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Oslo, November 16-17, 1992
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November 16th and 17th 1992 the Central Bureau of Statistics, Norway arranged a multidisciplinary
research conference on poverty and distribution in Oslo.

The aim of the conference was

* to present and discuss various approaches and methods in the study of poverty and distribution,

* to present and discuss results of Norwegian and foreign investigations of the scope of poverty,
its distribution and development, its causes and remdclies, and

* to identify relevant areas for research on poverty in Norway and other countries.

Researchers from more than twenty countries participated. The conference partly consisted of plenary
lectures and discussions, and partly of parallel sessions where individual participants had the opportunity
to present and discuss their own papers.

The conference report includes the lectures of the main speakers and the papers presented at the the
conference, and consists of seven issues of Working papers from Department for Statistics on Individuals
and Households. The first one includes the lectures given in the plenary sessions, while the others includes
the papers from each of the parallel sessions:

1 Plenary lectures
\ 2 Paralell session 1. Approaches to the study of poverty. Subjective and objective indicators of

poverty.
3 Parallel session 2. Income and consumption. Distribution and poverty.
4 Parallel session 3. Who are the poor? Comparisons between groups and countries.
5 Parallel session 4. Poverty - development and duration.
6 Parallel session 5. The welfare state, distribution policy and poverty.
7 Parallel session 6. Less developed countries: Who are the poor, where are they located and why

are they poor?
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Multidisciplinary Research Conference on Poverty and Distribution
Soria Moria Conference Center, Oslo

Programme

November 16th:

10.30 - 10.45	 Opening

10.45 - 11.45	 Prof. Jonathan Bradshaw, University of York, Britain:
Why and how do we study poverty in industrialized western countries.
Various approaches to the study of poverty. Lecture and plenary discussion.

11.45 - 12.45	 Lunch

12.45 - 13.45
	

Prof. Bernard M.S. van Praag, Erasmus University, Netherlands:
How poor are the poor? Relative and absolute poverty. Subjective and objective indicators of
poverty.

13.45 - 14.00	 Pause

14.00 - 15.00
	

Prof.Lee Rainwater, Harvard University USA:
Who are the poor? The distribution of poverty. Comparisons between various groups and
various countries.	 *

15.00 - 15.15	 Pause/coffee

15.15 - 17.15	 Parallel sessions with presentations and discussions of contributed papers.

17.15 - 18.15	 Prof.Greg Duncan, Ann Arbor, USA.
Poverty's development and duration. Panel studies.

19.30	 Get-together

20.00	 Festive dinner

November 17th:

08.45 - 11.00	 Parallel sessions with presentations and discussions of contributed papers.

11.00 • 11.15	 Pause/coffee

11.15 - 12.15	 Prof.Stein Ringen, University of Oxford, Britain:
The welfare state, distribution policies, and poverty. Analyses of measures and policies to
combat poverty.

12.15 13.15	 Lunch

13.15 14.30	 Presentation of International Research and statistical Programmes on Poverty.

14.30 - 14.45	 Pause

14.45 • 15A5	 Panel discussion: Challenges and possibilities facing poverty research focusing on data
requrements.

15.45 • 16.00	 Conclusion and closing led by a representative of the Central Bureau of Statistics.
22. septemba 1992
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Child Care Subsidies and Inequality *)

Thor Olav Thoresen

Central Bureau of Statistics, Norway

Abstract

In Norway spaces at child care centers are rationed. This paper examines the impact of child care

subsidies on income distribution and inequality in Norway in 1990 based on data from the Income

and Wealth Survey in combination with the Survey of Level of Living. Two methods of measuring

the income to households from subsidies are applied, which both rest on rather strong assumptions

and simplifications. Our results indicate that more child care subsidies are transferred to well-off

households. Among households with preschool children the child care subsidies make a substantial -

contribution to inequality. The results are however preliminary and the approach must be regarded

as a first crude step towards a' more comprehensive evaluation of the subsidies.

1 Introduction

Studies of welfare bring up difficult problems touching upon fundamental questions in economics. The

welfare in a society is assumed to depend on the individual welfare of households and the distribution

among households. One approach to the interpersonal comparability issue involves the assumption that

individuals with the same observed characteristics, such as income, can be deemed to have the same level

of welfare (Atkinson and Stiglitz 1980). Income can be defined in various ways. The welfare for

households with children is affected both by money income and the cost and quality of child care.

In many countries the government uses various welfare policy instruments to improve the well-being of

• Preliminary version. A version of this paper was presented at the Research Conference on Poverty and Distribution in Oslo,
November 16-17, 1992. I benefitted from suggestions by Rolf Aaberge and Olav Ljones. Author's address: Research Department,
Division for Public Economics, Central Bureau of Statistics, P.O. 8131 Dep., N-0033 Oslo. Telephone: (+47-2)864500



Child Care Subsidies and Inequality

households. A large portion of governmental expenditures is in-kind transfers to individuals and

households which justifies the inclusion of in-kind transfers in the definition of income. Several studies

have shown a large decline in the number of people living in poverty when in-kind benefits have been

included in the definition of income (e.g. Smeeding 1977). When trying to determine the effects of in-kind

benefits on the distribution of economic well-being, one faces difficulties. First one has to identify the

distribution of benefits across the population. Then there is the valuation-problem, how to determine the

value of benefits to recipients (Smeeding and Moon 1980).

In this paper we will estimate some effects of child care subsidies on the distribution of income. Since

in Norway there is no established tradition for poverty lines, this approach is chosen instead of measuring

the proportion under the poverty line. The study can easily be extended in this direction.

In Norway, approximately 39 per cent of all children aged 0-6 years attended child care centers by the

end of 1991 (Central Bureau of Statistics 1991). In spite of governmental programs, for many years

aiming at increasing the supply of child care services, there is still an excess demand for child care

services. The number of slots available in kindergartens is not adequate to meet the demand for

nonparental care at existing subsidized rates. We examine the effect of subsidizing child care centers

(kindergartens), but the distinction between the subsidized and the unsubsidized child care market is not

clear cut. Recently there has been a growing number of childminders receiving public subsidies. They take

care of 3-5 children, their services are approved by the local authorities and they receive pedagogical

guidance from a teacher. The twin child care center also includes related, subsidized services like care

in the homes of regulated public caregivers.

Most -child care centers are either owned by the municipality or by private organisations. For all

kindergartens the general principle is that expenditures are financed from three sources:

- government transfers (not included in the general transfer to municipalities)

- municipal transfers

- parental payments

Nearly all child care institutions are subsidized by the government. All kindergartens owned by the

municipalities will receive support from local governments, and some of the private child care institutions

are subsidized by the municipalities too. Others are financed through governmental subsidies and the

parental fee only. The governmental transfer is calculated per child and is dependent on age of the child.

2
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Laws and regulations entail higher costs on smaller children. The government's objective is to cover about

40 per cent of the operational expenditures and let parents and local authorities share the remaining 60

per cent equally (Forbruker- og administrasjonsdepartementet 1987).

The households have to apply for access to institutional day care for their children. The criteria for

selection varies dependent on ownership and among municipalities. The municipalities usually formulate

the criteria for the child care service which they partially finance and will generally attach importance to

social matters. The privately owned centers (which are subsidized by governmental transfers) state their

own rules for selection.

In Norway the market for child care is rationed and on average the fees cover only a portion of the actual

expenses. In addition some of the households' expenses are tax-deductible. The welfare effects of child

care centers come from the fact that the parents get access to a pedagogical, reliable service for their

preschoolers while they are able to consume more leisure, do more hours of household work or supply

more paid work. As a consequence there has been a focus on the unfairness of public support to child

care. Large differences between municipalities regarding the probability of having access to a child care

institution are observed. There are also substantial differences between municipalities in how much of the

expenses that are covered by the payments from parents. On average the child care fees cover about 35

per cent of the actual expenses connected with institutional child care (Ergoplan 1992).

Studies on the distribution of child care in Norway have shown that workers and parents without higher

education have lower use of center-based care than more highly educated and wealthy parents (see e.g.

Herigstad 1986, Gulbrandsen & Ulstrup TOnnessen 1988, Kristiansen 1989). There may be several

explanations of this fact. One reason might be that people have different ability to handle the bureaucratic

process of applying for child care and therefore have different search-costs.

To formalize the discussion we introduce a conceptual framework of households' choices, based on a

Standard theory of labour supply (see e.g. Connelly 1992, Leibowitz, Klennan and Waite 1992, Gustafsson

anti Stafford 1992). Uncertainty is ignored. The utility function for the decisionmaker (for simplicity

3
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assumed to be the mother) is

(1) U = U[X,L,C]

where X is consumption of a composite commodity, L is leisure and C is total child well-being. The

household face a budget constraint

(2) + t(w-p) = X

where l'A is husband's income, Y„ is nonlabour income, t is wife's hours of work, p is price of child care

per hour and w is wage rate after tax. The price of consumption goods is normalized to unity.

The household's decision-problem is then to detérrnine consumption, the wife's labour supply and child

care arrangements. The ratio between the marginal utility of work and the marginal utility of consumption

defines the shadow-value of leisure. The wife's shadow-value of leisure, faced with a wage rate net of

child care costs, at the point where she is indifferent whether to work or not, defines the "regervation

wage".

(3)	 s s(Yk,Y.,C)

Expression (3) states that the mother's reservation wage is affected by the children's well-being ., husband's

income and nonlabour income. In reality the reservation wage is a function of numerous variables.

It follows that access to child care will imply a lower reservation wage if the service is considered to be

4
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of higher quality than other modes of care. Labour supply will therefore be increasing in the quality of

child care. Due to the rationing of spaces at child care centers, parents might choose to take care of the

children themselves when access to the high standard service of child care centers is not available. These

households renounce income in order to undertake child care at home. Hence the correlation between

income and access to child care centers is caused by the fact that day care generally results in a larger

income, because both parents (or single-parent families) are able to do paid work. For the parents who

choose to take care of the preschoolers themselves, there are no acceptable substitute-services. This means

that other modes of care like grand parents care, childminders, etc. is considered to be inappropriate, or

is impossible for other reasons. However, Heckman (1974), in his pioneering study in this field,

recognized that a majority of working women with young children used informal methods of child care,

like family members or other relatives.

In addition, the mother's labour supply will be increasing in her own net wage. Child care .expenses can

be regarded as entry cost to the labour market. Free or low cost care, due to large subsidies, will make

work more attractive. Analogously, women facing greater child care subsidies through the tax system

would more likely work.

It is clear from this model that being at work implies that wages exceed child care costs. One would

expect that lower wage women will be greater users of informal child care, like grand parents care, etc.

If such low cost care were not available to them, they would not work at all. The relatively high incidence

of subsidized child care among well-off households are then caused by other households' decision not to

supply labour in the market because of low wages or (and) negative effects of child care costs. We would

expect that the attitude to kindergartens versus care for own children will vary among different social and

educational gro' ups.

In addition to the questions of inequality, caused by the fact that only some households receive child care

subsidies and thereby have the possibility of Cioing paid work, there are considerable efficiency-aspects

'related to the question of supply and distribution of child care. Increasing the number of child care centers

may have profound effects on women's labour supply. The female labour market participation in Norway

has increased during the eighties, especially among women with young children (Kjeldstad 1991), which

is in accordance with trends in other countries (see e.g. Hofferth and Phillips 1987). Of course, it can be

argued that the real national income is increased by higher female rate of employment, mainly because

the production of care within the household does not influence the national income (Waring 1989).

5
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2 Approaches to Valuation of In-kind Subsidies

No single measure of the value of in-kind stubsidies is adequate for all applications. This part of the paper

will introduce some concepts in studies of measurement and valuation of in-kind subsidies (Smeeding

1984) and examine how child care expenses fit in with the different approaches.

a) Market Value

The market value of an in-kind subsidy is equal to the private market cost or the purchasing power of

benefits received by the individual or the household. The market value is intuitively attractive to

economists, relatively easy to estimate in many cases, and is the measure most often used in studies of

the value and distribution of in-kind transfer benefits.

The market value of child care institutions is difficult to calculate for several reasons. First, there are very

few child care institutions operating without public support. Most kindergartens receive subsidies from

the government and many get subsidies from the local authorities as well or are owned by them. Due to

the current rationing of spaces at child care centers, the market price for access to child care centers is

most likely to exceed the private cost (or the marginal utility of child care spaces measured in money

exceed the costs). But this market price is only hypothetical. One has to apply for access to this service

and spaces in public child care can not be resold. Since the right to trade child care allowances-doesn't

exist and a completely private market is almost absent, the market value is very difficult to estimate.

Next, child care institutions do not provide a homogeneous kind of service. There are differences
a.

according to opening time, how many adults per child, the staff's pedagogical abilities, etc. Heterogeneity

in quality is often alleged to be an important factor codronting parents in making arrangements for the

care of their young children (Hofferth and Wissoker 1992). Even if them had been a well developed

private market for child care institutions, it might not have given any guidance to the value of subsidies,

because of differing ambitions in the private and the public sector.



Child Care Subsidies and Inequality

b) Government Cost

Government cost includes the cost of benefits provided, costs covered by subsidies from the state and

local authorities plus the associated economic costs of provision and program management. Government

cost is normally the proper measure to determine net changes in budget outlays resulting from a given

change in program rules and regulations.

Government cost may also be compared to the market value of in-kind subsidies to determine the net

efficiency cost or efficiency benefits from the form in which the transfer is provided. Most likely, the

significance of efficiency loss or gain in the case of child care centers are rather limited. For instance, the

costs in child care centers owned by local authorities and private (but subsidized) child care institutions

are basically equal (Ergoplan 1992).

c) Social Benefit Value

When estimating the total welfare effects of a transfer program, the concept of social benefit value offers

a plausible approach. The social benefit value includes consumption and production externalities and other

efficiency and equity benefits accruing to taxpayers who finance the subsidies, as well as benefits to the

program recipient net of recipient charges: Child care subsidies will, for instance, give both parents the

opportunity to supply labour. A larger labour force will in turn increase the society's production.

Obviously, social benefit values are difficult to estimate. We will turn to two different concepts closely

related to the social benefit value. When introducing the social benefit value, the cash equivalent value

and nonrecipient benefits, we are moving towards approaches which include indirect effects of public

subsidies.

d) Recipient or Cash Equivalent Value

The recipient value reflects the recipients' own valuation of the benefit. The amount of cash transfer that

would leave the recipient at the same level of well-being or utility as the in-kind subsidy is referred to

as the "Hicksian equivalent variation". If the beneficiary would have chosen the same consumption pattern

with a cash-equivalent transfer as without, the utility approach provides the same estimate as the market
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value approach. When assessing distributional effects of in-kind subsidies, the cash equivalent value is

useful because it translates the market value of goods into cash values conceptually equivalent to the

money income to which they are added (Smeeding and Moon 1980). An accurate assessment of the cash

equivalent value involves assigning a utility function to the subsidy recipients.

Smeeding (1984) estimates the cash equivalent value, without assigning utility functions, by assuming that

the recipient value of an in-kind transfer is equal to the normal expenditure revealed by unsubsidized

consumer units. Subsidized units were matched by unsubsidized units with similar characteristics. If the

similar nonrecipient normally spent less than the market value of the in-kind benefit, the recipient value

was measured by the level of normal expenditures. If normal expenditures exceeded the market value, the

recipient value equalled the market value.

Lacking suitable estimates for the market value of center-based care, this approach is difficult to apply

in the case of child care. Intuitively, the *cash equivalent value of day care subsidies is not very far from

the market value. Some parents may want to spend more time with their children at the expense of paid

work, but the absence of flexibility in the labour market might prevent such an allocation. Then the main

problem is rigidities in the labour market, not the size of the child care subsidy.

e) Nonrecipient Benefits

When the cash equivalent value is less than the market value and the government cost of in-kind

subsidies, which is probable in most cases, the term nonrecipient benefits represents the difference. The

more "expensive" in-kind subsidies can only be justified by the existence of benefits for nonrecipient

taxpayers and policymakers from in•kind subsidies. For instance, subsidizing the child care for a child

with drug addicted parents would save the child from suffering and give a better start in life which might

prevent the dependence on future social transfers.

Ideally, one would like to distribute the difference between the social benefit value of the in-kind subsidy

and the cost of a cash transfer program to nonrecipient beneficiaries. Social benefit value is, as mentioned

earlier, not easily estimated, so total benefits are usually assumed to be at least as great as the government

cost and nonrecipient benefits are derived by taking the difference between government cost and the

lower-cost cash subsidy.

8
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In addition to the "donor benefits" caused by individual welfare interdependency, in-kind subsidies may

have efficiency advantages compared to an equal-cost cash transfer program. Murray (1980) has shown

that means-tested in-kind transfers lead to a smaller labour supply reduction than equal-cost cash transfers.

Subsidizing child care programs may in fact increase labour supply relative to an equal-cost cash transfer

program. Smeeding (1984) argues that C taxpayers receive nonrecipient benefits in proportion to federal

income tax payments. In this sense nonrecipient benefits can be treated as a public good.

The discussion so far has introduced a number of concepts and methods in analyzing the impact of in-kind

subsidies. Obviously, it is of great importance to include external effects in studies of in-kind subsidies.

When estimating the impact of subsidized child care, it is highly important to be aware of the substantial

influence on female labour supply (see e.g. Gustafsson and Stafford 1992). However, it is beyond the

scope of this study to make a comprehensive presentation of consequences on society of the existence of

child cue institutions. This paper is a first step toward assessing distributional impacts of child care

subsidies. The focus will be on the direct effects of subsidizing institutional child care: namely, to see how

the subsidies influence the degree of inequality in a distribution, without incorporating any behavioural

changes and externalities. This means that the government cost approach is chosen in this study.

3 Measurement of Subsidies

As interpreted above, there are substantial differences between the households' payment and the actual

value of the service received. The previous section outlindd the conceptual basis for valuing in-kind

benefits. By adding the subsidies to the households' disposable income in accordance With the actual

expenses, we will examine the impact of child care subsidies on the distribution of income.

Disposable income is defined as gross income minus income taxes and is calculated by the Norwegian

microsimulation model LOTTE. The database or the model population in the model is derived from the

latest yearly Income and Wealth Survey, at present from 1990. Data is collected from income tax returns,

social security registers, other administrative registers and by interviews. The Income and Wealth Survey

does not contain any information about the households' consumption of institutional child care. However,

a subsample of the Income and Wealth Survey sample is included in the Survey of Level of Living. In

the Survey of Level of Living the households are asked about what kind of child care their children

attend, for how many hours per week and their expenses on child care per month.
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By the end of 1990 about 35 per cent of all children under 7 years were accommodated in child care

institutions, not including the children attending educational programs for 6 years old. Only about 29,5

per cent of the preschool children in the Survey of Level of Living attend child care centers. This poor

coverage in the sample is due to a partial nonresponse (nonrespondents in this context are persons not

responding on questions about child care, but answering other questions in the survey). Withdrawing the

nonrespondents in the denominator, the coverage in the sample is raised to almost 33 per cent. Neither

do all respondents give satisfactory information about expenses and hours of child care per week. As a

consequence one has to be somewhat modest when drawing conclusions from this material.

It is not easy to give precise estimates of the significance of child care subsidies. On average the parents

cover about 35 per cent of the child care expenses, but the price differs from one municipality to another

and even for a given quality standard there are substantial price differences (Statistisk sentralbyrå 1992).

To illustrate, in 1992, for a family with an income of 250 000 Norwegian kroner (Nkr), the monthly

parental fee in Oslo is 2 680 Nkr on average, whereas in the county of Finnmark the corresponding fee

is • 1 774 Nkr. • There are no laws or regulations setting a limit to the parental fee (Bailie- og

familiedepartemetitet 1992).

In a survey of the parental fee in 109 Norwegian municipalities it was observed that about 50 per cent

of the municipalities charge parental fee subject to family-income (Statistisk sentralbyrå 1992). Most local

governments give a discount if more than one family member attend child care centers. Hence it follows

that calculating subsidies on the basis of the parental fee is problematic. The size of the public subsidy.

depends inter aha on geographical location, income, number of family members attending child care, the

age of the children and ownership of the center (private or public). The parents' payments reflect the size

of the subsidy only to a limited extent. A rather small parental fee might indicate that the parents are

paying a small part of the expenses themselves because of low income, but might also reflect that the

child is attending the service in part-time manner during the week.

Table i describes how the expenses on child care are distributed in the official child care statistics

(Central Bureau of Statistics 1991) compared to the Survey of Level of Living.

The table shows that there are remarkably many child care spaces which are free (without parental fee)

in the Survey of Level of Living and the lack of consistence between the two statistics might lead to

substantial weaknesses when calculating the subsidies. As a consequence of the weaknesses in the data

set and due to the discussion above, the present study employs two different methods of estimating the

10
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subsidies. In one of the methods the point of departure is the monthly child care costs as stated by the

households in the Survey of Level of Living. The other method rests on an estimate of the total expenses

on child care . in Norway in 1990. Based on these estimates the subsidies are allocated according to

averages within groups of households. In the Appendix the estimation procedures are outlined in more

detail.

It must be emphasised that the methods of estimating the subsidies are insufficient It has not been

possible to include all elements which affect the size of the subsidy. For instance, it is worth noting that

it is not possible to distinguish between the children who attend the privately owned child care centers

and the children attending centers run by municipalities. In general, day care centers owned by

municipalities are receiving larger subsidies than the private centers. There are reasons to believe that

more well-off households make use of the private part of the service. If that is the case, the subsidies as

calculated by method 1 and 2, tend to overestimate the subsidies received by richer households.

In addition, we are not able to separate child care subsidies to households with small children. Spaces for

children younger than 3 years are more expensive than other spaces. However, the overall average subsidy

rate includes both services, the work intensive service for small children and the less costly day care for

older preschoolers.

4 Household Welfare Comparisons

It is usually assumed that larger households need more income than a small household to reach the same

welfare level. One way to take the size of the household into account is to use household income per

capita as a welfare indicator. This method ignores economies of scale in producing and consuming

household goods and services. Equivalence scales are designed by taking into account the main household

characteristics which do affect needs.

In addition to a whole range of different methodologies for setting an equivalence scale, it is also

questionable whether one should take household characteristics into account at all when comparing

different households. Pollak and Wales (1979) point to the fact that demographic variables also represent

values to the household. Is it fair to compensate a couple with one child at the expense of an involuntarily

childless couple to give them an equal level of welfare?
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In spite of this serious objection and other objections to the use of equivalence scales, we employ

equivalence scales to examine how a correction of the household composition may affect the results. The

OECD scale is based on a normative approach and equals 1 for the first adult, 0.7 for each additional

adult and 0.5 for each child (younger than 14).

The welfare measurement scale, which we also have made use of, is a subjective scale to measure directly

the utility associated with particular income levels for families of given characteristics. This method uses

survey questions to measure the welfare level of a household and allows for the possibility that having

children yield positive utility to the parents (Hagenaars 1991, originally from a study by Van Praag,

Hagenaars and Van Weeren (1982) on Dutch data). Table 2 shows the equivalence scales.

5 Measurement and Decomposition of Inequality

In order to evaluate how child care subsidies affect the distribution of income, we will employ the Gini

coefficient. Given the inequality in a distribution function measured by the Gini coefficient (G), the next

step is to identify the sources that make substantial contribution to the inequality. Assume that the income,

D, is the sum of different factor components. Among them are the in-kind child care subsidy and all the

components which constitute disposable income.

As demonstrated by Rao (1969) the Gini coefficient admits the following decomposition

(4) Pd 	 PSG = yd + —
IL

where pd is the mean of disposable income, j4, is the mean of the child care subsidy and /4 is the mean

of D. yd and % are concentration coefficients which can be interpreted as the conditional G-inequality of

factor d and s respectively, given the units rank order according to D (Aaberge, Chen, Li and Li 1992).

Notice that yd and y, are measures of correlation between disposable income and D and the correlation
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between the subsidy and D, respectively. Assuming that 1.4, is positive, then a negative value of y,

expresses negative correlation between the .in-kind child care subsidy and D and means that the subsidy

has an equalizing effect on the inequality in the distribution. In this case the poorest part of the population

receives an average transfer which. is larger than the average transfer to the whole population. To have

a neutral effect on the distribution, the households receive an equal amount of the child care subsidy. Then

y, is equal to O.

This interpretation of the influence from the different income components is based on a simultaneous

examination. Be aware that the marginal effect on G from a small increase of an income factor, depends

on the size of the concentration coefficient compared to the overall inequality. The overall inequality will

increase (decrease) if and only if the concentration coefficient (concentration coefficients are assumed

fixed) of the income factor is larger (smaller) than the overall inequality (Aaberge, Chen, Li and Li

1992).

6 Child Care Subsidies and Inequality

We have estimated the impact of child care subsidies in 1990. Child care subsidies imply a major transfer

to the households with children attending child care centers as they receive about 28 000 Nkr (method

1) or 29 500 Nkr (method 2) per year in subsidies on average. This constitutes more than 10 per cent of

the average disposable income. But the subsidies are unevenly distributed. A few households are-in fact

paying more than the actual costs for their children's child cire (calculations done by method 1, method

2 gives positive subsidies to all households).

In calculating the in-kind child care subsidies and adding them to disposable income, we introduce two

new income concepts, D1 and D2. The 1)1 income concept consists of disposable income and the child care

subsidy as calculated with method 1. D2 consists of disposable income and the child care subsidy as

calculated with method 2 (see Appendix). Table 3 and table 4 give estimates of Gini coefficients for

dispo\iable income, 1)1 and D2. The tables also give estimates of inequality when taking the size of the

households into account. Table 3 provides Gini coefficients for distributions of disposable income for

households with at least one preschool child, in table 4 the population is restricted to households receiving

child care subsidies. As explained above (section 3) our methods do not distinguish between Children

attending public child care centers and preschoolers in privately owned centers. When restricting to the
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smaller population of households receiving child care subsidies, the results become very sensitive to an

possible over-estimation of subsidies transferred to well-off households. The same weaknesses in methods

of calculating subsidies also apply to the estimations for households with at least one preschool child, but

are of less importance as these calculations also include households not receiving subsidies.

Including child care subsidies in the income concept in table 3 does not make any large alteration in the

degree of inequality, which means that child care subsidies are distributed about as (un)eenly as

disposable income. When taking uncertainty into account there are no significant differences between the

distributions of Di and D2 and disposable income. The two methods of calculating subsidies (method 1

and method 2) give similar results.

The large standard deviations in table 4 are reflecting the small number of observations as bases for this

analysis. However, the overall impression from the table is that the new income concepts might imply less

inequality.

The results from table 3 and table 4 indicate that the inclusion of child care subsidies in the income

concept does not increase inequality, but this does not imply that child care subsidies are not prorich.

Dividing with G on both sides of (1) above give us

(5) _ Yd Yg
g G G

pip is the fraction of total income. The expression (5) states that the fraction of overall inequality is the

fraction of total income multiplied by the concentration coefficient and divided by G (the overall

inequality).

Table 5 displays the results of the decomposition of the Gini coefficient. As in table 3 and 4 we are

employing equivalence scales. Income factor 1 is disposable income, while income factor 2 is child care

subsidies in the tables.

The positive concentration coefficients in table 5 demonstrate that both disposable income and child cam
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subsidies have a disequalizing effect on the distributions of income (D I and D2). Table 5 shows that the

contribution to inequality from child care subsidies is quite substantial. Calculations performed using

equivalence scales do not differ considerably from the other calculations.

Table 6 shows positive concentration coefficients also when restricting to households receiving child care

subsidies. We assume that this conclusion is sensitive to improvements in child care data, which makes

it possible to correct the methods of calculating subsidies.

Note that this interpretation of the concentration coefficients is based on a simultaneous examination of

the influence from the different factor components on the overall inequality (Aaberge, Chen, Li and Li

1992). In this context the child care subsidies contribute to inequality.

Table 7 confirms the results from table 5. In table 7 DI and D2 are decomposed in deciles of income for

households with preschool children. Column 2 in the table reflects that die 10 per cent richest households

receive more subsidies than the 10 per cent poorest households. Table 7 also documents the accordance

between the results from the two methods of calculating subsidies.

To sum up, the results are indicating that child care subsidies on average are transferred to quite well-off

households, when studying the whole group of households with preschoolers. Other studies have shown

similar effects. Above it was emphasised that the subsidies itself may have given larger income through

increased labour supply from the household.

When restricting to households which are receiving child care subsidies, table 6 indicates that child care

subsidies still contribute to inequality. One might believe that the lower income households are favoured

by the income dependent parental fee and receives larger subsidies due to smaller parental fees. Our

results might indicate that children of households in the lower income deciles have a larger probability

to attend the service in part-time manner compared to children of well-off households. The subsidization

increases with larger quantities of the service consumed. However, it must be stressed that the estimations

are \based on a small number of observations and the methods of estimation are poor, due to

insufficiencies in data.
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7 Summary

In this paper we have added child care subsidies to disposable income to examine the impact of in-kind

child care subsidies on inequality: By doing this we are aware that our choice of income concept will

never represent a true reflection of all income components. Income is not the only welfare measure and

there are other in-kind transfers which have a substantial influence on households well-being, for example.

It is further questionable if and how one should take household size into account in studies of'welfare.

In spite of these objections, it is of interest to study and to give a description of how the welfare system

contribute to the level of living.

The focus in this paper has been on the impact of child care subsidies on inequality'. By presenting a

framework of the households' decision to supply labour and by introducing several methods and concepts

related to the problem of estimating in-kind subsidies, it becomes clear that the methods in use are only

focusing on the direct effects of in-kind iubsidies. It is reasonable to believe that child care subsidies have

large external effects and behaviourial changes are probably contributing to the inequality which we are

observing. This raises several questions: Do child care subsidies contribute to the inequality in disposable

income through a positive correlation between availability of institutional child care and labour supply,

are the households in lower income deciles restricted by the wage (net of child care costs) or do the

allocation mechanism of child care itself act in favour of well-off households. A more comprehensive

study of child care must bring these questions into consideration.

Two methods of calculating the direct effects of child care subsidies has been presented, both suffering

from weaknesses. However, when calculating the distribution of in-kind subsidies in a population, one will

always have to make simplifying assumptions. Finally, substantial deficiencies in the child care data has

been documented, and a larger sample would have reduced the uncertainty.

The results in this study indicate that child care subsidies favour relatively well-off households. Among

households with preschool children the child care subsidies make a substantial contribution to inequality

in the distributions of the new income concepts. It must be stressed that this conclusion rests heavily on

the methods employed to estimate the subsidies. Further improvements in data and further developments

in approaches and methods to value in-kind subsidies will test the validity of these results.
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APPENDIX: Further Description of Methods for Calculating Child Care

Subsidies

The child care spaces in the material are subdivided into three groups, according to the degree of

utilization of the serv. ice:

Category 1. More than 30 hours of child care per week.

Category 2. From 20 to 30 hours of child care (both endpoints included).

Category 3. Less than 20 hours of child care per week.

This categorization is done instead of dividing the material into subgroups in accordance with type of

child care. The latter method would group the spaces into full time child care, half time and short time

care and care in the homes of regulated public caregivers. The categorization in use here take into account

that the household consume different quantities of the service, but the boundaries are set quite arbitrarily.

a) Method 1

This approach rests on the fundamental assumption that the cost for each space within each category is

equal. Total costs are calculated as the average parental fee (according to the Survey of Level of Living)

with the addition of average public subsidies. For example, within category 1 the average parental fee is

1540 Nkr per month or about 16920 Nkr per year. Parents cover on average about 35 per cent of the

expenses. Thus the total estimated cost within this category is about 48340 Nkr and the subsidy is about

31420 Nkr per year on average. The assumption of equal costs implies that the subsidies are distributed

among the households dependent on the size of the parental fee. A household which is paying more than

16920 Nkr per year is receiving a subsidy less than 31420 Nkr. A household which is paying less than

16940 per year is given a fairly large in-kind subsidy compared to a household which pay a higher rate.

For category 2 and category 3 the average subsidy is 24800 Nkr and 13420 Nkr per year, respectively.
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b) Method 2

With this method it is also assumed that the cost within each category is equal. The point of departure

is an estimate of the society's total expenses on child care and not the parental fee for each household as

stated in the Survey of Level of Living. Total costs is estimated to 5.325 billion Nkr for 1990 (based on

a sample survey executed at the Central Bureau of Statistics, not published) and the parents cover 35 per

cent. Households with children in child care centers then received subsidies at a total of 3.462 billion Nkr

in 1990. The 3750 households in the Survey of Level of Living represent 0.2 per cent of all households.

It is assumed that the sample received about 7 mill. Nkr which is distributed to the 285 child care spaces.

When distributing the subsidies it is assumed that child care of category 1 is receiving twice as much

subsidies as category 3 and category 2 is receiving the average of category 1 and 3. It follows that the

households- are subsidized by 32600 Nkr, 24450 Nkr and 16300 Nkr per space in category 1, 2 and 3,

respectively. This approach is related to the method used in Herigstad (1986).
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Table 1. Frequencies of expenses on child care in the official child care statistics (CBS 1991 )
and in the Survey of Level of Living 1991.

Parental fee
(N kr) 0 1-399

400
-799

800
-1199

1200
-1599

1600
-1999

2000
-2499

2500
-2999 3000-

Kindergartens
1991 5.7 11.5 19.7 14.7 11.1 15.1 15.2 5.3 1.8

Survey of Level

,  of 
Living 1991 20.4 5.3 15.1 11.9 9.8 17.5 14.7 3.9 1.4

Table 2. Equivalence scales

Household size OECD scale
Welfare

scale

1 LO 1.00
2 1.7 1.12
3 2.2 1.21
4 2.7 1.27
5 3.2 1.32
6 3.7 1.37

*

, , 

Each additional household member after household size 2 is a child in
the table .



Table 3. Estimates of the Gini coefficient') in the distribution of disposable income and in the distribution of disposable income
pluss child care subsidies for households with preschool children (697 obs.)

Income
concept Disposable income

D1: Disposable income + child
cue subsidies (method 1)

D2: Disposable income + child
care subsidies (method 2)

,
Type of
equivalence
scale

Unadjusted
disposable

income
OECD
scale

Welfare
measure-

ment
scale

,

Unadjusted
D, OECD

scale

Welfare
measure-

ment
scale

Unadjusted
D2 OECD

scale

Welfare
measure-

ment
scale

Gini coeffient 0.218
(0.013)

0.204
(0.015)

0.211
(0.014)

0.217
(0.013)

0.203
(0.014)

0.209
(0.013)

0.217
(0.013)

0.204
(0.014)

0.210
(0.013)

') Standard deviations are given in parentheses.	 '
,

,	

Table 4. Estimates of the Gini coefficient .) in the distribution of disposable income and in the distribution of disposable income pluss
child care subsidies for households receiving child care subsidies (239 obs).

Income concept Disposable income
D,: Disposable income + child care

subsidies (method 1)
,

D2: Disposable income + child care
subsidies (method 2)

Type of
equivalence
scale

Unadjusted
disposable

income
OECD
scale

Welfare
measure-

ment
scale

,

Unadjusted
DI OECD

scale

Welfare
measure-
. ment

scale

Unadjusted
D2

.
OECD
scale

Welfare
menure-

.ment
scale

.

Gini coefficient 0.202
(0.013)

0.180
(0.011)

0.194
(0.012)

0.185
(0.011)

0.162
(0.010)

0.176
(0.011)

0,186
(0,011)

0,165
(0,010)

0,177 .
(0,011)

, , 
") Standard deviations are given in parentheses	

. 



Table 5. Decomposition of the Gini coefficient in distributions of D, and D2 with respect to disposable income (1) and
child care subsidies (2) for households with preschool children (697 obs.)

Income
concept

Type of
equivalence scale Level of

inequality
Income
factor

Fraction of
overall
inequality
(per cent)

Fraction of
total income
(per cent) Concentration

coefficient

D,

Unadjusted D,
0.217

1

2

95.4

4.6

963

3.8

11215

0.264

OECD
scale 0.203

1

2,

95.0

5.0

96.1

3.9

0.200

0.261

Welfare
measurement
scale

0.209
1

2

95.5

4.5

96.2

3.8

0.208

0.250

D2

, 	

Unadjusted D2
0.21,7

'

1

2

95.1

4.9

96.1

3.9

0.215

0.271

OECD
scale 0.204

1

2 ,

94.5

5.5

95.9

4.1

0.159

0.216

Welfare
measurement
scale

0.210

-
1

2

95.1

4.9

96.1

4.0

'
0.208

0.259



Table 6. Decomposition of the Gini coefficient in distributions of D, and D2 with respect to disposable income (1) and
child care subsidies (2) for households receving child care subsidies (239 obs.)

Income
concept

Type of
equivalence scale Level of

inequality
Income
factor

Fraction of
overall
inequality
(per cent)

Fraction of
total income
(per cent) Concentration

coefficient

D,

Unadjusted D,
0.185

1

2

96.9

3.2,	 .

90.4

9.6

0.198

0.061

OECD

scaTe
0.162

1

2

97.5

2.5

90.0

10.0

0.176

0.040

Welfare
measurement
scale

0.176
1

2 A

.	 97.6

2.4

903

9.7

0.190

0.044

D2

Unadjusted D2

0.186
,

1

2

96.6

3.4,

90.0

10.1

0.200

0.057

OECD
scale 0.165

1

2

96.4

3.7

89.5

10.5

0.178

0,057,

Welfare
measurement
scale

0.177
1

•
2

97.2

2.8

89.9

10.1

0.192

0.050



Table 7. Mean D, and mean D2 for households with preschool children") with respect to disposable income (1) and
child care subsidies (2), (697 obs).

Decile spesific mean factor
income

Decile specific mean factor
incomes

Decile Mean D, Mean D,
1 2 1 2

,
1 94828 91013 3816 94757 89179 5578
2 159873 150514 9359 160029 151378 8652
3 199261 191827 7434 199305 192499 6806
4 223930 218734 5196 224452 219144 5308
5 247145 244187 2958 247080 242763 4317
6 267188 261405 5783 266631 259255 7377
7 286679 274053 12626 287480 276730 10749
8 313263 301221 12041 314773 302218 12556
9 348918 329784 19133 349816 328383 21433
10 477389 457600 19788 479278 458791 20486

, 	

*) D, and D are unadjusted.
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Abstract

The inequality of individual incomes is analysed with particular attention
paid to the structural differences between men and women. In the nine-
teen seventies, Norway experienced an explosive increase in the labour force
participation of women. The inclusion of zero incomes in the data makes it
possible to assess the impact on individual income distribution of this irapor-
tant structural change. Previous analyses of changes in Norwegian income
distribution have not been able to include this effect.

Inequality is computed for men and women separately, and for seLf-employed,
employees, pensioners and others.

The inequality measure used is called the generalised entropy measure.
The internal inequality of men is more or less unchanged in the period.

Women's internal inequality, and therefore also the income inequality for the
whole adult population, has decreased strongly. The inequality between men
and women is decreasing, but still substantial.

Women overall have 	 internal inequality than men, but women's
inequality is smaller than.men's within each category of occupational status.

Cohort data show, as expeded, large transition rates in and out of the
labour market for women of all ages and for young and old men, while men
between 30 and 50 are fairly stable.



1 Introduction

Previous analyses of individual income- distribution in Norway show a sur-
prising stability, both overall and within groups. In particular, my own
computations of Gini-coefficients for men and women from 1970 up to 1984
show no systematic change.' Also, women's mean income relative to the.
mean income of men was more or less unchanged during all these years.

Now, the seventies and eighties were years of dramatic change in the
labour force participation of Norwegian women. The proportion of married
women in paid work more than doubled. Moreover, women's employment in-
creased mainly in part-time work and service work, particularly in the public
sector. Women's new work patterns are markedly different from those of
men, and from those of women previously. I was puzzled that such devel-
opments in no way affected inequality measures and women's relative mean
income.

The solution is very simple. Previous to 1982, Norwegian income statis-
tics comprised so called income-earners only: that is, persons with non-zero
income. The great change in the economic status of women during the sev-
enties was the transition from zero income to a small, but positive income.
The size of the population covered by income statistics increased, but the
population size in itself does not influence ordinary measures of inequality.

When I recomputed inequality and relative mean income for the whole
adult population, including non income-earners, I obtained very different
results indeed, as shown in section 8.

2 The population

Theoretical as well as empirical analyses of income distribution tend to as-
sume income to be strictly positive for every unit of analysis. Indeed, widely
used distribution functions such as Pareto's law and the log-normal distri-

. bution are undefined for zero and negative values of the variable. Theorems
about e. g. inequality measures also assume a strictly positive resource vari-
able for the sake of simplicity. I have never seen this assumption seriously
quefied. It is meaningful to the extent that it is meaningful to view income
`earners and non-income earners as two distinct, not overlapping, groups of

1 Bojer (1987)



the population, with transition between the groups to be analysed seParately
from the analysis of distribution of income itself.

I think the picture of reality underlying much traditional analysis of in--
come distribution can fairly be described as follows: Income earners are adult
males and unmarried women working full time. Children, youths and mar-
ried women are economically supported by the income earners. Transition
between the two states are made twice in a lifetime: at the beginning and
end of a man's working life.

This picture is no longer entirely correct even for men, and is completely
misleading for youngsters, pensioners and women. Women typically move
in and out of the labour force several times in a lifetime, working full time,
long part time, short part time, maybe taking odd jobs or seasonal work as
personal finances demand or child care and husband care . allow. Students as
well as old age pensioners of either sex often do odd jobs and part time work
to supplement their income.

Since almost every adult person now spends at least some of their time
as an income-earner and some time as a non-income earner, with no definite
once-and-for-all transition between these two states, I feel meaningful anal-
ysis of the income distribution must comprise the whole adult population.

3 The definition of income

Analysing positive incomes only is, of course, also meaningful if observations
of zero income in reality represent measuring errors. Pareto was explicit on
this point, and is worth quotin.g: 2

We should observe that when researching into the distribution
of income, we are not concerned with the sources of income. Even
the poorest man must be regarded as having sufficient income to
keep him alive. It doesn't matter whether this sum comes from
the fruit of his work, or whether it comes to him from charity, or
indeed whatever source, legal or illega1.3

In my view, Pareto here confuses income and consumption. Every surviv-
ing person does indeed consume, but not necessarily out of income. As every

2 For Pareto, of course, It goes without saying that the person to be studied is a man.
3Quoted from Brown (1976)
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woman knows, transfers in kind, or even in cash when received as charity,
are something very different from earning your own cash income. Economic
emancipation for women is the right to own and control economic property,
including the right to paid work (not to work in itself, which few women have
lacked). Income in cash instead of in kind is important, as implying greater
choice, but the crucial point is not the cash but the right. Income from paid
work is a legally enforceable entitlement, giving the right to control economic
resources.

In more recent literature, the authoritative definition of income is usu-
ally taken to be that of Simon (1938). By the Simon definition, income
equals potential consumption, or consumption plus saving. Hence, positive
consumption implies positive income, although not necessarily in cash. A
transfer in kind is tantamount to an income equalling the cash value of the
transfer, with perhaps a discount to allow for lack of free choice.

I was looking for a concept that could distinguish between income as
economic autonomy and the money-value of passive consumption, when I
decided to look up Simon's original definition, as distinct from various para-
phrases.

I found the following:

Personal income connotes, broadly, the exercise of control over
the use of society's scarce resources. It has to do not with sensa-
tions, services, or goods, but rather with *rights which command
prices (or to which prices may be imputed). Its calculation im-
plies estimate (a) of the amount by which the value of a person's
store of property rights would have increased, as between the be-
ginning and end of the period, if he had consumed (destroyed)
nothing, or (b) of the value of the rights which he might have
exercised in consumption without altering the value of his store
of rights. In other words, it implies estimate of consumption and
accumulation—.

It turns out that power (exercise of control, rights) is crucial to Simon's
original definition of income. Judging by the last clause, Simon himself did
not see the same implications of this as I do. It seems obvious to me that

4or, of course, negative saving
5 Simon (1938), page 49
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consumption does not necessarily entail the 'exercise of control over the use
of resources'. Income, then, should be regarded as conceptually distinct from
consumption.

Therefore, analysis of the distribution of individual income is not a poor
approximation to the analysis of household income, as some authors imply.
Household income is an indicator of the (potential) standard of living, con-
sumption or material well-being of each individual household member: man,
woman or child. But it does not measure their economic autonomy, which is
the concern of this paper.

4 Inequality Measure

The inequality measure used belongs to the class of generalised entropy mea-
sures. Let the income of unit j be 17i , and let nz denote mean income. The
generalised entropy class is generated by:

(1)
1 

I(a)= a(1 — a)

[1
n E

The parameter a may be any real nuraber.6 For a = 2, 1(a) is a simple
transformation of the familiar coefficient of variation, v, thus:

1(2) = 0.5v 2.

The lower bound of I(a) is 0 (all incomes are equal); its upper bound
depends on a, but in all cases exceeds 1.

I have chosen a = 1/2. The deliberate inclusion of zero incomes restricts
a to strictly positive values. The greater a, the greater weight is given to
large incomes. The coefficient of variation, corresponding to a = 2, is too
heavily influenced by the upper tail of the income distribution according to
several authors. The value 1/2 lies close to the lower limit of possible a's,
and tends to give about the same kind of orderings as the Gini coefficient.

The generalised entropy measures have the attractive property of being
additively decomposable by group.

'For proof of this and further discussion, see e.g. Shorrocks (1980).
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Let the population consist of g groups and let pg a.nd mg be group g's
proportion of the population and its mean income respectively. Furthermore,
let Ig(a) be the inequality within group g.

The between-group inequality, IB is defined as the inequality that would
have obtained if the inequality within each group were zero:

(2) /B(a) a(1 —	 g	 772'

1 

a) 
{E lls, (mg ) a

Additive decomposability means that total inequality in the population
can be expressed in terms of the within-group inequalities and the between-
group inequality as follows:

(3) /(a) = E vgig(a) + IB(a)

Here, vg = pg (mg/m)a.
The decomposition formula 3 enables us to interpret changes in total

inequality as due either to changes in the composition of the population
(the pg 's) or in the relative incomes of the various groups (IB(a)) or in the
internal inequality of one or more groups (Ig(a)). As will be seen in section
8, the internal inequality of women is greater than that of men even though
women show smaller inequality than men within each of several categories of
occupational status. The explanation is that more women are found in the
occupational categories with high internal inequalities. .

Formula 3 implies that a decrease in the internal inequality of one group
always leads to a reduction in total inequality (all other group inequalities and
all group means and proportions being constant). Inequality measures out-
side the class of the generalised entropy measure do not possess this property.'
That is why I have chosen to measure inequality by 1(a) instead of the more
familiar Gini.

5 Some definitions

The measure of income used (gross taxable income) is very broad, comprising
i.a. profits, earnings and pensions from the National Insurance.8

IShown by Shorrocks (1980)
8 For farther information, see section 9, page 14
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Non income earners (Non I E ) received no income of any kind in the
relevant year. Persons receiving an income of 1 krone or more, but less
than the minimum old age pension from National Insurance, are classified
as 'Other income earners'. Persons in this group have part time occupations
of various kinds. The majority are married women, but many students of
either sex are also found in this category. Note that many persons working
part time may be classified as 'Employes' or 'Self employed'.

Pensioners receive their living from the National Insurance and other
private or governmental pension schemes. The group includes old age pen-
sioners, handicapped persons and some single mothers.

Non-pensioners with incomes above the minimum old age pension are
deemed by the income surveys to be economically active. The income surveys
have no independent information of e.g. working hours, hence this less than
happy definition of economic activeness. All persons in full time paid work
belong to the categories `Self-employed' or 'Employees': But many persons in
these categories are part-time workers, particularly among women employees,
whose working hours are very varied.

The classification according to size of income works well, .however, as a
criterion of econoniic autonomy. In Norway, the minimum old age benefit is
an unofficial poverty line, and many Norwegians actually live on it. But it
is not possible to be economically self-supporting on an income below this
level.

The population studied consists of all Norwegian. adults, that is persons 17
years old or more. Data for non income earners were not available previous to
1982. I have been able to estimate the number of women non- income earners .

for these years, but not the number of men. Computations concerning men
in 1982 have been made twice, on the basis of the old population (adult I E)
and the new (all adults).

6 Structural. changes

Tables 1 and 2 show how changes in labour force participation and demo-
graphic developments are. reflected in the income surveys.

The proportion of adult women who are non income earners, has fallen
from an estimated 45 .% in 1970 to around 5 % at the end of the eighties.
The proportion seems to have become stabilised in the latter half of the



Table 1: Adult women by occupational status. Per cent

Self
Empl

Em—
ployees

Pensi—
oners

Other
I E

All
I E

All
Women

1970 1 25 17 12 55 -100
1973 1 27 20 14 62 100
1976 2 32 27 20 81 100
1979 2 36 27 20 76 100
1982 2 41 24 23 90 100
1984 2 39 29 20 91 100
1986 3 45 27 19 94 100
1987 3 46 27 19 95 100
1988 3 47 27 17 94 100
1989 3 44 ,30 17 95 100
I E = Income Earner

Table 2: Adult men by occupational status. Per cent

Sell
Empl

Em—
ploye.es

Pensi—
oners

	Other	 All
	I E	 • I E

All
men

1970 ' 14 64 15 6 100
1973 13. 62 18 6 100
1976 13 62 18 7 100
1979 13 63 18 6 100
• 982 12 64 17 9 100
1982 10 63 17 9 99 100
1984 10 60 20 9 99 100
1986 10 62 18 9 99 100
1987 10 63 18 9 99 100
1988 10 62 18 8 98 100
.1989 9 60 19 10 98 100
I E = Income Earner

not available



eighties. The corresponding increase is approximately equal for the three
main categories of income earners.

For men, there is the faintest trend in the opposite direction: a decrease
in paid economic activity, mainly due to an increasing number of pensioners
and 'Other income earners'. The increasing number of male and female
pensioners is mainly demographic: they are mainly old age pensioners, a
majority of whom are women because women live longer than me in.

Table 3: Women's mean income in percent of men's

Sell
Empl

Em-
ployees

Pensi-
oners

Other
I E

All
I E

All
Adults

1970 69 59 69 108 49 27
1973 57 63 70 178 53 33
1976 56 64 70 82 48 39
1979 52 63 71 75 50 42
1982 54 64 71 98 50 45
1982 46
1.984 47 65 67 125 51 47
1986 57 62 65 108 52 49
1987 61 65 70 106 54 52
1988 58 .63 67 102 54 51

, 1989 61 64 67 110 55 53
Gross Income.

Table 3 shows women's relative mean income. There is no trend either
way within each separate occupational group. There is a slight increase in
the relative mean income of all income earners. Tables 1 and 2 suggest the
increase stems from an increase in the proportion of pensioners as compared
with 'Other income earners' on the part of women, while men have shifted
in the opposite direction.

The average wage rate of Norwegian women is about 80% of men's average
wage rate.9 Female employees have an income of only about 65% of male
employees because women's working hours are shorter. Women work more
part-time and less overtime.

9According to Barth (1992) page 19.



The relative mean income of all adult women has nearly doubled, showing
an increase from 27% to 53%.

7 Income by age

As shown in Bojer (1988), the variation of income with age for women is
very different from the usual inverted U of men. It is well known that in
cross-section data, variations with age will be distorted by cohort differences.
Partial age-income curves for three cohorts of men and women are shown in
figure 1. The data cover 16 years, from 1968 to 1984. 2°

Figure 1: Real income by age. Men and women; 3 cohorts

25
	

35
	

45

_o_ women(51) 	 women(41) 	 women(31)
—e_ men(51)	 men(41)	 _à_ men(31)

The down-turn of the curves for two male cohorts probably reflects de-
creasing real wages in the beginning of the eighties rather than an age-effect.

10For details, see section 9
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For women, the curves reflect the strong influx of every cohort into the labour
market in the period covered. We may perhaps guess at a future inverted 1,1
for women, but with a clip in the late twenties, the typical child-bearing age
of the two younger cohorts shown.

8 Inequality

Table 4: Inequality of income earners.

1970 1973 1976 1979 1982 1984 1986 1987 1988 1989
Men 0.24 0.30 0.26 0.22 0.23 0.24 0.21 0.21 0.22 0.24
Women 0.25 0.26 0.31 0.25 0.28 0.26 0.24 0.25 0.23 0.24
All I E 0.29 0.33 0.33f, 0.28 0.30 0.30 0.27 0.27 0.27 0.28

Table 4 shows inequality by gender for adult income earners. I find no dis-.
cernible trend in. this table.' Note that inequality among women is greater
than among men; total inequality is greater than either.

Tables 5 and 6 show inequality for all adults, and by occupational cat-
egory. The strongest result is the remarkable decline in women's internal
inequality, the decline is entirely due to the increasing number of women
income earners, as we see by comparing with table 4. Women's internal
inequality is approaching that of men, but is still greater.

I have not computed total inequality; it follows from the decomposability
of 1(a) that total individual inequality has decreased in the period since the
inequality of women has decreased, men's being more or less constant.

It is sometimes taken for granted that income dispersion must be smaller
among women than among men, since women fill a narrower range of occu-
pations, and since there are very few women high earners. I have previously
shown (Bojer (1988)) that men's and women's Lorenz curves in 1982 inter-.
sect above the 95th centile. The ordering of inequality by gender therefore
depends on the measure chosen; an inequality measure strongly influenced

11The formulas for computing standard errors are cumbersome, and I have so far com-
puted standard errors for 1982 only (see Bojer (1988)). The standard errors were then of
magnitude < 0.01; we can take differences of 0.02 or more to be significant.
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by incomes in the top range may show greater inequality for men. As indeed
did the coefficient of variation in 1982.

Other inequality measures, such as the Gini-coefficient and the present
generalised entropy measure, show women to have the greater inequality
overall. But within each occupational category, women tend to have smaller
inequality than men do.

The decomposition formula 3 shows total inequality to be a weighted sum
of the within-group inequalities plus the between-group inequality. Women's
overall inequality is greater than men's because more women than men belong
to the strongly dispersed group of 'Other employees', while fewer women than
men are 'Employees', where internal inequality is sma11. 12

Tables 7 and 8 show inequality for employees and pensioners decomposed
into within-group °and between-group inequalities. These are the most stable
and homogeneous groups, and they now account for about 3/4 of the adult
population.

The difference in internal inequality between men and women employees
is too small to be significant for any single year. Given the extremely segre-
gated Norwegian labour market, we might expect women employees to have
smaller internal inequality men employees. But earnings are determined by
hours worked as well as the wage rate. About half of economically active
women work part-time. As previously explained (see section 5), the income
surveys are not able to' distinguish between full timers and part timers. The
short part-timers are grouped as 'Other income earners', but many women
employees also work part time. Part time working is still quite rare among
men taken as a whole, though common for male students. Income inequality
for men employees are caused by wage differentials. Internal inequality for
women employees are caused by dispersion in working hours as well.

Women's smaller internal inequality is more marked for pensioners. All
Norwegians become entitled to the minimum old age pension at 67 years of
age. Whether we receive more than the minimum, depend upon dues paid
out of income during active working life. Most men, but very few women,
receive more than the minimum, which explains why there is more dispersion
among male pensioners.

12111 Bojer (1988), I have also shown that women's between-group inequality is larger
than men's in a decomposition by occupational status, but smaller in a decomposition by
age.
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Table 5: Women's internal inequality

Sell
Empl

Emp-
loyees

Pens
ioners

Other
IsE

All
I E

All
women

1970 0.21 0.09 0.13 0.35 0.25 1.21
1973 0.19 0.10 0.12 0.35 0.26 1.12
1976 0.22 0.09 0.15 0.36 0.31 0.69
1979 0.14 0.07 0.11 0.30 0.25 0.52
1982 0.19 0.08 0.10 0.34 0.28 0.46
1984 0.15 0.09 . 0.09 0.40 0.26 0.44
1986 0.19 0.09 0.10 0.31 0.24 0.36
1987 0.15 0.10 0..12 0.29 0.25 0.35
1988 0.16 0.08 0.11 0.30 0.23 0.34
1989 0.14 0.07 0.10 0.45 0.24 0.34
Gross Income

Table 6: Men's internal inequality

Self
Empl

Emp-
loyees

Pens
ioners

Other
I E

All
I E

All
men

1970 0.18 0.09 0.18 0.50 0.24 ::
1973 0.26 0.09 0.15 :: 0.30

. 1976 0.24 0.08 0.18 0.57 0.26
1979 0.14 0.08 0.15 0.47 0.22
1982 0.28 0.08 0.14 0.33 0.23 0.25
1984 0.25 0.09 0.14 0.29 0.24 0.26
1986 0.17 0.09 0.12 0.30 0.21 0.23
1987 0.16 0.10 0.12 -0.29 0.21 0.23
1988 0.17 . 0.11 0.11 0.39 0.22 0.25
1989 0.21 0.11 0.11 0.43 0.24 0.27
Gross Income
:: not available
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Table 7: Inequality of employees

1970 1973 1976 1979 1982 1984 1986 1987 1988 1989
All employees 0.12 0.12 0.10 0.10 0.10 0.10 0.12 0.12 0.12 0.12
Men 0.09 0.09 0.08 0.08 0.08 0.09 0.09 0.10 0.11 0.11
Women 0.09 0.10 * 0.09 0.07 0.08 0.09 0.09 0.10 0.08 0.07
Inequality between 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02
Gross Income. Persons over 16.

Table 8: Inequality of pensioners

1970 1973 1976 1979 - 1982 1984 1986 1987 1988 1989
All pensioners 0.17 0.15 0.18 0.14 0.13 0.13 0.13 0.13 0.13 0.12
Men 0.18 0.15 0.18 0.15 0.14 0.14 0.12 0.12 0.11 0.11
Women 0.12 0.12 0.15 0.11 0.10 0.09 0.10 0.12 0.11 0.10
Inequality between 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Gross Income. Persons over 16

Lastly, figure 2 shows the effect of the accounting period on the internal
inequality of men and women. For each cohort, the first point on the curve
shows inequality in the incomes of the first year. The second point shows
inequality in incomes of the first plus second year, and so on; the last point
shows the inequalities when incomes have been added over all the 16 years
observed.

Income inequality is usually assumed to decline with the number of years
included, and so it does here; markedly so for women and for young men.
Note, however, that for men, inequality does not seem to be affected by
accounting period from about 30 years of age to the late forties. The sharp
decline from the teens to the mid-twenties must surely be due to steadily
greater labour force participation. For women, of course, the influx into paid
work during the period explains most of the change.

The rate of change in inequality with the length of the accounting period
is sometimes taken as a measure of mobility in the population. In this case,
mobility is best undersiood as transition, in and out of paid work. This
mobility seems small for Men between 30 and 50, but is otherwise fairly

13



Figure 2: Inequality by accounting period and age. Men and women; 3
cohorts
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9 Definitions. Data

Gross income is gross taxable income as declared on income tax returns.
Gross taxable income includes net entrepreneurial income, profits, earn-
ings, pensions and benefits from the National Insurance. The concept
of taxable income has broadened somewhat in the period studied. Child
benefit, scholarships to students and certain other social transfers are
not included.

Income earner is a person with at least NKr 1 in taxable income during
the year. A non income earner has received no taxable income of any
kind.
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Occupational status The classification is made according to size and com-
position of gross income. A person is economically active if the sum
of entrepreneurial income and earnings exceeds the minimum old age
pension to which every Nowegian is entitled. The economically active
are subdivided into

Self Employed and

Employees according to whether entrepreneurial income or earnings is the
greater component of gross income.

Pensioners are persons to whom more than 50 % of taxable income accrues
from private insurance or social security.

Other income earners receive taxable income smaller than the minimum
old age pension, from whatever source. They are students, young men
in military service and short part-time workers, the last group consist-
ing mainly of married women.'

have redefined all categories wherever necessary to obtain comparability
throughout the period studied. The definitions may not therefor conform to
the • the corresponding characteristic in the printed publications from the
Qentral Bureau of Statistics.

The data are taken from the Central Bureau of Statistics, Surveys of In-
come and Property. The surveys were carried out every third year in the
period 1970-1982, and every year from 1.984 on. From 1982 on, the sur-
veys are random sample surveys, drawn according to the standard sampling
procedure of the CBS, and constituting a random sample of the whole non.
institutionalised population.

The surveys from the years 1970 to 1979 comprised income earners only,
and the sampling procedure was not strictly random. For these years, I
have estimated the number of female non income earners by subtracting the
estimated number of female income earners aged over 16 years from the total
number of females over 16 years. This method did not give reasonable results
'when applied to males; therefore no data for male non income earners in the
seventies are given.
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The income and property surveys base their data for taxable income on
official income tax returns. There is therefore a built in bias downwards,
although errors in the data for earnings and pensions should not be exagger-
ated. On the other hand, non-response is nil.

Income data for self-employed are strongly influenced by changing tax
laws, particularly rules on depreciation allowances. This group is also very
heterogeneous, and is included for the sake of completeness only.

Further information on the data and sampling procedure may be found
in the publications from CBS listed in the references.

The cohort data are random samples taken from the registers of the Nor-
wegian National Insurance. 4 cohorts were studied: individuals born in 1951,
1941, 1931 and 1921. The income concept used is so called pensionable in-
come; i. e. gross income from wages and from entrepeneurial activities. Pure
capital income and income from transfers (e.g. pensions) are not included.
For details, see Zimmer (1989). The sample was taken, and the data pre-
pared, by Kari Skrede of the Norwegian Institute of Applied Social research
(INAS).
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Abstract

This paper studies the measurement of poverty in finite populations based on complex sarivie

surveys and related statistical inference. The literature on poverty indices has hitherto been

little concerned with estimation and statistical properties, although when more than a. head-

count of the poor is performed, these can be quite complicated.

From a statistical point of view, most poverty indices can be interpreted as means of

some suitable variables, or as functi*ons of generalized means of the kind used in the theory

of U-statistics. For measures of the first type we can use stawlard sampling theory for the

estimators of means. For measures of the second type the situation i more complicated as

we have to rely on finite population U-statistics theory.

We review the definitions and properties of some the more  N 'ell -known poverty mea-

sures. Then we discuss the estimation of those measures that can be treated as "traditional -

means of functions of variables or functions of means. We present the basics of finite-pop-

ulation U-statistics theory and illustrate with an application to the Sen mea.sttre. We also

discuss some of the complicationsthat arise when the poverty line is a fund ion of the sample

median.
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Poverty measurement consists of identifying the poor and aggregating the relevant

information into an index. The literature on poverty indices has hitherto been little concerned

with estimation and statistical properties, although when more than a head-count of the poor

is performed, these can be quite complicated. This paper addresses the problem of estimating

and studying the sampling properties of two large classes of poverty indices.

There exists an extensive literature on suitable functional forms for poverty measures.

However, from a statistical point of view, most can be interpreted as means or functions of

'Means of some suitable variables, or as functions of generalized means ZT the kind used in

theory of U-statistics. For measures of the first type we can use standard sampling theory for

the estimators of means. For measures of the second type the situation is more complicated

as we have to rely on finite population U-statistics theory.

The structure of the paper is the following. We begin by reviewing t lIe definitions and

properties of some the more well-known poverty measures. Then we discuss the estimation

of those measures that can he treated as "traditional" means of fund t ions of variables or

functions of means. We then present the basics of finite population t -siai,stics theory

and illustrate with an application to the Sen measure. Finally, we discuss soine of the

complications that arise when the poverty line is a function of the sample median.

1 Measures of poverty

In the assessment of overall poverty, two distincOarthough not unrelate (l ) phases can be

pointed out. In the first phase, the poor are identified ( identification). TIds can be done in a

number of ways with differences emanating from varying concepts of povert 7, uses of different,

indicators of poverty (incomes, consumption bundles etc) and so on. Once ihie ident ification

phase is complete (in the sense that the criteria for identification have been s(t) there is the

phase of aggregation. This enables us to construct a measure that is sensitive to the extent,

of poverty among the poor through the "distance" of the poor incomes from a pre-defined
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threshold leve1. 1

In the literature that concerns the aggregation of information about poverty, much

stress has (naturally) been laid on different ways of operationalizing the poverty concept. into

an aggregate measure. A great number of different measures of poverty have beell suggested

by various authors from which one can choose. An aspect of poverty measurement that,

has received far less attention is, however, the estimation of poverty measures from sAn -iple

survey data, especially when it comes to assessing the degree of uncertainty (le. error) in the

estimated measures.

A number of different measures of poverty have been suggested. .\ commonly used

measure is the "head count"-ratio which is simply the proportion or p()01. (,1* i he total

population. Another simple measure is the income-gap-ratio,, which measures I he average

income short-fall from a specified poverty line among the poor. Though especially the head

count- ratio is probably the most commonly used measure of poverty it t h e i n •ome-

gap-ratio — fails to satisfy some quite reasonable, yet elementary requirement, on a povert \-

measure as formulated by Sen (1976). These are that a. measure of poverty NII(ifild c1r1)eud o,

(1) poor incomes alone, on (2) how poor the poor are and also on (3) diff..crences ill poverty

among the poor (ie. income inequality among the poor). Condition (3) \vas fm-mulitied as ;1

transfer axiom by Sen (1976) meaning that a. measure of poverty should regist o II increase

in poverty if a regressive transfer of income occured an -iong the poor. Thi , 11 roquirement

turns out to be important vis-d-vis the derivation of asmeasure.

If the level of living is adequately expressed by the income of households y and t here

exists some income level z called the poverty line, a household is said to he poor if y < :. A

population consists of N income receiving units, and Y = {y 1 , ... ,y,v } is the ordered vector

of incomes We assume that Y E R.+, i.e., that all incomes are non-negat ive. and that

yj < yi for all i < j, i.e., the population has been ordered in ascending order (this involves

no loss in generality).

'See Sen (1982), especially ch. 3.
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A poverty index is a function P :	 z) ---+ 11+ such that for Y, X E R.+, if X has

(in some sense) more poverty than Y, then . P(X,z) > P(Y, z). Let Q be the number of poor

in the population, Q = < zb where 1[.} takes the value of one when the condition

in the brackets is fulfilled and zero otherwise (the indicator function). The the proportion

of poor in the population (the head-count-ratio) is

H=Q/N.	 (1)

The income gap - ratio is defined by

1= Q -1 (2)

where tip = Q -1 Ec?...=1 yi is the mean of poor .incomes. Neither of these measures satisfy the

all of the above requirements, but some suitable combination of II and J (for instance their

product, HI) would lead to a 'measure that satisfied requirements (1) and (2). it is thus

condition (3) that leads us to consider other measures.

The measure suggested by Sen is the following:

S
(C2 -I- 

1)Nz=„1(z - y i )K2 -1- -	 (3)

which can also be expressed as

HEI + (1 - /)G 7,),

where Gp is the Gini-coefficient of the poor incomes. The first form can be interpreted as the

normalized weighted expectation of the individual poverty gaps, Nv i t h the N 'eights given by

an equidistance weighting function. Sen argues that the relative deprivation felt by a poor

person is dependent on the position of that person among the poor. Hence an equidistance

weighting of the poverty-gaps. To arrive at the second form some arithmetic is involved.

The second form demonstrates a nice interpretation of the Sen measure: it is a. function of

the income-gap- and the head-count - ratios "corrected" for the income inequalit y.
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A number of measures have been suggested that modify the approach taken by Sen.

We shall not review these measures at length in this paper. 2 We shall rather concentrate

on the properties of some measures which have some attractive attributes. A property that

is satisfied by a class of the measures is additive decomposability ( AD). Thus, following

Kakwani (1989), we can write a general form of poverty measures as

P = N -1 	o(z, yi ),

	

(5)

wheret9(z, yi) is a function of the poverty line and income. Consider a. population consisting

of i sub-populations. We can then express the measured poverty in the total population as

a weighted sum of the sub-group poverty or

P= E AiPi
1=1

where A; and Pj'are the sub-population weight and poverty index. By specifying appropriate

forms for the function 0(z, yi) we can obtain different decomposable measures Of poverty. 13y

substituting 0(z,y) = i in (5) we obtain the head-count-ratio.

A parametric class of measures that satisfy the decomposabilit v conch! ion proposed

by Foster et al. (1984) is obtained when 0(z, yi) is defined as — yi)/z1". where > O.

This yields a class of poverty measures

= N -1 E [ z — !Ji lù
( 7 )

F0 is the head-count-ratio and Fl is equal to HJ. The third requirement is satisfied for

a > 1.

Thus, the literature on suitable functional forms for P is extensive.

statistical point of view, most can be expressed in either of two forms:

P1fY ,z} = h[11,0 1 (Y :)]

Pll[Y,..z1 = 1i[J7,0 /1 (Y,:)]

I 110We Vel• from a

(8)

(9)

2See Foster (1984) and Seidl (1989) for reviews. 
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where Õ1 (Y, z) = N -1 Ef'L l 	< .7101 (y i , z) and Õ11 (Y,	 = [N (AT —1)] -1 E f; 	 AT .1[y ikyj <

z]011(yi,y;,z), and h, 0 1 and OH are known functions. Most of the measures belong to the

first class while the measure suggested by Sen (1976) is a member of the second class.

2 Estimating poverty measures

When measuring and comparing poverty in real populations we clearly have to  rely on

sample estimates of the measures above. This raises two technical points. First, we have

to construct an estimator of the measure at hand. NA' hich applies to discrete populations.

Secondly, we must ask ourselves if the ordering we obtai  i 1 fl.)y	 estimat ed values of a
-

measure of poverty is "real", ie. consistent with the ordering of populations from which

• our samples emanate. In other words, we are concerned \vith il the difference in poverty as

measured by a specific poverty measure is real (as opposed to the possibility Ilia! an observed

difference is due to sampling error). At this instance a. few words of caul ion are al pla.ce.

It should be remembered that at least the Sen measure is an °Mina/ measure. u. t hat we

obtain an ordering of populations according to the extent of povert y in each. 1 ii. we cannot

in fact tell how much more poverty there is in a. one population compared wit II allot Iler. The

interpretation of a "significant" *difference must therefore be made wit I L caul

Let Y1 , Y2, 	, y„ denote n observations dra.wn by -simple random sampling without

replacement (SRS) from Y. Then the proportion of poor units in the sample	 1E11, <

z]ln is a consistent estimate of H, while 6 / and ön -cah be consistent ly es. .mated hy

0- 1	
01(yi,z)l[yi < 

0/1 E	 n ( , — I)i<i0j <n

respectively. Substituting these estimates in Pi , P11 will in general yield consistent estimates

of the specific poverty indices. We will fi rst discuss the sampling propert of measures

belonging to Pi.

71i.1

0 (Y i)Y Z) 1 [Yik-Y < ^: 1
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3 Sampling properties of AD measures

Simple random samples

In the case of simple random sampling (SRS) the 7:th moment of a variable .r is usually

estimated by the corresponding sample moment, m(7) = —1 	. Further. as 0' 2 (X 1') =

— p(7)2 , the variance of m(7) is usually estimated by

(9 2( ) m(27) — m(7) 2 0 )

Here we have assumed that the ratio n/N is small so that the finite populat ion correction is

negligible. These results can be applied to the poverty measures by asswning t hat =

If we define the function

the sample estimator of the head count - ratio can beit twr .... en as

1-1 = - :}.	 ( 1 2)
n i=1

This is simply

= 	 (13)
71

where q is the number of the poor in the sample (that is individuals wit h incomes less or

ellual to the poverty line) and n is the sample size.

The natural estimator of the above defined addit ively decomposahle povert v tneasiires

is obviously
1

P
n i<i< q

Using the indicator function we can write (15) as

)

1 n

= —
71 

E ob„

This yields the following estimators for the Foster measure:

1 n

= [yi z
n i=1 

i= 1
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Estimating the variance of the above estimator is straightforward. 8v applying (10)

we get
	^ 	 1	 n	 2
	Var(P)	 Ei[yi < n10(y i ; z) 2 —	 E [y i < n ] 0(y i ;	 (17)

This yields the following expression for the variance estimator of the Foster measure:

n	 2ot	 n
— Var(Pcf ) = —1 (n-i	 l[yi < [z 	l[yi < z][.:

 — yi ]cti2).

(18)
n

More complex sampling designs

Linear estimation

It is very common to face a situation where the sample has not been drawn by SIM In

fact, very few large samples are drawn by this method. A number of methods have been

developed in order to estimate statistics with high precision in more complex designs. We

shall apply some of these findings to the data set we are working with (ELIN01,0 - h 986).3

If we estimate the statistics as if they were obtained by simple random samples. we

might obtain grossly biased estimates. Thus to get. unbiased estimates ‘ve must take into

account true sample design. Neglecting the fact that the number of households is unknown,

the class of measures under consideration presently have the convenient. prope r ly that we Ina

obtain fairly simple expressions of their variances, even.in complex settings. For nonlinear

estimators the analytical expressions for the sample variances are difficult 10 derive and

hence approximative methods have to be employed.

A complication arises from the fact that the frame lists individuals. ‘vhereas \ve axe

mainly interested in the study of households. This slightly alters the standard procedures

for estimation from stratified samples. The probability that a household w ill be i nc l u d ed i n

the sample is not constant (as it would if we were to study indivi ( uals) hut varies with the

household size. The following notation will be used:

3Ti1astkeskus, 1988.
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rnhi number of people in household i in stratum h (in the sample)
rnh sample size of stratum h
Mh total size of stratum h

size of total population.

Assuming that sampling is with replacement hut that the probability for unit to be

drawn more than once is negligible the probability for household i in stratum II to be selected

is approximately

mhrnhi 
7rhi

th
=	 (19)

11/- 

where notation is as above. Thus the probability of a household to be drawn is a function

of its size. An important aspect of some sampling designs is that. the nnmber of households

is unknown (we only know the total number of people, and observe w hi from the sample)

and must be estimated. We shall return to this complication later. We begin by abstracting

From the fact that the number of households can be unknown and has to be estimated

simultaneously. Generally, to estimate the mean of a. variable û for all households in a.

stratified sample we calculate
rnh ohi

0 =	 E--	 (20)
h=1 1=1 7rlai

or
II Al. In h () .1.

= M_,	 E
	h=1 71111 t=1 	 h?

The estimated variance of this estimator is

(21)

1	 4k---,Inh	
0 4. 2

•
Var(6) = „	 (22)

` h=l i=1 7hi	 •h h=1	 Tr

Applying this to the formula for the e.g. Foster measure ‘ve obi am n i he following

expression:

Var(Fa ) =
1  4L mh	 < zaz -

h=1 i=1

mh
E . 

< z li( 	 yo/2.10 ) 2
E L 	 (23)

7h,

If we now take account of the fact that we are also estimating i he number of households. we

shall have a nonlinear estimation problem.
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Nonlinear estimation

We now face the problem of estimating a ratio in a sample drawn from a stratified population.

There are two courses of action to estimate the variance of the estimator, namely (a) to find

an approximative expression for the variance estimator by some linearization of the ratio

estimator or (b) to use resampling methods in the estimation of the ratio and ils variance.

We shall deal with the use of a specific resampling method, the bootstrap. 4

The ratio to he estimated is

P(y, z)	
N
	 (24 )

where e 0 h ibh <Z1 •= Eh Ei	 •is the sum total of O i l[y i < and N -- E h 	L  the estimated

number of households. The variance of this estimator can, using a Taylor expansion, be

approximated by the linearization

Var(P) (6) ('ar() flar(R) 	00„(6,R)

\TS7)	 62 +
2	

—	 ).

1 v
(25)

where
FI

 inh Oil[Yi < Zi 	( 1
OVA = :E ( : 1	 (26)

I1 , 1 nth) .

We shall simulate a sample distribution by using the bootstrap inet hod. the basic idea

being that we can "estimate" the sampling distribution of a statistic by drawing I‘" random

samples (with replacement) from the given master sample. The resample size is I lie saine as

the master sample size. The statistic (in this ca.se the poverty measur ( ) will he calculated

for each sample yielding pl
/- 	 , Pk estimates. The mean or t hese. P -----	 7- h p , is a

consistent estimate of the statistic P. The variance of the estimat es is a colisistent est imator

of the variancé of P, le.
K

62(13i) = K — 1E [P

	
2	 (27)

gives a consistent estimate of the sampling variance of P.
4 Pahkinen and Lelitonen (1989), Erroll (1982).
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We estimate the poverty measure from each of the K bootstrap samples, obtaining

P1 , ..., PK statistics, and apply the above formula for estimating the variance, ants yielding

an approximative variance estimate. The estimated measures for standardized and unstan-

dardized household incomes using both the non-linear and bootstrap estimators for standar(1

errors are reported in Table 1. The measures are estimated for the poverty line = 22285,

which is the lower bound of the administrative poverty lines in Finland (see above).

The motivation for using the bootstrap method is that if the distribution of the

variable in the population is unknown then the best we can do is to use the information

we have about the distribution in the sample by trying to 'reconstruct the population. In

the present application, where we are dealing with a stratified .sample. NV(' ha V(' in each

.stratum a sample of the -size nth 'and the probability that an observation i is dri. Iwn is r i„.

Thus the total number of units in the population is AI =	 E,"Lh, 777„ ' . To eninlate t he

population we can let the sample represent the population. Then each ohservat ion in the

sample represents Mh /m h units of the total Afi, in the stratum. liy drawing a bootstrap-

sample, ie. a random sample of the size al i„ with replacement, from every ', tritium of the.

'reconstructed' population and repeating this a number of times, we start to °hi aim some

variation in the parameters that are of interest. If we assume that the sample (list rihnt ion

is a good approximation to the population distribution, and repeat the procedure a large

number of times, then the distribution of the estimated parameter will converge towards

the 'true' distribution as	 ---* oo. The number of baotstrap-samples drawn in the present,

study, IC = 1000 is not very high in terms of the number of observations in the samples.

should be adequate for the purpose at hand.

A number of remarks concerning the present study should be noted. The disaggre-

gated populations (sub-samples) are treated as independent sampks. The original sampling

probabilities have been recalculated, using the information aboutt each sub - population in

the original sample to obtain those probabilities that apply to the 'new* population. This

means that we have calculated the probability of a unit to be drawn mi t he hasis of t hi e
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size of each sub-population (in stratum h) and its size in the sample. Thus the esti.mated

poverty measures in each of the disaggregated samples are unbiased. Another item is that

the boots. trap-samples are not drawn at random from. the whole material, but 1.11(. drawing

in each stratum is random. This is how the 'master-sample' has been drawn. Thus the

bootstrap-sample resembles more closely the original than if we were merel .N; to draw at

random from the entire sub-sample.

Sampling distribution

In this section we shall demonstrate the use of the bootstrap method in deriving the sampling

distribution of the poverty measures suggested above. The "master-sainples - We have chosen

for this demonstration are two subsamples from the ELINOLO data. namely single adults

(I-IHT1) and two non-aged adults ,with no children (FTurrt).

The estimated values of the Foster measures for a = 0,1,2 for the master samples are

given in Table 1. The purpose of this simulation exercise is mainly to ohtain some sort of

picture of the sampling distributions of the poverty measures. The results should. of course.

be regarded with some reservation as one cannot make very far going conclusions on the

basis of only one population. However, sive believe that the results do give song' (plant atiVe

indications about the sampling properties of the releKant measures. The met hod employed

is, however, applicable even in more general circumstances.

To .give an idea of the sample distrihution we•have plotted the empirical h•equene •

distributions of the measures in Figures 1-6. To make the issue clearer the scale of the

horizontal axis is set to the .estimated value in a bootstrap sample divided hy the boot st ra

estimate of the measure. Beside the figures we have ‘vritten the minimum. maximum. and

standard deviation of the measure and their estimated value (the mean). The procedure \vas

done for K 1000.

Visual inspection of the sampling distributions of i he i)overt v measures  i i t I t ‘vo

subsets give rise to some quite general reflections.
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Table i: Estimated poverty measures and standard errors.

Measure Single adult Two adults
HHT1
	

HHT4
Fo
STDNL
STDBs

STDNL
STDBs
F2

STDNL
STDBS

0.1240
0.0053
0.0032
0.0483
0.0034
0.0018
0.0567
0.0060
0.0027

0.0355
0.0042
0.0032
0.0110
0.0018
0.0015
0.0117
0.0041
0.0014

(1) The relative precision of the measures clearly depends on the proportion of t he poor, in

the sense that the more probable it is that a randomly selected person (household.) will be

poor the greater the precision of the estimate. This is intuitively •appealing: consider an urn

with one red ball and a hundred White ones. If the information we are seeking lies with the

red ball, the probability that we obtain this information by drawing, say otte h utulred balk.

random is quite small. This, of course, is analogous with t he fact that in a poimiation where

the poor are scarce, we face a greatei risk of not drawing them in our sample. Therefore

the relative precision of the estimates is greater in populations N 'heie poverly is al-ffindani .

Thus, if poverty is widespread, the variance of the estimators is small and our esi imates are

more reliable.

,(2) The more complicated measure, F2, (ie. that is distribution sensit lye) is far less precise

than the simpler ones (eg. the head count - ratio). Even this result is quite trivial, as we

face several sources of variation in the more complicated measures compared willi t Ilose that

only take account of one or two population parameters. The more ii&rmation we wish to

obtain, say not only the relative number of the poor, but how poor, on average, t hey are

and the inequality among them, the less precise will our estimates be.

(3) The precision of the measures, or rather their imprecision is of such a magnit ude t
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fairly large samples seem motivated to obtain good estimates. This, again, lies in the nature

of poverty measurement; we shall (hopefully!) often have quite a small number of poor in a

sample from a population. Therefore quite large samples are required for us to be confident.

of our results.

A general conclusioh of the results obtained in this section is that as conceptual detail

in a poverty measure increases so does the sampling error. The more complex measures seem

to be better suited to situations where we may use fairly large samples and where we might.

expect to find wide spread poverty. In small samples from populations with very few poor

households we can not expect to obtain very precise results. The problem of sampling error

might also be far larger than is normally thought. One might feel confident . having a large

sample (eg. the ELINOLO-sa.mple, n = 12057) that sampling error is no problem, even if

the sample is disaggregated by some criteria. But if the proportion or poor people in the

population is only 0.02, and the information we wish to retain is about poverty. t he reliability

of our measurements can be seriously questioned. The considerations of s1a1i1 cal inference

might be very important.

4 Sampling properties of Sens measure

U.-statistics

In a famous paper from 1948 W. Hoeffding introduced the concept of so called I . - st a tistics.

Let us assume that we have n independent observations	 011 a stocliast ic variable

with the distribution F, and that we want to estimate a parameter (.0.') t hat can be

expressed as

4 ( 1 ) =	 ...	 g(x l , x2 ,..., x, )dF(x dF	 ..(1F(a.„,)	 Er ,	(28)
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where g is a symmetric Borel measurable function called a kernel. Assuming that. 71 > in,

the corresponding U-statistic is defined as

Un	E	 777) .
	 (29)

1 <i10...0i,,,<n

where C(a, b) = a(a — 1)...(a — b + 1) for all positive integers a and b such that u > b.

Obviously Un is an unbiased estimator of (1). To derive the large sample prope\rties or

Un Hoeffding used the projection method. If we assume that

q(xi)	 E[Uri ls i],	 i = 1,2, ..., n,	 (30)

and that

Un = E q(xi)/n,	 (31)
1<i<n

then it can, under certain regularity conditions, be established tha i

— (/) = 7nWn — +	 (32)

where E(R) = 0(72 -2 ). Using this result and the fact that the summands in „ are inde-

pendent random variables, it can be shown that under appropriate monu•nt conditions on

q(x j), asymptotically

VT-1( 0„ —	 N (0,777 2(1)-
	 (33)

where

Ci = Var[q(s i )].	 (31)

Corresponding results can be derived for sets of U-statistics calculated iron) i hn sa ni(b sample.

In the classical U-statistics theory it is assumed that %ye have salnples from a probabil-

ity distribution. However, as shown by e.g. Sen (1972) and Sen ( 1988) t he ilieory can also be

extended to cover the case of probability sampling without replacement from finite popula-

tions. Let us assume that our populations consists of N units with values Y Eg i , y 2 . y,v 1

and that we are interested in p parameters 0 1 , 02 , ..., Op , which can 1)e expressed as

oi(Y)=	 E	 gi(yi.,...,y.„, ) )/(1( N i ii,).
	 (35)

1 <i 0i2 0. ..0 imi < N •
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where gi ,g2 ,...,gp denote the corresponding symmetric kernel functions.

For a SRS of size n (	 mp) < n < N ) and consisting of the observations

y, the optimal, unbiased estimators for the parameters are the corresponding U-

statistics given by (Sen, 1988)

E gj(yi„ ...,yi r, VC(nonj ),j = 1,2, ...,p.
1 1

(36)
0...01„,i <n

The expressions for the exact moments of the ek-Ti :s are obviously quite complicated.

However assuming that the population and sample sizes are fairly large we can use the

asymptotic results derived by Nandi and .Sen (1963), Sen (1972) and others. The main idea.

is again to express the Li-statistics in terms of their projections.

Let us assume a sequence {YN } of popidations and a. sequence {s,, } or samples such
oft.

that as N increases then rz/N	 a. Then if ek i and 02 denote a. pair or lLstat ist ics calculated

. from the same sample it can be shown that asymptotically
oft.

7
972

where

01
02

7741/ar(gibi i ))
[ m27 -721Cov(q2(Y1 1 ),(12(Yi 1 ))

1Tii1 rn 2 C1 01,(qi(!J1 ) • q .2 (11 11 n	 I — O
i/a .r( q2(77,,

(37)

gi(yti)	 Yi„ )iC(N	 — 1).	 1.2. 	(38)

and the summation E* extends over all distinct combinations i 2 ,	 i, over he set

Thus

Var()	 1 — a)in( E li ( yi )2/N ___ 0 ) , 	 (3))
1<i<N

and

Cov(01,02) = (1 — c)m 1 in2( E g1(yi)(/2(yi)/AT— 6162).	 (10)
1<i<N

By substituting the sample variances and covariances for the corresponding population pa-

rameters we can estimate the asymptotic variance-covariance matrix for the U - st at ist irs.

For probability sampling with unequal probabilities  .the situation is more complirate,1

especially with respect to the asymptotic distributions of the estimates. Our approach in this
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paper is mainly heuristic, as we assume that the basic results concerning large sample be-

haviour of U-statistics in the case of SRS-sampling can under mild conditions be generalized

to apply also for the case of probability sampling. Folsom (1984) and Willia.ms (1988) have

studied the use of U-statistics in this situation more thoroughly. Williams showed e.g. that

central limit theorems for linear statistics from unequal probability samples can be extended

to U-statistics.

Let as assume that we have drawn the sample by some type of fixed size, varying

probability sampling without replacement. As usually we define the first order inclusion

probability of unit i as the probability ri of obtaining a. sampling that includes the i:th unit

and the second order inclugion probability of a pair of units k and / as the probability

of obtaining a sample that includes both units k and 1. Higher order inclusion probabilities

are defined in the same way. We assume that all inclusion probabilities are positive for all

the combinations of units in the population under study.

Using the traditional Horvitz-Thompson approach i is easily seen that

=	 Es 	 [ggyi„....Yi„
•

where the summation is again over all distinct ordered sets of in element in the sample and .

denote the ins -order inclusion probabilities, is an unbiased est imat or for ();.

this case the projection is

E[gi(Yil	 n	 )1	 1

• •
1•••,trn	 gi (Yii • • •Yiu. )

J

E li 	•	 7r .	I

where 7r i 	denote the joint probability that also units 	 are included in the santple

given that unit i 1 is included, and where the summation E . is over all distinct	 over

the set

Thus assuming that Ifar(iM 	 mi E l<i<n ( 1/N )g,,(y i )/r, we get .	 standard

(-12) ,

(-13)
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Horvitz-Thompson theory, that

Var(43j)=Var(mi(11N) E q7ri (yk)Irk). (m .2i I.N 2) E (ro — rort)(br,(Yd(br,011)17rigri
1<k<n	 1<k,1<AT

(44)

for which an estimator is given by

Var() = (772 /N2) E Orkt — rkirtAri (YkAr,(111)1 7rkrirki,J
(45)

1<k,l<n

where the summation is now over all pairs of units in the sample. For the covariance between

the estimates (k i and (/).; we get the expression

Cov(0i, 0j) =

with the estimator

Cov[rni(1/N) E (bri(y)irkonj(liN) E q,Sy k )Ir k )
1<k<n 	 1<k<ii

(772i771 IN2. ) E (rki	 rort)(br i ( k) ( br (y1)/ 7TA:Tri

1<k,l<N

cov(0-i ,o-i)=(minz i /N2) E	 Or l) (jr 	 br J ( ») / r ki •	 (17)
1<k,l<n

Application to Sens measure

It is easily seen that many of the poverty indices can be written in the "kernel form - as

	P = h(01, 02, ...,0p),P > 1 , 	 (4S)

where h is a known function and 0j,j = 1,2,...p, denote'the population means for some

symmetric kernels gi(yi i , yimi ),mj > 1. For instance, if p = i and g l is poverty intensity

function 0(yi ,z) and h is the identity relation, we get the class of additively decomposable

poverty,measures. Perhaps more interestingly, also the Sen measure (and measures or t he

Sen-type) can be expressed in kernel form.

As shown in e.g. Jäntti (1991) the Sen measure can be expressed a ,4

Ps = H[1 — (pp / z)(1 — Gp )], 	 ( • U))
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where H is the proportion of poor units pp is the mean income among the poor and GJ) is

the Gini coefficient for the income distribution among the poor. Further, as

Gp = (NH —1)INH	 E i[Nszyi < 2.] min(yi , yi)/G 1210	 (50)

and thus, if the number of poor units is not very small,

Gp = 1 - E 1 [yiSzyi < z] min(y i , yi )/(N2 /-Pit p )	 (51)
i<ioi<N

we see that

PS = (i/H) E	 <	 — min(y i ojj )/z)/(N(íV — i )).	 (52)
i<i0;<N

if also (N — 1)/N 1. Thus Ps may be expressed as

Ps = 02/01,	 (53)

where the corresponding kernel functions are

g i ( h) = 1. if y i < Z 	 (54)

CI in other cases,	 (55)

92(Y. , Y3) = 1 — min(y i ,yi)/z, if
	

<
	

(56)

0 in other cases.	 (57)

Assuming that we have obtained the sample y , y2 , ...., y ri by a. sampling design characterized.

by the first and second order inclusion probabilities fri •••, 7rN,r12, •••,r1V - 1,N}, _1-)4 can be

consistently estimated by

(58)

where

(1/N) E ihm < z)/irk = H 	 (59)
1<k<n

= 11(N(N — 1)) E l[ykSzyt < 	 min(ykon)/z)/ri,./. 	 (60)
i<kol<n
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Further
1	 qn(Yk) q(yi)

Var( i )	 E (rki — rkr	 (61)
N2 k	 71-11<k,l<N

(62)

where

and

qiri (yr)	 1[Yr < z],	 r = 1, .	 AT

(63)

where

El<r•Or<N 7rri1rl[Yr&Yri < z}(1 - min(y r , yr ,)/ z)
qir2(Yr	 (64)

El<r'Or<N ror

Finally,
2

Cov( i , -ç'b2 )	 E (rkt — rkri) (In(Yk) qff2 (Y1)
irk	 r;

(65)

By substituting for the "population sums" the "sample sums" with the summands

expanded by the corresponding inclusion probabilities we get estimators for the variances

and the covariance. Then, using the traditional "linearization approach" Var(Ps ) may be

estimated by

Var(Ps) (i/ 1 ) 2 Ý r( 2) ( 2/)2 Ý&( 1 ) - 2 -(i)2 /Ç7,;(7;1 ,( (7, 2 ). ( 6 (i )

The results above are obviously applicable as such if we want, to estimate e.g. the Thon-

measure, but can also be used for more complicated measures.

To further illustrate the results we have undertaken two small simulation studies

using a real population. In the first simulation, we have used a STIS sampling design. In

the second, we divided the population in two strata with different sampling Fractions. In

both cases the sample size is 100. The results are reported in Appendix 1. Thv estimated

variance calculated by the above formulas seems in general to give a fairly good estimate of

the variance of the sampling distribution.
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5 The poverty line as a parameter

One of the problematic aspects of. using poverty measures is the choice of a. Poverty line.

In the analysis above we have assumed the poverty line to be a predetermined constant..

However, in practice it is not unusual that the poverty line is defined as some ratio of

the estimated median (or mean) income. This means that in a. strict sense, the poverty line

should also be treated as a parameter that is estimated from the sample. However, as is I:yell-

known, already the estimation of the median and its sampling variance is quite complicated

for even moderately complex sampling designs (see e.g. Sedransk and Smith. 1988).

One possible approach is the following. Consider (P, ), a. two-dimensional parameter

which is estimated by (P, 2). Then

Var(P) = E[Var(Pli)1 Var[E(/31.-?)] (67)

Thus, if we use the sample to estimate the sampling distribution of on one hand, and the

sampling distribution of P for a set of probable values of z on the other, it is possible to use

(65) in order . to estimate V ar(P). Another, perhaps more practical method Ivould 1w to use

bootstrap.- or jackknife-techniques.
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Appendix

To study the properties of the variance estimator for the Sen measure we cc:inducted two

small simulation studies. In both cases the population consisted of a sample of single person

households from the 1985 census with data on taxable income drawn from tax records. The

size of the population was N 4272 households. Using a poverty vline of FIM= 30000

(approximately 50% of the median), the proportion of poor units in the population was

27%, and the value of the Sen measure was Ps = .17.

In the first study we draw by simple random sampling without replacement 200

§a4xIP1es of size n = 100. For each sample we -estimate Ps by (58) and liar( Ps ) by (66). In

the first row of Table Al we show the means and the variances of the estimates.

In the second simulation the population was split into two strata with = 1000

and N2 = 3272. The proportions of poor units in the two strata, were 10% and 23%. Again,

we draw 200 samples using simple random sampling without replacement vithin strata and

sample sizes n 1 = n2. = 50. The means and the variances of the estimates of Ps and Var(Ps )

are given in the second row of Table Al. In both cases the variance estimator seems to provide

a fairly accurate approximation of the sampling variance, despite the small sa' Tnple sizes.

Table Al: Means and variances of Ps- and Var(Ps ) 

Simulation	 Ps	 ar(Ps)
Mean Variance Mean Variance

	.17	 .0011	 .0010 4.84 x 10 -8

II	 .17	 .0012	 .0012 1.23 x 10-7
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Figure II 	Sampling distribution of poverty measure Fo , Household type 1
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Figure 5 . Sampling distribution of poverty measure F2, Household type 1
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THE LEYDEN POVERTY LINE WHEN PRICES ARE INCOME-DEPENDENT

Jolanda M. van Leeuwen,
Tinbergen Institute, Erasmus University Rotterdam,
P.O.Box 1738, 3000 DR Rotterdam, The Netherlands

Abstract

In modern welfare states, introducing income-dependent prices is a popular government
strategy to support people with low incomes. Throughout this paper income-dependent
prices are non-decreasing functions of income. One can think of rent subsidy on housing,
charges for legal assistance, tuition fees, charges for health care and charges for child care.
In the Netherlands the most important income-dependent price is rent for housing; about
12% of Dutch households receive an income-dependent rent subsidy which can be close to
50% of (market-value) rent.
B.M.S. Van Praag and M.R. Baye incorporated income-dependent prices in objective poverty
lines in their theoretical paper "The poverty concept when prices are income-dependent"
published in the first 1990 issue of the Journal of Econometrics. In addition to that research,
this paper will deal with the effects of income-dependent prices on subjective poverty lines,
more precise the Leyden poverty line, and presents some empirical results.
A major finding is that people do not bear in mind income-dependent prices when they
answer the income-evaluation question, i.e. they do not mention extra low incomes evalu-
ated with "very bad" nor do they mention extra high incomes evaluated with "very good",
because of the higher, respectively lower, subsidies in those income situations. Therefore,
we modify the incomes mentioned before they are used to calculate poverty lines.
Van Praag and Baye concluded that when income-pricing is ignored one overstates the
"true" number of households living in poverty. To find out how many households are
falsely considered as being poor, we will compare the outcomes of three methods: the
first takes into account income-dependent prices as they really are; the second consid-
ers income-dependent subsidies as extra income; and the last one ignores the existence of
income-dependent prices.
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A MICROSIMULATION MODEL OF CONSUMER BEHAVIOR
FOR TAX ANALYSIS

by

JOrgen Aasness and Jing Li

ABSTRACT

A microsimulation model of consumer behavior, named KONSUM, is presented and
applied to analyze distributional effects of changes in direct and indirect taxes. The starting

point of KONSUM is a household's utility function, with parameters depending of the number
of children and adults in the household, and corresponding demand functions for 13
commodity groups. Corner solutions are taken into account. Utility based price indexes are
defined for each household. Alternative measures of equivalence scales, inequality, poverty,
and welfare are defined. KONSUM is connected to LOUE which provides a minipopulation

of Norwegian households with detailed income accounts and a complete set of updated rules

of direct taxation. The effects of indirect taxation on consumer prices are modelled using a
version of the price block of the macroeconometric model MODAG, taking into account
detailed institutional rules and the input-output structure' of the Norwegian economy. Results
from a specific application: Doubling the rates of child allowances reduces the number of

poor children in Norway from 101 000 to 42 000. Reduced VAT of food contributes to
further reduction of the number of poor children.

Central Bureau of Statistics, Research Department, P.B. 8131 Dep., N-0033 Oslo, Norway.
tel: 47-2-864823, fax: 47-2-111238, E-mail: J2A@SSB.NO.

Abstract of paper presented at the conference on Poverty and Distribution, Oslo, November
16-17, 1992. A handout was distributed at the seminar. A final version of the paper will later
be sent to those interested.



AN APPLICATION OF LATENT MARKOV MODELS TO
ESTIMATE RESPONSE ERRORS FROM REPEATED SURVEYS

By lb Thomsen and Dinh Quang Phan

1. INTRODUCTION

In this paper we shall use a latent Markov model to estimate response errors from panel data. Early
applications of this approach is given in Lazarsfeld and Heruy (1968) and Wiggin (1973). However,
it seems as if these results have been given little attention by researchers concerned with estimation
of response emus in sample surveys. This we feel is a petty, especially because new estimation
methods have been developed recendy. In Bye and Schechter (1968) maximum likelihood estimates
are calculated by means of the Newton-Raphson algorithm, and in Langeheine and Van de Pol (1990)
a very general program  for estimation by means of the E-Ni algorithm in latau Markov models, is
presented. At the Central Bureau of Statistics of Norway we have used the EM algorithm to estimate
response errors in connection with several panel surveys. The purpose of this note is to presau some
results and experiences from this yolk.



2. THE MODEL AND ESIIMATION PROCEDURES

We shall use a standard response error model for categorical variables. We shall limit our attention
to cases where the categorical variable takes two values, but the extension to other variables is straight
forward.

At any point in time the population is divided into two latent classes, for instance in the labour force
and out of the labour .force. Let 1.(t) denote the latent probability of belonging to class i at time t.
Assume that individuals move from one latent clan to the other, following a simple Markov Procerss.
Let mu denote the probability of being in latent clast j at time (t+1) given latent class i at time L Die
to response error membership in latent class I is not directly observable. Let qu denote the probability
of responding class j given that the true class is i.

After having observed the same individuals at two points in time, the observations can be presented
in a table, Pu (1,2), where Pu (1,2) denotes the proportions of individuals observed as members of class

at time 1 and class at time 2.

Assuming that the response probabilities, qu, are constant over time, and that movements between the
classes over time follows a simple Maikov model, we have that

22

(Pr(1.2)) E E 1.(1)qa,md,q,, to
sul but

After having insened the observed values of P,1(1,2) on the left side in equations (1) we have three
equations with five parameiers. In order to make the parameters identifiable, further assumptions have
to be made. Such an approach is used in Wiggin (1973) and Chua and Fuller (1987). See also Poterba
and Summers (1986) for a discussion of these assumptions.

If data are available for more than two points in time, and the response and transition probabilities
remain constant over time, it is possible to estimate the parameters. Let Puk(1,2,3) denote the
proportion of individuals belonging to class ij and k at times 1,2 and 3. Then it follows that

222

E (Pri(1,2,3)) EEE 1.(1)qdniabglimbigak
b.1 4.1

(I• 1 .24 11 1 .2;k " 1 .2) (2)

Again we insert the observed values of Pui(1,2,3) on the left side in equations (2), and obtain seven
equations with five parameters. However, the equation are not linear, and therefore difficult to solve.
In Lazarsfeld and Henry (1968) is shown how to solve them, but the solutions are hard to generalize.
Furthermore, the solutions sometimes give negative estimates. As far as we know no soft-ware has
been developed. In Bye and Schechter (1986) maximum likelihood estimates are found by means of
the Newton•Raphson algorithm.

We shall Use the EM algorithm as described in Langeheine and Van de Pol (1990).

3. ESTIMATION OF RESPONSE ERRORS IN THE NORWEGIAN LABOUR FORCE
SURVEYS

As in many other countries the Norwegian labour force surveys use rotated samples. A person is in



the sample for two consecutive surveys, and returns into the sample for two consecutive surveys one
year later. In the table below data from only three points in time is used. Furthermore, it is not
realistic to assume that the transition probabilities are constant, and we therefore allow them to be
different. From equations (2) is seen that we now have 7 equations and 7 parameters. Applying a
simple version of the EM algorithm we have estimated the 7 parameters. Till now the experiences
with the EM algorithm have been very positive. We have had no problems with convergence.
However, the number of iterations is often very high.

In table 1 response probabilities, latent and observed proportions in the labour force are presented for
five age and sex groups. It is seen that the bias introduced by response errors among young
Individuals is substantial, while it is small for individuals aged 25 years and above.

Latent transitions probabilities are also calculated and compared to the observed ones. As expected
the model results show much less real change than indicated from inspection of the observed turnover
tables.

Table 1. Observ-ed and latent proportions in the labour force, and response probabilities. 5 age and sex groups.

_ '
Observed Latent Response

Age and proportions proportions probabilities
sex group in th labour force in the labour force q11	 C122

,

16-19 years 49,50 47,0, 92,5 85,6 ,
20-24 years 81,3 , 77,6 97,1 73,6

Men 25•54 years 94,5 93,9 99,9 89,6

Women 25-54 years 79,8 •
	

80,1 98,0 93,8 ,
55-74 years 44,7 • 44,9 97,7 98,6
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