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FEATURE ARTICLE 2

Hours Worked: A New Measure of Labour Input for
Multifactor Productivity Estimates

By Jean-Pierre Maynard'

Introduction

Although it is preferable to base the measure of multifactor productivity on estirnates of person-hours
worked for reasons that will be explained below, until now, productivity estimates hive been based on the
number of persons at work. Estimates of person-hours worked were developed in the framework of recent
research on improvements into the quality of multifactor productivity measures.

In the framework of multifactor productivity, the productivity indices are first calculated at the most
disaggregated level of industries, and then aggregated to the desired levei following well-established ruies.
Despite the fact that estimates of hours worked were produced as part of the framework of labour
productivity measurement, they were availabie oniy at higher ievels of aggregation and could not therefore
be of use in the calculation of multifactor productivity indices. The goal of this r2search, the results of
which are presented here, consists in the disaggregation of the existing hours data to a detailed level of
industries.

Ideally, labour input should represent the quantity of effort rendered by all persons participating in the
production process, imespective of whether such effort is physical or intellectual in nature. As there is no
precise measure of human effort in a work environment, approximations such as the number of employees
or the number of person-hours are generally utilized.

The use of the number of persons at work as a labour input measure relies on the assumption that human
effort is proportional to the number of workers. It is possibie to refine this measure by taking into account
the number of hours worked per person. The number of person-hours worked is more appropnate since
it takes into account the fact that the number of hours worked per person changes over time and across
industries. For exampile, we have observed over time a reduction in the standiard work week and an
increase in part-time work. Another advantage resides in the improvement of Canada-United States
comparisons of multifactor productivity, given that the U.S. estimates are aireacly based on the hours
concept.

The article that follows begins with an overview of the evolution of hours worked per person in Canada
since 1961, for the business sector and component industries. It is followed by & discussion of sources
and methods employed to produce hours worked for the 110 industries of the multifz ctor productivity series.

! The author wishes to thank the staff from Productivity Measures that contributed to this project. In particular, the author wishes to thank
Monique Larose, Séan Burrows, Vere Clarke, and Stéphane Maynard for their imporiant coniribution to the cevelopment of these estimations
as well as Aldo Diaz, Marie Allard-Saulnier, and René Durand for their valuable comments on earlier drafis of this paper.
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To the extent possible, the methodology is consistent with that used to produce the person-hours estimates

at the aggregate level of industrial divisions for labour productivity. Finally, the article undertakes a
comparison of multifactor productivity based on hours worked with those based ¢n persons at work.

The Evolution of Hours Worked During the Last Thirty Years

Since the beginning of the 1960's, there has been an increase in leisure time as part of the general rise
in living standards. Working conditions over the [ast thirty years improved consikierably when measured
in terms of number of hours worked per person. This reduction in hours per person is the result of gains
in social benefits obtained by the work force such as increases in the length of vacation time, additional
holidays, increases in paid leave for reasons of sickness or for personal reasons, or simply due to a
generalized reduction in the standard work week. Figure 1 shows the downward trend in annual hours
worked per person in the business sector as well as in the goods and services industries of the business
sector.

Figure 1

Evolution of annual hours worked per person since 1961
2,150

Business Sector
y Goods
Services

1961 1966 1971 1976 1981 1986 1991
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It is of interest to note that the rate at which annual hours per person decreases has slowed considerably
at the beginning of the 1980's. This observation is confirmed by the comparison of growth rates for
ditferent sub-periods presented in Text table 1. In fact, beginning with the 1982 recession, the decline in
hours per person stops, and in fact increases between 1983 and 1988, only to dscline starting in 1989.
The reduction in the number of hours per person observed between recessions (1982 and 1990-1991)
compensates for the rise which took place during the years of expansion (1983 t¢ 1988).

Text table 1

Hours worked per person per year between 1961 and 1991 and selected sub-periods

Penod Business Business Business
Sector Sactor Goods Sactor Services
1961-1975 0.7% -0.5% -0.8%
1975-1982 -0.8% -0.7% -0.8%
1982-1991 -0.1% 0.0% 0.1%
1961-1991 -0.5% -0.4% -0.6%

Annual hours worked per person show a net tendency to decline during the period of study, indicating that
multitactor productivity estimates would be sensitive to the use of person-hours as labour input.

Concepts and Definitions

The concept of hours worked that is of interest to us represents the total numbar of hours that a person
devotes to work, whether these hours are paid or not. Generally, this includes nommal hours plus overtime,
including coffee breaks, on-the-job training as well as time lost due to unanticipated interruptions in
production. Time lost due to strikes or lockouts, to statutory holidays, vacations, iliness, matemnity leave
or personal reasons is not included in hours worked.

Statistics Canada'’s Input-Output Division currently maintains a detailed database of employment statistics
which distinguishes between paid workers and other-than-paid workers. Some surveys collecting data on
employment usually ditferentiate between production and other salaried employees (administrative
personnel, office workers, sales representatives, etc.). The other-than-paid workers class can also be
broken down into two types: self-employed workers, including working owners and active associates, and
unpaid family workers. The latter type is mostly found in industries where tamily businesses are prevalent,
such as the agricufture industry and the retail trade industry. Text table 2 shows the classes of workers
used in this study.
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Text table 2

Diagram of classes of workers used to estimate labour Input for the calculation of productivity

Persons at Work

@® Paid Workers ® Other-than-paid Workers
® Production Workers e Self-employed Workers
o Other Salaried Employees e Unpaid Family Workers

For the purposes of this project, estimates of person-hours worked were produced for the relevant classes
of workers from 1961 to the present and for 110 industries. The person-hours worked concept can be
visualized as the product of hours worked per person as defined above, and the average number of
persons at work. As the number of persons at work is already available in a database, the project
consisted of producing estimates of annual hours worked per person which wouki be representative of all
classes of workers in each industry.

Description of Sources and Methods

At Statistics Canada, there is no single source of information which would allow the estimation of hours
worked per person for all industries and for the full period under consideration. Time series on annual
hours worked per person were therefore constructed from four main sources:

1) the Annual Survey of Manutactures

2) the Labour Force Survey

3) the Census of Mines

4) the Annual Survey of Working Conditions

For most industries, more than one source is available. Notwithstanding the fact that the data must be
compatible with the concept of hours worked used for muttifactor productivity, we privileged data sources |
that: 1) were considered to be the most reliable; 2) were available for the entire period; 3) were already |
used in the employment estimates.

1 - Manufacturing Industries

In the case of manutacturing industries, the main source for person-hours worked was the Annual Survey
of Manufacturing’. In 1989, these data were collected annually using three different methods. All large
establishments including head offices are surveyed by means of a fully detailed questionnaire. Smail
establishments are surveyed on a rotating basis by means of a simplified questionnaire and by means of

? For more information concerning this survey, see Manufacturing Industries of Canada: national and provincial areas, Statistics Canada,
catalogue no. 31-203 annual.
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administrative records. Only large establishments are asked specific questions or hours paid and hours
worked and this, only for production workers. This questionnaire also included add tional questions on the
hourly wage rate, on the normal number of hours worked, as well as on the annual éiverage number of paid
holidays for total paid workers. This survey uses the additional information obtained on the number of paid
holidays and hours paid data to derive the number of hours at work. However, data on normal hours for
other salaned employees were not collected prior to 1983.

As for the complement of small establishments, person-hours are estimated from declared wages and
salaries. Paid person-hours are then obtained by dividing wages and salaries by zverage hourly earnings
estimated from the data on large establishments in the same industry. The number of person-hours worked
is calculated by the ratio of person-hours worked to person-hours paid for a given industry. The estimates
of hours worked for small establishments are of a lower quality; however, these establishments only
accounted for a small proportion of the total shipments of manutacturing industries in 1989° .

The Annual Survey of Manufactures provides the necessary hours worked information at the detailed level
in the case of production workers*. Data on person-hours worked at the maijor ¢roup level (level "PM")®
tor the four classes of workers are already produced in the framework of the labour productivity program.
Annual hours worked per person for other salaried employees, self-employed and unpaid family workers
were available only at the PM level for the entire period. Estimates of hours worked for these three groups
at the detailed PL level were produced on the assumption that within each PM group, all employees worked
the same number of hours on average. This means that differences found in the number of hours worked
per persson at the PL level within manutacturing strictly reflect differences in the hours worked by production
workers®.

2 - Non-Manufacturing Industries

For non-manufacturing industries, the number of hours worked per person are taken at least in part from
the Labour Force Survey. As in the case of manufacturing, the estimates are constructed separately for
paid workers and other-than-paid workers, that is, self-employed workers and unpaid family workers.
Statistics on hours worked for the two classes of workers and for most of the 110 industries at the PL level
are available starting in 1975, when the survey underwent a major redesign. Previously, the industrial
coding of this survey was limited to industrial divisions (PS level). Another source was used for the years
1961 to 1975 for most industries.

The detinition of five of the 110 industries coincide with the industrial divisions for which estimates of hours
worked are produced in the framework of the labour productivity measures. These industries are:
Agricultural and Related Services, Fishing and Trapping, Logging and Forestry, Construction, and Finance,
Insurance and Real Estate. Therefore, the time series on hours worked for these industries are taken
directly from the labour productivity program.

! According to detailed information from the 1989 Annual Survey of Manufactures large establishments repr ted 90% or more of the industry
shipments in 48 of the 83 groups. In addition. this number reached 77 (93%) when we consider establishments representing at least 70%.
Only six industries had a share of small establishments that was greater than 30%.

The 1986-1987 growih rate of Labour Force Survey data was used to estimate the level of paid workers in manufacuaing for 1987, the data
on hours worked from the 1987 Annual Survey of Manufactures having not been edited.

For more information on industrial aggregates as defined in the multifactor productivity measures, see Appendix 3 in Part 2 of this publication.

* For more information on the methodology used 1o estimate hours for other salaried employees and other-than-paid workers, see Appendix 2
in Part | of this publication.
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Statistics on hours collected by the Labour force survey refer to a specific week in 2ach month; usually the
week of the 15" of the month. This survey includes a series of questions on the number of hours worked
which are asked to any respondent having worked during the reference week. These questions pertain
to usual hours, overtime. hours actually worked, as well as hours lost and reasons ‘or absences from work.
This information facilitates the veritication of each element of information on hours worked for consistency
and allows the estimation of the total annual number of hours worked. As the statistics from this survey
pertain to a specific week of the month, the annual data only represent the twelvie weeks of the year that
were surveyed. In order to produce annual data that would be representative of tre hours actually worked
during ail weeks of the year, the Productivity Measures Section developed a methodology. The purpose
of this methodology is to adjust the hours actually worked as reported by the survey to account for two
random factors; the statutory holidays that may or may not fall in the reterence weeks in a given year and
the impact of days lost due to labour disputes’.

The method used to produce the annual estimates of hours worked from Labour Force Survey data can
be summarized in four steps®.

1 - The first consists of adding to the estimates of hours worked for the survey week, the hours
lost due to a statutory holiday or to a labour dispute. The result is therefore an estimate of
hours worked under the assumption of no statutory holidays or labour disputes. These data
are then interpolated between the survey weeks in order to produce the estimates for the fifty-
two weeks of the year.

2 - The second step consists of adjusting, if necessary, the hours worked in the year for time lost
due to statutory holidays. When the holidays are in the survey week, the estimates for hours
worked are taken directly from the survey data, otherwise, they are estimated using the
following method. The main statutory holidays in Canada were identified and classified in three
categories: (1) Major (Christmas Day, New Year's Day, Good Friday, Canada Day, Labour
Day, and Thanksgiving; (2) Major-Minor (Victoria Day, Boxing Day); and (3) Minor (Easter
Monday, St-Jean Baptiste, August Civic Holiday, and Remembrance Day)®. This classification
reflects the fact that most employees are entitled to the major holidays whereas a smaller
proportion are granted the other holidays. The number of working hours lost for the three
categories of holidays is estimated from the hours iost in survey weuks for the corresponding
category of holidays.

3 - Thirdly, all hours lost due to labour disputes are removed from the estimates of hours worked.'°
Only the hours worked by paid workers are adjusted for this type o/ absence.

4 - Finally, annual hours worked per person per week are calculated as the average of the weekly
values adjusted for strikes and holidays. The number of hours worked per year is simply the
weekly average multiplied by the number of weeks in the year. Tha number of weeks in the
year is not taken as constant, but reflects the variations in the czlendar. A calendar year

" The employment concept of the Labour Force Survey includes as employees, ary respondents that did not work during survey week due io
labowr disputes.

* For a complete description of this methodology. see Maryanne Webber, "Estimating Total Annual Hours Worked from the Canadian Labour
Force Survey”, Input-Output Division, Technical Series number 51, April 1983.

* The classification of statutory holidays in order of importance comes from data collected by the Pay Research Bureau. a service of the Public
Service Staff Relations Board of the Federal Public Service.

! For more information concerning this survey, refer to Collective Bargaining Review, Labour Canada, monthly.
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includes 52 complete weeks plus one day (two in leap years). If thase extra days fall on a
normal day of rest, the year is considered to have 52 weeks even. If not, the number of weeks
is greater. Calendar year variations account for up to 0.4% in the year-to-year change in hours
worked.

Using this method, estimates of hours worked per person were produced for Faid workers, except for
Mining Industries and Manutfacturing Industries, and for other-than-paid workers for all industries with the
exception of Manufactunng.

As mentioned, the data on hours actually worked from the Labour Force Survey did not exist prior to 1975
at the level of aggregation needed. For the years prior to 1976, data from “he Survey on Working
Conditions'' were used. This survey, cancelled in 1984, was an annual survey which covered all
establishments of twenty or more employees in Canada with the exception of the Agricultural and Related
Services Industnes, Fishing and Trapping, and Construction. The purpose of this survey was to collect
information on the working conditions in establishments. The survey collected, among other things,
information of normal work hours, paid statutory holidays, annual leave, and sick leave. This information
was produced for most industries that were needed and distingued between production workers ("non-office
employees”) and other salaried employees ("office employees”).

From this information, annual data on normal working hours were derived, from which hours paid for
statutory holidays and annual leave were deducted. Data on working conditions for paid annual leave were
shown according to specific eligibility critena. For example, for a given industry, the statistics were
tabulated by the number of years of service required to be eligible for three weeics instead of two weeks
of annual leave. In order to produce estimates of average hours on holidays: for each industry, this
information was combined with the estimates of job tenure from the Labour Force Survey'2.

Since the estimates of hours worked per person by paid workers were obtainec! from the Labour Force
Survey starting in 1976 and from the Survey of Working Conditions up to 1975, the two time series had
to be linked together. The series originating in the latter survey was muitiplied by the average of the
difference between the two series for the years 1975 to 1978. Then, since the hours obtained from the
Survey of Working Conditions did not correspond exactly to our concept of hours warked'?, they were linked
to the corresponding estimates for paid workers at the industry division level (PS; that are presently used
in the calculation of labour productivity estimates.

The data on hours worked for each of the four mining industries were produced using a different
methodology. The total person-hours worked for the Mining (including milling), Quarrying and Oil Waell
Industries used in labour productivity was allocated to the four industries according to the distribution of
hours paid from the Census of Mines. These statistics cover the entire period but represent only
production workers. Since these are estimates of hours paid, paid holidays (stalutory and annual leave)
estimated from the Survey of Working Conditions were subtracted from them. This survey having been
cancelled in 1984, the estimates of paid holidays were extrapolated along a linear trend until 1989. In order
to reflect all paid workers in this industry, the total person-hours for this division was used as a benchmark
for the entire period and distributed according to the value share of each component estimated from the
person-hours of the Census of Mines.

" For more information on this survey, see the lechnical notes in annual reports from Working Conditions in Canadian Industry, Labour Canada,
1961-1984.

"* For further details on the “job tenure” variable, see User's Guide to the Labour Force Swurvey Data, caialogue no. 71-528, Statistics Canada,
1992, pp. 13 and 36.

"7 In contrast with the Labour Force Survey which is a household survey, most establishment surveys only collect information on standard
working hours for the non-production classes of workers .
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For the paid workers of the Pipeline Transport Industry, the Educational Services and Other Health Services
industries. there was simply no data before 1976. We therefore used the growth of hours per person from
industries exhibiting similar trends from 1976 to 1991. In the case ot Pipeline Transport, hours worked per
person from the Crude Petroleum and Natural Gas Industries were used. The hours worked per person
in Hospitals were used to estimate the two other industries.

Since the Labour Force Survey is the only source available to produce estimates on other types of workers
for all non-manufacturing industries, there are no detailed data prior to 1976. The share of hours worked
to self-employed and unpaid family workers were therefore estimated for each industry using backward
linear extrapolation of the Labour Force Survey data from 1976 to 1991. The results obtained were then
reconciled with the person-hours estimates at the corresponding industry divisior: level (PS).

The use of aggregate data (PS level) for person-hours from the labour productivity measures program also
allows us to ensure the consistency of the results from the various productivity measures produced.

Impact of Hours Worked on the Measurement of Multifactor Productivity

Figure 2

Comparison between multifactor productivity indices based on person-hcurs worked and persons
at work, business sector, 1961-1991

140 -

130

120

110

100
1961 1966 1971 1976 1981 1968 1961

The use of hours worked instead of persons at work as the measure of labour input has the effect of
increasing muitifactor productivity based on value-added for the business sector vy an average of 0.2% per
year during the 1961-1991 period (see Figure 2). In other words, the use o/ hours worked increases
multitactor productivity growth by about 30% over the three decades. However, the impact of person-hours
worked on productivity estimates changes considerably from period to period and across industries.
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Estimates of productivity growth rates'* corresponding to person-hours worked and to persons at work are
shown in Text table 3 for different sub-periods determined by the cyclical troughs of the multitactor
productivity index for the business sector. The use of the number of persons as lasour input instead of the
more precise person-hours measure is shown to have the effect of underestimating business sector
multifactor productivity growth by 0.2% between 1961 and 1967 and by 0.4% batween 1967 and 1982.
It should be noted that the negative performance observed when persons is used between 1975 and 1982
turns to a slightly positive growth with the use of hours worked. As expected, given little change in hours
worked per person during the 1982-1991 cycle, multifactor productivity based on haurs worked is exhibiting
a slightly lower growth rate compared to the rate based on persons at work during the period. In fact, as
Figure 3 shows, the growth rate of multitactor productivity based on hours worked was lower than that on
persons at work in six out of the last ten years. The same phenomenon occurred just three times between
1962 and 1982: in 1962, 1973, and 1978.

Text table 3

Comparison between multifactor productivity growth rates based on person-hours worked and
persons at work, business sector, 1961-1991

Penod Persons at work Person-hours worked Differences
1961-1991 0.8% 1.0% 0.2
1961-1967 1.8% 2.0% 0.2
1967-1975 1.2% 1.6% 04
1975-1982 -0.3% 0.1% 04
1982-1991 0.7% 0.6% 0.1

Figure 4 shows a very different impact across industrial divisions when hours worked are used instead of
persons at work. With the exception of the Finance, Insurance and Real Estate Industry, all service
industries show an increase in productivity larger than 0.1% when calculated or. hours worked, with Retail
Trade showing the largest impact. Atlower aggregation levels, the Railway Trarnsportation Industry, Road,
Highway and Bridge Maintenance Industry, Pipeline Transportation, and the Telecommunications industry
show little productivity improvements when calculated on hours worked.

" Given the methodology to estimate multifactor productivity, the labour input ¢ which should be used in analysis is not the sum of hours
or emplaymeni but rather the weighted average of hours or empioyment calculated using the Trnqvisi index number formula.
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Among the goods-producing industries of the business sector, Agriculture, Fishing and Trapping as well
as Logging and Forestry show a net productivity improvement when based on hours. Few improvements
were recorded in the Mining Industries, in Total Manufacturing, and in the Construction Industry. In
addition, a detailed analysis of individual manufacturing industries shows significzint long term ditferences
in only 13 of 83 cases. In all other manutacturing industries, the impact was I2ss than 0.1%, whether
negative or positive. Nine of the industries for which the impact was significant exhibited a substantial
improvement in productivity. This is the case in the following industries:

- Construction, Shipbuilding and Repair Industry;
- Aircraft and Aircraft Parts Industry;

- Wool Yarn and Woven Cloth Industry;

- Clay Products Industry;

- Cement Industry;

- Non-Ferrous Smetfting and Refining;

- Carpet, Mat and Rug Industry and;

- QOther Electrical and Electronic Products.

Otherwise, the other four industries exhibit a deterioration in multifactor productivity growth. This occurred
in Office, Store and Business Machines, Platemaking, Typesetting and Bindery, Iron Foundries and Record
Players, Radio and T.V. Receivers.

Figure 3

Annual growth of multifactor productivity for the business sector
40

Differences in
percentage points

3.0

20

1.0

1982 19008 1970 1974 1978 1982 1988 1960
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Figure 4

Differences between productivity growth rates based on hours worked and on employment, by
industry, 1961-1991

Agricutture & Related Serv.
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Logging & Forestry
Mining Quarrying & Oll Well
Manufacturing
Construction
Transportation & Storage
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Electric Power & Gas Dist.
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Retail Trade
Finance, ins. & Real Est.
Community, Bus., Pers. & Serv.
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In summary, the use of the more precise hours worked measure of labour input results in a thirty percent
increase in the long term growth rate of business sector multifactor productivity. The estimates for total
manutacturing are less sensitive, showing an increase of only 6% over thirty years. For the business sector
and most of its industries, the impact took place entirely in the 1961-1982 period: the new data has no
impact on the estimates for the 1982-1991 cycle as compared to the employmet-based measures.
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