are not
reported here. It is interesting to note that the average score
of C* is 5.8 for women and 6.9 for men. suggesting a higher
degree of self-reported job undesirability amongst men.

In order to examine the potential endogeneity of the Job
attributes. the wage equations were estimated USIng an
instrumental variable approach. An instrumental variable
was created for the composite index of job attributes (de
noted by C* in Table 3). by regressing it onto the (ex
ogenous) variables entering the employment (probu) equa
tion u.e. the variables used to construct the inverse of the
Mills rano). This predicted value was then entered into the
wage equations in place of the composite Index C*.

Estimates

The estimated wage-offer equations are summarized in
Tables 3 and 4. Table 5 reports the decomposition of the
male female wage-offer gap following Equation 3.

Column I of Table 5 shows the decomposition based on
the wage equation that includes only the human capital
variables (see Table 11. In this specification the estimated
wage-offer gap is 0.\87. As Table 5 shows. 0.05\ or 27.3% of
this gap may be attributed to differences In human capital
between men and women. On the other hand. 0.136 or
72.7% is due to gender differences in the rates of return to
human capital. This decomposition suggests that the wages
of Swedish women would be Ion average) about 14.6%
higher (i.e. exp (0.\36) - I) if their rate of return to human
capital were the same as for men.

Column 2 of Table 5 is the decomposition based on the
equations in which all the 21 job attribute variables are
included. In this specification. the estimated wage-offer gap
is slightly lower, i.e. at a value of 0.182. What is clear from
this decomposition is that the inclusion of these variables
contributes little to the explanation of the male-female wage
difference. Only 0.004 of the wage-offer gap is due to
differences in job attributes between men and women.
Likewise, the component of gap due to differences in the
rates of return to these attributes is -0.046. This suggests
that the role that gender differences in compensating differ
entials plays in determining differences in male and female
wages is very small compared to differences in the rates of
return to human capital.
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Table 4. Job characteristics parameters

Specification No. 2 Cont.

Job characteristics (C,) Males Females

Dangerous or unhealthy work enrironment
I. D/RTY O.O(W· b 0.045

[0.19J [1.1OJ
2. NO/SE 0.081 0.026

[3.63J [0.85J
3. OUTSIDE -0.015 -0.142

[0.92J [6.90J
4. reu P 0.005 -0.023

[0.24J [ 1.03Je 5. DRAFT -0.001 0.013
[0.03J [0.65J

6. SAlOKE -0.021 0.003
[1.I4J [0.17J

7. SHAKE -0.027 0.080
[ 1.02J [1.28]e 8 PO/SOl,' 0.021 0.020
[ 1.00] [0.79]

Phvsicallv demanding work
9. LIFT -0.052 0.005

[307] [0.24]
10. OTHPHY -0.016 -0.009

[0.99] [0.58]
11. SWEAT 0.012 0.046

[0.67] [2.63]
12. PHYEXH -0.017 -0005

[0.89] [0.32]
13. TIRED 0.005 0.034

[0.26] [1.10]
Stressiul or monOlOnous work

14. MENTEXH 0.031 0.029
[2.04] [2.06]

15 STRESS 0.061 -0.027
[4.26] [2.01]

16. REPET -0.024 -0.029

e [ 1.21] [ 1.78]
17. ,\lONBODY -0.022 -0.013

[139] [0.90J
18. ('NPBODY -0.007 -0.010

[0.41] [0.68]
Time COllstraill1s

e 19. TIAIE -0.022 0.046
[1.43] [2.97]

20. CLOCK -0.044 0.021
[2.96] [138]

21. /NFLEX -0.050 -0.012
[332] [0.82]

Notes:
a Absolute value of r-statistics given in parentheses.
"Other parameters of the wage-offer equations given in column 2 of
Table 3.

men and women and is not statistically significant at the
10% level (see column 4 in Table 3). In the male equation,
this parameter is - 0.013 (t = 1.4)and - 0.012 (t = 1.5) in the
female equation. Furthermore. as column 4 of Table 5
shows. the component of the male-female wage gap that

may be attributed to the role of compensating differentials is
very small.

In order to further explore the possible endogeneity of the
job attribute variables, Hausman-Wu tests were carried out
(Wu, 1973: Hausman, 1989). These tests are based on the
theory of instrumental variables. In short, an instrumental
variable (IV) is created for the potentially endogenous
variable. This IV is then entered into the regression equation
along with the variable itself. Conventional goodness-of-fit
tests are then applied. If the variable is exogenous. then the
inclusion of the IV does not significantly improve the overall
fit of the equation. In our application, an IV was created for
the job attribute index using as instruments the (exogenous)
variables entered into the employment equation (i.e. the
variables used to construct the inverse of the Mills ratio].
This IV. along with the job attribute index, was then entered
into the wage equations.

For both males and females. an F-test revealed that the
inclusion of IV did not significantly improve the fit of the
wage-offer equations. The calculated (test) F-statistic was
2.38 for males and 2.88 for females. Both values are well
below the 5% critical (table) value of 3.8. This finding
suggests that job attributes. as measured by a composite
index of binary job attributes. are exogenous. However. as
Nakamura and Nakamura (1985) show, the power of the
Hausman-Wu test is directly related to the explanatory
power of the auxiliary regressions used to construct the IVs.
In our tests. the R2-values of these regressions were quite
low - 22.3% for males and 13.9% for females. These low R2

_

values suggest that the results of these exogeneity tests are
clearly tentative and should be viewed with much caution.

Ill. CONCLUSION

On average. female workers in Sweden earn less per hour
than male workers. Even though this gap is smaller than
what is found in other industralized countries. it is still
substantial. Furthermore. much of this gap remains after
differences in the level of human capital between men and
women are taken into account (e.g. differences in education
and work experience). It is this remainder or 'unexplained'
difference that is usually attributed to gender-based discrim
ination. The analysis carried out in this paper indicates that
this remaining unexplained difference cannot be 'explained'
by compensating wage differentials associated with undesir
able job attributes. Therefore, we provide little evidence that
is contrary to the view that a large part of the male-female
wage gap in Sweden is due to discrimination.

Our analysis also lends little support to the hypothesis
that there are compensating wage differentials. as predicted
by economic theory, associated with undesirable job at
tributes in Sweden. That is, male and female wage offers
appear not to be affected by the variance across individuals
in such factors. There are many possible reasons for this
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4 Returns to education

3. Changes in the Educational Composition of the Swedish
Labour Force

Tables 2 and 3 document the changing profile of educational attainment of the Swedish labour

force between 1968 and 1991. As Table 2 shows, the mean number of years of schooling

increased for both men and women between 1968 and 1991. For men, the increase was from

8.7 years in 1968 to 11.6 years in 1991. For women, the absolute increase was slightly bigger,

from 8.3 years in 1968 to 11.4 years in 1991. Two further points about this table are worth

noting. The first is that in 1968, 1981 and 1991, the mean number of years of schooling is

higher for men than for women. The second is that the gender gap in schooling did not

decrease much between 1968 and 1991. If we measure the"gender gap" as the ratio of female

years of schooling to male years of schooling (i.e. SF ISM ), this ratio increased only slightly

from 0.95 in 1968 to 0.98 in 1991. Since a value of" 1.0" represents the situation of "gender

equality", equality in years of schooling has not yet been achieved in Sweden. This is despite

the fact that the growth rate in schooling was more rapid for women compared to men (i.e.

37.3% versus 33.3%, see Table 1).

Table 2. Sample mean years ofschooling completed.

Year Males Females Ratio
(1) (2) (2)/(1 )

1968 8.7 8.3 0.95
1981 10.5 9.9 0.94
1991 11.6 11.4 0.98

ti 2.9 3.1 0.03

ti% 33.3 37.3 3.20

Table 3 shows the distribution of the labour force by education level in 1968, 1981 and 1991.

As a general remark, these estimates show that the educational attainment (in terms of

qualifications obtained) of the Swedish labour force increased considerably in this period,

despite the modest increase in the mean number of years of schooling completed (see Table

2). A major change was the reduction in the proportion of individuals who have only basic

compulsory education. For men, this proportion decreased from 65.7% in 1968 to 27.3% in

1991. For women, the decline was from 72.6% in 1968 to 31.7% in 1991. These sizable

declines are reflected in significant increases in the other three education levels. Most notably,

the increase in university education was quite marked. In 1968, only 3.9% of men and 1.0%

of women had university qualifications. By 1991, these proportions had increased to 11.0%
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and 7.6%, respectively.

Table 3. Highest level ofeducation obtained. Per cent.

Year Males Females Ratio

(1) (2) (2)/(1)

81: Basic Compulsory
1968 65.7 72.6 1.11
1981 38.9 49.4 1.27
1991 27.3 31.7 1.16

~ -38.4 -40.9 0.05

%~ -58.5 -56.3 4.5

82: Vocational
1968 25.9 23.1 0.89
1981 37.8 34.9 0.92
1991 42.9 42.0 0.98

~ 17.0 18.9 0.09

%~ 65.6 81.8 10.1

83: Gymnasium/other
1968 4.5 3.3 0.73
1981 14.3 11.7 0.82
1991 18.8 18.7 0.99

~ 14.3 15.4 0.26

%~ 317.8 466.7 35.6

84: University
1968 3.9 1.0 0.26
1981 9.0 4.0 0.44
1991 11.0 7.6 0.69

~ 7.1 6.6 0.43

%~ 182.1 660.0 165.4

From Table 3 it is clear that the increase in educational attainment was not shared equally

between men and women. In both 1968 and 1991, women had lower levels of educational

attainment in terms of formal qualifications obtained. However, one may argue that there was

a significant decrease in the gender gap between 1968 to 1991. More specifically, the

proportion of men with education beyond basic compulsory (i.e. S2+S3+S4) increased from

34.3% in 1968 to 72.7% in 1991. The analogous proportions for women are 27.4% in 1968

and 68.3% in 1991. Therefore, in 1968 the gender gap in "higher education" was 0.80 (i.e.

27.4%/34.3%). In 1991, this ratio had increased to 0.94 (i.e. 68.3%/72.7%). Nevertheless,

despite this apparent progress, it important to stress that in 1991 there was still a very large
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difference in the gender composition of individuals with university education. The proportion

of men in 1991 with university education is still about one and a half times that of women (i.e.

11.0% for men compared to 7.6% for women).

4. Estimation

Our empirical focus is to estimate the wage gain related to education. There is considerable

debate surrounding what is the most meaningful way to measure education when estimating

the rate of return to education. Should one use years of schooling completed or education

level obtained? In most empirical studies, years of schooling is used (see Lorenz and Wagner,

1990). The popularity of this specification stems directly from Jacob Mincer's influential

theoretical work into the determinants of earnings. However, in some countries, it has been

shown that qualifications obtained are a more important statistical correlate of earnings than

years of schooling completed (see Blinder, 1976).

As Blomquist (1979) points out, a useful way to conceptualise the relationship between

schooling and education level is to view years of schooling as the "input" to the education

process and education level obtained as the "output". However, as mentioned above, years of

schooling and education level can be thought to represent the quantity and quality dimensions

of education. Given a certain education qualification, the number of years an individual

requires to obtain this qualification, tells us something about his/her productivity. For

example, an individual who obtains a basic university degree in a shorter period of time is

likely more productive than an individual who takes longer to obtain the same degree. On the

other hand, in the four education levels defined above, there is a certain amount of "lumping

together" of qualifications that take different amounts of time to obtain. For example, the

university education category (S4) consists of all levels of university education, ranging from

the basic undergraduate degree to a doctorate. Clearly, years of schooling will differ

depending on what type (and perhaps subject) of degree is obtained. In this sense, therefore,

years of schooling provides complimentary information about the extent of investment in

education.

Since years of schooling and education level potentially measure different aspects of

education, we use both in our empirical investigation. Thus, three "concepts" of the wage

differential associated with education are considered: (1) The return to an additional year of

formal schooling; (2) The return associated with possesing a given level of education; and (3)

The return to an additional year of schooling within a given level of education.

Estimating the wage differentials related to educational differences raises two methodological

issues. First, like most other studies, we have relatively small sample sizes when the data is

broken down by gender and formal schooling attainment. For example, our sample sizes are
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possible to consider interactions between these variables.

In this study we will use polynomials of the third degree, i.e. cubic splines. We also estimate

splines with two independent variables, number of years of work experience, years of

schooling and the the interaction between the two. We will use the estimation methods

outlined by Suits et al. (1978).

The second problem, results from estimating behavioural equations with "self-selected"

samples. In this case, the individuals are self-selected in terms of employment. If there is

significant sample selection bias then the estimated rate of return to education derived from

Eq. (1) will be biased. This may be more ofa problem for women compared to men, since the

proportion of women employed is generally lower (see Table 1). However, Schultz (1990)

finds large differences in the rates of return to schooling for both men and women in the

United States depending on whether or not a correction for sample selection bias is carried

out.

Various methods have been developed for correcting for sample selection bias of this type.

The method used here is Heckman's two-step method. In the first step, a probit regression

equation of the probability that the individual is employed is estimated (i.e. on the probability

of having an observed wage). The estimates of this equation are used to construct a variable

called the "inverse of the Mill's ratio",

Ai =<I>(zJ / [1- <1>(-zJ ] (2)

where Zj is the deviate from the probit equation and <I> and <I> are the probability density and

cumulative density functions, respectively. In the second step, this variable is entered into the

wage equation (1).

The correction for sample selection bias described above requires the estimation of a probit

equation of the probability that the individual is employed at the time of the survey (i.e. has

W>O). The variables (assumed exogenous) included in this equation are: age and its square;

place of residence; marital status; number and age of children in the household; disability

status; father's and mother's social class and educational qualifications; rural background;

number of siblings; non-labour income; and the local unemployment rate.

The mean hourly wage rates (in constant 1991 Swedish Crowns) for men and women are

given in Table 4, along with the female-male wage ratio (i.e. WF IWM ). Across all education

levels, this ratio increased between 1968 and 1991, from 0.73 to 0.81, indicating an increase

in gender equality of earnings. What is interesting to note, however, is that the percentage

decline in the gender wage gap was not the same across the four levels of education. More
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specifically for basic compulsory education (S 1) the decline was 12.5%; for vocational

education (S2) it was 9.8%; for the gymnasium/other education (S3) it is 7.5%; and for

university education (S4) it was a much lower 6.0% (see Table 4).

Table 4. Average Male-Female Wage Rates. Sweden 1968-1991. Real 1991 Swedish

Crowns.

Year Males Females Ratio
(1) (2) (2)/(1)

SI: Basic Compulsory
1968 66.2 49.3 0.75
1981 78.6 65.1 0.83
1991 79.9 67.0 0.84

6 13.7 17.7 0.09

%6 20.7 35.8 12.0

S2: Vocational
1968 80.6 60.8 0.75
1981 83.7 69.5 0.83
1991 85.1 70.4 0.83

6 4.5 9.6 0.08

%6 5.6 15.9 10.7

S3: Gymnasium/other
1968 115.5 84.8 0.73
1981 90.7 74.4 0.82
1991 97.3 76.8 0.79

6 -18.2 -8.0 0.06

%6 -15.8 -9.5 8.2

S4: University
1968 163.6 125.7 0.77
1981 111.2 95.6 0.86
1991 115.7 94.2 0.81

6 -47.9 -31.5 0.04

%6 -29.3 -25.1 5.2

All
1968 75.8 55.3 0.73
1981 85.5 69.5 0.81
1991 89.5 72.5 0.81

6 13.7 17.2 0.08

%6 18.1 31.0 11.0

Notes: Adjusted using the Swedish Consumer Price Index.
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4. Results

Results from Quadratic Wage Functions

The estimates of the average wage differentials due to formal schooling are shown in Table 5.

These returns were estimated by fitting wage equations (1) with the only education variable

being years of schooling completed. Therefore, the rate of return to schooling is simply the

parameter associated with the years of schooling variable, multiplied by 100 in order to

express it as a percentage. Turning first to estimates uncorrected for sample selection bias, the

rate of return to schooling for both men and women declined considerably between 1968 and

1991. In 1968 for men, each additional year of schooling completed was associated with a

8.2% increase in wages. By 1991, the return had decreased to 4.0%. Likewise, for women in

1968, an additional year of schooling completed was associated with a 7.4% increase in

wages. By 1991, this had fallen to 3.9%.

Table 5. Average percentage wage differentials due to one additional year of formal

education. Results from quadratic earnings functions. Sweden 1968-1991. (Standard errors

in parentheses).

Year

1968

1981

1991

Uncorrectedfor Selection Bias Correctedfor Selection Bias
Males Females Ratio Males Females Ratio

(1) (2) (2)/(1 ) (3) (4) (4)/(3)
8.2 7.4 0.90 8.0 7.7 0.96

(0.29) (0.42) (0.33) (0.43)

4.2 3.5 0.83 4.0 3.3 0.82
(0.22) (0.22) (0.23) (0.23)

0.8e4.0 3.5 0.87 3.8 3.4
(0.23) (019) (0.24) (0.20)

-4.2 -3.9 -0.03 -4.2 -4.3 -0.07
-51.2 -47.3 -3.3 -52.5 -55.8 -7.3__

The estimates corrected for sample selection bias also suggest that the rate of return to

schooling is slightly lower for women compared to men. In 1968, the rate of return to

schooling was 8.0% for men and 7.7% for women - a difference of about half a percentage

point. Likewise, in 1991, the male rate of return was 3.8% compared to 3.4% for women 

also a difference of half a percentage point. Overall the estimates suggest that there is little

difference in the rate of return to schooling between Swedish men and women.

As a general remark, the estimates do not change much after the correction for sample

selection bias is carried out. These "corrected" estimates confirm that the rate of return to
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Table 6. Average percentage wage differentials associated with highest level of education

obtained Sweden 1968-1991. (Standard errors in parantheses).

Year Uncorrected for Selection Bias Correctedfor Selection Bias
Males Females Ratio Males Females Ratio

(1) (2) (2)/(1) (3) (4) (4)/(3)

S2: Vocational
1968 22.6 21.6 0.96 21.4 22.1 1.03

(2.40) (3.29) (2.93) (3.40)

1981 12.4 11.4 0.92 11.3 8.9 0.79_
(1.86) (1.61 ) (1.89) (2.42)

1991 14.4 10.1 0.70 13.4 9.4 0.70
(2.01) (1.45) (2.06) (1.50)

~ -8.2 -11.5 -0.26 -8.0 -12.7 -0.33

%~ -36.2 -53.2 -27.1 -37.4 -57.5 -32.4

S3: Gymnasium/other
1968 83.2 81.0 0.97 86.4 81.9 0.95

(7.62) (10.64) (9.84) (10.73)

1981 25.7 23.6 0.92 23.7 20.7 0.87
(2.87) (2.59) (2.93) (3.94)

1991 33.5 21.7 0.65 31.3 20.9 0.67
(2.94) (2.00) (3.03) (2.05)

~ -49.7 -59.3 -0.32 -55.1 -61.0 -0.30

%~ -59.7 -73.2 -33.0 -63.8 -74.5 -31.6

S4: University
1968 157.4 160.0 1.02 149.4 161.0 1.07

(11.05) (25.63) (13.02) (25.70)
0.90_1981 55.9 51.8 0.93 52.8 47.7

(4.15) (4.74) (7.79) (4.47)

1991 49.5 45.6 0.92 47.3 43.8 0.93
(3.75) (3.11 ) (3.83) (3.25)

~ -107.9 -114.4 -0.10 -102.1 -117.2 -0.14
%~ -68.6 -71.5 -0.10 -68.3 -72.8 -13.1

Note: The standard errors are obtained through the Gauss aproximation

cr~liWj =cr~j 100exp(a i) as they are a nonlinear function of the results from the regression

equation.
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and wages. Second, early career wages, for individuals with few years of formal schooling, is

seriously underestimated by the quadratic wage function and, thus, early career wages for the

highly educated is overestimated, compared to the cubic spline. Third, late career wages for

the relatively highly educated are underestimated by the quadratic. This property is modelled

by the interaction component in the spline function.

The average wage differentials due to differences in years of schooling are calculated as

follows. Eight years of schooling is taken as a reference and the average wage rate is

predicted from 12 to 45 years of work experience. The average wage for nine years of

schooling is calculated from 11 to 44 years of experience and so on, until twenty years of

schooling which is calculated as an average of 0 to 34 years of experience. The percentage

difference is then calculated between these mean wage rates. Note that we compare

predictions of wages of individual of approximately the same age using this method.

However, compared to the quadratic, we will underestimate the average wage differentials

due to differences in schooling, as the wages are generally lower in the beginning of the life

cycle than in the end.

The results are reported in Table 7. In Figure 2 these results are plotted along with the

predictions using the quadratic wage function. Figure 2 shows that these two methods give,

apart from the linear restriction of the quadratic, very similar estimates of the wage

differentials for both groups in 1981 and 1991. For 1968, however, the estimates diverge: the

quadratic gives a much lower estimate for the highly educated and the difference is largest for

females. This difference is also highlighted in Figure 3, where the predictions are plotted.

There is a strong interaction effect between wages and work experience that is not modelled

using the quadratic specification. The quadratic predicts decreasing late career wages for the

whole population, while the spline only predicts decreasing late career wages for women with

low education. For highly educated women, the spline predict increasing wages throughout

the career.' However, these differences should be interpreted with caution, as there are very

few observations with high education in this group (only 64 with university education).

The estimates of the wage differentials for different groups are plotted in Figure 4. Two

important findings should be noted. First, following the discussion above, the spline function

gives a larger estimate of the decrease in the returns to education between 1968 and 1981 for

both males and females. Second, the 1981 and 1991 curves diverge after 17 years of

schooling. This property could not be observed using the conventional quadratic wage

function.

4A similar phenomenon is observed for Black American males by Piorier and Watts (1973).
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Figure 1. Plotted predictions from a quadratic wage-equation with years of formal

schooling and a cubic spline function. Males 1981

Table 7. Average wage differential compared to eight years offormal schooling.

Males Females

Schooling 1968 1981 1991 1968 1981 1991

9 5.5 3.7 4.0 8.1 1.8 1.5

10 11.4 7.8 8.3 16.7 3.9 3.5

11 19.1 12.4 13.0 25.8 6.7 6.5

12 30.3 17.3 18.0 35.6 10.2 10.7

13 45.0 22.3 23.2 46.0 14.5 16.0

14 62.5 27.5 28.2 56.9 19.6 21.8

15 81.9 32.4 32.7 68.6 25.4 27.5

16 101.4 37.1 36.3 80.9 31.8 32.6

17 118.5 41.1 38.6 94.0 38.7 36.1

18 130.3 44.4 39.2 107.8 46.1 37.3

19 133.5 46.5 37.8 122.3 54.0 35.5

20 125.6 47.5 34.0 137.6 62.0 30.1
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Spline Quadratic Wage Function

Figure 3. Plotted predictions from a quadratic wage-equation with years of formal

schooling and a cubic spline function. Females 1968.
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Figure 4. Comparison ofwage differentials related to formal schooling.

We have also estimated cubic splines for each education level separately, in order to measure

the between group wage differentials. For the groups SI and S2 we have set the "knots" at 0,

10, 20, 30,40 and 50. For the groups S3 and S4 we have placed the "knots" at 0, 20 and 40

years ofwork experience, as the sample sizes did not allow us to break down the data further.
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In Figure 5 the estimated splines are plotted along with predictions from the quadratic wage

function for the groups SI and S4. The reason for not showing the results from all groups is

that the results from group SI reveal the properties of the estimates from S2 very well. The

same is true for S3 and S4. It can be seen in Figure 5 that the quadratic wage function

underestimates early career wages in all cross-sections except for very early career wages for

both men and women 1968, compared to the splines. In consequence, late career earnings is

overestimated, compared to the splines. Figure 5 also reveals that group S4 is a much

"noisier" and smaller sized than SI as the spline estimates are much more unstable. It can,

however, be seen that the quadratic estimates lower late career wages for at least 4 out of the

6 cross-sections.

To compute the predicted mean wage differentials we have calculated the mean of the

predicted wages from 0 to 39 years of work experience for group S4, 4 to 44 for S3, 8 to 47

for S2 and 11 to for group SI. The reason for choosing these years is that the mean

number of years of schooling for men in the 1981 sample is 17.65 13.55 10.80 and 7.52 for

groups S4, S3, S2 and SI respectively. The years of comparison chosen is thus an average

between 25 and 64. For convenience these years are chosen for the other cross-sections as

well.

The results are shown in Table 8. It can be seen that the estimates are very similar to those

obtained using the quadratic wage function and reported in Table 6. Thus, the specification

with the education level dummies and the corresponding spline function gives a more similar

prediction of mean wage differentials compared to the specification with years of schooling.

The explanation to this is that this specification is not restricted to be linear in years of

schooling and thus makes better predictions of the mean wages when there is an interaction

between education and work experience.
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Table 8. Wage differentials between education groups estimated with

splines.

Year Males Females Ratio

(1) (2) (2)/(1)

S2: Vocational

1968 17.7 35.6 2.01

1981 6.4 5.54 1.03

1991 12.2 6.4 0.53

~ -5.5 -29.2 5.31

%~ -31.4 -82.0 2.61

S3:Gymnasium/other

1968 96.6 109.3 1.13

1981 28.6 8.5 0.30

1991 39.2 22.2 0.57

~ -57.4 -87.1 1.52

%~ -59.4 -79.7 1.34

S4: University

1968 128.4 162.2 1.26

1981 43.8 55.7 1.27

1991 43.9 37.5 0.85

~ -84.5 -124.7 1.48

%~ -65.8 -76.9 1.17
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Table 9. Wage differentials due to additional schooling within each education level.

Year Uncorrectedfor Selection Bias Correctedfor Selection Bias
Year Males Females Ratio Males Females Ratio

(1) (2) (2)/(1) (3) (4) (4)/(3)

SI: Basic Compulsory
1968 8.3 5.4 0.65 7.3 5.9 0.81

(0.85) (0.85) (0.85) (0.87)

1981 5.2 1.8 0.34 4.7 0.9 0.19
(1.01) (0.66) ( l.00) (0.70)

1991 3.5 1.5 0.43 3.5 1.2 0.34
(0.80) (0.55) (0.85) (0.58)

~ -4.8 -3.9 -0.22 -3.8 -4.7 -0.47

%~ -57.8 -72.2 -33.8 -52.1 -79.7 -58.0

S2: Vocational
1968 5.0 7.7 1.54 5.0 7.7 1.54

(0.79) (1.14) (0.80) (1.15)

1981 3.2 2.3 0.72 3.0 2.3 0.76
(0.59) (0.46) (0.59) (0.47)

1991 2.6 2.7 1.04 2.5 2.7 1.08
(0.55) (0.40) (0.55) (0.41)

~ -"?.4 -5.0 -0.50 -2.5 -5.0 -0.46

%~ 8.0 -64.9 -32.5 -50.0 -64.9 -29.9

S3: Gymnasium/other
1968 1.6 10.5 6.56 1.4 10.7 7.64

(2.14) (3.11 ) (2. 11) (3.22)
1981 1.3 2.3 1.77 1.2 2.3 1.92

(1.02) (0.85) (1.04) (0.87)
1991 2.0 1.3 0.65 2.0 1.3 0.65

(0.88) (0.73) (0.87) (0.73)

~ 0.4 -9.2 -5.91 0.6 -9.4 -6.99
%~ 25.0 -87.6 -90.1 42.9 -87.9 -91.5

S4: University
1968 0.6 9.0 15.00 0.8 8.7 10.88

(2.21) (5.02) (2.15) (5.66)

1981 1.1 5.3 4.82 1.1 5.4 4.91
(0.95) (1.76) (0.96) (1.77)

1991 -1.8 -0.5 0.28 -1.8 -0.6 0.33
(1.24) (1.30) (1.21 ) (1.30)

~ -2.4 -9.5 -14.7 -2.6 -9.3 -10.55

%~ -400.0 -105.6 -98.1 -325.0 106.9 -96.97
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extend the analysis of income distribution to more than one time period. Second, to predict
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needed. This study compares the usefulness of different statistical models (human capital and

stochastic models), previously used to estimate earnings mobility, in predicting future

individual earnings and earnings distributions. Special attention is given to the effect of

considering individual heterogeneity. A 20-year panel, collected from the Swedish Level of
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predictions are made for 3. It is found that a dynamic human capital model gives the best

predictions of individual earnings.

• Thanks to Anders Bjorklund for showing me the data used in this study and for comments on several drafts
of the paper. To Claes Cassel for extensive, patient and inspiering help with analysing the data. Thanks also
to Per Johansson, Sune Karlsson, Anders Klevmarken, Joakim Palme, Ed Palmer, Erik Ruist and Anders
Westlund for comments on earlier drafts of this paper. The paper was prepared under financial grants 89/209
from Bank of Sweden Tercentenary Foundation and F503/89 from The Swedish Research Council for the
Humanities and Social Sciences.

$ Department of Economic Statistics, Stockholm School of Economics, Box 6501, S-113 83 Stockholm,
Sweden.





Earnings Mobility 1

1. Introduction

Apart from any intrinsic value of measuring earnings mobility, i.e. efficiency (labour market

dynamics) or inefficiency (uncertainty in individual planning), there are at least two

instrumental motives for such studies. First, if an empirical analysis of income inequality is

extended to a longer time period than is covered by the data, income mobility has to be

measured and predicted. A broad range of authors, from John Rawls to Milton Friedman,

have argued that lifetime income would be the most appropriate unit of analysis for studying

income distribution and the distribution of economic welfare. In a world of no uncertainty

and perfect capital markets this position would not be controversial, and lifetime inequality

would be the only relevant unit of analysis. However, as is well known, there are no societies

where either of these conditions are satisfied. Therefore, transfers from one point of an

individual's life to another are not costless and will sometimes not take place, especially if it is

a long time period between the two points of time. This means that there is no, for all

purposes, best time period for analysing income inequality. To the authors' knowledge there

are no samples, of any reasonably broad population, covering such a long time period as a

lifetime. Nevertheless, there are lot's of situations where the empirical analysis would be more

appropriate if the data set could have been extended with some time periods, even with the

help of predictions, if these are resonably accurate. It is, thus, relevant to evaluate both long

term and short term predictions of earnings mobility.

The second motive is to predict individual incomes. This could be useful in public policy

analysis, e.g. analysing the income distribution implications of, or future expenditures for,

a pension scheme where benefits are based on individual earnings during a certain time

period.

The purpose of this study is to compare the usefulness of different statistical models in

serving the abovedescribed motives, i.e. in predicting individual earnings, earnings

distribution and relative earnings mobility. The data we have used is 20 years of individual

earning histories (annual income from labour), from 1970 to 1989, collected from the

Swedish Level ofLiving Survey. The models are estimated on 17 periods and predictions are

made for the last three.

Most statistical models used to analyse earnings mobility can be classified according to their

basis in one of two schools of thought (1) "stochastic theory" (following Galton (1889) and

Champernowne (1953» or (2) "human capital theory" (following Mincer (1958) and Becker

(1962».1 Human capital theory is derived from economic behaviour of individual choice. The

1See Sahota (1978) for a review of different theories of determination of the income distribution and
Atkinson et al. (1991) for a recent survey on different statistical models for earnings mobility.
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individual chooses between formal education and work, in order to maximise lifetime utility.

Stochastic theory has no such connections to economic theory - earnings mobility is

approximated using stochastic processes. To quote the seminal paper by Champernowne

(1953) "The forces that determine the distribution of incomes in any community are so varied

and complex, and interact and fluctuate so continuously, that any theoretical model must

either be unrealistically simplified or hopelessly complicated." It is evidently true that it is

impossible to take all possible determinants of future individual earnings into account in a

statistical model. On the other hand, it is possible to improve the estimates using an adequate

model and it is an empirical question to what extent this is true for models based on the

human capital theory.

Models derived from both these theories have been used in empirical studies to construct

hypothetical distributions of lifetime income or earnings. Creedy (1977) can be seen as

representing the former school of thought, and Blomquist (1981) and Lillard (1977) can be

identified with the latter school.

The first criterion for judging the usefulness of these two aproaches is a practical one: that is,

whether or not they generate good predictions of future individual earnings and earnings

distributions. But there is also a more fundamental criterion. Friedman (1953) argues that

economic theories should be judged by their predictive power. Adopting this criterion implies

testing whether human capital earnings functions could predict future earnings and earnings

distribution better than "theory free" stochastic models.?

There are, however, several difficulties with answering this question empirically. (i) Data. It

would require a nearly infinite data set. Firstly, the whole life-cycle of the individuals in the

data-set have to be considered. Secondly, since human capital theory aims to predict the

distribution of hourly wage rates, detailed information on each individuals work hours would

be required. It would then be necessary to model the labour supply decision to obtain an

earnings distribution. This could not be done in this study, since there are not sufficient

information on work hours in our data-set. To minimise the impact of differences in labour

supply, we have selected a relatively homogenous population, employed males between ages

of 23 and 65 throughout the sample period. Third, information on the human capital

investment components in different jobs and the quality of different educations would be

required. (ii) Functionalform. Human capital theory only predicts that a relationship emerges

between the accumulation of human capital (through work experience and education) and

wages. Choosing a functional form is then an additional problem. The quadratic functional

form has recently been subject to some criticism. Murphy and Welch (1990) compare

different functional forms on cross-sectional data and conclude: ".. it seems clear that the

2See Jochurnzen (1993) for an application of a similar aproach to the CAPM model.
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quadratic must be scrapped for purposes of estimating career earnings patterns.." (p. 228).

However, Murphy and Welch (1990) also find some simple alternatives that fit the data

better. These will be compared on longitudinal data in this study. (iii) Dynamic structure. As

will be discussed in Section 3, there are several reasons why the dynamic error or system

structure, might have different specifications. This problem, however, has very little to do

with human capital theory and from that point of view the choice of specification of the error

structure is arbitrary.

Thus, the test performed in this study is limited to a sub-set of specifications previously used

in empirical studies and severely limited by the data available. Therefore, this study can not be

seen as a decisive test of human capital theory, but as a piece of evidence from a limited

experiment.

We give special attention to the issue of aggregation level, i.e. what is the loss or gain in

assuming a common rather than an individual trend or error structure. Assuming a common

structure facilitates both inferences on and predictions of earnings mobility.

The paper is organised along the following lines. Section 2 describes different specifications

of the statistical models used. Section 3 describes the data set and the selections made.

Section 4 presents results obtained by the models from all 20 observed years. There are two

goals for this section. The first is to evaluate different properties of the statistical models. The

second is to describe properties of the sample used, and compare these properties with results

from other studies. The latter goal is partly intrinsic in value, since it is interesting to compare

the Swedish earnings structure with earnings structures prevailing in other economies.

However, it can also help in evaluating whether our findings in Section 5 can be held to apply

only to our sample, or whether they are likely to have wider applicability.

Section 5 presents the results from two empirical experiments in which several versions of

longitudinal human capital earnings functions and stochastic models are estimated on 17 years

and predictions are made for the last 3 years. Two criterion for comparing the models are

then computed. First, the sum of squared prediction error. Second, income distributions for

each of the last three years, and for the sum these three years, are simulated using each of the

models considered. The results are compared between the models and with the real world

outcome. We can thus compare four aspects of the predictions of the different models:

individual earnings, the earnings distribution for each year separately, the distribution of the

sum of three years and the predictions of earnings mobility.
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2. Models for Earnings Mobility

2.1 The Stochastic model

The basic idea of the stochastic theory of earnings distribution is that a cross-sectional

distribution could be rationalised by a stochastic process. It was discovered already by Gibrat

(1931) that departing from any distribution which undergoes a series of random independent

proportionate changes will ultimately generate a log-normal distribution ("the law of

proportionate effects"). Aitchison and Brown (1957) applied this law of proportionate effects

to earnings distributions. Thus, the change in an individuals relative earnings position is

stochastic, i.e. d (y" - Il I) = 11" where i and tare subindices for individual and time period
dt '

respectively, y is the log of earnings, j.1 is the mean of logged earnings and u is an

independent, identically distributed stochastic component. This means that individual earnings

could be predicted by a simple Markov process

YIt -Ill =YIt-1 -Ill_I +11", (2)

The "law of proportionate effects" then asserts that the distribution of log earnings is

N(Il, ,O'~ +O'
2 t ) . A problem with this formulation, as was pointed out by Kalecki (1945), is

that the variance in logged earnings is linearly increasing - a property not consistent with

empirical observations on many variates, and certainly not for empirical observations on

cohort earnings distribution. Kalecki suggests a "regression towards the mean" parameter ~,

modelled as follows:

YIt -Ill =~(YIt-l -Ill-I) + 111, . (3)

This model will generate the difference equation for the variance of normalised logged

earnings, 0'2 (t + 1) = ~2O'2 (I) + O'~, where 0': is the variance of the error component.

Assuming that this process started off from a zero variance distribution, the variance will

converge monotonically to O'~ / (1- ~2).3 These two models rest on five assumptions 

pointed out, among others, by Atkinson et al (1991):

(i) The same process applies to all individuals ("population homogeneity").

(ii) Constancy over time ("time homogeneity").

(iii) Earnings at date t are independent of earnings before t-l (first order Markov assumption).

3Atkinson et al. (1991).
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depreciates.

Thus, in an ideal econometric specification based on human capital theory, earnings mobility

should be predicted by investment in human capital, measured in monetary units. In addition,

the functional form must allow for the staggered growth pattern predicted by the theory.

However, as it is very difficult to obtain such information, especially for on-the-job training,

most studies use years of schooling and work experience as measures of human capital

investments, and a semi-log specification.

The quadratic specification in years of work experience, originally used by Mincer (1974) on

cross-sectional data, is by far the most popular earnings function based on human capital

theor , r.e. satisfying the requirements given above. This specification has also been estimated

on longitudinal data in several studies (cf Lillard and Willis, 1978 or Lillard and Wiess,

1979). The specification is as follows:

(5)

where the sub-indices i and t represent individuals and year respectively; y is logged earnings,

educ years of schooling, and exp years of work experience.

There are several possible specifications of the error component, D. Lillard and Willis (1978)

assumed the specification D,/ = u, + 11,1 and 11,/ = P11I1-1 + E,I' i.e. D could be decomposed into

an individual effect, u, and a serially correlated component, 11; E is assumed to be i.i.d. The

presence of autocorrelation in longitudinal earnings models could be interpreted in several

ways. First, it could be caused by individual random shocks that persist over more than one

period but deteriorate over time. Examples of such shocks include the effect of firm closure or

wage increases following individual innovations. Second, it may be measuring the influence of

unobserved, or omitted, variables which are serially correlated (change slowly) over time

(spurious autocorrelation). Third, autocorrelation could result from a too restrictively

specified functional form, or be caused by individual earnings growth rate heterogeneity.

Although its use has been tremendously widespread, the quadratic earnings function has been

questioned on grounds of excessive restrictivity in several recent studies (see Willis, 1986 p

538 footnote 2, and Murphy and Welch 1990,1992). Murphy and Welch (1990) study the bias

of the quadratic approximation on cross-sectional CPS data for different experience levels.

Their main conclusion is that early career earnings are over estimated and mid-career earnings

underestimated by the quadratic human capital earnings function.

As was first discussed by Mincer (1962), the on-the-job training hypothesis in the human

capital framework allows for growth rate heterogeneity. Consider two jobs, a and b, that

require the same formal schooling and same abilities while b requires more post schooling
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holds, then the apparent effect ofYt_l is due to serial correlation in the errors. If the restriction

does not hold, then Yt-l has an effect on Yt, i.e. "state dependence" exists.

There are several reasons why one would expect state dependence in longitudinal earnings

functions. It is frequently observed that people tend to persist in their behavior. This could

be an element of their labour supply behavior - for example, the probability that a person

works full time is probably greater if he worked full time in the preceding period.

Furthermore, an element of wage setting could be that the previous period's wage

constitutes a baseline for the current period's wage.

3. Data

The sample used is obtained from the Swedish Level ofLiving Survey (SLLS). SLLS is a panel

survey and the interviews were made in 1968,1974, 1981 and 1991. The sample size each

year is about 6,000 individuals and it is a representative sample of the Swedish population in

each survey year." To obtain data on the dependent variable, individual annual earnings, the

selected sample is matched with tax registers. To measure earnings, taxable labour income

("inkomst av tjanst") is used, i.e. taxable income received from the employer plus income

from sickness insurance minus deductions made for expenses made to earn labour income, for

example expenses for commuting. This definition of labour income is chosen as it is the only

labour income concept for which data is available for such a long time period as was desired

for this study.' A deficiency using this income concept is that earnings from social security,

e.g. compulsory sickness insurance, is included after 1974 but not before. This will evidently

create some additional variation in the earnings distribution before 1974.

The population is defined as employed men between the ages 23 and 64 throughout the

sample period, 1970-1989. When the selections were made, the aim was to obtain a

representati sample of this population. The reason for selecting out women is that female

labour supply varies a lot more than male. As we will not attempt to model the labour supply

decision, and minimise earnings mobility due to variations in labour supply, we will therefore

restrict the study to men. As earnings data is highly unreliable for young people, due primarily

to studies and irregular life habits, individuals younger than 23 years of age were excluded.

The reason for excluding the self-employed, is that their earnings and earnings histories are

not comparable to employees for a number of reasons not dealt with here." To exclude the

4The Level of Living Survey is described in detail in Eriksson and Aberg (1984).
sThis definition is, however, not adequate for all purposes. If the purpose is to study the distribution of that
part of households incomes which could be used for consumption, it could be argued that to live a relatively
long distance from one's workplace could be a form of consumption chosen by the worker. On the other hand,
the situation could also result from failure in urban planning or a sluggish housing market.
6See Johansson and Hedstrorn (1979) for a comparison of earnings data and living conditions for self
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self-employed, information on occupations from the surveys in 1974 and 1981 were used. If

the individual was self-employed in either 1974 or 1981, he was deleted from the sample.

When the selections described above had been made, the sample contained 691 individuals.

There is only information on deaths of individual respondents in the SLLS up until the 1st of

January 1985.'9 individuals in our sample fell into that category and were excluded from the

sample. 19 individuals were not registered as Swedish citizens in 1989, i.e. they have either

died between 1985 and 1989 or emigrated permanently. These were also excluded from the

sample.

Some of the observations on the dependent variable were zero or reported as missing. If

income from earnings is zero, the individual has filed an income tax return, but has reported

no income from labour. The reason could be that the individual is working in the "informal

sector" of the economy, or that his labour supply is zero, for example due to studies. Missing

values could result either because of administrative errors or because the individual in

question has not filed an income tax return. The reason for the latter possibility could be, for

example, that the individual received all income during residence outside of Sweden in a

given year, or because the individual has died. The zero observations are, for our purposes,

equivalent to the missing values. Since labour supply decisions are not modelled in this study,

the zero observations give us no information on the amount of earnings the individual would

have received if the labour supply would have been "as usual" in the year of the zero

observation. 14 individuals have five or more missing values or zeros on the dependent

variable, and were selected out. Thus, in total, 40 individuals (5.8 per cent of the original

sample) constitutes the attrition of the panel. The judgement of the author of this study is that

such limited attrition does not have a great effect on the results reported in Sections 3 and 4

and no attempts is therefore made to correct for a possible attrition bias.

When these additional selections were made, 651 individuals remained in our sample. Of

these, 584 have complete records on earnings, 36 have one missing or zero observation, 14

have two, 8 have three and 9 have four missing or zero observations. For the missing or zero

observations remaining in the sample, values have been imputed. The motive for imputing is

that it enables us to use a rectangular data-set. There are two alternatives to imputation. First,

it is possible to exclude the individuals containing missing or zero observations. Since the

number of individuals containing missing observations are relatively large (67 individuals, i.e.

more than 10 per cent of the total sample), this would possibly cause selectivity bias. Second,

it is possible to use estimation methods for unbalanced panels. However, these methods are

computationally very tedious to use at least for some of the methods in this study. Since the

number of observations to be imputed is relatively small (124 of 13,020, less than 1 per cent

employed and employees.
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Table 1. Earnings normalised by the average hourly wage rate, number ofyears of

work experience andyears ofschooling. Sample averages.

Year Earnings Standard deviation Work Schooling
of earnings Experience

1970 30,013 12,264 14.74 9.42
1971 30,575 12,301 15.87
1972 29,917 11,748 16.82
1973 29,984 11,804 17.74
1974 31,663 11,460 18.72 10.10
1975 32,074 11,456 19.70
1976 32,358 10,988 20.68
1977 32,438 11,071 21.67
1978 31907 10,805 22.65
1979 31981 10,658 23.64
1980 32,035 10,833 24.63
1981 32,325 10,872 25.56 10.21
1982 33,132 11,484 26.50
1983 32,770 11,780 27.48
1984 33,013 12,450 28.46
1985 33,267 12,851 29.44
1986 32,938 13,509 30.42
1987 32,850 13,344 31.41 10.22
1988 33,645 14,229 32.39
1989 33,501 14,134 33.37

Information on the independent variables used in the human capital framework, years of

education and years of work experience, are collected from the 1968, 1974, 1981 and 1991

surveys. More specifically, for each individual the years of schooling variable for 1970 and

1971 is coded equal to the answer from the 1968 survey; for 1972-77 this variable is obtained

from the survey response in 1974, for 1978-85 from that of 1981, and 1986-89 from that of

1991. Twenty missing values for this variable were reported in 1968, and one was reported in

1981. In these cases, years of education are set equal to the amount reported in 1974. In the

1970s the number of adults in education increased considerably in Sweden. The longitudinal

data used in this study could be used to estimate the effect on earnings of this education.

Figures la through l c depict the frequencies of the difference in years of schooling stated in

1974 and 1968, 1981 and 1974, and 1991 and 1981 respectively. It is possible to increase the

number of years of schooling during the time period studied, but impossible to decrease it. As

could be seen in Figure 1, a considerable number of individuals have actually stated that they
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have decreased the number of years of schooling, which could only be interpreted as

measurement error.

Figure 1. (a) Differences in years of schooling stated in 1968 and 1974. (b) Same for

1974 and 1981. (c) Same for 1981 and 1991.
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Interview responses were also used construct the years of work experience variable. This

information obviously contains measurement errors as well. However, as is shown in Table 2,

the difference between the mean years of work experience is fairly consistent. To impute

values for the work experience variable for the years between the surveys, the following

strategy is used. If the individual has a labour income above 10,000 SEK8 one year of work

8This amount of money corresponds to the average wage rate in 1970, thus approximately 51,000 SEK in
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4. Estimation Methods and Descriptive Results

In this section we describe the estimation methods and present some results from the entire

data-set, i.e. all 20 time periods.

4.1 Stochastic Models

To estimate the cohort mean Income we use a quadratic function in age, i.e.

Y it = f3 0 + f3]ageit + f3zagei; + u iP where y is individual annual logged earnings and age is

individual age minus 20. The reason for using this method rather than calculating a geometric

mean for each age cohort, is that we do not have enough data for each birth-year cohort to

get a stable estimate for each year. Our method is based on the assumption that there is no

"cohort-effect" on earnings, i.e. that the birth cohort does not affect expected individual

earnings apart from overall economic growth or macroeconomic fluctuations. The estimation

was carried out using the fixed effects method. Since the Durbin-Watson statistics indicates

positive autocorrelation, the method to correct for this using panel data proposed by

Anderson and Hsiao (1982) was used. The following results were obtained,

Y t = 10.21 + 0.0332age, - O. 0006ageZ
"

I (000Z6) I (00001) I
p=0.6189, R2 = 0.7607.

with standard errors within parantheses. To estimate model (2), we used the OLS procedure

recommended in Cassel and Lundquist (1990), where it is shown to be unbiased when survey

sampling as well as model aspects are taken into account. The following estimates were

obtained:

Zi/ = 0.8661z lI _ 1'
(00043)

o-~ =0.0347, R2 = 0.7863.

The autoregressive coefficient is significantly smaller than 1 (Hest). Thus, the "law of

proportional effects" could be rejected in favour of the "regression towards the mean"

hypothesis. ID

Figure 2 shows the distribution of AR-coefficients when model (3) was estimated for each

individual separately. Very few estimates, only 68 of651, are above 1. The R2 was improved

slightly to 0.8151 and the overall variance of the disturbance decreased to 0-: =0.0300.

IOThis result has been obtained in most empirical studies on this subject. See e.g Thatcher (1976) table 8.5.
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Figure 2. Distribution a/individual AR-coefficients.

The assumption of no autocorrelation could also be relaxed. Model (4), from Section 2, is

estimated using OLS and the following results were obained

Zt =O. 7666z t_1 + 0.11 00Zt_2'
I (0.0090) I (00089) I

6~ =0.0335, R2 = 0.8098.

The estimated second-order coefficient is significantly different from zero by a simple t-test.

By comparing the Akaike criterion, AIC(k)=ln 6; + 2k , where k is the order of the AR-
NT

process, N is the number of individuals and T is the number of time periods, model (4) is

preferred to (3), i.e. AIC(2)=-3.397 and AIC(1)=-3.362. As was shown in Section 2, this

model could be interpreted as allowing for autocorrelation in a first order model. Thus, from

the results we obtain estimates of Sand p to 0.89 and -D.12. The negative coefficient of the

autocorrelation coefficient could, following Atkinson et al. (1991), be interpreted as "success

in a given year would breed failure in the following one". However, the results should be

interpreted with some caution since there is likely to be colinearity between Zit-l and Zit-2'

4.2 The Human Capital Model

Table 3 shows the results from estimates of the human capital model (5). The first column

shows the results from the fixed effects (or "within-groups") and the second the random

effects (or "between groups") estimation. As the estimates clearly indicate autocorrelation,

with p = 0.6158 and Durbin-Watson, d = 0.7623, the method to correct for first order

autocorre1ation proposed by Andersson and Hsiao (1982) and reviewed in Hsiao (1986) are

used for the respective estimation method. As pointed out by Hausman and Taylor (1981),

these methods generate somewhat different interpretations of the coefficient estimates. In

contrast to the fixed effects estimator, the random effects estimator uses information on
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differences between observation units. The difference between the estimates of the years of

schooling coefficient could thus be interpreted to mean that returns to schooling obtained

before the sample period is on average larger than returns to schooling during the sample

period. The reason for this is that the fixed effects estimator only measures effects of changes

in the independent variables, but the random effects estimate is a weighted average between

individual differences and these changes.

Table 3. Coefficient Estimates ofthe Quadratic Human Capital Equations. Years of Work

Experience and Schooling. Standard Errors in Parentheses. 11

exp

educ

P
R2
R2, adjusted
Durbin-Watson

(1) (2)

0.0322 0.0354
(0.0025) (0.0035)

-0.0551 -0.0606
(0.0053) (0.0053)

0.0111 0.0140
(0.0053) (0.0036)

0.6158 0.6158
0.7623 0.5243
0.7242 0.5243
0.7623 0.7623

(1) Fixed effects model
(2) Random effects model

The Hausman test is appropriate for testing for correlation between the independent variables

A

distributed with degrees of freedom here equal to 3 (the number of independent variables), PF
A

and PR' are coefficient estimates for models with fixed (consistent) and random (efficient)

effects respectively. The test statistics is estimated to m = -3.77, i.e. the hypothesis of no

llThe results could be compared to those of several other studies on longitudinal income data. Klevmarken
(1992), using 1984, 1986 and 1988 waves of the Swedish HUS-panel and the hourly wage-rate as dependent
variable, obtained much lower estimates of the coefficient for work experience, 0.00105 exp and -0.0007
exr. Jantti (1993) got estimates ranging between 0.036 and 0.051 (age), and -0.653 and -0.417
(age2/lOOO) on data from a Finish four wave panel (1970, 1975, 1980 and 1985), using annual earnings as
dependent variable. Lillard and Willis (1978) obtained estimates vel)' similar to ours, 0.038 exp and 0.0007
exp2, using PSID-data (1967-1973) and annual earnings as dependent variable. Their estimate of the
coefficient for years of schooling is considerably higher than ours, 0.084.
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correlation between the independent variables and the error term could not be rejected.

In Section 5, when making predictions, we will use the fixed effects estimator as we will use

the estimated dummy variables in the predictions.

4.2.1 Functional Form

As mentioned in Section 2, the quadratic functional form is not the only possible specification

of an earnings function based on human capital theory. Following Murphy's and Welch's

(1990) analysis of cross-sectional data, we will also evaluate higher order polynomials in work

experience. Figure 3a through 3c shows predictions from quadratic, cubic and quartic

earnings functions respectively, along with means for each years of work experience group.

The estimation of these equations was carried out using a fixed effects model with correction

for first-order autocorrelation.'? The properties of the quadratic earnings function revealed in

Figure 3 are similar to the findings of Murphy and Welch. The quadratic severely

overestimates earnings over the first two years, but underestimates early career earnings (up

to about 20 years of work experience). The same is true for the cubic, though to a lesser

extent. By far the best prediction of the earnings development in that part of the career is

given by the quartic. Mid-career earnings (between 20 and 35 years of work experience) are

overestimated by the quadratic, but fairly well predicted by both the cubic and the quartic.

Late career earnings are overestimated by all specifications, most severely by the cubic that

predicts increasing late-career earnings. The quartic predicts falling earnings too late in the

career path.

If the functional form gives an unbiased estimate of the earnings path, the difference between

mean earnings and predicted earnings for the respective groups with the same number of

years of work experience should be randomly distributed. Thus, serial correlation for this

error may indicate that this is not the case and, consequently, that the specification yields

biased results. For the quadratic, the first order autocorrelation coefficient is estimated at

0.253. For the cubic and quartic, it is estimated at 0.625 and 0.284 respectively. The

12Thefollowing coefficient estimates are obtained for the cubic function:

Yit =9.801 + 0.0103edllc+ 0.0648exp -0.0022 exp 2 +0.00002 exp 3 ,
(00025) (0.0059) (00003) (0(}()()()()4)

p=O.615, R2=O.762.

The following estimates is obtained for the quartic:

Yt =9.653 + 0.0097 educ + 0.1097 exp - 0.0061 exp 2 + 0.00015 exp 3 - 0.000001 exp 4 ,
I (0.0025) (0.0116) (0.0009) (0.00003) (0.0000003)

p=O.614, R2=O.764
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4.2.2 Error Structure

As the reader will recall from Section 2, autocorrelation could occur for several reasons.

Furthermore, it is not evident that the residuals follow an AR(I)-process as it could very well

follow another, more complicated process. To find out whether this is happening we will

estimate the autocorrelation and partial autocorrelation functions of the residuals from the

fixed effects earnings function. We will follow a procedure proposed by MaCurdy (1982).

To estimate the kth order autocorrelation, the following set of equations is estimated:

=

1

where u is the residual of the earnings function, Yk is the parameter to be estimated and Ej( is

an error term independently distributed between individuals. Thus, for each individual there is

a set of seemingly unrelated equations with E(E
I
E~) = 0'; if i = j and 0 otherwise. This

equation system could be estimated under the restriction that Yk is constant throughout the

sample period.

The sample partial correlation function could be estimated In a similar way. Consider a

following set of equations for each individual

le

=2: 0
1=1

o

o

o

with E(eje;) =0'; if i = j and 0 otherwise, where Pk is a parameters representing the kth

order partial correlation coefficient. This seemingly unrelated regression model could be

estimated under the restriction that Pk is equal for all T - k time periods.

The results for the residuals of the fixed effects model for the first 7 periods are shown in

Table 4a and for all 19 periods in Figure 4. The autocorrelation function is positive for the
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first periods and then become strongly negative. An explanation for these results is that they

are generated by growth rate heterogeneity. If individual earnings follow a steeper growth

curve than average, the residuals will on average be negative in the beginning of the sample

period and positive in the end, thus generating a positive correlation for time periods close in

time and negative for distant time periods. For individuals following a flatter growth rate than

the average, the residuals will on average be positive in the beginning and negative in the end

and the same correlations will result.

If quadratic OLS equations are estimated separately for each individual, we obtain the result
revealed in Table 4b and Figure 5. It can be seen that the pattern of these functions changes
radically from the model with common p.

eo
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-o
(b)
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Figure 4. Autocorrelation function (a) and partial autocorrelation function (b) for OLS
residuals from equation with common p
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Figure 5. Autocorrelation junction (a) and partial autocorrelation junction (b) jor OLS

residuals from separate equations.

Table 4b. Autocovariance, autocorrelation and partial autocorrelation. OLS residuals jrom

separate equations (standard errors in parantheses).

k 0 2 3 4 5 6 7

Autocovariance 0.015 0.003 0.0003 -0.003 -0.005 -0.006 -0.005 -0.003
(0.002) (0001) (0.0005) (0.00 I) (0.001) (0.001) (0.00 I) (0.001)

Autocorrelation 1 0.209 0.018 -0.191 -0.330 -0.408 -0.363 -0.232

Partial 0.293 -0.079 -0.220 -0.265 -0.256 -0.178 -0.140
autocorrelation (0006) (0.006) (0.006) (0.006) (0.006) (0.007) (0.007)

It is very hard to interpret a common dynamic error structure, especially as there are no

theoretical reasons to suspect any particular form. However, a few observations can be made

from Figure 5. The oscillating pattern of the autocorrelation function suggest a higher order

autoregressive process with a negative second-order coefficient. This means that a divergence

from an individual trend will only lanst one year and turn into an opposite effect the next

period. Thus, the same phenomenon as was found for the stochastic model with serially

correlated error term. When analysing the residuals from the the model with common earnings

growth rates this effect was dominated by earnings growth rate heterogeneity.
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4.2.3 Earnings Growth Rate Heterogeneity

Several empirical studies have used different methods to measure the presence and extent of

growth rate heterogeneity (see Baker, 1990 for a review). To measure growth rate

heterogeneity in this sample, we will use the random coefficient model originally used by

Lillard and Weiss (1979). In this model the error component of the human capital

earningsfunction is modified to Du =u, + 11.r +~iexPil' where llir =Pllu- 1 + Eir and ~ represents

the effect of omitted variables which affect the earnings growth rate. This model gives the

following covariance matrix:

where L· =cr~

1

P

P
1

T-2
P 1

and i is a unit column vector, cr~ is the variance

of individual intercepts, o ~ is the variance of individual earnings growth rates, c ~~ is

covariance between individual intercepts and growth rates and cr~ is the variance of the

residual.

The components of this covariance matrix are estimated using the likelihood function given in

MaCurdy (1982):

A N

where S(J3) =(1/ N)2:U,U'; and uis a vector of estimated residuals from the human capital
;=1

earnings function. The estimates are given in Table 4.
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Table 4. Maximum Likelihood Estimates oJ the Parameters oJ the Covariance Structure.

(1) (2) (3) (4)
p

0.0408
(0.0020)

0.7472 0.7423
(0.1186) (0.1180)
0.0328 0.0407 0.0327
(0.0029) (0.0020) (0.0022)

0'2 0.3057 0.1330 0.3037 0.1399
l! (0.0370) (0.0237) (0.0209) (0.0122)

0'2
0.00048 0.000025 0.00046 0.000031

E, (0.00004) (0.000016) (0.00003) (0.000017)

o'l!E,
-0.0097 -0.0016 -0.0095 -0.0018
(0.0014) (0.0008) (0.0015) (0.0008)

Table 4 reveals four different sets of results. The first two columns is results obtained on

residuals from the quadratic earnings function. In model (1) first order autocorrelation is

ignored. Columns 3 and 4 show the corresponding results from residuals of the quartic

earnings function.

Two interesting results from Table 4 should be noted. First, the estimate of the variance in

individual growth rates (o'~) is, although small, significantly differently from zero in the

estimates from the model without autocorrelation and the ordinary p-values for model (2) and

(4) are 0.056 and 0.027 respectively. Second, the covariance between the individual intercept

and earnings growth rate, 0' l!E,' is negative and significantly different from zero. 13 As follows

from the discussion above, this result is suggested by the OJT hypothesis and human capital

theory.

In this context the importance of including sufficient number of time periods should be

stressed. For instance, this model could be estimated on data from only two time periods.

However, a large amount of random fluctuations would then be estimated as heterogenous

growth rates. As the number of time periods is increased, this problem will diminish.

However, it will remain to some extent unless the whole life-cycle is covered.

13 These results could be compared to those from several other studies. Using an almost identical
population for his 20-year earnings history PSlD-sample, Baker (1990, 1991) obtained estimates between

0.00020 and 0.00072 for o'~ and between -0.013 and 0.0008 (insignificantly different from zero). Jantti

(1992), using the same data as Jantti (1993), received very similar result 0.0006. However, some
methodological differences should be noted. In neither of these studies has e.g. the effect of increased formal
schooling been filtered out before these estimates was done.
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4.2.4 Dynamic Model

Table 4 shows the estimates of the dynamic model

Yit =~o + u, + YYit-J + ~leduclt + ~2exPit + ~3exp;; + uit· The estimation methods for fixed

effects dynamic models given in Andersson and Hsiao (1982, p. 70) are used. If the number

of individuals and time-series observations tend to infinity, and under the assumptions that Uit

is normally distributed and the initial observations on the dependent variable are constant, this

method will yield consitent parameter estimates. However, if T is fixed they will be

incosistent. An expression for the assymptotic bias is given in Andersson and Hsiao (1982).

As T is fairly large in this study we will ignor this bias.

Table 4. Coefficient estimates/ram a dynamic model.

Yt-l 0.6533
(0.1749)

exp 0.0130
(0.0012)

exp2/l00 -0.0210
(0.0023)

educ 0.0063
(0.0018)

R2 71.89
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(2) Individual autoregressive coefficients. This will be considered for the human capital

models, for the serially correlated error term, as well as the stochastic models, the

autoregression coefficients;

(3) Individual variances. Individuals are likely to differ in their year to year deviations from

a common or individual trend. Therfore, we will use both individually calculated and

common model variances in the simulations;

(4) Individual earnings growth rates. There are at least two ways to accomodate this

problem in the simulations. Firstly, to estimate separate models for each individual, and

secondly, to generate coefficients from the random coefficient model. We will make use of

both these methods.

If one wishes to extend a data-set which originally only contains individual observations

from one or very few time-periods, it is not possible to consider all these kinds of individual

heterogeneity. It is thus of vital importance to know the losses incurred by not considering

them.

We will compare the three different functional forms of the human capital earnings function

that are considered in Section 4 and three different specifications of the error structure:

a. Dj! - iid(O, 0)

The 1,2 and 3 d models are human capital models estimated separately for ea. '1

individual.We will consider two types of stochastic models. Firstly, we use ordinary AR( 1)

models with a constant:

4 a. Y,( =U+PYit-l +E: j ( ,
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Table 5. Sums ofsquaredprediction errors ofdifferent models for annual earnings, 1987
1989.

Human Capital Models
la Ib le Id le

1987 45.91 26.31 24.24 68.35
1988 54.54 44.74 47.46 159.72
1989 48.20 41.83 42.98 272.14

2a 2b 2e 2d 2e
1987 45.85 27.39 25.29 101.31
1988 54.92 47.25 48.79 160.42
1989 50.10 48.30 47.22 340.02

3a 3b 3e 3d 3e
1987 45.42 26.41 24.55 71.02
1988 54.60 45.57 47.52 147.98
1989 48.51 42.97 43.19 282.45

Stochastic Models
4a 4b 4e

1987 26.35 17.77 22.58
1988 61.06 41.07 42.87
1989 72.22 42.59 43.20

5a 5b 5e 5d
1987 17.10 17.18 18.58 16.55
1988 42.43 40.36 46.36 41.78
1989 42.49 40.43 47.82 50.36

Combined Models
6a

1987 17.67
1988 39.31
1989 38.86
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Table 6. Predictions ofGini coefficients for annual earnings distribution 1987-1989, the
sum ofthe annual incomes and Shorrocks index for earnings mobility between th years.
Common variances.

Year
1987 1988 1989 Sum M

Actual earnings 0.2013 0.2070 0.2069 0.2007 0.0216

Human Capital Models
la 0.2163 0.2249 0.2247 0.1964 0.1150
1b 0.2091 0.2195 0.2270 0.2064 0.0559
le 0.2089 0.2198 0.2294 0.2062 0.0598
Id 0.2670 0.2959 0.3452 0.2917 0.0401
le 0.1826 0.1970 0.2047 0.0606 0.1831

2a 0.2301 0.2404 0.2359 0.1986 0.1570
2b 0.2180 0.2296 0.2368 0.2107 0.0771
2e 0.2039 0.2125 0.2214 0.1990 0.0642
2d 0.2703 0.3001 0.3550 0.3001 0.0430

3a 0.2146 0.2228 0.2236 0.1949 0.1152
3b 0.2079 0.2196 0.2277 0.2062 0.0561
3e 0.2063 0.2175 0.2259 0.2034 0.0610
3d 0.2501 0.3031 0.3408 0.2804 0.0410
3e 0.1740 0.1900 0.1982 0.1750 0.0663

Stochastic Models
4a 0.1500 0.1199 0.1047 0.1126 0.0996
4b 0.2001 0.1983 0.1981 0.1920 0.0346
4e 0.1980 0.1974 0.1984 0.1907 0.0366

5a 0.2312 0.2562 0.2785 0.2455 0.0400
5b 0.2057 0.2079 0.2101 0.1946 0.0637
Se 0.2095 0.2136 0.2222 0.2026 0.0579
Sd 0.1987 0.2031 0.2057 0.1903 0.0602

Combined Model
6a 0.2084 0.2179 0.2252 0.2059 0.0520
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Table 7. Predictions ofGini coefficients for annual earnings distribution 1987-1989, the
sum ofthe annual incomes and Shorrocks indexfor earnings mobility between th years.
Individual variances.

Year
1987 1988 1989 Sum M

Actual earnings 0.2013 0.2070 0.2069 0.2007 0.0216

Human Capital Models
la 0.2018 0.2170 0.2106 0.1928 0.0808
1b 0.2035 0.2094 0.2070 0.1985 0.0392
le 0.2012 0.2066 0.2112 0.1972 0.0443 e
Id 0.2580 0.2902 0.3347 0.2895 0.0195
le

2a 0.1978 0.2114 0.2038 0.1872 0.0838 e2b 01970 0.2010 0.1963 0.1900 0.0410
2e 0.1956 0.1993 0.2010 0.1893 0.0464
2d 0.2702 0.3001 0.3507 0.2880 0.0202

3a 0.2004 0.2144 0.2098 0.1913 0.0810
3b 0.2025 0.2099 0.2080 0.1987 0.0391
3e 0.1990 0.2052 0.2084 0.1951 0.0447
3d 0.2588 0.3040 0.3602 0.2990 0.0273
3e

Stochastic Models
4a 0.1591 0.1281 0.1094 0.1182 0.1082
4b 0.2080 0.2035 0.1936 0.1941 0.0378
4e 0.2027 0.2023 0.1970 0.1915 0.0454 e
5a 0.2269 0.2478 0.2479 0.2348 0.0248
5b 0.2026 0.1979 0.1815 0.1846 0.0483
5e 0.2039 0.1962 0.1943 0.1878 0.0520 e5d 0.1918 0.1771 0.1777 0.1718 0.0575

Combined Model
6a 0.2049 0.2097 0.2050 0.1993 0.0353
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