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The Economic Council of Canada was established in 
1963 by Act of Parliament. The Council is a crown 
corporation consisting of a Chairman, two Directors and 
not more than twenty-five Members appointed by the 
Governor in Council. 

The Council is an independent advisory body with 
broad terms of reference to study, advise and report on a 
very wide range of matters relating to Canada's econom 
ic development. The Council is empowered to conduct 
studies and inquiries on its own initiative, or if directed 
to do so by the Minister, and to report on these activi 
ties. The Council is required to publish annually a 
review of medium- and long-term economic prospects 
and problems. In addition it may publish such other 
studies and reports as it sees fit. 

The Chairman is the Chief Executive Officer of the 
Council and has supervision over and direction of the 
work and staff of the Council. The expenses of the 
Council are paid out of money appropriated by Parlia 
ment for the purpose. 

The Council as a corporate body bears final responsi 
bility for the Annual Review, and for certain other 
reports which are clearly designated as Council Reports. 
The Council also publishes Research Studies, Discus 
sion Papers and Conference Proceedings which are 
clearly attributed to individual authors rather than the 
Council as a whole. While the Council establishes gener 
al policy regarding such studies, it is the Chairman of 
the Council who bears final responsibility for the deci 
sion to publish authored research studies, discussion 
papers and conference proceedings under the imprint of 
the Council. The Chairman, in reaching a judgment on 
the competence and relevance of each author-attributed 
study or paper, is advised by the two Directors. In 
addition, for authored Research Studies the Chairman 
and the two Directors weigh the views of expert outside 
readers who report in confidence on the quality of the 
work. Publication of an author-attributed study or paper 
signifies that it is deemed a competent treatment worthy 
of public consideration, but does not imply endorsement 
of conclusions or recommendations by either the Chair 
man or Council members. 

Établi en 1963 par une Loi du Parlement, le Conseil économique 
du Canada est une corporation de la Couronne composée d'un 
président, de deux directeurs et d'au plus vingt-cinq autres membres, 
qui sont nommés par le gouverneur en conseil. 

Le Conseil est un organisme consultatif indépendant dont le 
mandat lui enjoint de faire des études, donner des avis et dresser des 
rapports concernant une grande variété de questions rattachées au 
développement économique du Canada. Le Conseil est autorisé à 
entreprendre des études et des enquêtes, de sa propre initiative ou à 
la demande du Ministre, et à faire rapport de ses activités. Chaque 
année, il doit préparer et faire publier un exposé sur les perspectives 
et les problèmes économiques à long et à moyen termes. Il peut aussi 
faire publier les études et les rapports dont la publication lui semble 
opportune. 

Le président est le directeur général du Conseil; il en surveille les 
travaux et en dirige le personnel. Les montants requis pour acquitter 
les dépenses du Conseil sont prélevés sur les crédits que le Parlement 
vote à cette fin. 

En tant que personne morale, le Conseil assume l'entière responsa 
bilité des Exposés annuels, ainsi que de certains autres rapports qui 
sont clairement désignés comme étant des Rapports du Conseil. 
Figurent également au nombre des publications du Conseil, les 
Études, Documents et Comptes rendus de colloques, qui sont explici 
tement attribués à des auteurs particuliers plutôt qu'au Conseil 
lui-même. Celui-ci établit une politique générale touchant ces textes, 
mais c'est au président qu'il incombe de prendre la décision finale de 
faire publier, sous les auspices du Conseil économique du Canada, les 
ouvrages à nom d'auteur tels que les études, documents et rapports 
de colloques. Pour se prononcer sur la qualité, l'exactitude et l'objec 
tivité d'une étude ou d'un document attribué à son auteur, le 
président est conseillé par les deux directeurs. De plus, dans le cas 
des études à nom d'auteur, le président et les deux directeurs 
sollicitent l'avis de lecteurs extérieurs spécialisés, qui font un rapport 
confidentiel sur la qualité de ces ouvrages. Le fait de publier une 
étude ou un document à nom d'auteur ne signifie pas que le président 
ou les membres du Conseil souscrivent aux conclusions ou recom 
mandations contenues dans l'ouvrage, mais plutôt que l'analyse est 
jugée d'une qualité suffisante pour être portée à l'attention du public. 
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RESUME 

Ce document pr~sente une estimation de l'offre de travail de la 
part des femmes mari~es au Canada, ! l'aide d'un mod~le statique 
incluant les impôts. L'offre de travail est mesur~e selon les 
semaines travaillêes au cours de l'annêe, estim~es d'apr~s les 
donn~es des micro-fiches individuelles de l'Enquête de 1982 sur 
les finances des consommateurs (revenus de 1981). 

Le mod~le adopte d'embl~e le concept du revenu virtuel. 
L'illusion fiscale en rapport avec le taux d'imposition marginal 
est ~tablie de la mani~re courante, mais nous supposons nêanmoins 
que le taux d'imposition moyen ne comporte pas d'illusion. 
L'~quation des salaires est estim~e squs forme log-lin~aire et 
comporte les renseignements sur les heures travaillêes par 
semaine. L'erreur quant au salaire moyen estim~ a ~t~ corrig~e 
avant le calcul des revenus' annuels et de l'impôt sur le revenu. 
L'~quation des salaires aussi bien que l'~quation de l'offre de 
travail ont êt~ corrigêes de leurs erreurs dues ! la s~lection par 
le proc~d~ Heckman, et les deux ~quations ont êtê estimêes ! 
l'aide de donnêes d'êchantillons non pondêr~es. Des coefficients 
de pondêration des ~chantillons ont ~t~ utilisês pour le calcul 
des ~lasticitês de l'offre de travail. 

Les rêsultats obtenus sur les ~lasticit~s de l'offre de travail 
se situent dans la moyenne des rêsultats des êtudes canadiennes 
rêcentes, mais ils sont considêrablement inf~rieurs aux 
estimations r~centes concernant les États-Unis. Des êlasticitês 
compens~es relativement faibles, combin~es ! l'illusion sur le 
taux d'imposition marginal, donnent lieu! des estimations de 
faibles pertes de bien-~tre associ~es ~ l'impôt sur le revenu. 
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ABSTRACT 

This paper presents the estimation of the labour supply of married 
women in Canada, using a one-period model which includes taxes. 
Labour supply is measured by weeks worked during the year, with 
the data for the estimation taken from the 1982 Survey of Consumer 
Finances (1981 incomes) individual micro data file. 

The model fully incorporates the virtual income concept. 
Although tax illusion as to the marginal rate is incorporated in 
the standard way, it is further assumed that there is no illusion 
as to the average tax rate. The wage equation is estimated in 
log-linear form and incorporates information on hours worked per 
week. The bias in the estimated mean wage is corrected before the 
calculation of annual earnings and income taxes. Both the wage 
equation and the labour supply equation are corrected for 
selection bias using the Heckman procedure, and both are estimated 
using unweighted sample data. The sample weights are used to 
calculate labour supply elasticities. 

The resulting labour supply elasticities fall about mid-range in 
the results of recent Canadian studies, and considerably below 
recent estimates for the United States. Relatively small 
compensated elasticities in combination with illusion as to the 
marginal tax rate lead to small deadweight loss estimates for 
income taxes. 

I . 
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1 INTRODUCTION 

In recent years, there have been substantial developments in the 

economic literature concerning the effect of taxes on labour force 

behaviour. Much of this literature, developed in the United 

States, has relied on data from the extensive income maintenance 

experiments conducted in the 1970s. The availability of such data 

has allowed the use of more sophisticated models and has 

encouraged the development of econometric methods to handle the 

estimation of enriched models. The result has been a general 

increase in the quality and reliability of the estimates produced 

over those available at the beginning of the 1970s, most 

particularly for prime aged males. Yet there remains significant 

variability in the estimates of labour supply response, most 

notably for married women. 

Recent Canadian studies reveal this variability in the labour 

supply elasticities of married, working women. The conventional 

consensus was that for men, who typically work more hours and 

receive higher wages than women, the income effect was expected to 

dominate the substitution effect leading to a backward-bending 

labour supply schedule. Conversely, for women the dominant 

substitution effect would lead to a positively sloped labour 

supply schedule. This consensus has recently been broken by a 

series of papers which indicate that the labour supply 

elasticities of working women are negative, implying a 
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backward-bending labour supply curve. Nakamura and Nakamura 

(1983) report uncompensated wage elasticities ranging from -0.087 

to -0.036 for women working more than 1400 hours and from -0.083 

to -0.197 for women working less than 1400 hours during the year. 

Similar results are reported by them for working women in the 

United States. Using a different sample, Robinson and Tomes 

(1985) also find negative uncompensated wage elasticities which 

offer strong support for the Nakamuras' results. Contrasted to 

these are the findings of Stelcner and Breslaw (1985) who report 

uncompensated wage elasticities for married women in Quebec 

ranging from 0.40 to 1.28 depending upon the estimation procedure 

used. 

Despite the variation in the estimated elasticities, the above 

studies are similar in many respects including the treatment of 

sample selection bias by the Heckman (1976) procedure, and the 

treatment of spouse's income and family composition as exogenous 

in the determination of the wife's labour supply decision. 

Nakamura and Nakamura use the 1971 Census and a model with annual 

hours worked as the dependent variable. Taxes are included in 

their model as is the provision for tax illusion. Because of the 

simultaneity of the marginal tax rate and hours worked an 

iterative procedure was developed for the estimation. Their study 

is most often criticized for the method of obtaining hourly wages 

which introduces the problems of division bias and interval data. 
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Robinson and Tomes avoid the problem of division bias using data 

from the 1979 Quality of Life survey which contains a direct 

measure of the hourly wage rate for a subset of women. Their 

model, a one-period lifetime model, uses the logarithm of hours 

worked per week as the dependent variable, but ignores taxes. 

Although their estimated wage elasticities are significantly 

negative, the sample size is quite s~all and not necessarily 

representative of a larger population. 

Stelcner and Breslaw in examining the labour supply of married 

women in Quebec use a one-period model but with annual weeks 

worked as the dependent variable. The data used are from the 1979 

Survey of Consumer Finances Census Family micro data file. Taxes 

are calculated and the estimation procedure utilizes the 

Nakamuras' iterative method to handle the joint determination of 

marginal tax rates and labour supply. Although their use of weeks 

worked as the dependent variable allows them to avoid the division 

bias in calculating an hourly wage, the lack of information on 

hours worked per week weakens their estimation of a weekly wage. 

Common with the two studies which include taxes is an improper 

treatment of non-earned income. The virtual income concept 

introduced by Hausman (1981) is ignored. Also, the method of 

introducing tax illusion in the marginal rate necessarily forces 

individuals off their budget constraint. That is, not only is 

there illusion as to the slope of the budget constraint at a 
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particular point, there is also illusion as to the location of the 

point as well, or equivalently, illusion in the average tax rate. 

By using virtual income the direct link between illusion in the 

marginal tax rate and the average tax rate can be broken. 

Furthermore, by adjusting virtual income some non-convexities in 

the budget curve may be removed, allowing the concept of a 

reservation wage to be more fully supported. 

The purpose of this paper is to present yet another estimation 

of labour supply response of married working women in Canada. In 

doing so, a number of differences from the precèeding studies will 

be evident. First, the concept of virtual income is fully 

integrated into the estimation. Second, while tax illusion as to 

the marginal tax rate is incorporated in the traditional way, it 

is assumed that workers know their annual after-tax income, that 

is, there is no illusion as to the average tax rate. Third, the 

non-convexity in the budget set caused by the married exemption is 

removed by recalculating the husband's taxes for any point at 

which the exemption changes, and thus treating the effect as a 

change in the wife's virtual income rather than affecting her 

marginal tax rate. Non-convexities caused by the small number in 

the sample who are in receipt of social assistance payments are 

ignored, as is the case with the other studies. The non-convexity 

at zero hours of work caused by the existence of fixed costs of 

working is also not considered. Fourth, it is a known fact that, 

since the wage equation is estimated in log-linear form, the 
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predicted wage will be a biased estimator of the mean wage. This 

causes no problem when entering the wage into the labour supply 

equition as an instrumental variable since it is generally entered 

in log form. However, to calculate the marginal tax rate the wage 

is used in non-log form and the bias should be corrected. A 

method proposed by Goldberger (1968) was used for this purpose and 

produced estimates of the mean wage 7 to 13 per cent higher than 

the uncorrected wage estimates. This in turn had an impact on the 

marginal tax rate calculations. Fifth, hours worked per week 

information was used in estimating the weekly market wage by 

entering it as an explanatory variable in the equation. Finally, 

all the estimations in this paper are done with unweighted sample 

data. The conditions required for using weighted data (see 

DuMouchel and Duncan, 1983) would seem very unlikely to be 

satisfied. Population estimates of elasticities and deadweight 

loss were calculated by weighting the results for individuals. 

The model used, which is described in the following section, was 

a simple one-period model including taxes. The data source used 

for the study was the 1982 Survey of Consumer Finances (1981 

income) individual micro data file from which 7889 observations 

were used. As with any such study, it is necessary to make 

choices and submit to compromises. In this case it was decided to 

use the individual file to obtain the information on normal hours 

worked per week at the cost of losing information on the number of 

children in the family if that number exceeded two. The exact 

number of children 

-~~ -~--~ ~-- 
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was calculated using Family Allowance data in the tax 

calculations. This calculated number was then used in the labour 

supply equation. In addition, special tabulations on deductions 

by age and income were obtained from Taxation Statistics and used 

in the tax calculations. 



2 LABOUR SUPPLY MODEL 

The model is based on the neo-classical theory of consumer choice. 

The labour supply function is derived from a model which assumes 

the maximization of a well-behaved utility function in goods and 

leisure, subject to constraints on time and a budget. This model 

is subject to the normal simplifying assumptions except that taxes 

are taken into account. It is further assumed that the labour 

supply decision of the husband precedes that of the wife and is 

treated as exogenous in the wife's labour supply decision. This 

model may be summarized as follows: 

Maximize the one-period utility function 

U = U(c,l,Z) 

subject to a time constraint 

T = h+l 

and a budget constraint 

y = pc = wh(l-t) + E 



- 8 - 

where: 

c = consumption of goods 

p = price of goods 

y = total income (earned and non-earned) after-tax 

I = leisure (non-market) time 

h = market time 

T = total time available 

E = virtual non-earned income 

w = gross market wage 

t = marginal tax rate 

2 = a vector of socio-economic characteristics 

The solution of the maximization problem gives the labour supply 

function: 

h = h(w ,2,E) n 

where w is the net wage given by n 

w = w(l-t) = wr n 

and r is the marginal retention rate. 

The virtual income, E, is calculated in the following way. 

First, all non-taxable income accruing to the wife is included in 
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its entirety. Second, all taxable non-earnings income is reduced 

by the average tax rate and included in virtual income. Finally, 

the wife's employment income at market time h is multiplied by the 

difference between her marginal and average tax rates and 

included in virtual income. This procedure results in a worker's 

total net income after-tax being given by the sum of employment 

income after-tax (at the marginal rate) plus virtual income as 

will be demonstrated. 

y = wh + I g 

Let the total gross income, both earned and non-earned, y , be g 
given by 

where I is non-earned income and, for simplicity, is assumed to be 

taxable. Then, 

y = y (l-t ) g a 

where ta is the average tax rate at h units of work. 

Substituting for y yields g 

y = w(l-t )h + I(l-t ) a a 

Now, introduce the marginal tax rate, t, on the earnings income 

and adjust the non-earnings irtcome correspondingly, 



- 10 - 

y = w(l-t)h + wh(t-t ) + I(l-t ). -a a 

The effective after-tax wage is given by w(l-t), and the virtual 

income is given by 

When non-taxable income is included in I, it is also included 

directly in E with no tax adjustment, and in the calculation of t a 
the non-taxable income does not enter the base. 

Graphically, this procedure corresponds to linearizing the 

budget segments associated with different marginal tax rates as 

illustrated in the following diagram: 

NET 
INCOME 

E = wh(t-t ) + I(l-t ) a a 

w(l-t ) 
3 --_ --_ - I - -·E 

3 w(l-t ) 
2 ~ ...... ..... 

<, 
...... ...... 

w( I-t ) .... '-E 
1 2 

I(l-t ) 
a 

LEISURE 

------------------------------------------~--~~--------- 
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In effect, the virtual non-wage income is calculated by adjusting 

the after-tax non-wage income for having applied the current 

marginal tax rate to all wage income rather than just the wages 

along that segment. 

Integrated with this calculation is the provision for tax 

illusion. In most studies a tax perception parameter is included 

on the marginal tax rate on the wage term, as suggested by Rosen 

(1976), in the following fashion, 

w = w(l-t)P n 

where p is an indicator of tax perception. When p=O there is 

complete illusion while when p=l there is no tax illusion. A 

feature of this procedure, however, is that it forces the 

individual off the budget constraint, which is equivalent to 

illusion in the average tax rate. Given the information an 

individual receives through such procedures as deduction at 

source, an equally tenable hypothesis would be that there was no 

tax illusion as to the average tax rate, or equivalently that a 

person would know at what point on the budget constraint they were 

located. Such an assumption is made in this study. There is 

illusion as to the marginal tax rate, but there is no illusion as 

to the average rate. To incorporate this assumption define a 

perceived marginal tax rate, t , as follows: p 
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or t = 1 - (l-t)P 
P 

Then, y = w(l-t)Ph + wh(t -t ) + I(l-ta), 
P a 

and E = wh(t -t ) + I(l-t ) 
P a a 

The slope of the budget constraint is thus allowed to vary with P, 

the perception parameter, while using t in the virtual non-earned 
P 

income calculation linearizes the constraint at that slope through 

the actual budget point. This was the form used for calculating 

virtual non-earned income in this study. 

Returning to the main problem at hand, the traditional approach 

was followed by positing a reservation wage function. For this 

approach to be valid, the budget set must be convex at least in a 

region near the actual units of work supplied. There are a number 

of reasons why this may not be so. First, there is the married 

in the married exemption claimed by the husband due to an increase 

exemption to be considered. If it were assumed that the reduction 

in the wife's earnings had the effect of increasing the wife's 

effective marginal tax rate to that of her husband, then a 

non-convex budget set would occur at the origin. However, given 

the presence of tax illusion, an equally plausible assumption, and 
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the one made here, was that the reduction in after-tax income 

caused by a decrease in the married exemption was viewed as an 

income effect. The wife's marginal tax rate thus remained her own 

while her virtual non-earned income was reduced by the amount that 

her husband's tax increased. 

Second, non-convexities could be caused by transfer tax-backs 

with increasing earned income. In this study the number of cases 

for which this is a major consideration is relatively small and 

the problem was ignored. One non-convexity, that of the reduction 

of the child tax credit, was allowed in the budget set. Since the 

tax-back rate, at 5 per cent of increasing earnings, was shallow, 

it was felt that this would do no serious damage to the convexity 

requirement particularly since the non-convexity need not occur 

near the origin. 

Finally, and potentially the most serious departure from 

non-convexity could be caused by.the existence of fixed costs of 

work. This study, in common with the other Canadian studies 

referred to above, does not deal with the possibility of the 

existence of fixed costs. 

Adopting the standard approach, we posit a market wage function, 

w, and a reservation wage function, w , which are expressed in r 
log-linear form. The decision to participate in the labour market 

is taken if the net wage, w , exceeds the reservàtion wage with n 
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the amount of labour supplied adjusting until w =w • n r 

The market wage equation is given by 

( 1 ) 

where X is a vector of market wage determining variables, and ul 

is a disturbance term. 

The reservation wage equation is given by 

and 

where Z is a vector of socio-economic characteristics of the 

individual, and u3 is a disturbance term. The net wage, w , n and 

the virtual non-earned income, E, have been previously defined 

by: 

w = w(l-t)P n 

or In w = In w + P In(l-t) n 

and E = wh (t -t ) + I(l-t ) P a a 
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Now, since an individual is a labour force participant if w )w , n r 
we may obtain the equilibrium labour supplied by setting w =w in r n 
the reservation wage equation for h)O, and solving for h. 

where; 

Substituting for the net wage w yields n 

( 2 ) 

The two equations of interest are the market wage equation (1) 

and the labour supply equation (2). As it stands, the labour 

supply equation cannot be directly estimated because of the 

simultaneity of h, t, and E, and both equations suffer from sample 

selection bias. 



3 SPECIFICATION AND ESTIMATION 

In this section the estimation procedure and empirical 

specification of the models will be discussed. First, we will 

consider the problem of sample selection bias as developed by 

Heckman (1976). Quite simply, the problem arises because the 

sample used in estimating the equations contains no observations 

on the market wage and labour supplied by individuals who did not 

work in the sample period. Following Heckman, the sample 

selection bias may be corrected by including a term in each 

equation resulting in 

( 3 ) 

and 

( 4 ) 

where 

f ( p) 
l-F(4I) 

41 = Yo + ZYl + Y2E + Y3 In w + Y3P In(l-t) 

( 0' 22 ) 
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f(~) and F(~) are, respectively, the density and distribution 

function of the standard normal distribution. ~ is the inverse of 

the Mill's ratio having as its denominator the probability that an 

observation has data for h. 

Thus, equations (3) and (4) are the equations to be estimated to 

take account of selectivity bias. Before estimation may proceed, 

however, we first need to consider the error structure, and second 

need to obtain ~ to enter into the equation for each observation. 

The error structure of equations (3) and (4) are given by 

and 

where r = 

and 

Clearly the error structure is heteroskedastic, and hence a 

weighted estimation is indicated. Also, ~ is required in 

calculating the appropriate weight as well as for including in the 

equations. 
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The normal method of obtaining À is to estimate a probit 

function for the entire sample where the dependent variable is set 

to one if the individual was in the labour force, and zero 

otherwise, and the explanatory variables are found in.X and Z. 

For each individual one then retrieves À and includes it in the 

labour supply and market wage equations. 

This general procedure was modified slightly in the present 

study. First, since it was also desired to use data on the hours 

worked per week this became a consideration in the estimation of 

À. In the Survey of Consumer Finances, data on the normal hours 

worked per week are available only for those individuals who are 

actually employed or awaiting recall during the reference week. 

The reference week is in the spring of the year following the year 

to which the data relate. Our sample selection rule was thus to 

choose individuals who were employed at some time during 1981 and 

in addition were employed during the sample reference week. For 

these wives the dependent variable was set to unity, while for 

those wives who either did not work during 1981 or who were not 

employed during the reference week the dependent variable was set 

equal to zero. 

The second modification to the procedure was to use a logit 

regression to approximate a probit procedure as described by 

Amemiya (1981). This was done strictly for computational 

convenience. Thus, the predicted value from the logit regression 

--------~ 
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was multiplied by 1.6, as suggested by Amemiya, and from then on 
Â 

normal density and distribution functions were used to calculate À 

and the error structures of equations (3) and (4). Although the 

tails of the approximating distribution are slightly larger than 

a proper normal, provided normal density and distribution 

functions are used in calculating~, the properties of À and 

1+tÀ-À2 given previously will hold. 

The market wage equation (3) was then corrected for selection 

bias using t, yielding the following equation to be estimated 

In w = aO + alX + a12 ~+ ~l ; 
(a22) 

where E {~f } ( [1-r2] + 2 [1+t~-12] ) = all r 

and r = 

Because the error structure contained parameters to be estimated 

in the equation, this equation was estimated iteratively. First, 

2 r was set to zero and the equation was estimated by OLS. From 

the coefficient on 1 and the residuals a new value of r was 

iterative procedure repeated until convergence. 

calculated and used in the calculation of the equation error 

structure. The equation was then re-estimated by GLS and the 
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The results of the market wage equation were used in two ways. 

First, ~, the prediction from the market wage equation,was 

entered as an explanatory variable in the labour supply equation. 

Second, the wage was used in conjunction with the estimated labour 

supplied to dalculate annual earnings to be used in the income tax 

calculation. The method used to calculate the estimated wage, ~, 

for use in the tax calculation in virtually all studies to date· 

produces a biased estimate of the individual's mean wage. The 

problem of bias in log-linear regressions is well known and in 

The labour supply equation (4) adjusted for sample selection 

this study we used a procedure developed by Goldberger (1968) to 

remove this bias. The effect of this procedure was to increase 

the wages used in the tax calculation by 7 to 13 per cent and in 

the process move many individuals to higher tax brackets. The 

procedure is outlined in an appendix. 

bias was estimated iteratively by GLS using a procedure similar to 

that proposed by Nakamura and Nakamura. First, the marginal tax 

rate was set equal to zero resulting in both the perceived 

marginal tax, t , and the average tax rate, t , also being zero. p a 
The tax perception parameter, p, was arbitrarily set equal to one. 

virtual income and the error structure were calculated and the 

equation estimated by GLS. From the resulting parameter 

estimates, by dividing the coefficient of In(l-t) by the 

coefficient of In w a value for p was obtained. The predicted 

labour supply was multiplied by the estimated wage, ~, and income 
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taxes were calculated on this earnings base yielding values for t 

labour supply equation by GLS. The procedure was continued until 

I 
. I 

I 
• I 

and t. It was then possible to re-calculate t and virtual a p 

income. All these new values were used in a re-estimation of the 

covergence. Unlike the market wage equation the error structure 

of the labour supply equation, once calculated, remained constant. 

The iterative procedure was required to treat the endogeneity of 

labour supply with taxes, tax perception, and virtual income. 

The empirical specification of the estimated equations generally 

followed those found in the literature. The logistics regression, 

used to correct for sample selection bias, included as regressors 

age, education, children, location, homeownership, and husband's 

income variables in the following specification. 

~5·EDUCD. + ~6·EDUCE. + ~7·C U 6. + ~8·C 6 17. + 1 1 --1 --1 

The variables were defined in the following way. 

PART t I t . f h . th . d i . d I k d d . i = was se equa 0 one 1 tel ln 1V1 ua wor e ur1ng 

1981 and during the reference week, and was set equal to 

zero otherwise. 
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AGEi = was the age of the ith individual divided by 10. 

The next set of variables were dummy variables indicating the 

• level of education attained. The reference group consisted of 

those individuals with up to'eight years of elementary schooling. 

EDUCA. = 9, 10 or 11 years of elementary or secondary schooling 
1 

EDUCBi = 12 or 13 years of elementary or secondary schooling 

EDUCC. = some post-secondary education 
1 

EDUCD. = post-secondary certificate or diploma 
1 

EDUCE. = university degree 
1 

is used for 3 or more children. 

C U 6. = number of children under six years of age. This 
- - 1 

variable has permitted values of 0, l, 2, or 3, where 3 

C 6 17. = number of children 6 to 17 years of age. This variable 
1 

has the same characteristics as the previous variable. 

= this is a dummy variable for the size of the place of 

residence, with a value of one for those individuals 

living in a large urban centre with a population of 

100,000 or more, and zero otherwise. 
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HOMEi = this is a dummy variable for home tenure, with value of 

zero if the home was owned without a mortgage, and one 

otherwise. 

SINe. 
1 

= spouse's total taxable income in thousand of dollars. 

A number of different specifications were tried for the age 

variable, however, in the final regressions the linear form was 

used since it performed as well as any other. Although there are 

a number of off-setting influences affecting the coefficient of 

the age variable, it is generally expected that participation 

decreases with age. 

To the extent that education is correlated with earnings, it is 

expected that participation is positively related to education, 

and that the relationship strengthens with increasing levels of 

education. 

Dependent children reflect family responsibilities of the wife 

and are thus expected to have a negative coefficient. In 

addition, separating dependent children into two age groups allows 

pre-school and school aged children to have a differential impact 

on participation. 

With respect to the remaining variables, participation is 
- t 

expected to be positively related to both the size of place of 
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residence and the horne tenure variables and negatively related to 

the spouse's taxable income. 

The market wage equation was specified in log-linear form in the 

following fashion: 

In this equation most of the variables retain the definitions 

previously given for the logistics regression. The variables for 

dependent children, however, have been replaced by values 

calculated using Family Allowance data to obtain the exact number 

of children rather than using the value 3 to represent 3 or more 

children. In this particular equation the number of dependent 

children is used as a proxy for labour force interruptions and 

hence it is desired to use the exact number of children. The age 

variable is entered in quadratic form to accommodate a humped 

age-earnings profile. 

The dependent variable, In w., is the natural logarithm of the 
1 

weekly wage calculated by dividing annual earnings by the actual 



hours per week = weekly wage 
hours per week 
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number of weeks worked during 1981. Clearly, the weekly wage will· 

depend upon the hours worked during the week and it would be 

preferable to estimate an hourly wage if the data were available. 

However, as has been pointed out before, such a procedure with the 

available data could lead to division bias. Suppose the proper 

measure of hours worked per week were available. Then, the 

hourly wage could be calculated as 

hourly wage = annual earnings • 
weeks worked 

1 

When the logarithm is taken before estimating the equation the 

ratio on the right hand side becomes a difference which may then 

be split resulting in a weekly wage equation of the form 

In w. = X.a + In(hours per week). + ~. 
1 1 1 1 

The procedure used in the estimation in this paper was to use 

the logarithm of the hours worked per week during the reference 

week as an instrument with a coefficient to be estimated. This is 

the HRS. variable in the equation. 
1 

Finally,~. is the inverse of the Mill's ratio calculated from 
1 

the logistics regression and included to correct for sample 

selection bias. 
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The labour supply equation specification allowed for differences 

between full-time and part-time workers in certain variables where 

significant differences in response were expected. The split 

• between full- and part-time was done using a separate variable in 

the survey which indicated the main full- or part-time status 

during 1981, and did not use the hours worked during the reference 

week. The wage, tax and virtual income variables were included 

separately for each group, and in addition pre-school aged 

children were also included separately. 

The labour supply equation was specified in linear form in the 

following fashion: 

where the subscript F and P on variables and coefficients refer to 

full-time and part-time respectively. 

As described in the previous section, In w is the logarithm of 
, 

the estimated weekly market wage, In(l-t) is the logarithm of one 

minus the estimated marginal tax rate, E is the virtual income, 
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and h is the weeks worked. The dependent children variables 

reflect the household responsibilities of the wife, while the HOME 

AREA variable is included to allow for higher levels of labour 

supply of those living in large urban areas. Finally, 1 is the 

I 

I 
I 

• I 
I 

variable is included to reflect financial responsibility. The 

inverse of the Mill's ratio included to correct for sample 

selection bias. In this case it may be seen from equation (4) 

that this coefficient should be positive. 

This concludes the estimation procedure and the empirical 

specification of the equations to be estimated. Some detail of 

the tax calculations and the calculation of the number of 

dependent children from Family Allowances data is found in an 

appendix at the end of this paper. We next turn to the results of 

the estimations and calculated labour supply elasticities. 

• 



4 RESULTS 

The results of the logistics regression are given in Table 1. The 

sample consisted of 15,914 observations, from which had been 

removed those observations where: 1) the wife was not aged 20 to 

54 years inclusive; 2) the wife was a member of a farm family; 

3) the wife was an immigrant in 1981-82; 4) the wife was a 

full-time student; 5) the wife was an unpaid family worker or 

self-employed; and 6) data were missing on earnings, labour 

supply, or hours worked per week. Of the 15,914 observations 7911 

were not labour force participants during 1981 or were not working 

during the reference week, while 8003 did participate in the 

labour force at some time during 1981 and were employed during the 

reference week. 

All variables entered the regression significantly and all had 

the expected signs. The results show that the probability of 

participation decreases with age. This is the general result 

found by most labour market researchers. 

The education variables as a group are highly significant. The 

results show that an increasing level of schooling leads to an 

increasing probability of participation. This, no doubt, is a 

reflection of the correlation between schooling and earnings 

potential. 



Variable Coefficient Standard Error Chi-Square 
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Table 1 

Logistics Estimates of the Participation Equation 
Married Women, Aged 20 to 54 years, Canada, 1981 

Intercept 0.4630 0.1132 16.72 
AGE -0.2187 0.0225 94.38 
EDUCA 0.4636 0.0547 71. 88 
EDUCB 0.9865 0.0587 282.26 
EDUCC 1. 0765 0.0798 182.18 
EDUCD 1. 5261 0.0670 518.10 
EDUCE 1.6663 0.'0841 392.93 
C U 6 -0.9504 0.0294 1047.04 
C 6 17 -0.1617 0.0175 85.57 
AREA 0.3925 0.0374 110.38 
HOME 0.2848 0.0412 47.81 
SINC -0.0097 0.0013 59.72 

Data Source Statistics Canada, 1982 Survey of Consumer Finances, 
Micro Data File, Individuals Age 15 and OVer, With or 
Without Income, 1981. 

Unweighted Data 
Dependent Variable - { 0 for 7911 observations - 1 for 8003 observations 

Model Chi-Square = 2434.75 

Fraction of concordant pairs of predicted probabilities and 
responses = 0.711. 

Rank correlation between predicted probability and response 
= 0.434. 

~----------------------------------------------------------~~ - 
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The family responsibilities of the wife, as reflected by the 

number of dependent children, are a major deterrent to labour 

force participation. This is especially true with pre-school aged 

children where the demand on the mother's time is not broken by 

school attendance. The financial responsibilities as reflected by 

the HOME variable increases the probability of participation, 

while the probability is reduced with an increase in the spouse's 

income. 

As previously mentioned, since a logistics regression was used 

the output was modified, following Amemiya (1981), by multiplying 

the predicted value from the equation by 1.6 and then using this 

as the standardized value of a normal distribution. The inverse 

of the Mill's ratio was then calculated for inclusion as a 

variable in the wage and labour supply equations. 

The market wage equation was estimated iteratively by GLS where 

the iteration was required because parameters in the error term 

were estimated in the equation itself. The results of the 

estimation are given in Table 2. These results were obtained 

after five iterations when the procedure had converged. 

All variables entered the regression significantly and all had 

the expected signs. The AGE variables indicate a peak at 33 years 

of age, a very low estimate given what is generally expected from 

life-cycle earnings. However, it must be emphasized that the data 
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Table 2 

GLS Estimates of the Market Wage Equation 
Married Women, Aged 20 to 54 Years, Canada, 1981 

Intercept 2.8785 0.1065 27.03 
AGE 0.2827 0.0519 5.44 
(AGE)2 -0.0430 0.0070 -6.18 
EDUCA 0.1829 0.0221 8.29 
EDUCB 0.4155 0.0319 13.02 
EDUCC 0.4801 0.0365 13.14 
EDUCD 0.6055 0.0431 14.06 
EDUCE 0.9680 0.0457 21.17 
CC U 6 -0.1757 0.0263 -6.68 
CC 6 17 -0.0668 0.0069 -9.68 
AREA 0.1502 0.0142 10.57 
HRS 0.4738 0.0094 50.14 
1 0.4116 0.0680 6.05 

Unweighted Data 

MSE = 0.2900 r = 0'12 ----1 = 0.7643 
(011022) 2 

F Ratio = 391. 76 

= 0.3738 Number of observations = 7889 

Data Source Statistics Canada, 1982 Survey of Consumer Finances, 
Micro Data File, Individuals Age 15 and OVer, With 
and Without Income, 1981. 
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are cross-sectional and not life-cycle. Available evidence 

indicates an individual life-cycle profile peaking somewhere over 

age 50, but each successive age group starting at higher and 

higher levels and remaining higher throughout the cycle. What we 

have estimated above is thus not a life-cycle profile, but rather 

the locus of points on different life-cycle profiles at a point in 

time with relatively more weight given to younger age cohorts. 

The education variables taken as a group show a strong positive 

relationship between education and the market wage, with each 

successive coefficient entering the equation with a larger value 

and more strongly. 

The dependent children variables, entered as a proxy for labour 

market interruptions, depress the market wage. The most recent 

interruptions, measured by younger children, have a noticeable 

impact which appears to decay over time as indicated by the 

coefficient on older children. 

The normal hours worked as measured by hours during the 

reference week is, as one would expect, strongly and positively 

related to the weekly market wage. The coefficient is 

significantly different from unity, which is what the coefficient 

should be if a proper measure of hours were used. 
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Finally, there is a finding of significant sample selection bias 

as indicated by the coefficient of~. By contrast, the majority 

of Canadian studies find no significant sample selection bias in 

the market wage equation. 

The predicted market wage in logarithmic form was then entered 

as an instrumental variable in the labour supply equation. In 

addition, an unbiased estimate of the weekly market wage was 

calculated as outlined in Appendix A for use in the tax 

calculations. 

The final equation to be estimated was the labour supply 

equation. This equation was estimated by GLS and the results are 

presented in Table 3. 

In this equation, while all the coefficients had the expected 

sign, not all entered the regression significantly. This was 

particularly true for the part-time sample. The sample division 

between full-time and part-time was accomplished using a variable 

In fact, in the sample of 2159 part-time workers, 405 indicated 

in the survey which indicated whether an individual worked mostly 

full-time or part-time during 1981. This variable was used to 

avoid misclassifying full-time part-year workers as part-time as 

would be done if an annual labour supply variable had been used. 

Even then, from the point of view of labour supply, a misclassifi- 

cation could occur if an individual had been demand constrained. 
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Table 3 

GLS Estimates of the Labour Supply Equation 
Married Women, Aged 20 to 54 Years, Canada, 1981 

Variable Coefficient Standard Error t-Value 

. InterceptF -6.9722 5.9696 -1.17 
Interceptp 19.1933 5.9238 3.24 
In wF 9.0384 1.0636 8.50 
In(l-t)F 6.0367 3.0691 1. 97 

EF -0.0671 0.0188 -3.57 
In wp 4.6441 0.7508 6.19 
Ep -0.0063 0.0225 -0.28 
AGE 1.2345 0.1936 6.38 
CC_U_6F -1.9172 0.4185 -4.58 
CC_U_6p -2.4395 0.4577 -5.33 
CC 6 17 -0.6516 0.1423 -4.58 
AREA 0.6580 0.2977 2.21 
HOME 0.9328 0.3509 2.66 
~ 2.8834 0.9398 3.07 

Unweighted Data Tax Illusion Parameter 

MSE = 349.6742 p = 0.6679 
F Ratio = 46.88 
R2 = 0.0718 Part time observations = 2159 

Full-time observations = 5730 

Data Source Statistics Canada, 1982 Survey of Consumer Finances, 
Micro Data File, Individuals Age 15 and OVer, With 
and Without Income, 1981. 



that they could only find part-time work. When these workers were 

moved to the full-time sample, there was virtually no change in 

the full-time results and a slight deterioration in the part-time 

results. From this, and a few other variations, it would appear 

that the classification used to separate full-time and part-time 

had no major impact on the results presented for the two groups. 
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In examining the coefficients, the gross wage, for both groups, 

is a strong determinant of labour supplied. An increase in the 

gross wage increases labour supplied with the effect being roughly 

twice as large for full-time workers as for part-time. The 

marginal retention rate (one minus the marginal tax rate) for 

full-time workers is just significant at the 5 per cent level with 

a coefficient which, when combined with the coefficient on the 

gross wage, indicates that existence of tax illusion with the tax 

illusion parameter, p, being estimated as 0.67. This level of tax 

illusion means, for example, that a marginal tax rate of 40 per 

cent would be perceived as about 29 per cent, which is above the 

average tax rate but well short of the actual marginal rate. 

It will be observed that no tax variable has been included for 

part-time workers. The initial specification for part-time 

workers was identical to that for full-time workers. The tax 

variable, however, did not enter the equation significantly in any 

of the regressions conducted. Subsequently, two alternatives were 

tried. The first assumed no tax illusion and used the net wage as 
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the wage variable in the regression, while the second alternative 

assumed complete tax illusion and used the gross wage with no tax 

variable. The second alternative was preferred on statistical 

grounds. This alternative leads, of course, to there being no 

dead weight loss of taxation with respect to the part-time workers 

since it is the perceived tax rate that matters for this purpose. 

The virtual income variable had the proper sign for both groups 

of workers, however, it was significant only for full-time workers 

whose coefficient was roughly ten times the size of that for 

part-time workers. In summary, full-time workers appeared to 

behave as postulated by the theoretical model whose estimated 

coefficients for the economic variables were all of the proper 

sign and significant. The results for part-time workers with 

respect to the economic variables were much more mixed, with only 

the wage variable being significant and the tax and income 

variables seemingly having little effect. 

The age variable shows an increasing labour supply with age, 

while all the variables for dependent children have significantly 

negative coefficents. Here, the variable for pre-school aged 

children was split for full-time and part-time workers to allow 

for a differential impact due to differences in being able to 

arrange day-care on a full-time as against a part-time basis. As 

expected, young children have a greater impact on part-time 

workers. 
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Residence in a large metropolitan area and increased financial 

responsibility as measured by the HOME variable both increase 

labour supplied. Finally, there is significant sample selection 

bias. The coefficient of ~ is positive, as required by theory, 

and significant. 

Because the equation was estimated using unweighted data, the 

computation of population elasticities cannot be done directly 

from the equation. Instead, individual labour supply responses 

given by the equation to wage, tax, and income changes were 

calculated and weighted by sample weights to calculate population 

elasticities. In the case of a wage change, the change enters 

directly into the wage variable and indirectly through the 

calculation of virtual income. A change in non-earned income 

enters only into virtual income. From these two calculations it 

is then possible to calculate a compensated wage elasticity. For 

these calculations it was assumed that marginal and average taxes 

remained constant. Tax elasticities were calculated by assuming a 

I per cent change in both marginal and average taxes, and 

furthermore that such tax changes would also affect the spouse's 

income tax. Such tax changes thus affected the calculation of 

virtual income, both directly, and indirectly through the spouse's 

after-tax income. The elasticities are presented in Table 4. 
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Table 4 

Calculated Labour Supply Elasticities 
Married WOmen, Aged 20 to 54 Years, Canada, 1981 

Elasticity Full-Time Part-Time Total 

Uncompensated Wage 0.1895 0.1079 0.1684 

Income -0.0260 -0.0031 -0.0201 

Compensated Wage 0.2054 0.1093 0.1806 

Income Tax -0.0557 -0.0288 -0.0487 

Source Statistics Canada, 1982 Survey of Consumer Finances, and 
calculations from Table 3 equation results. 
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The elasticities calculated from this study fall in about the 

mid-range of elasticities calculated in recent Canadian studies, 

and considerably below comparable elasticities for the United 

States. The uncompensated wage elasticity of about 0.2, and lower 

for part-time than for full-time, shows a mild degree of labour 

supply responsiveness to wage changes. The small income 

elasticities are again in line with recent Canadian estimates, and 

combined with the low wage elasticities yield small substitution 

elasticities. The tax elasticities are also small. However, it 

must be recalled that for part-time workers the specification 

excludes any effect of the marginal tax rate and includes only the 

average tax rate operating on non-earned income. 

The calculation of deadweight loss from the income tax for 

full-time workers led to an estimate of 3.5 per cent of tax 

revenues raised, a dramatically different result from comparable 

United States results. For part-time workers no calculation of 

deadweight loss was done since complete tax illusion as to the 

marginal rate was incorporated into the estimation. Since it was 

assumed at the same time that there existed no tax illusion as to 

the average rate, it would have been preferable in the estimation 

to have set the marginal rate equal to the average rate in the 

case of complete illusion rather than zero. Nonetheless, the 

resulting deadweight loss would have remained small being the 

result of small substitution elasticities in the presence of tax 

illusion. 
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Overall, the results for married women working full-time 

indicate strong support for the theoretical model. The results 

for part-time workers, however, are much weaker indicating both a 

lack of the model in capturing the underlying structure and in a 

greater degree of heterogeneity among part-time workers. 



5 SUMMARY AND CONCLUSIONS 

This paper has examined the labour supply response of married 

women in Canada using a one-period model in which the tax system 

was considered. The data used were cross-sectional from the 

Survey of Consumer Finances for the 1981 income year. The 

estimation procedure used the Heckman technique to correct for 

selectivity bias. This paper differs from previous Canadian 

studies in a number of ways. First, virtual income is fully and 

correctly calculated in the estimated equations. Second, tax 

illusion was allowed to exist only for the marginal tax rate and 

not the average tax rate. Third, some non-convexities in the 

budget set are removed and treated as income effects. Fourth, 

information on hours worked per week is included in the wage 

equation. Fifth, the wage predictions are purged of their bias. 

Finally, all of the equations are estimated using unweighted data 

with the sample weights being used subsequently in the elasticity 

calculations. The model, in common with most other Canadian 

studies, assumes away non-convexities in the budget set caused by 

fixed costs and transfer reductions. 

The results of the estimations indicate that the model fits the 

full-time sample much more strongly than it does part-time 

workers. The aggregate elasticity estimates are about in the 

middle range of those found in other Canadian studies. For the 

full-time sample there is a finding of tax illusion with respect 

to the marginal tax rate. For part-time workers no estimate of 
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tax illusion was obtained and the final form of the labour supply 

equation assumed complete tax illusion. The existence of tax 

illusion, which lowered the perceived marginal tax rate, in 

combination with a small substitution substitution elasticity 

produced estimates of deadweight loss of three to three and 

one-half per cent of revenues raised. 

In a recent survey article, Rea (1983) gave best guess estimates 

for labour supply elasticities of married women of 0.50 for the 

uncompensated wage, -0.25 for income and 0.75 for the substitution 

elasticity. These elasticities are quite heavily weighted by 

results from the United states although they do contain some 

Canadian results. From this it would appear that the labour 

supply of married women in Canada is much less sensitive to wages, 

income and taxes than for their American counterparts. This being 

said, care must be exercised in attempting to draw conclusions at 

this stage. 

Many of the American results are based on work using data from 

income maintenance experiments and as such deal with lower income 

groups. It is generally thought that elasticities for low income 

groups facing relatively high effective tax rates are often 

substantially higher than for the population as a whole. 

Preliminary findings by other researchers using the Mincome data 

from the Manitoba guaranteed annual income experiment indicate 

that this is also true for Canada. Thus, one must be sure when 



- 45 - 

looking at best guesses from groups of studies that the underlying 

populations are relatively similar between comparisons. Yet, set 

against this reservation are the results of individual American 

studies of the elasticities for the entire population of married 

women in excess of most Canadian results. Hausman (1981), for 

example, has estimated the uncompensated wage elasticity as 0.91, 

and the substitution elasticity as 1.42. 

There are substantial differences Canada and the United States 

in both transfer and tax systems. Canadian families, on average, 

receive a higher level of transfers than do similar American 

families, but face generally higher tax schedules. The 

requirement of joint filing in the United States, however, could 

easily mean that the tax burden faced by a married woman in the 

United States was much higher than a similarly paid married woman 

in Canada. These and other structural differences could go a long 

way towards explaining the differences in labour supply 

behaviour. 

To the extent that there are such differences in labour supply 

between the two countries, why would such findings be important? 

Aside from being interesting to research in their own right, such 

results could also lead to different conclusions about the 

efficiency costs of taxes, transfers and redistribution. Results 

such as those of Browning and Johnson (1984) which suggest a high 

marginal cost of redistribution based upon labour supply effects, 
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primarily of individuals in the upper end of the income 

distribution, need not be directly relevant for Canada, or at 

least could be substantially modified. 
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APPENDIX A 

OBTAINING A MINIMUM VARIANCE UNBIASED ESTIMATE OF THE 

CONDITIONAL MEAN WAGE FROM THE MARKET WAGE EQUATION 

(1968) adapted to the specific problem at hand. 

This appendix closely follows the development given in Goldberger 

1. Preliminaries 

Let 2 u...,N(Il, 0) 

and let u U = e 

Then, U is lognormally distributed with mean 

That is, E {U} is the moment generating function of u. 

" 

Lemma: Let vw/o2 be distributed as x2v' where w is a random 
2 variable, v a positive integer, and 0 a positive parameter. For 

2 
, t t b i d t' f co a gIven cons an c, an un lase es Imator 0 e is given by the 

function 



F(w: v, c) = f 
j=O 
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where 

and r{a) is the gamma function. If a is a positive integer then 

r{a) = (a-l)l 

2. Market Wage Equation 

The market wage equation may be written as 

To estimate the equation, the logarithm of the equation is taken 

yielding 

In W = x~ + U where U u = e 

Since in the case of the market wage equation u is non-spherical, 

let the error structure be described by 

2 
U "" N(o, cr }:) 

where ~ = dg{w1, w2' ••• ' wT) is a diagonal matrix. 
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The mean and variance of In Ware given by 

E {In w} = X~ 

var (ln ~v) = (,.2 ~ 

Thus 

However, if we are interested in W rather than In W, then 

W = eln W = exp {x~ + u} 

E {w} = E {eln W} = exp {x~ + t 0'2 dg(~)} ( I) 

Since the error structure is heteroskedastic a weighting procedure 

is used before estimating the equation. 

Define a matrix ~ -, -t 
= dg ( wI' w 2 ' • • • , 

such that ~ = ~-l ~'-l 

Weight the market wage equation by ~ 

~ In W = ~X~ + ~u 

Then, 
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Estimate the weighted market wage equation by OLS. 

il- T 
(In Wt - Xt~2 = 1 Z 

T-k t=l 

Then tn) " X~ + X(X'Z-IX)-IX'Z-lu = X~ = 

The mean and variance of ~ are given by 

»<: 
E {In ~y} = X~ 

var 

Thus 

'" Now, if we are interested in ~ rather than In W we must transform 

back to the original form 

and 
A 

E {w} exp {X~ + ( 2 ) 

Comparing (2) with (I), the bias of ~ as an estimator of the 

mean of W is evident. 
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To obtain a minimum variance, unbiased estimator of the mean 

wage the lemma given previously is invoked. Set w=~, v=T-k, and 

'-1 -1 ' c=tdg (1:: -x [X 1:: Xl X). 

Al ,-1 l' 
Then F(W1 v,c) = F(~1 T-k, t dg(1::-X[X E X]- X )) 

= 

and 

1\ 0w 
Now, set W = e FE and take the expected value 

The expectation on the right hand side was decomposed into the r-: 
expression shown because of the independence of In Wand FE. 

Substituting for the terms on the right hand side results in 

Efw) E {w} 

This then is the desired minimum variance unbiased estimator of 

'fi the mean of W. 
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3. Estimation Procedure 

In this section the steps followed to obtain the unbiased 

estimator of the mean wage following the estimation of the market 

wage equation, as presented in the main text, are outlined. 

I. From the last iteration in the estimation of the market wage 

'-1 -1 
equation obtain (X ~ X) • 

II. In addition save the calculated weights, w., used to weight 
1 

the equation on the last iteration, where 

III. Finally, save the calculated M.S.E., all=~ 

IV. Define the following matrices: 

MIl M12 . . . Mlk Xu Xl2 ... Xlk 

(X'~-lX)-l = M21 M22 M2k X = X21 X22 ... X2k 

• • 
Mkl Mk2 ... Mkk XTI XT2 XTk 

For the tth observation calculate 

.1 1\2 [ -1 
2" a w - t 

k k 
~ ~ Xt' Xt' m .. ], t = 

i=l j=l 1 ) 1) 

,,' 
l, 2, ••• , T 
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These are the T diagonal elements of t ~2 (r-x[x'r-lx]-lX') 

required in the calculation of FE. 

J 
V. Next, calculate f./j!. Note that these are independent of 

J 
the observation and thus need be calculated only once. 

In the example in the text v = T - k = 7876 and thus !v = 3938 

is a positive integer. This allows us to write the gamma function 

in terms of a factorial. 

r (tv + j) = (tv + j - I)! 

Then, .:i = (tv)j (tv-l)! 
J! (fv+j-l)! n 

Further f./j! may be calculated recursively since 
J 

(fv+j-l) 
f. 1 J- j = l, 2, ••• (1v) • 

(j-l) ! 

Now, fa = 1 and calculate .:i, j = l, 2, ••• 
DT J! 

The question arises as to how fast the series converges and thus 

how many terms will be needed to closely approximate the infinite 

sum. The answer will depend upon the properties of both terms in 

.. FE' the one calculated in step IV as well as in step V • 
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For the term f.jj!, with the parameters given above, the speed 
J 

of convergence may be seen in the following table: 

j f.jj! j f .jj! j f .jj ! 
J J J 

0 1.0 7 1.9736 x 10-4 14 1. 1209 x 10-11 

1 1.0 8 2.4626 x 10-5 15 7.4462 x 10-13 

2 4.9987 x 10-1 9 2.7307 x 10-6 16 4.6362 x 10-14 

3 1.6654 x 10-1 10 2.7244 x 10-7 17 2.7162 x 10-15 

4 4.1603 x 10-2 11 2.4705 x 10-8 18 1. 5025 x 10-16 

5 8.3122 x 10-3 12 2.0530 x 10-9 19 7.8718 x 10-18 

6 1. 3836 x 10-3 13 1. 5744 x 10-10 20 3.9170 x 10-19 

VI. For the tth observation calculate 

and ~t t = l , 2, ••• , T 

In the case of the market wage, since the term calculated in 

step IV was also less than unity, convergence occurred in about 

seven or eight summation terms. 

This, then, was the unbiased estimate of the mean wage used in 

conjunction with the number of weeks to generate annual earnings. 



APPENDIX B 

CALCULATION OF INCOME TAXES AND THE NUMBER OF DEPENDENT CHILDREN 

The tax calculations followed the detailed 1981 income tax return 

as closely as possible. Income items and the division of income 

into that subject to tax and non-taxable components was done using 

SCF data. Reported earnings were replaced by earnings calculated 

using the estimated labour supply and estimated wage. Family 

Allowances were allocated to the parent with the highest net 

income (excluding Family Allowances) based on calculations for 

both husband and wife. The net income of the Family Allowance 

recipient was then recalculated. 

The following table, from a special tabulation of taxation data, 

was used to obtain deductions from total income to arrive at net 

income. In the case of the husband, since only broad age groups 

were used, simple averages of the appropriate columns were used. 

• 

Personal exemptions were calculated using SCF data and the tax 

calculations to arrive at net income. Exemptions included the 

basic personal exemption, the married exemption for the husband or 

wife where applicable, the age exemption in the case of the 

husband only since our sample excluded older married women, and 

the dependent child exemption. 
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Since the number of children in each age group in the family 

beyond two were reported in one size category, Family Allowance 

data were used to calculate the exact number, both for use in 

1 calculating the exemption and for direct use in the estimated 

equations. The formulae used for this purpose were as follows, 

depending upon province and whether the children were under 6 or 6 

to 17 years of age. 

1 Quebec 

Number of Children = (Family Allowance -1596.78) +3 
832.32 

a) Children under 6 ) 3 and Children 6 to 17 = 0 

Number of Children = (Family Allowance -1303.32) +3 
832.32 

b) Children under 6 ) 3 and Children 6 to 17 = 1 

Number of Children = (Family Allowance -2005.20) +4 
832.32 

c) Children under 6 ) 3 and Children 6 to 17 = 2 

d) Children under 6 = 0 and Children 6 to 17 ) 3 

Number of Children = (Family Allowance -1411.14) +3 
868.26 
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e) Children under 6 = 1 and Children 6 to 17 ) 3 

Number of Children 
= (Family Allowance -1668.66) +3 

868.26 

f) Children under 6 = 2 and Children 6 to 17 ) 3 

Number of Children 
= (Family Allowance -2041.14) +4 

868.26 

g) Children under 6 ) 3 and Children 6 to 17 ) 3 

Number of Children 
= (Family Allowance -4015.92) +6 

868.26 

h) In all other cases for Quebec the actual number of children is 

given directly by the SCF data. 

2 Alberta 

Number of Children 
= (Family Allowance -328.15) +1 

218.40 

a) Children under 6 ) 3 and Children 6 to 17 = 0 

Number of Children 
= Family Allowance 

218.40 

b) Children under 6 ) 3 and Children 6 to 17 = 1 

c) Children under 6 ) 3 and Children 6 to 17 = 2 
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Number of Children = (Family Allowance -656.29) +2 
218.40 

d) Children under 6 = 0 and Children 6 to 17 ) 3 

Number of Children = Family Allowance 
328.20 

e) Children under 6 = 1 and Children 6 to 17 ) 3 

Number of Children = (Family Allowance -218.40) +1 
328.20 

f) Children under 6 = 2 and Children 6 to 17 ) 3 

Number of Children = (Family Allowance -436.80) +2 
328.20 

g) Children under 6 ) 3 and Children 6 to 17 ) 3 

Number of Children = Family Allowance 
287.52 

h) In all other cases for Alberta the actual number of children 

is given directly by the SCF data. / 

3 All other provinces 

a) Children under 6 ) 3 and Children 6 to 17 ( 2 
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Number of Children =(Family Allowance -287.52 x Children 6 to 17) 
287.52 

+ Children 6 to 17 

b) Children under 6 ~ 2 and Children 6 to 17 ) 3 

N b f Ch 'ld (Family Allowance -287.52 x Children under 6) 
urn er 0 1 ren = 287.52 

+ Children under 6 

c) Children under 6 ) 3 and Children 6 to 17 ) 3 

Number of Children = (Family Allowance) 
287.52 

d) In all other case the actual number of children is given 

directly by the SCF data. 

In some cases, particularly for Quebec, the final form of the 

formula was arrived at after a number of simulations. The 

exemption for dependent children was the calculated and assigned 

The deduction for medical expenses and charitable donations was 

to the recipient of the Family Allowance for tax purposes. 

calculated using the following table. 
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Average Medical Expenses and Charitable Donations by 
Income Subject to Tax, Canada, 1980 

.. Income Subject to Tax Deduction 

J Under $4,000 101 
$ 4,000 - $ 7,999 123 

8,000 - 11,999 151 
12,000 - 15,999 168 
16,000 - 19,999 183 
20,000 - 22,999 194 
23,000 - 25,999 210 
26,000 - 29,999 238 
30,000 - 34,999 292 
35,000 - 39,999 358 
40,000 - 49,999 417 
50,000 - 99,999 730 

100,000 - 199,999 1,715 
200,000 and over 5,872 

I 

For those whose main activity in 1981 when neither working nor 

looking for work was going to school, an education deduction was 

calculated using the following formula. 

education 
deduction = $50 x 0.23 x (52 -weeks worked - weeks looking) 

Finally, other deductions from net income were calculated using 

the following table. 
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Taxable income was calculated by subtracting all personal exemp 

tions, the medical expenses and charitable donations deduction, 

the education deduction and other deductions from net income. 

J 

Federal taxes payable were calculated adjusting for any 

provincial abatements and the federal tax reduction. Provincial 

taxes were calculated adjusting for provincial tax reductions and 

surtaxes. In the case of Quebec, detailed calculations were 

performed following the Quebec tax return using the above 

information. 

The Child Tax Credit was calculated using both husband's and 

wife's net income, and used to reduce the wife's tax payable. 

The marginal tax rate was calculated by incrementing earnings by 

$500 and recalculating total taxes payable following the procedure 

given above. The size of the increment was dictated by the 

occasional rev~rsals found in the tables of deductions from total 

income and deductions from net income. Too small an increment 

near a reversal could lead to very high tax rates. 

Aside from the information given in the tables above, the tax 

calculations relied only on data available in the SCF and infor 

mation and rules contained in the federal (for each province) and 

Quebec tax returns. 
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