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FOREWORD

The Dominion Bureau of Statistics has been
publishing a monthly index of industrial production
since the early 1920’s. Important revisions in this
index have been made over the years to improve its
reliability and usefulness as a major indicator of
economic activity. The last revision of the index,
together with a description of concepts, sources and
methods was published early in 1953 in D.BS.
Reference Paper No. 34 and covered the period
1935-1951.

This report presents the results of the latest
revision in the Index of Industrial Production and
covers the period 1935 to 1957. The new index is
expressed in terms of 1949 = 100 and this change in
the reference base from that of the previous index
(1935-1939 = 100) makes for a striking difference
in the level of the revised series. In 1957, the in-
dex on the new base is in the 150’s compared with
a level in the 280’s on the old 1935-1939 base, so
that a change of one point in the new index is equiv-
alent percentage-wise to a change of nearly two
points in the old series.

As in the previous revision, the emphasis in
the new index was placed on constructing annual
bench-mark indexes for all industries from compre-
hensive data derived from the annual censuses of
mining, manufacturing and electric power utilities.
In the old series, annual bench-mark levels were
computed from 1935 to 1947; in the present revision
these were extended to 1953 for all industries and
to 1955 for some of the more important industries
represented by man-hours in the monthly index. Ex-
cept for a limited number of revisions, the 1935-1946
bench-mark indexes were incorporated in the new in-
dex without change, but were arithmetically con-
verted to the 1949 base and linked in 1946 to the
bench-marks for the later period. As in the old
series bench-mark indexes of the volume of net out-
put (census value added in constant dollars) were
developed for as many industiries as possible and
detailed census of industry data on production,
materials, fuel and electricity were carefully ana-
lysed for this purpose. The bench-mark indexes were
extended forward to the current period by means of
available monthly information on production, ship-
ments, materials or man-hours. It is planned to re-
vise the annual levels for the current period in the
light of census data as they hecome available.

Although the trend of the old index was similar
to that of the revised series the level was pro-
gressively falling behind, largely as a result of the
use of unadjusted man-hours to represent output in a

sizeable proportion of manufacturing industries. In
the new index, special adjustments were developed
for these industries, whereby changes in output per
reported man-hour are estimated for the current
period on the basis of past trends in the bench-
mark indexes and related current information.

Another feature of the new index is the intro-
duction of new seasonal adjustment factors. The
seasonal factors for nearly 100 individual series
were calculated in Washington on the Bureau of the
Census electronic computer according to the Univac
Method II programme and represent an important ad-
vance over the laborious hand method heretofore
used for major industry groups only.

The annual and monthly indexes contained in
this report supersede the volume of production in-
dexes currently appearing in the ‘‘Canadian Statis-
tical Review*’. The indexes will be published hence-
forth on the revised basis only. The February, 1959
issue of the ‘‘Canadian Statistical Review’’ will con-
tain the new indexes up to the last available month.

This publication describes the techniques of
production index number construction. Although not
as elaborate as the last reference paper in certain
aspects of the work, the principal methods, together
with recent innovations are fully discussed to pro-
vide in a single document a complete description of
the concepts and methods used in compiling the
annual and monthly indexes. The report is divided
into two parts and a number of appendices. Part I
reviews the concepts and methods used in the con-
struction of the indexes and discusses the major
problems encountered and how they were handled.
Part II contains a brief analysis of production trends
over the period covered by the index. A comparison
of the revised index with the old series together
with an appraisal of the new index are also present-
ed in this section. These two parts are followed by
a series of appendices comprising tables of annual
and monthly indexes (both unadjusted and seasonally
adjusted) and descriptive material.

The present volume was prepared in the Busi-
ness Statistics Section of the Research and Develop-
ment Division of the Dominion Bureau of Statistics.
Throughout the projéct helpful advice was given by
various divisions of the D.BS. In particular, the
co-operation and assistance of the Industry and
Merchandising Division, the Labour Division, the
Prices Division and the National Income and Special
Projects Sections of the Research and Development
Division are gratefully acknowledged.

WALTER E. DUFFETT,

Dominion Statistician.



SYMBOLS

The interpretation of the symbols used throughout this pub-
lication is as follows:

. not available.
p projected on monthly data or subject to revision.

* net index projected using gross bench-mark indexes.
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PART I

Concepts and Methods

1. Introduction

The new Index of Industrial Production forms
part of the D.B.S, programme of periodically review-
ing and re-issuing important statistical series. The
monthly index presented herein has been completely
revised, with a view to improving its usefulness as
one of the main current indicators of business
activity, The industries covered by the Canadian
Index of Industrial Production, viz., Mining, Manu-
facturing and Electric and Gas Utilities, accounted
for nearly one-third of the total value of all goods
and services produced in Canada in 1949, While the
index is based on the industrial divisions of the
economy that are particularly sensitive to short-term
influences, it also reflects variations in overall
economic activity. For example, the output of mines
and factories is closely associated with that of
transport and trade although the latter is mainly
concerned with the distribution of commodities.
The barometric nature of the industrial sector
covered by the index enhances its value as an
indicator of short-term movements. It i8S also useful
in the interpretation of long-term economic
developments.

The last revision of the index was published
early in 1953. In view of the long period required
for development and compilation in a project of this
size, it was not possible at that time to acquire the
basic data necessary to establish a proper post-war
base period, and the index remained in terms of
1935-1939 = 100. But the need for a more up-to-date
base period became increasingly evident. The
relative importance of the industrial components of
the index had changed materially since the pre-war
period;, differences in price movements in the last
20 years, combined with considerable variations in
volume of output among industries, required that
early attention be given to changing the weight-base
of the index, In addition, users were finding it
cumbersome to examine figures relating to such a
remote period and many were actually converting
the index to a more recent year. In line with the
Bureau's present policy of using 1949 as the base
year for most of the major indexes, the new pro-
duction index was compiled in terms of 1949 = 100.

Another important factor was the need for
adjustment to more recent bench-marks, (The term
bench-mark is used to indicate annual index levels
based on comprehensive Census of Industry data).
The last revision of the index incomorated annual
Census of Industry data up to 1947 for most in-
dustries and up to 1949 and 1950 for some of the
more doubtful components. These bench-mark levels
were projected on the basis of avaiiable monthly
Series of commodity production, materials, deflated
values or man-hours. Although the trend of the old
index was similar to that of the revised series the
level was progressively falling behind, largely as a
result of the use of unadjusted man-hours as in-
dicators of output for a substantial proportion of

manufacturing industries, New Census of Industry
bench-mark s were developed forthe period 1946-1953
for all components; bench-mark indexes were
extended to 1955 for the more important industries
measured by man-hours in the monthly index. In
addition, special adjustments were developed for
industries represented by man-hours in the current
index involving the projection of changes in output
per reported man-hour into the current period. This
projection is based upon an analysis of past trends
in the bench-mark series and on related current data,

As in the old index, the largest possible number
of industry bench-mark indexes were compiled in
terms of ‘‘net output’’ (that is, constant dollar out-
puts less constant dollar inputs of materials, fuel
and electricity). These net indexes represent 42 per
cent of the total weights in the bench-mark series,
A number of new monthly production series were
incorporated, raising the proportion of manufacturing
industries represented by output data in the new
monthly index to 46 per cent.

A main feature of the revised index is the in-
troduction of new seasonal adjustment factors which
incorporate the latest methods developed by various
experts in this field. For purposes of seasonal
adjustment the index was divided into 96 com-
ponents. These component indexes were prepared
for seasonal adjustment at the D.B.S. and then for-
warded to the Bureau of the Census in Washington
for calculation on an electronic computer, These
new seasonal adjustments represent a considerable
saving and a marked advance overthe laborious hand
method, heretofore used for major industry groups
only.

The principal features of the revision outlined
above are discussed more fully in following sections
of the report.

2. Scope and Classification

The Statistical Office of the United Nations
recommends that member nations include in their
indexes of industrial production the following
divisions of the International Standard Industrial
Classification: mining and quarrying, manufacturing,
construction and, within the public utilities division,
the major groups of electricity and gas. Because of
the difficulty of obtaining satisfactory monthly data
on total volume of construction, the coverage of the
Canadian index is limited to mining, manufacturing
and eleciricity and gas. If a suitable monthly in-
dicator for construction cen be developed, the
question of broadening the scope of the index will
be reconsidered,

The framework of the revised index, which is
based on the D.B.S. Standard Industrial Classifica-
tion (S.I.C.) is substantially the same as that of
the old index, with two major exceptions. In the
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Deairy Products Industry, the pasteurization and
bottling of milk and cream by reporting dairles were
included as manufacturing activity, in line with the
proposed revision of the S.I.C., this activity had
been excluded from the previous index. The other
major change was the treatment of the electricity
and gas sector. In the old index, this sector was
represented by el ectric power and manufactured gas,
and the volume indicators for these components did
not reflect changes in their pattern of distribution.
Although the distribution of gas and electricity can-
not be separated, in practice, from their production,
arbitrary adjustments were made in the old index in
order to measure output at the production site. This
made the series invariant to changes in the nature
of service provided to consumers. According to
the S.1.C., electric and gas utilities comprise the
production and distribution of electric power and
manufactured gas and the distribution of natural gas
(the production of natural gas wells is classified
to mining). The revised index for this sector follows
the SI.C., definition; it shows a shamer increase
throughout the period covered than the previous
index based on the production concept only (see
Part II). These changes in the treatment of dairy
products and electric and gas utilities were extended
back to 1935.

The annual census of manufactures, from which
the bench-mark indexes for the manufacturing in-
dusties were computed, covers practically all
manufacturing establishments but excludes work in
the home, In the S.I.C., industries are defined to
cover all activities carried out by reporting esta-
blishments which are classified according to their
principal activity, The census of manufactures,
however, relates essentially to manufacturing
activity in that it is designed to exclude from the
principal statistics non-manufacturing operations
that may be carried out by reporting establishments,
such as construction by own labour force, direct
sales to consumers through attached retail outlets,
transportation by own motorized fleets, etc. Esta-
blishments can, in general, report information on
the physical movement of goods from manufacturing
plants, However, the accounting records of reporting
establishments do not al ways permit the segregation
of manufacturing activity from other allied functions
in the valuation of output, so that non-manufacturing
operations may be indirectly reflected in the re-
ported data. For instance, accounting records may
be 80 designed as to provide unit value data only at
some distributing outlet apart from the plant, and
figures on value of shipments would therefore con-
tain some transportation and handling costs not
directly associated with plant activity. Where such
accounting problems are known to exist, adjustments
are made to the reported data. The problem of de-
fining an “establishment’* or *‘reporting unit** for
statistical purposes is at present under review and
will have an important bearing on the implementation
of the revised S.I.C.

Although repair work performed in connection
with a service trade, such as boot and shoe repairs,
automobile repairs, etc., is included as part of the

manufacturing industry in the present S.I.C. frame-
work the census of manufactures generally excludes
establishments engaged in this activity. The census,
however, covers repairs carried on under essentially
industrial conditions, such as ship and locomotive
repairs, so that only industrial-type repairs are
included in the index,

The coverage of the Mining Industry forpurposes
of the index is restricted to the production of
minerals and excludes Prospecting and Contract
Drilling which are classified to Mining in the S.I.C.
Electric and Gas Utllities are part of the major
division ‘“‘Public Utility Operation®® in the present
S.I.C.; water and sanitary services which also form
part of this division are not covered in the index.

Iin order to facilitate analysis of the series,
the manufacturing industries, as in the past, were
grouped under two broad headings: non-durable
manufacturing and durable manufacturing. Generally
spesaking, the basis for this grouping is the length
of time the products represented by the industries
will normally survive., The demand for consumer
goods such as foods, clothing, tobacco, etc., which
ordinarily are used up within a relatively short time
after purchase, is not so susceptible to sudden
changes as are durable goods such as automobiles,
electric appliances and heavy equipment whose
purchase can be more readily postponed or acceler-
ated according to the inclination and resources of
the buyer. Although all materials purchased by
producers for further processing can be said to be
non-durable, the markets for these materials follow
closely those of the final products into which they
are made, so that it is preferable to assign them to
the same category of durability as the finished goods.

in assigning industries to the broad groupings
of durable goods and non-durable goods, it is only
practicable to classify at the major group level
(2-digit industries in the S.I.C.). This means that
certain 3-digit industries,classified as durable, more
properly belong in the alternative category and
vice versa, While the groupings are thus only
approximate, they have proved useful in economic
analysis, The classification of the major groups
in the new index is the same as in the previous
index with one exception: the ‘‘Miscellaneous
Manufacturing’® group, assigned to durables in the
old index, is now elassified to non-durahbles.

Classification according to economic use,
e.g., consumer goods and capital goods, inwvolves
more difficulty since many intermediate com-
modities have alternative uses. No such classifica-
tion was attempted in the project outlined here. It
is planned, however, to develop a current index of
consumer durable goods; the recent inauguration
of monthly surveys of small appliances production
makes the compilation of such a series feasible.
This special index would be constructed in a
different manner than the present industrial indexes
in that the components would be commodities instead
of industries and they would be combined according
to their gross values instead of their net values.
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Although this index would not form an integral part
of the main index, it would be very useful in
economic analysis as a supplementary series.

The primary data used in the index to measure
changes in the volume of production in each industry
are principally in the form of commodity statistics.
The annual bench-mark indexes are complled from
census of industry data for which the basic reporting
unit is the establishment. In the annual census,
establishments are coded to industries according
to their major product, material or type of process;
the same commodity may be a major product in one
industry and a minor product in another, Commodities
of the same type can therefore appear under more
than one industry heading. Monthly surveys, unlike
annual surveys, are compiled on a commodity basis
and provide total data on the products covered,
irrespective of the industries in which the producing
establishments are classified. For example, mar-
garine is produced in quantity by establishments
classified to the meat packing, process cheese and
miscellaneous foods industries. Thus in the annual
census surveys, margarine appears as a product in
the three industries and is included in the bench-
mark index for each of these industries. However,
in the monthly survey on margarine, all the esta-
blishment retums are summed to provide total output
of the product and this total camnot be used to re-
present margarine production in any one of the three
industries involved in its manufacture. For pumoses
of the monthly production index, therefore, total
margarine production is subdivided into three com-
ponents, each assigned to its proper industry
according to the establishment classification used
in the annual census. This procedure is used only
when the quantities are large enough to affect
significantly the monthly indexes of more than one
industry. Where the bulk of a particular commodity
is produced in a single industry, even though
relatively small amounts are made as secondary
products in other industries, the total is used in
the monthly index to represent the industry which
produces the largest share.

3. Definition and Relation to Natiomal Accounts

In its more popularly accepted form, the term
‘‘production’* is generally used in relation to the
finished product; a manufacturer of wool cloth for
instance, is said to be engaged in the ‘‘production®”
of wool cloth, and this is true in the sense that wool
cloth is the ‘‘end product®’ of that particular manu-
facturer, However, when it comes to measuring the
‘production’® of the wool cloth industry and com-
bining its owput with that of other industries, it is
the contribution to total production or ‘‘value added*’
by each productive unit that is relevant. In 1956,
the wool cloth industry and the hosiery industry each
manufactured goods with a factory selling value of
about $63,000,000. From the point of view of *“‘gross
value of production’® both industries are on an equal
basis. However, wool cloth manufacturers used up
$37,000,000 of purchased materials, fuel and
electricity, while hosiery establishments consumed
only $26,000,000 of such materials. The ‘‘value

added*® of the hosiery industry (value of products
less value of materials, fuel and electricity used)
is therefore considerably greater than that of the
wool cloth industry, and its relative importance in
terms of contribution to manufacturing ‘‘ work done*’
is correspondingly higher. In other words, the figures
indicate that the hosiery producers applied relatively
more ‘“processing® to their raw materials than did
the wool cloth manufacturers. This is further bome
out by the amounts of salaries and wages paid out
by the two industries; employee earnings in the
hosiery industry totalled $22 million while those
in the wool cloth industry were only $18 million.

Moreover, a large proportion of wool cloth
establishments are “intermediate’’ producers in that
a large proportion of their owput is purchased hy
clothing manufacturers for further processing; the
wool cloth so consumed reappears at a later stage
in the form of suits, coats, etc. Therefore, if in-
dustries are summed on the basis of ‘‘gross value
of production’® the combined total contains a large
amount of duplication; on the other hand, if the
summation is based on ‘‘value added®’ most of the
double counting is eliminated (see below). Thus
when combining industry indexes of output, each
component should be so ‘‘weighted® in the com-
pilation astoreflect its net contribution to the total.

The concept of ‘‘value added’’ is generally
associated with mining and manufacturing industry
statistics and has been used for many years in the
presentation of data derived from the annual census
surveys of these industries. (Statistics are available,
however, to measure the concept completely or in
part for a number of other industries). While it is
possible to derive quantitative industry measures
of ‘‘value added’’ from data collected in annual
census surveys a considerable time lag can develop
before the statistics are assembled, processed and
compiled in the desired form. Moreover, the data
required for ‘‘value-added’® measurement are not
available on a monthly basis. Thus the measurement
of the ‘“value-added’® concept is restricted to bench-
mark indexes and is also used in the development of
the ‘‘weighting’® system which measures the relative
importance of each component industry in the base
period. All of the monthly production indexes are
‘‘grpss*’’ indexes interpolated between or linked to
‘‘value - added*’ bench-marks; when these indexes
are aggregated by means of ‘“value added’* base
weights the result approximates total ‘‘value added*’
in wolame temms to the extent that the wvolume of
‘““value added’ per unit of gross owput has not
changed over the period measured. This assumption
of invariability in the short run, in volume of unit
‘‘value added’’ at the total level, appears reasonably
sound.

The concept of ‘‘value added* described above
consists of subtracting the value of commodity
material s, fuel and electricity consumed in the pro-
duction process from the gross value of output.
While this concept, which will henceforth be referred
to as ‘‘census value added’’ is appropriate to
achieve a measure of consistency and eliminate



12 DOMINION BUREAU OF STATISTICS

duplication within the sectors covered, it is not
entirely suitable for purposes of aggregating all
industries in the economy; it still contains the cost
of such services as insurance, advertising, com-
munications, etc., which originate in industries
outside the commodity-producing sector. Data on
business costs by industry are not, at present,
obtainable, Thus, in producing global ‘‘industry”’
estimates of output, whereby commodity and service
industries are combined into a national aggregate,
a more refined ‘‘net?’ concept is required,

The production approach used in the Index of
Industrial Prmoduction is now being applied to all
the other commodity and service industries in the
economy with the object of eventually publishing
on & regular basis an overall series of total pro-
duction by industry. It was therefore considered
desirable to develop a comprehensive weighting
system that would serve the needs of both the pre-
sent index and the global series as well, In this
way the industrial production index would be an
integral part of the overall index, and the weighted
components of the index directly additive to the
weighted indexes for the other commodity and service
industries when they are completed.

The present revision of the index incormporates
two weighting systems; ore is based on the pre-war
period 1935- 1939, and is applied to the series from
1935 to 1946, the other is based on 1949 and is used
forthe period since 1946. For the 1935- 1939 system,
National Accounts industry data (adjusted for
classification differences) were supplemented by a
special 1936 survey of manufacturing expenses
carried out for the Rowell -Sirois Commission.!
Weights for 1949 were based on data developed for
purposes of the 1949 Inter-Industry Flow Table.?
(See Section T)

In developing estimates of overall physical
owput of goods and services by industry, the
objective is to measure the concept of Gross
Domestic Product at Factor Cost.’ In National
Accounts terminology, this is equal to Gross National
Product at Market Prices less indirect taxes, plus
subsidies and adjusted for interest and dividends
paid to and received from non-residents. When
measuring production from an industry approach,
what is being measured is output by industries
located in Canada, not the output of factors of
production resident in Canada; hence domestic
product rather than national product. Gross domestic
product equals gross national product minus factor
shares (chiefly interest and dividends) received by
Canadian residents from foreign countries plus factor
shares (again, chiefly interest and dividends) paid
by Canadians to residents of foreign countries.

! The Royal Commlssion on Dominion Provincial
Relsuons. 1937 - 1940
? Published 1n D.B.S. Reference Paper No. 72
'l'érhe Inter-Industry Flow of Goods and Services, Canada,
4900'
* For & more complete discussion of this concept,
see Section D of ‘‘National Accounts-Income and EX-
penditure, 1926-1956'’, D.B.S.

In measuring the contribution of each industry
to gross domestic product, it is recognized that the
objective is to show the allocation oftotal resources
used in the process of production. However, certain
industries such as tobacco products and alcoholic
beverages have traditionally been subject to much
heavier sales and excise taxes than most other
industries and an industry weighting system based
on values that included these taxes would distort
the relative contribution of industry factors of pro-
duction. To a lesser extent this is also true of
subsidies. Moreover, it is preferable that the in-
dustry weights be made invariant to any changes in
indirect taxes, particularly in view of the fact that
the weighting system is changed only periodically.
Hence, the concept of factor cost rather than market
prices is used. Gross domestic product at factor
cost equals gross domestic product at market prices
minus indirect taxes plus subsidies. It should be
noted that the rationale of using factor cost to re-
present resources used in an industry depends upon
an assumption of competitive conditions. If monopoly
elements influence either market prices or factor
payments, then the relation between the factor pay-
ments and output is distorted,

The inclusion of capital consumptionallowances
makes the concept of Domestic Product ‘‘gross’’;
if these allowances are subtracted the product is
said to be ‘“net’ since it is measured after the
deduction of output necessary to replace capital
used up during & given period by wear, tear, ob-
gsolescence, etc. For general purposes the gross
measure is the more significant since it incorporates
all the resowrces used in each industry in the
process of production. Moreover, statistical
difficulties involved in the separate measurement
of capital consumption allowances by industry make
it more feasible to restrict the industry estimates to
the gross concept rather than attempt to measure net
product originating in each industry .*Gross domestic
product at factor cost equals net domestic product
at factor cost plus capital consumption allowances
and miscellaneous valuation adjustments.

The measurement of ‘‘Gross Domestic Product
at Factor Cost' (henceforth referred to in this
report as G.D.P.) could be obtained via the ‘‘census
value added’’ approach if such costs as advertising,
insurance, repairs, communications, etc., purchased
from other businesses could be deducted from the
sensus value added of each industry (the latter
already excludes major indirect taxes such as sales
and excise taxes). The residual would then consist
(after adjustment for other indirect taxes and sub-

‘ The terms ‘‘gross’’ and ‘‘net'" in National
Aceounts terminology have & different meaning than when
used in connection with Census of Industry data. The
terms ‘‘net output'* and ‘‘net value’’ are often used to
denote ‘‘census value added'* which is ‘‘net’* in the
sense that the value of materials, fuel and electricity is
deducted from the value of output. This removes inter-
industry duplication of these items but the measure still
contains such costs as insurance, advertising, etc.,
which also originate in other industries. To arrive at
‘‘Gross Domestic Product’’ these additional costs have
to be deducted.
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sidies) of factor incomes and capital consumption
allowances (primary inputs) and would represent
G.D.P. originating in each industry.

As this approach is not feasible at present,
the alternative is to sum directly, for each industry,
the incomes of the various factors of production
plus capital consumption allowances. This was the
approach adopted in the development of the data
used as the basis for the major categories of the
weighting system for the indexes of overall real
output. It should be noted here that it is not at
present practicable to attempt to measure the year-
to-year volume movements of the factor incomes
since no statistical measures have as yet been
developed to express such factors as profits and
depreciation in quantitative terms. The sum of the
factor costs plus depreciation for each industry
is used to determine the net relative importance of
that industry in a year or period of years chosen
as an appropriate base period. These ‘‘weights'’
or G.D.P. estimates in the base period are then
projected by means of physical production series
in order to obtain G.D.P. in constant dollars for
all industries in the economy or for significant
groups of indusfries. These constant dollar series
(or indexes) are so compiled that the relationship
between the various primary inputs in each industry
is kept constant. That is to say that profits per unit
of output, wages and salaries per unit of output,
depreciation per unit of output, ete., for each industry
are held constant at base period rates. In actuality
these rates are continually changing, with the result
that a comparison between & measure of physical
production and a measure of any orall factor incomes
and depreciation (expressed in some meaningful
quantitative terms) would reveal changes in
‘‘productivity’’ over time. The most popular and, at
present, practicable of these comparisons is that of
labourinput and physical production whereby changes
in output per man-hour are measured over a period
of years. For a fuller discussion on this subject see
section 16.

The concept of product originating in each
industry excludes non-operating revenues (revenues
not arising from the production of goods and ser-
vices). Therefore, interest and dividends received
by an industry are not included in the gross domestic
product originating in that industry. They represent
payments to factors of production in the domestic
industries making these payments (interest and
dividends origimating from foreign sources are ex-
cluded entirely from domestic product). The adjust-
ment is achieved by deducting interest received
from interest paid (dividends received by Canadian
companies from other domestic companies are already
excluded from profits as derived, for National Ac-
counts purposes, from compilations made by the
 Department of National Revenue) leaving only the
net interest (paid less received) in the G.D.P.
originating in the industry.

In the National Accounts industrial distribution
tables, rents are treated as operating revenue and
shown as income originating in the industry which

owns the property. Tn the real output series, in order
to keep industrial output free of investment income,
non-residential rents were set up as a ‘‘dummy'’
industry within the real estate group which receives
all rents and purchases all inputs associated with
the rental of buildings. For example, if a chemical
manufacturer invests in a building and in turn rents
it to a department store, the net rental income is
allocated not to the chemical industry but to the
real estate industry.

In deriving data on the incomes of the various
factors of production and capital consumption
allowances for each industry, it must be recognized
that certain financial items such as profits do not
lend themselves easily to an industry classification
when the reporting unit is the establishment. No
difficulties arise in the case of single establishment
firms. Many firms, however, operate several esta-
blishments that can be coded to different industries
according to the nature of their principal products
or types of activity. For instance, many major pulp
and paper companies operate large wood cutting
establishments which, according to the S.1.C., are
classified to the forestry industry while the pulp
and paper mills themselves are manufacturing
establishments. While such factor incomes as
salaries and wages can be primarily recorded by
establishments and thus allocated, if necessary,
to different industries, other items such as cor
poration profits, other investment income and
capital consumption allowances generally apply to
a firm’s total operations, and any allocation of
these factors between establishments of the same
firm must, of necessity, be rather arbitrary. Estimates
of factor incomes and depreciation were developed
for about 50 industry categories of the S.1.C. for
purposes of the 1949 Inter-Industry Flow Table and
contained adjustments to transfer financial items from
a company to an establishment basis for firms
crossing Industrial lines. These adjustments are
not incorporated, at present, in the industrial dis-
tributiontables of the National Accounts publications.

In adopting the data from the 1949 Inter-Industry
Fiow Table for purposes of the real output weighting
system certain adjustments were applied to conform
more closely with the nature of the statistics
available for the measwement of production and to
meet the analytical needs of users of the indexes.
Because of the close integration of the non-ferrous
metal smelting and refining industry with the metal-
mining industry, the two industries were combined
under mining in the input-output table. For purposes
of the production index, G.D.P. -originating weights
were estimated separately for the two industries
and non-ferrous smelting and refining was classified
to manufacturing in accordance with the S.1.C. While,
in the Inter-Industry Flow Table, all construction
activity (including new construction and repairs by
establishments with their own labour force) was
classified to the construction industry, in the real
output weighting system production arising from own
account repairs (based on the industrial distribution
of own account repair salaries and wages) was left
with the Industries originating the work, as part of
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their contribution to G.D.P. No data are available
to measure this type of production on a current
basis, and it is assumed that the amount of such
repair activity will maintain a constant relationship
with the industries’ major activity over the period
covered by the index. Other minor classification
adjustments were applied to the Inter-Industry Flow
Table’s G.D.P. figwes to accommodate the pro-
duction data used in the index. Adjustments were
also made in the light of the changes being effected
in the revised National Accounts tables; these con-
cerned mostly industries outside the scope of the
production index. The Inter-Industry Flow Table
already contained adjustments to the industrial
breakdown of profits to remove from profits any un-
realized gains or losses on inventories which
occurred (in 1949) as a result of compiling in-
ventories at book value. To be consistent with the
valuation of production, inventories should be valued
by multiplying the physical change by weighted
average prices during the year. The difference
between this computation and the reported book
value figures is called the *‘inventory valuation
adjustment’’; this adjustment has now been in-
corporated in therevised National Accounts released
in 1958.

Thus the aggregate of G.D.P. which forms the
basis of the overall real output 1949 weighting
system is slightly different from the corresponding
G.D.P. total published in the revised National
Accounts and fractionally different from the G.D.P.
aggregate derived from the Inter-Industry Flow
Table contained in D.B.S. Reference Paper No. 72.
The Inter-Industry Flow Table is being amended to
correspond with the revised National Accounts
G.D.P. aggregate. Real output weights will be
revised accordingly by the time the overall real
output series is ready for publication. These changes
have relatively little effect on the sectors covered
by the Index of Industrial Production, and for
practical purposes, the present weighting system
for the index represents an integral part of the
overall 1949 system.

4. Change of Reference Base Period

The new 1949 reference base makes for a
striking change in the index. On the base of
1935- 1939 - 100, the old index stood at about 200
in 1949; the effect of expressing it in terms of the
more recent base was thus to reduce the level by
one-half in 1949. In 1957, the index on the new base
is in the 150’s compared with a level in the 280’s
on the old pre-war base, so that a change of 1 point
in the new index is equivalent percentage-wise to a
change of nearly 2 points in the old index.

At the time of the last revision, published in
1953, annual bench-mark indexes were computed for
the period 1935- 1947 for all industries on the base
1935- 1939 = 100. The present revision incorporates
annual bench-marks for the period 1946-1953 for
all industries on the new base 1949 =100. Certain
revisions were made to the 1935- 1947 annual indexes
as a result of the availability of more recent data
and of changes in classification. The weighting

system of the indexes for this earlier period was
also revised at the industry group level. In order,
however, to maintain continuity of the series through-
out the period from 1935 to the present, each annual
industry and group index for the years 1935- 1946
was re-expressed in terms of 1949 = 100. This was
done by projecting back from 1946 each new annual
index (base 1949 = 100) on the basis of the year-to-
year percentage changes in the old bench-marks
based on 1935 - 1939 weights. This linking procedure
was applied separately at each level of detail so
that in effect the indexes for each industry, sub-
group, group, major division and total embody the
effects of two weighting systems. Prior to 1946,
industries and sub-groups thus linked cannot be
re-weighted to give their linked totals. Monthly
indexes throughout the 1935-1946 period were re-
expressed in terms of 1949 =100 (at the group level
only) by interpolating the old monthly indexes for
these groups between the converted bench-marks.

5. Formulae Used

The formulae used in the Index of Industrial
Production are of the base-weighted Laspeyres type.
In constructing individual industry indexes using
annual Census of Industry survey results the form
adopted was that of a relative of aggregates in
which unit values at the plant during the period
chosen as the weight-base were used to fix the
relative importance of each item. The algebraic
expression is Xqi _po where qu and qo represent

~&Qo Po
the physical volume of a commodity in a given
period and in the weight-base period respectively
and po represents the value per unit of each com
modity in the weight-base period. Much use is also
made of this formula in the monthly computations
where commodities are combined into industries.

In combining individual industry indexes into
major groups and sub-groups, the form adopted both
for the annual and monthly indexes was that of an
arithmetic average of relatives in which G.D.P.
originating in the weight-base period was used to
represent the relative importance of each industry.
This formula is ¥ [w g] where W represents G.D.P.

O,
W
originating in each industry in the weight-base
period expressed as a percentage of total G.D.P.
[or go po] and q: represents the index of production
EQo Peo Qo
in each industry.

It is readily apparent that the two formulae
shown above are arithmetically identical. However,
the average of relatives form offers considerable
advantage in computation and in the adaptability of
the components for purposes of interpretation and
analysis. The figures show the exact contribution of
each industry component series in terms of points
to the total index and can be easily combined into
any desired composite. Point contribution studies
are of special importance in the interpretation and
analysis of current monthly data both on a raw and
seasonally-adjusted basis.
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In the construction of ‘‘net volume of output’* or
‘““value-added’’ indexes the formula is as follows:
EQL Po — XQ1 Po
EQO Po — XGo Po
in which Q and P stand for the quantities and unit
values of products and q and p stand for the
quantities and unit values of materials, fuel and
electricity consumed in the production process. (See
Table IV for a sample of worksheet procedures). The
resulting ‘““net’’ aggregates of both numerator and

denominator have, of course, the same base-weight
characteristics as each of the components.

There are other formulae that can be used in
the construction of production indexes. The current-
weighted Paasche-type index in which unit G.D.P.
or unit values in any given year are assigned as
weights reflects the relative importance of the
components in the ‘‘current’’ year. Thus, a different
set of weights enters into every comparison, and
theoretically, the formula is good only for com-
parison hetween the current year and another year
chosen as the base. This formula in its relative of
aggregates form is Xq: p:1 and in its average of

EQO P1
relatives form |is 1
w Qe
SV gh
W
originating in each industry in the current year
expressed as a percentage of total G.D.P. and Qo
q1
is the reciprocal of the index of production for each
industry or for each product.

in which W=G.D.P.

M

In the Laspeyres formula, the use of fixed
weights throughout a period of years in effect main-
tains the industrial structure which existed in the
weight-base period. It may be argued that such a
structure almost immediately becomes out of date,
as the relationship of individual products within

industries or of individual industries within broader
groups is constantly shifting. However, these shifts
are usually due mostly to increases or decreases in
the actual quantities of goods produced and the
index, of course, fully reflects changes in the
volume of output. But the assumption inherent
in the use of the Laspeyres-type formula is that
values added or values per umit of output show no
change, or change in the same proportion. That
relative changes in unit values do occur is readily
admitted, and it is also probable that the distortion
caused by these changes could assume some
significance over an extended period of years. The
Paasche-type formula is based on a current weight
structure but involves an excessive amount of work
and tends to distort comparisons between years
other than the base and weight years. Changes due
to variations in unit values or values added are
likely to be of little importance over a short term of
years, and there is little doubt that the l.aspeyres
formula is the more practical and the more easily
understood for current series of industrial production.
Although subject to a certain statistical distortion
it is a simple concept which permits comparisons
between any years of the period covered.

6. Weights and Base Period

For mathemarical consistency and ease of
interpretation, it is desirable that the reference-base
and weight-base periods coincide. However, when
the Laspeyres index covers an extended period of
time (in this case more than two decades), a single
weighting structure becomes increasingly less
appropriate as the time period between comparisons
becomes greater. This is due to the fact that relative
prices tend to diverge more and more as the remote-
ness from the comparison base increases. In addition
it becomes more difficult to account properly for
new products and for changes in the classification
framework, (See also Bection 9, p. 21),

TABLE 1. Non-ferrous Metal Smelting and Refining Industry

(Effect of 1935-1939 and 1949 weights)

1935- 1939 unit value weights 1949 unit value weights
Product
1946 1947 Change 1946 1847 Change
(*000 1935- 39 dollars) % ("000 1949 dollars) %
Refined nickel .......ccovvvcvrceinccerinsrinnnennns 39, 80 46, 868 +19.3 52, 353 62, 466 +19.3
Other nickel 10, 671 14, 175 +32.8 22,083 29, 335 +32.8
Refined gold 13,972 11, 208 ~19.8 14,291 11, 461 -19.8
Refined copper . 32, 435 39, 265 +21: 1 66,801 80,868 a1
Iiead ............. 10,933 10, 686 -23 52,375 51,192 -2.3
Zing. ... 12,649 i, T25 -17.3 49, 491 45, 877 -1.3
Aluminum 68,793 105,985 +54.1 58,235 89, 720 +54. 1
Platinum........ 4,601 3,573 ~22. 3 9,182 1,131 ~22.3
Palladium 3, 1@2 2,977 -6.1 5, 348 5,019 ~ 6.1
All other products 13,898 12,865 -1.4 19, 534 18, 234 =GA
9 1T S T TR e N 210, 404 259,325 +23.2 349, 693 401, 303 +14.8
Total 1ess Aluminum ..c.c.o.ccvvervenerrivrinne 141,611 153, 340 + 8.2 291, 458 311,583 +6.9

Differences in price movements in the last
twenty years, combined with considerable variations
in volume of output as between industries over the
same period, resulted in significant shifts in the
relative importance of the industrial components of

the index. In the old index for instance, unit values
(average 1935-1939) used to establish the relative
importance of gold and aluminum production were
greatly out of line with the general post-war price
structure. The price of gold remained unchanged
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after 1935 and that of aluminum was actually lower
over most of the period than it was just before the
war while the prices of most other major commodities
rose steeply following the relaxation of controls in
the immediate post-war period. The result was that
these two important products were considerably
overweighted for purposes of post-war comparisons.
If their production had generally paralleled those
of the industries to which they are classified, no
serious distortion would have occurred in the in-
dustry movements. Such however, was not the case.
The increase in aluminum output in the post-war
period greatly exceeded that of other refined metals.
This, combined with the high relative weight of
aluminum, contributed to an overstatement of the
post-war growth of the smelting and refining industry
in terms of the post-war price structure. Table I
illustrates the actual effects of the 1935- 1939 and
1949 weighting structures on the change in the
volume of output of the industry between 1946 and
1947. The increase in terms of 1935- 1939 fixed
prices was 23 per cent while in terms of the 1949
weight structure it was only 15 per cent. Most of
this difference was due to the long-term change in
the price of aluminum relative to the other products
of the industry. In the case of gold, output showed
little change in the post-war period while production
of other metals rose appreciably. In 1949 the prices
of other metals had risen considerably compared
with 1935- 1939 while that of gold remained pegged
throughout the period. Thus, had 1949 weights been
used in the old metals index, the large increase in
production in the non-gold items since 1947 would
have had a heavier weight in the aggregate series
and the index of metal mining would have risen
more than it actually did. Effects of shifts in the
weighting structure of other selected industries are
shown in Table II, where the percentage change
between 1946 and 1947 using the two weight bases
is given. It will be noted that differences are
generally not large and that there are offsetting
movements.

TABLE I, Effect of 1935- 1939 and 1949 Weights on
Volume Indexes, 1946- 1947
(Selected industries and industry groups)

Percentage change:
1947 compared with 1946
Industry group
1935- 39 1949
welghts weights
Meat products .........cccceeeeueeen. SiE3 -10. 8
Dairy products ..........cceceeeemeees + 8.9 + 55
Canning and preserving .......... - 7.4 -85
Tobacco products ........ccceeemeen. + e 1 3 381
Rubber products ..........ccceeeenene. +46.0 +42. 3
Men’s, women’s and children’s
factory clothing ........ccccene.e. - 4.1 - 4.5
Saw and planing mills ............ +14. 7 +16. 3
Primary iron and steel ............ +29. 8 +31.0
Non-ferrous smelting and re-
fininesse.. [ L _ .. ... +23. 2 +14. 8

Aluminum is an exceptional case, but it
illustrates clearly a characteristic of base-weighted
production indexes. Rapid gains in output of new
or expanding industries are usually accompanied
by declines in relative prices or relative ‘‘values
added’ per unit or output. This often causes an
upward bias in Laspeyres-type indexes when these
are viewed in the light of results based on a more
up-to-date weighting pattern. In the present case it
was not feasible to compare the effects of changing
weights atthe commodity level on long-term compari-
sons; further testing on longer periods would be
desirable, time and resources permitting. Table II
shows the effects on comparisons between two
adjacent years, the data having been compiled as a
result of having a one-year overlap between the
series based on 1935- 1939 weights and those based
on 1949 weights. On balance, differences were
negligible. The percentage changes between the
two years in the total Index of Industrial Production
computed on both weight bases were practically
identical, although results were affected somewhat
by changes in the treatment of the data used to
compute the indexes in the more recent period; the
industries chosen for the Table IT comparisons were
among those that were compiled according to the
same method in both periods.

Although the new index is presented in terms
of 1949 = 100 throughout the period covered, it was
compiled on the basis of two separate weighting
systems. It was decided to retain the 1935- 1939
welght structure for the period 1935 to 1946 as the
pre-war price pattern appeared more appropriate up
to the time when price controls were relaxed. The
wholesale price index rose more during the three
years 1946 to 1949 than it did during the seven
years between 1939 and 1946. In such a sudden
upward movement, price relationships are likely
to diverge from their previous pattern which, in
this case, had been influenced by fairly rigid war-
time controls. Accordingly, the price structure of
1949 was judged more appropriate to the post-war
period and the 1949 weighting pattern was used for
the period 1947 to date. The indexes on the 1949
base were calculated back to 1946 and linked in
that year to the indexes on the 1935- 1939 base as
outlined in the preceding section. Hardly any dis-
tortion in the year of overlap at the Industrial
Production and Manufacturing levels resulted from
this procedure, although considerable differences
developed in the case of certain components; these,
however, were mostly offsetting.

The incorporation of a dual weighting system
in an index expressed in terms of a single reference
base results in some statistical distortion. While the
indexes from 1946 to the present are mathematically
consistent in that individual indexes weighted with
the 1949 weights will sum at all levels to the group
indexes and the total (the weight base and the
reference base coincide for this period), the same
consistency is not characteristic of the 1935- 1946
period where the indexes are in terms of 1949 - 100
while the weights are based on the average of the
period 1935-1939. For cwrent comparisons, the
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new post-war weighting system had several ad-
vantages. It permitted the proper incorporation of
important new products such as uranium, television
sets and primary plastics. It also reflects more
accurately for purposes of current analysis the
relative importance of such fast-growing industries
as petroleum and iron ore mining and aluminum
refining. In addition, it made possible alterations
in the classification system of the index in line
with recent changes in the presentation of the basic
industrial statistics. It is planned to review the
weighting structure in a few years time when the
data from the 1961 industrial and decennial censuses
become available.

7. The Industry Weighting System

As indicated earlier, G.D.P. forms the basis of
the weighting systems of the revised index. In the
old index, only the major division weights (for total
mining, total manufacturing and total electricity and
gas) in 1935-1939 were based on National Accounts
industry data adjusted for differences in classifica-
tion; below this level, major group and industry
weights were based on ‘“‘census value added’’. fn
the present revision, the G.D.P. weight concept in
the 1935-1939 structure was extended to the 17
major groups in manufacturing. This was ac-
complished by exploiting the 1936 data on purchased
services by manufacturing industries contained in a
special study for the Rowell-Sirois Commission by
Donald C. MacGregor and published in the Review
of Economics and Statistics, XXVIII (May, 1945).
The procedure consisted of subtracting the appropri-

ate estimated service costs by industry groups as
indicated in the study from the corresponding in-
dustry group ‘‘value-added’’ data to arrive at a
G.D.P. figure for each group. The 1936 study was
based on a sample survey of companies and was
rather incomplete in certain areas. Furthermore the
results for 1936 were assumed to be representative
of the 1935-1939 period. Admittedly the derived
G.D.P. figures are only approximate but they appear
reasonable in the light of more complete data
available for 1949 and are believed to represent the
desired concept at this level more accurately than
the ‘‘value-added’' data. Below the S.I.C. 2-digit
level, the G.D.P. group weights were distributed by
industries on the basis of ‘‘value added’’.

The 1949 weighting system is derived from the
industry data developed for the 1949 Inter-Industry
Flow Table. It was possible to obtain G.D.P.
valuations for 31 manufacturing classifications,
6 mining industries and 2 electricity and gas com-
ponents. As outlined in a previous section, these
figures were derived directly by adding the factor
costs and depreciation allowances for each in-
dustry group. Below the level of G.D.P. detail
obtainable from the Input-Output study, industry
weights were distributed according to ‘*value added’’.
Thus the amount of industry G.D.P. detail is greater
in the 1949 system than in the 1935- 1939 structure
and it must be presumed that the group and aggregate
indexes from 1946 to date are more precise on this
count than the corresponding series for previous
years.

e GROSS DOMESTIC PRODUCT AT FACTORﬁ ;:OST b ]
. AS A PERCENTAGE OF CENSUS VALUE ADDED,1949 =3
90{" '190
80 |— // — 80
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Differences between G.D.I>. and ‘‘value-added’’
weights are illustrated in Chart I. In each case, of
course, G.D.P. values are smaller because they
exclude the cost of purchased services, but there
are considerable variations in the degree of
difference. The ratio of G.D.P. to ‘‘value added'’
ranges from 70 per cent in non-durable manufacturing
to 85 per cent in mining; the cost of services in the
latter industry is relatively less than in manufactur-
ing where such items as advertising, travelling
expenses and communications would be prepon-
derantly heavier. At the more detailed level, the
range of differences is even larger; for instance,
metal mining has a ratio of 94 per cent while groups
such as tobacco, rubber and chemical products
show ratios of between 60 and 65 per cent. Some
of these differences arise from the use of imperfect
statistical data. In the case of mining for instance,
the close integration of base-metal mining activity

with the smelting and refining operations (classified
to manufacturing) makes it very difficult to determine
a proper valuation for the metal mining industry,;
most of the ore extracted is not marketed but trans-
ferred to smelters of companies operating both mines
and smelting and refining facilities. Thus the
determination of ‘“value added’’ can be only approxi-
mate. The same problem is involved in the alloca-
tion of profits between the two industries and affects
the accuracy of the G.D.P. breakdown. It is interest-
ing to note however, that differences between the
two types of weights have only a negligible effect
on the total manufacturing index. When the manu-
facturing groups are combined at the level for which
both types of weights are available, the results are
very similar; over the period 1946- 1956 the largest
difference was in 1953 when the two series diverged
by less than one per cent.

TABLE III. Gross Domestic Product at Factor Cost Weights, 1935- 1939 and 1949
Main industry Groups

Industry group

r,_

EPercentage of G.D.P.
i for all industries

Percentage of covered by the

L T N, S - e
Quarrying and sand pits .

Manufacturing Industries ................ccccceievvicrmiieecreerviccrnieenne
Non-durable manufacturing . s iten
Fo0ds and DeVETraAgEeS ...cccccviciieeerrcenrerceceacserensscesensennen
Tobacco and tobacco products
Rubber products ................
LeatheRIEOANUCES . - vctediccaneratansosssrosmpsssasaannsrset b
Textile products .....
Clothing .. :
Paper product.s ...................
Printing, publishing and allied trades .......ccccccevvnnuene
Products of petroleum and coal L4
Chemicals and allied products
Miscellaneous ma.nufacturing ..........................................
Durable manufacturing .......c.cceeecceeeveenunas
Wood products ..
Iron and steel product.s ....................................................
Transportation equipment ......... e,
Non-ferrous metal products ......
Electrical apparatus and supplies ..
Non-metallic mineral products

Electric power and gas utilities
Electric power utilities ..............
Gas utilities ..

Total of industries lncluded in the Index of Industrial
Production ..

Total of lndusmes not lncluded
Total Gross Domestic Product at Factor Coat ....................

lotal AR Index of Industrial
Production
1935- 19839 1949 i 1949

3.265 3.223 10. 066
2 1. 911 | 5. 968
1 0. 909 2. 839
1 0. 266 ' 0. 831
1 0. 187 0.428
23. 952 27. 160 84.827
14. 780 14. 644 45. 737
4. 455 3. 789 11. 834
0.412 0. 247 0+ T
0.871 0. 427 1. 334
0. 585 0. 505 1. 517
1. 435 1 612 5. 035
1. 769 1. 789 5. 587

2. 048 2 831 8. 217

1. 433 1. 265 3.951
0.402 0. 509 1. 590
12562 1. 350 4, 216

0. 318 0. 520 1. 624
9,172 12 518 39. 090

1. 503 2.094 6. 540

2. 759 4. 000 12. 483

1. 567 2 634 8. 227

1. 862 1. 581 4. 969

0. 741 1. 409 4. 401

0. 640 0. 788 2. 4681
2.366 1. 635 5.107
4 1. 471 4 595
& 0. 164 0. 512
31.583 32.018 100. 000
68.417 67.982 -
100. 000 100. 000 -

! Breakdown of G.D.P. not available.

Table IN presents the actual weighting ratios
in the two weight bases. The industries covered by
the Index of Industrial Production account for &
1ittle less than one-third of G.D.P. Jt is interesting

to note that this proportion changed litile between
1935- 1939 and 1949. There occurred some significant
internal shifts, however. Durable manufacturing,
in total, gained appreciably in relative importance,
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from 9 per cent of total G.D.P. in 1935-1939 to
12.5 per cent in 1949; this was at the expense of
mining, which dropped from 5 per cent to 3 per cent,
and of electric and gas utilities whose ratio also
declined; the proportion of non-durable manufacturing
remained practically unchanged at 15 per cent of the
total. These weight shifts are due almost entirely
to the relative changes in the volume of output. The
old index of non-durable manufacturing (1935-1939 =
100) stood at 198 in 1949, very close to the figure
of 200 for total industrial production, while durable
manufacturing rose to an index figure of 246. By
contrast, both mining and electricity and gas showed
increases considerably below that of the total index;
the index for mining was only 132 in 1949 and for
electricity and gas 176. This is equivalent to saying
that at the major division level the implicit weights
in the old index in 1949 were quite close to the
calculated weights and that changes in relative
prices, which actually determine the suitability of
the weighting system, were mostly offsetting.

8. Commodity Weights

Within industries, commodities are summed on
the basis of unit selling values in the base period.
In multi-product industries it is not possible statis-
tically to attempt to derive directly G.D.P. or even
“value-added’” figures for individual products. In
those industries for which bench-mark ‘‘net’’ indexes
were computed the effect of ‘value-added’’ weights
is obtained residually in that the volume of materials,
fuel and electricity is subtracted in total from the
volume of production. It would be preferable of
course, to use G.D.P. weights at all levels of the
computation. From the evidence provided by Chart 1
it might be reasoned that there is danger of sizeable
error in the use of ‘‘gross’’ or ‘‘value-added’’ weights
for the compilation of indexes at the industry level.
This however, is not necessarily true. In regard to
any differences in movement between the volume of
‘“gross’’ and ‘‘value added’ or ‘net’’ indexes is
concerned, these are not large (at least for the
industries where it was possible to construct the
two types of indexes) and tend to be offsetting at
the aggregate level (See Appendix C). As far as the
lack of adjustment for purchased services is con-
cerned, the assumption that they are proportional
to the gross or ‘‘value-added’’ valuations at the
commodity level may not be unjustified when applied
to products made in the same industry or allied
industries where the general processing, distribution
and marketing characteristics tend to be similar for
the majority of products.

9. General Problems and Limitations®

(a) Changes in Quality

A characteristic deficiency of production
indexes is their failure to reflect changes in quality.
Many manufactured products, over the years, have
been improved as a result of continuing research

! No description of problems associated with war
production is given in this report. For an account of how
data problems were handled during the war period, consult
the D.B.S. Reference Paper, No. 34 ‘‘Revised Index of

Industrial Production, 1935-1951"",pages 24, 26, and 27.

and invention. A 1957 radio receiving set, for in-
stance, has a wider range, a clearer, smoother tone
and generally is a better instrument than it was
in 1925 when radios were first produced in Cansada.
Similarly, automobiles have improved considerably
in design and performance over the years. To the
extent that these trends have developed, the pro-
duction index will have a downward bias, as there
appears to be no satisfactory statistical procedure
to reflect these intrinsic changes in quality.

(b) Commodity Detail

Another problem closely allied to that of
quality is the lack of sufficient detail in many
Census of Industry classifications. Commodities
are often combined into broad classes such as re-
frigerators, men’s suits, etc., despite the fact that
many different types, sizes and qualities of these
goods are produced. It would be quite impossible,
of cowrse, to collect quantity data on every specifica-
tion pertaining to the great mass of commodities
turned owt by manufacturing concerns. No problem
would exist if it could be assumed that the relative
proportions, within such classes of goods, of
different types, sizes, etc., remained constant over
the period covered bythe index. However, consumers’
tastes and habits change over the years, and manu-
facturers are governed accordingly. Indexes based
on groups of products would ignore these variations.
If, for instance, the proportion of the smaller type
of domestic refrigerators has risen over the period,
then the quality of the group ‘‘refrigerators'® may
be said to have declined. The best approach to
solving this problem is through the use of approp-
riate price indexes. Changes in specifications are
reflected in value totals; if such a total is deflated
by a price index based on a definite specification
of the item in question, the resulting aggregate will
reveal the true change in physical output. The
assumption implicit in this procedure is that prices
of all types of the product move in the same way.
This assumption is recognized to be more valid
than that based on the fixed composition of com
modity classes. The difficulty is to obtain approp-
riate price indexes based on sufficient detail. Most
existing price indexes fail to take account of the
more complex products of industry, and are based
on prices at the wholesale or retail level thus re-
flecting variations in the rate of mark-up at these
levels. It should be noted however, that the D.B.S.
is now developing aset of price series at the manu-
facturing level, based on the S.1.C. and that more
use of the deflation approach in the development of
production indexes will be possible in the future.

Inthe bench-mark indexes, where it was apparent
that inaccuracies would have resulted from incor-
porating too broad classifications, quantities were
ignored and recorded values were deflated with
proper price or unit value data, when these were
available. For the majority of industries -however,
there was sufficient industrial census detail to
support the assumption that no serious error in the
overall index resulted from the above mentioned
difficulty. This does not preclude the desirability
of improving present commodity data in census of
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industry retums. The indexes for several industries
would have been more accurate if more detailed
breakdowns had been available. In several industries,
finer breakdowns of commodities were introduced
from time to time during the period covered by the
index. Advantage was taken of those improvements
in census schedules in the construction of the index,
even though it meant changing the weight-base
within those particular industries and linking the
subsequent levels to those of the previous period.
The discontinuity introduced by this procedure is
likely to be less serious than that of continuing to
base the indexes on the movements of heterogeneous
groups of commodities, especially in periods where
there occurred significant shifts in the nature of
the components of these groups.

(c) Changes in Coverage—Bench-mark Indexes

A limitation common to most indexes of phy-
sical output is the lack of complete coverage either
for individual industries or for groups of industries.
Except in rare cases, industrial census returns do
not cover all of the products of an industry. Some
of these commodities either cannot be measured
quantitatively or, taken singly, are of such minor
importance that no separate information is requested.
These are usually included in a ‘‘miscellaneous'’
section and values only are recorded. The use of
prices or unit values again presents itself as a
solution to the problem. If prices or appropriate unit
values are available for the major proportion of the
products of an industry, it can be reasonably assumed
that prices of the remaining products move approxi-
mately in the same way. Thus, by deflating the
value of the unrepresented products with price data
derived from recorded commodities, the effect of
total coverage is obtained. It is generally agreed
that this procedure is more valid than to assume
that changes in the volume of reported commodities
represent changes in the volume of all commodities.
The proportion of represented commodities is often
subject to wide variations because of the introduction
of new products or sharp changes in the output of
particular existing items.

It is a characteristic of the fixed-weight formula
used that only by dividing the given value of pro-
duction by a currently-weighted (Paasche) price
index will the desired base-weighted aggregate
(Q1 Po) be obtained. The algebraic operation is as
follows:

sl + %% = 5Q1 Po, in which 2Q1 P1

represents the total current value of production of
any given industry and XP: Qi represents the
EPO Ql
Paasche-type price index of all the commodities or
of a representative number of commodities in the
same industry. In the actual construction of the
indexes, a short-cut method, the so-called ‘‘coverage-
adjustment’’ technique, was used. This consists of
dividing the aggregate in constant prices of the
represented products of an industry by the ratio of
the current value of represented products to the total
current value of the industry (See Table IV for a

sample of the worksheet procedure described here).
This has the same effect as dividing the total current
value by a Paasche-type unit-value index based on
the represented commodities, as follows:

i . S PHi SQiI'Py’ .
Q1 Po'+ E%Tl-ﬂ =2Q1 P1+ E%TP—;' in which
2Q1 Po represents the aggregate in constant prices
of the represented products of the industry, £Q:1'P1’
the current value of the represented products,
2Q1 P the total current value of the industry and
2Qi Py the Paasche-type unit value index of the
3Q1 Po

represented products of the industry. (This is illus-
trated in Table IV). g

The decision was taken however, not to use
the ‘‘coverage adjustment’’ procedure when, in
general, the proportion of represented products was
less than 50 per cent of the total value of production
in any particular industry. In such circumstances,
the assumption inherent in the use of prices becomes
increasingly subject to error. The measurement of
“‘materials used’’ deserves special mention in this
connection. In the construction of ¢‘‘net volume'’
indexes, and for certain industries where quantity
data on products were deficient or not available,
it was necessary to measure the volume of materials
used, and consequently, to adjust for unrepresented
materials. As these materials originate in many
different industries, in other sectors of production
and in imports, they are subject to varying economic
forces. The assumption that a fifty per cent repre-
sentation is sufficient to measure price movements
in these cases can be highly questionable. Generally,
a much higher coverage is required, depending on
the nature and origin of the unrepresented com-
modities. Fortunately the annual indexes presented
herein were based, in the majority of cases, on a
high coverage. No serious discrepancies, therefore,
are likely to have occurred from the use of the
‘“coverage adjustment’’.

In certain cases, where it was observed that
the changes in the unit value of an important product
diverged markedly from the price movements of most
other products in the same industry, the product was
removed from the coverage adjustment and re-added
separately after the remainder of the industry was
deflated with the implicit price index of the more
representative items.

(d) Adjustments for Changes in Inventories—
Bench-mark Indexes

In 1952, the Census of Manufactures, in re-
cognition of the fact that business records can
provide data more readily on values of shipments
than on values of production, changed the annual
questionnaires on products to a shipments basis
(most monthly commodity surveys however, continue
to provide data on commodities produced). For certain
industries both quantities of commedity production
and quaniities of shipments, together with value of
shipments are requested. In these cases, for purposes
of bench-imark indexes, value of production for each
commodity and for the total in each year is derived
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by valuing production on the basis of the unit value
of shipments. In all other cases the value of pro-
duction for each industry is obtained in total by
adjusting the value of factory shipments for changes
in the book value of plant inventories of finished
goods and goods in process. The question on year-
end inventories was added to the census in 1954;
for 1952 and 1953 data on inventories were obtained
from the monthly survey of manufacturing inventories
and shipments. Since 1950 the latter survey has
provided information on inventories of goods in
process; except for a few industries, it had never
before been possible to adjust the production totals
for changes in stocks of goods in process.

In the computation of most of the industry in-
‘dexes, the derived value of production control totals
were deflated with a unit value index based on
reported quantities and values of shipments (see
section on coverage adjustment). The inventory
change is thus deflated, in effect, with an average
annual unit value index of shipments. Ideally, the
book value of inventory changes should be deflated
with a price index that relates specifically to the
commodities invoived and that takes account of
turnover periods and bookkeeping methods. Although
this type of data is used in the National Accounts
for the deflation of inventory change by industry,
it is not at present available in sufficient detail for
purposes of the production indexes. Further research
and developmental work is required in this area to
improve the measures of output. The method used
could affect the accuracy of the indexes in periods
of sharp price movements where inventory changes
are large relative to shipments. Such industries
however, are few in number; the majority are those
where large progress payments present special com-
plications both from a reporting and deflation point
of view. In years where results appeared to be
seriously distorted because of this problem other
estimates of production, based on materials used or
labour input, were substituted.

(e) Variations in Rusiness Fiscal Years—Bench-
mark Indexes

The great majority of Canadian manufacturing
firms report annual statistics to the Bureau on a
calendar-year basis. The operations of the remaining
establishments are recorded on various other bases,
but as long as the reports relate consistently to the
same twelve-month period from year to year, the
danger of double-counting is eliminated. No attempt
was made to adjust for possible ‘‘timing’’ discre-
pancies which may have arisen from the use of
these data.

() New Products

It often occurs that the prices of new products
are relatively high during the initial perlod of pro-
duction and gradually decline as demand and markets
expand and mass production techniques are intro-
duced. If the welghts of such products in an industry
are based on the initial high prices, an upward bias
will develop in the index when output of the new
products rises faster than that of the other products

in the industry. As noted earlier this blas is charac-
teristic of Laspeyres-type indexes and is generally
not serious enough to warrant special treatment
between base period changes. It sometimes happens
however, that serious distortion is caused by in-
corporating a new product in the index at the base
period price when output is expanding sharply and
prices declining at a rapid rate. A striking example
of this problem was when antibiotic drugs began
being produced in large quantities in the post-war
period. In the space of nine years reported physical
output had expanded more than 15 times while the
total value of the drugs in the last year was actually
less than half that of the first year. It would have
been unrealistic to apply the 1949 unit values to
the quantities of penicillin and streptomycin through-
out the period; the index of the drugs industry would
have shown an artificially high rate of growth because
of the very large relative weight of the new products.
In orderto dampenthis movement the two items were
compiled separately from the remainder of the in-
dustry; their unit values in 1955 were used as
weights for the reported quantities and the resulting
constant dollar total was re-added to that of the rest
of the industry (which was compiled on the basis
of 1949 weights). Although this approach is not
consistent in terms of the accepted base-period
framework, it is more realistic in terms of the current
situation; the size of the distortion in this case
warranted a special adjustment.

Normally, the introduction of new products does
not call for this type of approach, as the effect is
not usually so pronounced. When important new pro-
ducts appear in the compilation and the quantities
of output are available, the unit values are projected
back to the base period on the basis of the change
in the unit values of the other products in the same
industry. If no quantities are reported, the new items
are automatically processed through the coverage
adjustment so that, in effect, their values are de-
flated to base period prices with a unit value index
based on reparted commodities.

These procedures serve to improve the accwacy
and analytical usefulness of the series in the more
current period and to offset some of the deficiencles
of base-weighted series.

(g) Mineral Production

In che mining sector, because of the lack of
sufficient data on materials consumed, no indexes
of ‘‘net’’ output were constructed. In the metals
section, production was defined as the ‘‘metal
content’’ of the ore treated or exported. The coverage
was practically 100 per cent In all sectors of the
industry. While in the old index, all metals were
treated as one industry because of the difficulty at
that time of breaking down the data into industry
components, the data were available in 1949 to
separate the group into four industries, viz., gold
from auriferous quartz and placer mines, iron ore,
uranium and other metals. The latter includes all
base metal mines in which the ore contains a variety
of minerals no one of which can be classified as a
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separate industry. In 1949, G.D.P. weights were
available only for gold mining and the remainder
of the metals group in total; the breakdown of
the latter into the other three separate components
was based on ‘‘value added’’. This industry break-
down of the metals group was used only after
1946; sufficient data were not available to provide
corresponding detail in the 1935-1939 weighting
system,

Operations in the fuel, non-metal and quarrying
divisions of the mining industry are more homo-
geneous and each sub-industry was assigned a
separate weight; the G.D.P. weights for each division
were broken down on the basis of ‘value added®’
except in the case of coal mining for which a
separate G.D.P. figure was available,

The treatment of the natural gas mining industry
deserves special mention. Because of differences
in development costs, proximity of markets and
available supplies, natural gas produced in Ontario
has a much higherprice thanin the Prairie Provinces.
Although the products extracted in both regions
are intrinsically the same, their relative importance
on a value basis is quite different, and, for pur-
poses of the index, they were treated as separate
commodities. Otherwise the very rapid increase in
Prairie gas production in recent years would have
resulted in an upward bias in the index (the well-
head price of gas on the Prairies is the lowest of
any fregion). A complicating factor is that it is
difficult to separate the mining activity from the
distribution activity, as, in most cases, the valuation
of the gas can only be accurately determined at the
point of distribution. The distribution of natural gas
is classified to electric and gas utilities as per
the S.1.C. so that it was necessary to estimate prices
al the ‘‘well-head’* in each region to establish gas
production weights in the mining sector. As noted
earlier, in the case of electric power and manu
factured gas, both production and distribution are
classified to the utilities indusiry in accordance
with the S.I.C.

(h) Incorporation of Newfoundland Data

In the previous index, the introduction of
Newfoundland data in 1949 was so handled that it
did not change, in that year, the levels of the in-
dustries affected (mostly iron ore, base metals,
pulp and paper and fish processing); as the data for
the tenth province appeared in the statistics, the
series including Newfoundland were linked to those
excluding Newfoundland in the month of overlap,
s0 that changes in that province’s output were re-
flected in the index only in succeeding months.

In the new index, it was decided to treat New-
foundland’s production as an addition to Canadian
output in 1949, in line with other major Bureau
series. Because of this change, the level of the
new index is about 1 per cent higher since 1949
than it would have been had the old method been
retained.

10. Indicators — Bench-mark Indexes
(a) Net Output'

The ideal measure of output for each industry
is the volume of G.D.P. originating. As explained in
a previous section, it is not, at present, possible to
develop such series perfectly, although special
efforts were made to construct annual indicators
representing the nearest approximation to the G.D.P.
concept. The indicator that comes nearest to measur-
ing this concept is the volume of ‘‘net’ output or
of ‘‘value added’’.

(1) Characteristics

There are a number of factors which in-
fluence the level of ‘*net’* output (total products
less input of materials and fuel) as distinct from
that of gross or total output. Vertical integration of
the manufacturing process, which occurs more often
in industries turning out highly processed goods, is
an important influence. A firm producing cotton cloth,
for instance, may decide to make its own yarn from
the raw fibre, instead of buying it from yarn manu-
facturers. The measurement of cloth output alone
will not reveal this increased fabrication. Again,
a beet sugar manufacturer may install machinery
that permits him to extract a greater proportion of
sugar per pound of beets. Although the index based
on sugar production will reflect an increase in out-
put, it will understate the increase in net output
since inadequate account is taken of the proportionate
gain in processing.

Experience so far indicates that the most
important factor concerns changes in ‘‘product mix"’
in that an industry making a variety of products
shifts some of its output to goods requiring a higher
or lower degree of fabrication. During the war, for
instance, in the meat-packing industry, the production
of canned and cured meats increased greatly relative
to that of fresh meats which require less processing.
As a result, the volume index based on the ‘‘net*’
concept rose appreciably more during this period
than the ‘‘gross’’ index. The opposite movement
occurred in the immediate post-war period when
foreign demand for canned and cured meats dropped
to a more normal level.

It should be noted in this connection that the
degree of divergence between net and gross output
depends frequently on the degree of homogeneity of
the industries measured. All other things being
equal, the “‘net’’ output index of a one-product in-
dustry will move parallel to its index of gross output.
The more diversified the production of an industry,
the more sensitive the net output index is to the
influence of product mix. This is particularly true
of those industries with a high input-output ratio
(i.e. those in which materials account for a large
proportion of the value of products, such as meat-
packing, dairy products and flour and feed mills)
where even slight changes in the composition of
production have a considerable effect on the ‘‘net'’
measure.

! See footnote 4 page 12
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(2) Measwement

The data required to measure the volume
of “*net'’ output consist of both the quantities and
values of products, materials used and fuel and
electricity consumed. The Census of Manufactures
collects the required statistics for a considerable
number of industries and these data were fully ex-
ploited in the development of the annual indexes of
manufacturing production. The method used is similar
to that adopted by Dr. R.C. Geary and Solomon
Fabricant in their research in this field.! It consists
of subtracting from the volume aggregates of pro-
duction (quantities valued at base-year prices) the
volume aggregates of materials, fuel and electricity.
(See Section 5).This procedure eliminates duplication
in that double-counting arising from the transfer of
commodities between establishments in the same
industry is cancelled out.

(3) Problems

It was not possible to construct measures
of ‘‘net’’ output for all manufacturing industries.
The output of many industries is not measurable in
physical units, and the data for some others were
not found suitable. A high degree of accuracy in the
data reported is necessary, especially for industries
with a high input-output ratio; the net aggregate is
very sensitive to even small errors in either products
or materials. Accordingly, the data were subjected
to a careful scrutiny; where the ‘‘net’’ output index
diverged markedly from the ¢‘‘gross’’ indicator, and
the movement could not be reasonably explained
(for instance by changes in ‘‘product mix’* or in-
tegration).? The original establishment census
returns were examined and advice sought from D.B.S.
specialists in various industries. Often it was
apparent that the data had been erroneously reported
and it was possible to apply proper adjustments. In
some cases Special correspondence with major
producers helped to correct important inconsistencies.
Wwhen serious doubts as to the suitability of the
data for purposes of the ‘“net’’ indexes could not be
eliminated, alternative indicators, such as ‘‘gross’’
indexes, were substituted.

A special procedure had to be developed for
the measurement of containers and wrapping materials.
In the majority of industries, these materials are not
reported in physical units and only values are
available. Containers constitute an important share
of the total value of materials in some industries
and it appeared questionable to assume that their
prices moved iIn conformity with those of other
materials. Accordingly the value of containers and
similar materials was not subjected to the ‘‘coverage
adjustment'’; rather, the base period value was
projected on the basis of the volume of ‘‘gross’’
output and the resulting aggregate was added back
tothe constant dollar aggregate ofthe other materials.
Admittedly, shifts in the content of production may

1 See Appendix A for references.

* For a more complete analysis of differences
between gross and net indicators and of the effect of
changes in product mix on the indicators of certain in-
dustries see the D.B.S. Reference Paper No. 34, pages
13-15.

bring abowut corresponding changes in the types and
quantities of containers and wrapping materials
used, but for those industries in which the cost of
these materials was an important factor, shifts in
types of products manufactured were not large. In
any case, the ‘‘net’’ indexes do not reflect any
changes in the amount of containers and wrapping
materials relative to products manufactured.

A further problem arises in a net output index
when changes in the nature or quantity of raw
materials are not reflected in the measurement of the
resulting products. This difficulty is tied in with
that of quality and insufficient detail in the tabula-
tion of manufactured commodities. It is concelvable
that changes in quality could be reflected in the
volume of materials but not in the volume of output.
For instance, plastics are displacing wood and other
conventional materials in the manufacture of a growing
number of commodities. While this change will affect
the level of the volume of materials, no compensating
factor will be recorded in the measurement of the
products, unless an additional breakdown of com-
modities by types of materials used in their fabrica-
tion is available in census returns. This often is
not practicable. In industries where distortions of
this sort were observed, net output computations
were not attempted,

(b) Gross Output

For those industries where data problems
prevented the construction of ‘‘net’’ indicators, the
first alternative was the measurement of ‘‘gross?’
output. When this indicator is used, however, certain
considerations must be kept in mind. One difticulty,
of couwrse, concerns changes in the amount of pro-
cessing applied to raw materials. Where the ‘‘gross’’
indicator was actually used to represent work done,
care was taken to check carefully for any changes
in processing, and it was possible in several in-
stances to make adjustments, either by changing the
relative importance of a particular product which
differed considerably in work-content or by sub-
dividing the industry into groups of firms producing
commodities requiring roughly the same amount of
fabrication, These separate groups were then in-
dividually weighted with their respective values
added, thus obtaining a result which more closely
approximated net output. Another problem which arose
in a few industries was that of changes in the amount
of duplication. Wherever there appeared evidence
that the products of some firms were subsequently
used as materials by otherfirms inthe same industry,
the data were examined for any signs of disturbance
in the normal flow of the commodities affected. In
the industries most seriously affected by the duplica-
tion problem, such as wire products, primary iron
and steel, fertilizers, etc., it was possible to con-
struct ‘‘net output’’ aggregates, and the problem
was solved automatically.

It should be noted here that in the case of
several industries for which data on materials were
not considered sufficiently reliable to be used in
the compilation of ‘‘net’’ indexes, the materials
data nevertheless proved useful in analyzing the
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‘“gross'’ series and in making them more accurate
and representative of the ‘‘net’’ concept; it was
possible in several cases to detect discrepancies
arising from changes in the amount of duplication
or processing or from incorrect reporting and to
apply compensating adjustments tothe ‘‘gross’* data.

(c) Materials Used

When production data were not available or
proved deficient another alternative indicator of net
output was the volume of materials consumed. In
most cases, data on materials are less representative
of net output than data on products, and except
where one or two materials constitute the bulk of
materials used, they should be used as sparingly
as possible. The same care, of course, had to be
exercised, as in the case of products, in checking
for changes in the amount of processing. In some
cases, when several materials were involved, it
was necessaryto make adjustments for basic changes
in the nature of materials used; during World War II
for instance, because of shortages or shipping
difficulties, producers in a few industries had to
resort to substitutes. If changes in the amount of
fabrication, in the degree of integration or in the
composition of production resuit in changes in the
ratio of net oulput to gross output, the index based
on final products will always be closer to net output
than an index based on materials.

(d) Valves Adjusted for Price Changes

Another type of indicator used in the index
is value of production or materials deflated directly
by an index of prices or of ‘‘cost of production’’.
This approach was used more extensively for the
1946- 1953 bench-marks than for the 1935- 1946
indexes. It was used in most industries for which
quantity data on products or materials or both were
not obtainable or proved unsuitable. Basically, the
volume indexes derived from this method have the
same limitations as ‘‘gross’’ or materials indexes.
An additional difficulty is in obtaining adeguate
deflators. In a few cases existing price indexes
were considered suitable to deflate industry values;
examples arethe printing and publishing group, where
wholesale prices for the major materials items were
used in developing deflators for the value of mate-
rials, and the heavy electrical machinery industry,
where recently-developed special manufacturers’
price series were used to deflate values of motors
and other heavy electrical items. In most cases,
however, the industries involved were those for
which output and product prices are difficult to
define in unit terms and where the coverage of
quantum data on materials is not sufficiently large
to develop a volume of materials index (examples
are industrial machinery and railway rolling stock).
For such industries, ‘‘cost of production’’ indexes
were constructed by combining unit value indexes
of available materials items with average hourly
earnings of production workers according to the
relative importance of each factor in the base period
as determined by total value of materials and total
wages. The resulting index was then used to deflate
the total value of production in each industry. The
production indexes derived from this ‘‘cost!* deflation

approach are among the least satisfactory; the
deflators make no allowance for changes in profit
margins nor for costs other than labour and materials.
Fwthermore, the materials for which unit values
could be compiled did not account for a large pro-
portion of total materials used and are not necessarily
representative of the,total in all cases. Fortunately
the industry production series developed from this
method account for only 8.6 per cent of the overall
index, although they are concentrated in the durables
group. The development by the Prices Division of
the D.B.S. of special manufacturers’ price indexes
classified on an industry basis, soon to be com-
pleted, will provide much more accurate price in-
formation for use in conjunction with industry values
of production and more extensive use of the deflation
approach will be possible in future revisions.

(e) Man-howrs

For a few industries, the only available
means of approximating volume of output was through
man-hours worked. One advantage of labour series
is that they relate fairly closely to actual work done.
The main disadvantage is that they do not reflect
any changes in productivity (output per man-hour).
The problem is further complicated in that it is not
possible to measure directly changes in productivity
without the very data on physical output which
necessitated the use of man-hours in the first place.
A solution is to apply to unadjusted man-hour series
productivity changes in related industries where
information exists to calculate such changes. In the
present revision of the index an average output per
man-hour ratio based on a group of metal-working
industries was applied to the man-hours of the
aircraft and parts Industry for the post-war period.
In other industries where man-hours were the only
available data, no adjustment for productivity
changes was attempted; however, these industries
are relatively small and account for only a minor
proportion of the total index in the post-war period.
Greater use of man-hour statistics to represent
ouwput was necessary during the war period when
industrial designs and manufacturing processes were
greatly altered in some industries to meet the needs
and specifications of the national defence programme.

In the monthly index, man-hours are used to
represent ‘‘work done’’ in a large number of in-
dustries. In this case the use of unadjusted man-
hours to represent production over several years
could lead to a serious downward bias in the overall
index due to the failure to take account of the
growth in productivity. An attempt is made in the
current revision to anticipate changes in output per
man-hour in the period subsequent to the last bench-
marks. A discussion of the methods used in estimating
owput per man-hour ratios for use in the current
series is given in the section describing the con-
struction of the monthly index.

11. Coverage by Types of Indicator—Bench-mark
Indexes

As indicated in Chart II it was possible to
derive ‘‘net’’ output indexes for industries repre-
senting 44 per cent of the 1949 weights for manu-
facturing. Gross output indicators account for 29
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per cent of the weights, volume of materials for 9
per cent, values adjusted for price changes for 16 per
cent and man-hours for 2 per cent. These percentages
apply to the bench-marks for the recent period and
the major difference between these proportions and
those of the 1935- 1946 period is the marked decline
in the use of man-hours in the post-war period and
the corresponding increase in the use of the de-
flation method.

12. Computation and Analysis—Bench-mark Indexes

Practically all of the data used in the construc-
tion of the annual or bench-mark indexes were
obtained from Census of Industry files. The first
step was the tabulation, for each year of the period
covered, of the quantities and value of products,
materials, fuel and electricity, the value of the
opening and closing inventories of finished goods
and goods-in-process, the number of wage-earners
or production workers and total wages received
by them. In other words, all available information
that could be of help in measuring as accurately as
possible the volume of output for each industry was
transcribed onto worksheets preparatory to com-
putation and analysis. Censuns values of production,
shipments and inventories exclude manufacturers’
sales taxes and other excise duties' but include
cost of containers when these are not returnable.
Goods purchased forresale without further fabrication
are omitted. Before the worksheets were handed out
for computation, the tabulated material was given a
preliminary examination in order to discard any
obviously defective data or items which lacked
continuity or had been affected by changes in
classification. It was at this stage that it was
possible to determine where changes in the weight-
base within certain industries would materially
improve the coverage and accuracy of the indexes.

The next step was the actual computational
work. The total value for each item in the base period
was divided by the total corresponding quantity,
giving a fixed unit value for the item. The quantity
in each year of the period covered by the index was
multiplied by this fixed unit value. After each item
in the industry had been treated in this way, a sum
was taken, for each year, of the values at constant
prices. At the same time, the values at current
prices of the same items were also summed. The
division of the latter figure by the total current value
of the industry in each year gave the percentage of
coverage. The sum of the values at constant prices
of the covered items was then divided by this
coverage ratio. As explained in a preceding section
this has the same effect as dividing the total current
value of the industry by a Paasche-type unit value
index based on represented items. The resulting
“blown up’’ aggregate in each year was then divided
by the aggregate in the base year to derive the

! customs import duties are included in the value
of production but, since they are also {ncluded in the
cost of materials used,they are automatically subtracted
out in computing value added.

physical volume index. This procedure was applied
to the products, materials and fuel and electricity
ofthe industries for which these data were available.
A sample of the work-sheet procedure is presented
in Table IV.

After all relevant series were assembled, the
data were subjected to a careful analysis. Priority
was given to the preparation of a volume aggregate
of net output for as many industries as possible.
The information on production and materials was
thoroughly examined for consistency and com-
parability. The analysis was facilitated by having
the results displayed over a period of years. Marked
discrepancies between the movements of products
and materials called for further investigation. In
many cases this meant referring back to the original
returns of individual firms to check the accuracy
and consistency of the data reported. During this
phase of the work, Bureau specialists in various
industries were often consulted. Their knowledge
of the history and background of the industries and
firms, of changes in methods of manufacture and of
the reliability of the information collected, helped
greatly in deciding on the best line of approach.

The number of wage-earners employed was
available on an annual basis for each of the industries
included in the census reports. An estimate of man-
hours was also obtained by dividing the total wage-
bill in each industry by average hourly earnings.
Any wide gap between the number of wage-earners
or man-hours worked and the production estimate
which could not reasonably be attributed to changes
in productivity, directed attention to possible dis-
crepancies requiring close scrutiny and adjustment.

13. Revisions in Existing Bench-mark Indexes

The bench-mark indexes developed at the time
of the last revision, based on 1935- 1939 - 100, and
covering the period 1935- 1946, were, for the most
part, incorporated in the new index without further
adjustment. The great majority of the annual indexes
for this period were simply re-expressed in terms of
1949=100 and linked in 1946 at each individual
level of detail to the new annual indexes. Among
the few important revisions applied to the annual
series in the 1935- 1946 period were the inclusion
of milk and cream pasteurization and bottling,
hitherto classified to retail trade and now covered
in the output of manufacturing dairies. Also, the
net indexes of the tobacco products and brewing
industries were revised to reflect the removal of
indirect taxes from the value of products. As a
result of further analysis,the ‘‘net’’ indicators in the
old index (1935-1947) for the woollen yarn, mis-
cellaneous woollen goods, carpets, mats and rugs and
cordage, rope and twine Industries were considered
to be inaccurate and the corresponding ‘‘gross’’
indexes were substituted in the new compilation.
The basis of valuation of petroleum products was
also changed in the 1935- 1939 base period in the
iight of more recent data; this affected the weight
of the industry and also the relative importance of
individual products within the industry, In the
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TABLE IV. The Breakfast Foods Industry
(Sample of worksheet procedure for bench-mark indexes of net output)

27

1949
1949 unit value 1950 1951
(2+1)=Po
Part A (Gross output index):
1. Q1 - Reported production of corn flakes ............cccoeciiiiiiiricccrciecen. 1B 23, 367, 710( Qo)* 23, 652, 307 24, 285, 388
2. P1Qi1 - Reported current value ..., $ 5, 224,636 (PoQo)* 0.22358 5,432,310 6,083,904
3. PaQi - 1949 unit value x reported quanllw $ 5, 224, 836 (PaQo)! 3, 288, 183 5,429,727
1. Qi - Reported production of puffed grains .. 12,618,934 12,614, 198 18,019, 631
2. P1Qt - Reported current value ................... 3,622,394 0. 28706 3,491,845 5, 795, 048
3. PoQt - 1949 unit value x reported quantity ........cccoceeeenee $ 3,622,394 3,821,032 Slii2, TS
15
2.}Other specified producta?
3
(8) ¥ P1Q1 (specified products) (X line 2)? 18, 342, 564 18, 844, 537 23,306, 28%
{b) X P1Q1 (census value of all products) 18, 411, 631 (ZPs Qo) 19,095,088 23, 695,909
(c) Coverage ratio 100[(8) +(D)] covvvrievr i e 99.6 98.7 98. 4
(d) 2 PaQ1 (specified products) (X 1ine 3)? ..ooiviveeeererioinrnsoneroreniens 18, 342, 564 18,723,840 2,880,187
(&) X PoQ1 (all products) 100{(d) +(E)] ....ccoovvriremrerrieierncneres | 18, 411,631 18, 970, 456 21, 220,312
(D Index: 1943 =100, 100[ (&) + LPoR0) oovvrcruecrerrrreccmrmnsceriveiroscseernsoncs ; 100. 0 103.0 115. 2
Note: The same results, disregarding roundin g error, can be obtained by |
deflating the census total value of products by the implicit Paasche
unit value index derived from the current and constant dollar totals of
the specified products as follows:
T ol 7y TR e Wl e oo | 100.0 100. 6 111.8
() 1001(D) (@ oo ' 18, 411, 831 18.91’0.456‘ 21, 220,312
(1) Index: 1949= 100, 100( (h) : ZPoQol wrvrvrmmmecririccrtnrrariais 100.0 103.0 ! 115. 2
Part B (Materials index exclusive of containern):
1. Q1 - Reported use of Wheat ......cceeeiciinininineiinins 607, 139 628, 450 701,602
2. p1q1 - Reported current value ............occovivimmen 1. 378, 162 2.26993 1,283, 657 1,490,118
3. poq1 - 1949 unit value x reported qua.ntity 1,378, 182 i 1, 426, 538 1,592,582
1. q1 - Reported use of corn 955,914 588,874 974, 148
2. p1q1 -reported current value . 1,677,709 1. 75508 962, 245 2,098, 555
3. poQ1 - 1949 unit value x reported qunntl&y 1,671, 709 1,030,011 1,709,708
1.
Other specified products*
3
(a) Zp1 @1 (specified materials) (X line 2)? 5,948,374 8, 304, 229 7,203,768
(1) 2ptq1 (census value of all materials ex. containers) 6, 268, 454(Zpo @)’ 6, 178, 370 7.730, 161
(c) Coverage ratio 100[(8) +(D)] ..cccervivirmiiiciininrrieins 94.9 85.9 93.2
(dy ¥poq: (specified materials) (X line 3)7.. 5,948, 374 5. 571,357 8,853,332
(@) Tpoqt (all materials), 100[(d) +(c) ......... 6, 268, 454 6,485,864 1, 353, 381
(f) Index: 1949=100, 100{(e) +Zpoqo} 100. 0 103. 5 117.3
Part C (Containers):
1949 value of containers projected on gross output index ................ 2,434, 366 ’ 2, 507,397 2, 804, 390
Part D (Electricity parchased):
1, Q1 - Reported quantity purchased 19, 949, 882 19, 134, 229 17,635,879
2. p1q1 - Reported value of purchased electricity $ 108,071 0.00542 124,805 129,199
3, Poqt - 1949 unit value x reported quantity ..........ociviveiciieicnn. $ 108,071 103, 708 95, 588
Part E (Purchased fuel used):
(8) p1q: - Reported total census value $ 182, 343 202,814 208, 85
(b) 1949 base- weighted price index (speclal computation) ... 100.0 102.9 105. 9
() poat, 100[(8) +(0)] e s 182,343 197,098 196, 690
Part F (Net output index):
(1) 2PoQ1 Products [ (e) of Part Al. 18, 411, 631 18,970,456 | 21,220,312
(ih) Xpoa Materials [ (e) of Part Bl 6, 268, 454 6,485, 864 7,353,361
(ii) poqt Containers (Part C) 2,434, 366 2, 507,397 2, 804, 390
(v} poqt Electricity (3 of Part D) 108,071 103, 708 95, 586
(V) poqt Fuel [ (c) of Part E} ... - 162, 343 197,098 196, 890
(vl) Net output in 1949 dollars, (l) [(ﬂ) * (ﬁl) # (W) + (V)] 9, 418, 397 9, 878, 389 10,770, 285
(vﬂ) Net output index 1949—100 100.0 102.7 114.3

} In the base year Po=Py lnd Qo=Q1.

* Includes all those other reported products (or materials) for which both quantity and value were sufficlently consistent to be usable.
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electric and gas utilities division, the distribution
of natural gas, not covered in the old index, is now
included; in addition, electric power and manufactured
gas, measured at the production stage in the old
index, are now measured at the point of distribution
so that the new index for this sector reflects changes
in the distribution pattern of electricity and gas.
(See Part II).

All of these changes were also incorporated in
the new annual series in order to make the revised
index comparable throughout the period covered. The
per cent increase shown by the old index between
1935-1939 and 1946 was 71.9 while the increase in
the new index over the same period is only slightly
higher at 72.8. While the changes described above
resulted in considerably higher levels of output in
most of the industries affected, these were mostly
offset by the effects of therevisions in the 1935- 1939
weighting system. (See Section 7).

14. Period Covered—Bench-mark Indexes

The bench-mark indexes for the more recent
period beginning in 1946 (on the 1949 reference-
welght base) were extended to 1953 for the majority
of industries. In many cases, especially where the
monthly series diverged considerably from the
bench-mark indexes (most often in industries re-
presented in the monthiy index by man-hours) the
latter were extended to the most recent year for
which census data were available. The period
covered by the bench-mark indexes is indicated for
each industry in Appendix C. In general, bench-mark
revisions are possible two years after the current
period.

The monthly series were adjusted to the annual
indexes up to the last computed bench-mark in each
industry. The levels of the indexes at that point
were projected forward on the basis of the monthly
series. For industries where both ‘“net’’ and ‘‘gross’’
bench-mark indexes were developed the ‘‘net”
index is the one used in the compilation. Both the
“net’’ and ‘'gross’’ indexes are shown in Appendix C
for purposes of comparison; for Years subsequent to
the last bench-mark, the net index is projected on
the basis of the monthly indicators. Past experience
has indicated that, generally speaking, no serious
gap is likely to develop between the movements of
the ‘'net’’ and ‘‘gross’’ indexes over a short period
of years, and any differences tend to be offsetting
at the total level.

15, Description of Methods—Monthly Indexes
(a) Indicators

The majority of indicators available to measure
output on a monthly basis are in the form of com-
modities produced, materials used or man-hours.
Of necessity, monthly coverage of commodity data is
much less complete than the coverage obtained in
the annual census surveys. Since it is not possible
to measure the concept of ‘‘net’’ output more fre-
quently than at annual intervals, indicators of
“gross’’ output are used as the most satisfactory

alternative. Since the last revision of the index,
the D.B.S. has initiated a number of additional
commodity surveys and data from these have been
incorporated in the new index. In addition, quarterly
commodity production data on processed foods and
clothing were adapted for use in the monthly indexes
by using man-hours as interpolators between the
quarterly levels, As a result, the coverage of in-
dustries represented by physical output data was
increased from 44 per cent in the old monthly manu-
facturing index to 54 per cent in the revised series.
By contrast, the proportion represented by man-
hours was reduced from 43 per cent to 38 per cent
in the same comparison. Moreover, the quality of
the man-hour data was improved by the application
of special adjustments as outlined below, New
monthly commodity surveys on chemicals and small
electric appliances have recentiy been inaugurated
and as soon as itis possibleto link these new series
to existing indicators they will be incorporated,
thereby further reducing the proportion of industries
represented by man-hours. A complete description
of the monthly indicators used in the revised index,
together with the source of the data, is given in
tabular form in Appendix B. The descriptions which
follow apply to the period beginning in 1946. The
bench-mark revisions to the earlier period were also
applied to the monthly series; apart from these
changes, the monthly indexes from 1935- 1946 were
not subject to revision and their construction is
described in D.B.S. Reference Paper No. 34.

(b) Compilation

The first step was the tabulation by months
of available data to represent total output in each
industry. Where there was a choice to be made
between various series, the indicator that most
closely approximated the movement of the bench-
mark index in a particular industry was chosen. In
several cases, the monthly commodity figures for
past years were adjusted to agree with the corres-
ponding totals derived from the annual census
surveys., In the industries for which the monthly
indicators were of doubtful accuracy, the bench-mark
indexes were projected as far forward as possible.

Within the majority of industries, the formula
used was that of the average of relatives, wherehy
the index for each individual item' is assigned a
percentage weight according to its value share in
the industry as indicated by census data in the base
year. The coverage of represented commodities
within industries is generally lower in the monthly
indexes thanin the bench-mark series; in the monthly
series, the weight of unrepresented items is imputed
to the represented items by allocating pro-rata to the
latter the total weight of the industry. It was thus
assumed that the volume of unrepresented com-
modities moved in the same way as the volume of
represented commodities. In most industries re-
presentation appeared adequate enough to justify

1 The {ndex (1949=100) for each item is derived
by dividing the guantity reported in each month by the
monthly average (*4, of the annual total) in 1949.
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this assumption. In two industries, namely dairy
products and flowr and feed milling, approximate
value-added weights were obtained for each item of
output by identifying in the base period the materials
consumed in the production process and subtracting
their value from the selling value of the products.
By this procedure the averages of the monthly series
agreed more closely with the ‘‘net’’ volume bench-
mark indexes. It is desirable to establish a proper
weighting pattern for industries of this type in which
the ratio of value of materials to value of products
is high since any change in the composition of pro-
duction has a marked effect on the levels of the
indexes.

In a number of industries, especially where
new products were involved, the formula used was
the relative of aggregates in which quantities are
valued at base-year unit values or approximations
thereto.

(c) Adjustments for Working Days

The flow of production month by month is
affected by the inconsistencies of the calendar;
production in February, for instance, tends to be
lower than in any other month owing to the fewer
number of working days; also, the number of Saturdays
and Sundays varies from month to month, thus affect-
ing the length of the work month in industries not
operating seven days a week. After monthly indexes
were compiled for each industry, they were adjusted
for changes in the number of working days in each
calendar month. The purpose of this adjustment is to
place output on a monthly rate basis so that, in
effect, the monthly indexes are re-arranged to reflect
the changes in production that would occur if all
months contained an equal number of working days
in each industry. The adjustment was not necessary
for industries represented by man-hours since the
latterrelate to a uniform period each month, generally
the last weekly pay period. No working-day adjust-
ment is made for statutory holidays, their influence
being incorporated in the seasonal factors.

The number of days worked per week differs
from industry to industry and from firm to firm, al-
though firms in the same industry tend, in general,
to follow a common practice. The adjustments in
the old index were based on information contained in
industry wage contracts provided by the Economics
and Research Branch of the Department of Labour;
the data were based on the early post-war years.
For the revised index, a study was made of all the
January, 1957 reports from establishments included
in the Bureau's monthly Employment Survey in
industries requiring working-day adjustments; the
monthly questionnaire requests information on
the number of days the plant was in operation
in the survey week. Where coverage was low,
additional data were obtained from the Department
of Labour. Results were reviewed and discussed
with industry specialists in the Bureau.

In the majority of industries the data indicated
there was no change in the length of the work-week
throughout the period covered by the revised index.

Where the 1957 data showed a change compared with
the earlier material, the approximate timing of the
change was based on a study of trends over the
period in standard working hours per week in each
industry as published by the Department of Labour.
In some industries, the change was substantial,
from a 6-day wotk week in 1946 ‘to a 5-day week
in 1957.

The procedure consisted first of drawing up,
from an examination of the calendars for the period
1946 to 1957, fowr schedules of the number of days
worked in each month of the period. Each schedule
related to a group of industries working, on the
average, a common number of days per week as
follows: 5 days, 5% days, 6 days, and 7 days. The
average obtained by combining the establishment
data from the employment reports in each industry
was rounded to the nearest of these categories. The
number of working days by months in each category
was placed on a percentage basis, the sum of the
monthly ratios for any year averaging 100. Thus,
four sets of working-day adjustment ratios were
developed, each covering the entire period. The
volume index for each industry (or in a few cases
for components of industries)yrepresented by quantita-
tive data wasthen divided by the appropriate category
of adjustment ratios. The number of days used for
adjustment in each industry is given in Appendix B.

(d) Adjustments to Bench-mark Levels

The next step was the adjustment of the
monthly indexes to the annual series. Where ‘‘net’’
annual indexes were available, these were used
as the bench-marks. Where no annual ‘‘net” indexes
could be constructed, however, the alternate annual
series were used as bench-marks. Although year-
to-year discrepancies between the annual indexes
and the monthly averages_were not, in general, too
serious, the accumulation of these differences often
reached considerable proportions over the longer
term. Almost invariably the monthly indexes showed
lower levels than the annual, the degree of bias
being more pronounced in industries showing diverg-
ing trends of gross and net output and in those re-
presented by monthly man-hour data. If a fixed ratio,
based on the relation of the bench-mark figure to
the average of the monthly figures is applied to each
monthly figure, the monthly average will then corres-
pond to the bench-mark level, but discontinuity
often arises between figures for each December
and the following January depending on variations
over the period in the rate of change between the
annual index and the monthly average. This dis-
crepancy was especially serious in certain industries
where changes in output per man-hour were con-
siderable. After the fixed ratio had been applied to
the original indexes, the series were examined to
determine the years in which smoothing was
necessary. The change between December and
January in the unadjusted indexes was compared
to the change after the indexes were adjusted .to
bench-mark levels. In those years where there was
a significant difference the series were adjusted
as follows: The January adjustment was derived by
applying the January/December ratio of the original



30 DOMINION BUREAU OF STATISTICS

series to the December figure after adjustment to
bench-mark. Inthis waythe change between December
and January in the original series is retained in
the adjusted series. The difference in index points
between the new and the old January levels was
distributed over the year as follows (‘‘x*'’ represent-
ing the difference in index points between the new
and the old January levels):

January X July -l
February A August -%x
March Yx September -%x
April Ly October Yx
May ) November %X
June -Yx December 0

This ‘‘smoothing’’ adjustment has the effect of
spreading the difference in the December-January
movement over the entire year in such a way that no
one month bears the full effect of the adjustment,
and that, at the same time, the month-to-month
movements are, generally speaking, not seriously
disturbed. In cases where the adjustment was large
and in the same direction for several years, the
method, in effect, superimposes an additional
seasonal pattern on the original series; this problem
was handled by compiling two sets of seasonal
adjustment factors for such industries: one based
on the period covered by the bench-mark adjustments
for the deseasonalization of this period, and the
other based on the original series for the seasonal
adjustment of the period subsequent to the last
bench-mark. The use of estimated output per man-
hour adjustments for those industries represented
by man-hours should bring the levels of the monthly
indexes in future more in line with the bench-mark
indexes, thereby reducing the need for these special
adjustments.

(e) Adjustments to Man-hours

In the case of industries for which no monthly
quantum data on products or materials are available,
it is necessary to use man-hours as indicators of
owput. Their use is confined to the manufacturing
sector. The mining and electric and gas utilities
divisions of the index are well covered with physical
volume series.

The monthly man-hour data used in the index
are collected by the Employment Section of the
Bureau from establishments employing 15 or more
persons. It is assumed, therefore, that the man-hours
relating to plants employing fewer than 15 persons
will follow the same trend as in the larger establish-
ments. The use of man-hours in the monthly index,
however, is concentrated in those industries where
the bulk of production is accounted for by plants
employing more than 15 persons.

The monthly hours data relate to hourly-rated
wage-earners and coverthe pay period ending nearest
the last day in each month. For the majority of
establishments the pay period consists of one week.
If these figures were to be used as reported to
indicate productive activity, it would have to be
assumed that the hours worked during the last week

of the month were representative of the hours worked
during the whole month. For purposes of the index
it would be preferable to have the data relate to the
pay period ending nearest the 15th of the month.
The figures, therefore, are subjected to a two months'
moving average whereby the man-hours worked in
the last week of two successive months are added
and averaged arithmetically. This procedure has the
effect of smoothing the monthly trend and of being
more indicative of work done throughout the month.

When & strike occurs in an industry represented
by man-hours, special care is taken to ensure that
the series is not distorted. For instance, if a strike
occurs in the last pay period of the month, and
lasts for the entire weck, the plant affected will
report no hours for the period; however, the plant
was in operation during the first three weeks of the
month and the pay period in this instance is not
representative of the entire month. A special adjust-
ment is therefore necessary so that the loss of only
one week is reflected in the figures. Any major
strike not covering a complete month necessitates
this type of correction. These timing adjustments
are made only in cases where strikes are important
enough to distort significantly the man-hours of the
industries involved.

An important innovation in the revised index
concerns adjustments to man-hours for estimated
changes in output per man-hour. The failure to allow
for such changes was a major shortcoming of the
old index; most of the differences between the annual
levels of the new indexes and those of the old
indexes (whén expressed pn the same base) in recent
years is attributable to the use of unadjusted man-
hours in the old series.

During the period covered by bench-mark indexes,
the man-hour series were automatically adjusted
when they were ‘‘tied"’ into the annual levels (which
were designed to measure output in every case) as
described in the preceding section. For the period
subsequent to the last bench-marks, however, the
use of unadjusted man-hours to represent production
would impart a downward bias to the series involved,
especially in times of rapid or sustained industrial
expansion. Adjustment factors for this period were
developed in the following manner: apparent output
per man-hour ratios were obtained in the years
(since 1946) for which bench-mark indexes were
available by dividing the bench-mark index for each
industry by an index of man-hours; the latter was
derived by dividing annual census production-worker
payroll by average hourly earnings. The ratios were
plotted and a fitted straight line was drawn through
the ratios and projected to the current period. Where
the trend in apparent output per man-houwr was
relatively smooth, the long-term annual average
ratio was distributed by months and applied to the
reported monthly man-hours in the current period.
The ratios, however, are subject to adjustment. In
a period of recession the trend of output per man-
hour generally tends to flatten out or even decline,
while in periods of sharp expansion it will tend to
increase more rapidly. In 1957 and 1958, for in-
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stance, when manufacturing output showed a declin-
ing trend, it appeared appropriate to dampen down
many of the adjustment ratios. Where the past trend
of the ratios was erratic, the industry bench-marks
were projected to the most recent available year to
reduce the possibility of accumulated errors. A
running check on the ratios is maintained by com-
piling up-to-date preliminary bench-marks from the
monthly survey on value of manufacturing shipments
and inventories; the derived value of production for
the industries involved is deflated with the most
appropriate available price indexes. Although these
preliminary annual series are only approximate, they
provide a basis on which judgments can be made
concerning adjustment to the ratios.

1t is planned to Incorporate revised bench-mark
levels in the index at regular intervals as census
of industry data become available. In this way, the
indexes represented by adjusted man-hours will not
have to run too long without revision. It is expected,
however, that future revisions to these indexes will
not be as large as in the past. The man-howr adjust-
ments are designed to bring the monthly averages
of the current index more in line with the eventual
bench-mark levels.

(f) Adjustments for Seasonal Variations
(1) Introductory Note

Seasonally - adjusted data on production
have been published by the Dominion Bureau of
Statistics for many years. (See Monthly Review of
Business Statistics, February, 1944 and May, 1947,
for seasonally-adjusted indexes 1919- 1946). However,
at the end of 1952 publication of the seasonally
adjusted Index of Industrial Production was sus-
pended, pending further research into, and develop-
ment of, improved seasonal factors. Publication was
resumed in the February, 1956, issue of the Canadian
Statistical Review, The method of seasonal adjust-
ment used was described briefly in that issue of the
Review and set out in detail in the D.B.S. Reference
Paper No. 77, ‘‘Seasonally Adjusted Economic
Indicators, 1947-1955, (An Outline of Problems
and Methods)"’. In regard to the Index of Industrial
Production, seasonal adjustment was carried out by
the ‘‘hand’® method at the total durables, non-
durables, mining and electricity and gas levels;
these four major components were then summed to
obtain the total. For analytical purposes, sixteen
of the industry groups within manufacturing were
also seasonally adjusted, some on a quarterly basis,
the others on a monthly basis. Although the move-
ments of these component series were consistent
with those of the composite groupings, they were
never entirely integrated.

The present reference paper Introduces sea-
sonally-adjusted production indexes which incorporate
the latest developments in this field. The indexes
were processed in Washington on the Bureau of the
Census Univac computer using methods developed
by U.S. statisticians and programming specialists.
It would have been impractical to develop and

maintain by hand methods seasonally-adjusted series
on the detailed and refined basis that the use of the
electronic computer made possible.

The nature and causes of seasonality and
problems of measurement are discussed in general
terms in the reference paper referred to above. The
following paragraphs are restricted to a discussion
of specific problems arising and solutions adopted
in the seasonal adjustment of the Index of Industrial
Production by electronic computers.

Variation in the length of the reporting period,
or what is known as calendar variation, is a basic
seasonal factor. The treatment of this problem is
discussed in an earlier section under the heading
‘“Adjustments for Working Days’’. The industry
components of the industrial production index are
adjusted for variations in the length of the work
month before the electronic computation of the
seasonal factors.

(2) Delinitions

Seasonal movements or variations are
distinguished from secular, cyclical and random or
irregular movements by students of time series.
Time series are a composite of all four types of
movement. Secular movements are defined as those
smooth, regular, long-term movements whose per-
sistence is associated with some basic underlying
growth characteristic. Cyclical movements consist
of expansion in a majority of economic activities,
followed by a similarly general contraction, which
in turn gives way to recovery and a new phase of
expansion; cyclical movements may vary in length
from one year to 10 or 12 years, but average 4 to 5
years, although no two are alike. Random or irregular
movements are those occurring without any clear
pattern in timing or amplitude. Seasonal movements
are those recurring within each year and having some
stability within the industry or area under observa-
tion. When these repetitive seasonal movements are
removed from the data, the analyst is able to con-
centrate his attention on the other elements in the
time series.

(3) bata Problems

In preparing the raw or unadjusted data
for seasonal adjustment each series was carefully
examined for irregularities and any factors which
caused distortion or interruptions in the normal
movement of the series. It is important that such
elements be removed from the series before they are
processed for the derivation of the seasonal factors
since they tend to obscure or disturb the underlying
seasonal pattern and thus make the mechanical
extraction of the factors less accurate.

One of the most frequent causes of irregularity
is major labour disputes. This problem was handled
by estimating the approximate levels of output that
would normally have been recorded during the strike
period. In some cases strikes are followed by a
period of abnormally high output in order to replenish
depleted stocks; hence levels of output during these
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months have to be reduced in accordance with the
more regular production pattern. Kach major strike
had thus to be examined for its effect on the pro-
duction indexes and appropriate corrections applied
to the ‘‘raw’’ series preparatory to the computation
of the seasonal factors.

Problems of discontinuity arose in many in-
dustries resulting in abrupt changes in the seasonal
pattern. The most common type of discontinuity was
in connection with the adjustment and smoothing of
the monthly indexes in line with bench-mark levels.
(See section on ‘‘Adjustments to Bench-mark
Levels’’). Where the smoothing adjustments were in
the same direction for several years, the procedure
resulted in an artificial seasonal pattern being
superimposed on the original series. This particular
characteristic was confined to the years for which
bench-mark indexes were used so that the seasonal
pattern for this period differed from that of the later
period. In these cases, two sets of seasonal factors
were derived; one based on the period covered by
the bench-mark indexes and the other based on the
original indexes (after adjustment for working days).
The latter set was used to seasonally adjust the
monthly indexes subsequent to the last bench-mark
year. Where the smoothing adjustments did not result
in any significant irregularities, only one set of
factors was developed.

Another type of discontinuity arose from the
introduction of new data or the substitution of one
series for another where the seasonal pattern of the
new data or series was substantially different from
that of the original figures. For instance, when iron
ore was first extracted in volume from the Quebec-
Labrador fields in 1954, the seasonal pattern of
total iron ore mining was greatly disrupted. Winter
conditions prevailing in this northern area restrict
mining operations to the period from late spring to
early fall while iron ore properties in other areas
are not so severely affected. Moreover, the summer
production peak in these new fields dwarfs that of
other iron ore mines. These conditions resulted in a
sharp change in the seasonal pattern of iron ore
production in 1954 and the pattern prevailing prior
to that date was not applicable to subsequent years.
Two sets of seasonal factors were therefore
necessary, one of which was based on the 1946- 1953
period. In order to obtain a sufficiently long period
to develop factors for the second set, the 1955
production pattern in the Quebec-Labrador fields
was added to that of the industry total from 1950
to 1954 (six years is the minimum period for electronic
programming); and the resulting seasgnal ratios were
used to adjust the industry index since 1954.

In a few cases where man-hour data were re-
placed in the later years by volume of production
series, and the seasonal pattern of the new series
was substantially different from that of the man-
hour indexes, the production pattern of the later
period was used to interpolate the monthly series
between the bench-mark levels of earlier years. The
monthly indexes derived in this way were used along
with the actual production series for the later period
to derive the seasonal factors.

Adjustments were applied to the original series
for other types of irregularity when these pertained
to a short period of time. When longer periods were
involved such as in 1946 and 1947 when industries
were converting their operations from war production
or were affected by the long, widespread strikes
prevalent in this period, the disturbed years were
deleted entirely from the computation of the seasonal
factors orreplaced by an adjacent, more typical year.

(4) Method

The computation of the seasonal factors
was done by high speed electronic computers. It
was thus possible to take advantage of the latest
and more refined techniques developed mainly by
the staff of the U.S. Bureau of the Census. The
method used in deriving the seasonal factors, known
as Univac Method I, may be briefly described as
follows:

(1) A 12-month moving average is run through the
original data (the production indexes after
adjustment for calendar variation and other
adjustments as noted above in sub-section
c); an additional 2-month moving average is
computed to centre the data.

(2) Ratios of the original data to the centered
12-month moving average are computed.

(3) Extreme items are identified and replaced
by more representative ratios and smooth
curves fitted to all ratios for each month.

(4) A preliminary seasonally-adjusted series is
derived.

(5) A weighted 15-month moving average of the
preliminary seasonally-adjusted series is
computed.

(6) Ratios of the original data to the 15-month
moving average are computed.

(7) Extreme items are again replaced by more
representative ratios and a smooth curve
fitted to the ratios for each month.

(8) A final seasonally-adjusted seriesis derived.

(9) Seasonal factors are projected ahead one
year.

In the process of carrying out the above steps
the computer makes various checks for reliability,
residual seasonal, etc: measures the irregular,
cyclical and seasonal components and computes
ratios of one to the other, gives the number of months
required for the emergence of cyclical dominance,
prints out several charts, including one showing
the seasonally-adjusted data and original data, and
one for each month showing the ratios from step (6)
above together with the curve noted in (7) above.
Many other tables and ratios helpful in analyzing
the seasonal factors are printed out.

Although the above is a greatly abbreviated
summary® of the step-by-step method followed by the
electronic computer it is readily apparent that to

! For a complete description see ‘‘Seasonal Adjust-
ments by Electronic Computer Methods’’ by J. Shiskin and
H. Eisenpress — Technical Paper 12, National Bureau of
Economic Research, Inc., New York, 1958.
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obtain the same degree of accuracy as well as derive
the same analytical charts, tables, ratios, etc., by
a hand method would require very large resources.
Without a computer it would not be feasible to use
Method II on the large scale required for the Index
of Industrial Production.

(5) Detail Used in the Seasonally-adjusted
Index

Although seventy-one seasonally-adjusted
series are published in this reference paper about 30
of these are the result of the weighted combination
of two or more commodities, industries or industry
groups. Altogether some 100 component series were
processed by the electronic computer.

Even though it was decided to obtain season-
ally-adjusted composites for industry groups and the
total by adding the seasonally-adjusted components
rather than by adjusting the composites directly,
the composite indexes (total industrial production,
mining, manufacturing, durables and non-durables)
were also processed on the computer along with the
industry components in order to determine the extent
of differences between the two approaches. No
significant differences in timing or magnitude of
movements were observed. A running comparison of
the two approaches will be maintained to check on
any divergences that may develop. The method of
summing components to totals was chosen since it
provides an exact measure of the point contribution
of each component series to the composite totals;
this is an important advantage in the detailed
analysis of the series.

(6) Editing Problems

Although the electronic computer did the
vast bulk of the work in carrying through the seasonal
adjustments some editing problems remained. One
of the most important and time-consuming was the
review of the data for residual seasonal (some
seasonal pattern left in the seasonally-adjusted
indexes). In cases where adjustments were neces-
sary, it was usually sufficient, after studying the
data and accompanying charts provided by the
computer, to apply corrections to the charts showing
the ratios of original to weighted moving average,
then to read back the ratios and re-compute the
seasonally-adjusted series.At the end of the series,
where by the nmature of the computing method, the
results are more tentative (especially at cyclical
turming points) it was found that approximately
twenty per cent of the individual series required
special treatment, This was accomplished by re-
taining the computer factors up to the year in which
distortion first appeared and then extending these
factors by usineg a ‘‘hand’’ technique.

Another editing problem arose from the fact
(as pointed out earlier) that two seasonals were
computed for series that showed important breaks
in continuity. Here the linking of the two seasonally-
adjusted series had to be carefully done in order
not to seriously disrupt the movements of the series
at the linking point.

Unique problems exist in some industries.
Productionin the motor vehicle industry, for example,
is affected by shifting model changeover dates each
year and by changes in the duration of these interrup-
tions in production. Here it was necessary to develop
a special hand method of seasonal adjustment for
the later period as no mechanical approach would
fully account for important recent shifts in the timing
of model changeovers.

In cases where the original data had been
adjusted for strikes or for irregular movements, the
adjusted data were used to derive the seasonal
factors. These factors were then applied in the
usual manner to the original data to arrive at the
seasonally - adjusted series, so that the irregular
movements appear in the final-adjusted series.

The most important problem in editing the data
falls in the current period where seasonal factors
must be kept up-to-date. The electronic computer
programme helps a great deal in this area by pro-
jecting® the seasonal factors one year ahead. How-
ever, in order to ensure as much as possible the
appropriateness of current factors, adequate tests
of the data must be maintained to correct for any
sudden shifts in seasonal patterns. This problem
is minimized by the annual re-run of the “‘raw’’
indexes on the computer. For instance, the sea-
sonals for the current period are based on the
original data for the years 1951- 1957 and the com-
puter-projected preliminary factors for 1958. After
the index has run through the 12 months of 1958, it
is planned to re-run the ‘‘raw’® series for the period
1951- 1958 on the computer and to revise the sea-
sonally-adjusted series where necessary, projected
factors for 1959 will be obtained at the same time.
In this way, the seasonal factors will be kept
sufficiently up-to-date to reflect adequately any
gradual shifts in seasonal patterns.

16. Production Indexes and Their Relation to
Employment Data

As production indexes are often used in con
junction with employment or man-hour series to
indicate changes in productivity, it is important that
the meaning of such comparisons be understood by
users of the data.

The term *‘productivity’’ is commonly used to
indicate the relationship between production and
labour input, whether it be for a firm, an industry,
a group of industries, or the economy as a whole.
It is usually expressed as output per man-hour, that
is, the total output divided by the total number of
man-hows required to produce that output. It is this
measurement that is widely known as ‘‘labour pro-
ductivity’*. It must be made quite clear that this is a
statistical measurement, and carries with it no
implication that labour is solely responsible for

! The difference between the last two available
seasonal factors in each monthis divided by two and added
to (or subtracted from,depending on the trend) the last
factor to yleld the projected factor.
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either gains or losses in output per man-hour. Pro-
ductivity can also be expressed in terms of output
per dollar of capital, per hour of machine operation
or per unit of energy consumed. It measures the
performance of the whole productive process, not
that of any one factor.

Actually, increases in productivity can be
traced to a large number of factors. Technological
progress, mass-production techniques, managerial
ability, specialization of labour, improved working
conditions and many other factors contribute to higher
productivity. The gains of productivity, then, are
the result of a joint effort, and it is difficult to
isolate the exact contribution of each factor.

In calculating productivity, the most common
procedure is to divide an index of production by a
corresponding employment or man-hour index. If
both production and labour series are comparable
and satisfactorily constructed the resulting index
of output per man or per man-hour will have some
significance, but it must be remembered that small
errors in either of the two series may be compounded,
with the possible result that the error in the pro-
ductivity index may be greaterthanthe actual changes
in productivity, since the latter usually fluctuates
within very narrow limits. It is therefore preferable
that both the employment and production data be
obtained from the same source (such as censuses
of industry).

when production indexes are used in this con-
nection, careful consideration must be given to the
statistical methods used in constructing the indexes
and to the types of indicators selected to represent
production before any significance can be attached
to the ensuing productivity measure. A certain
amount of circularity would result, for instance, if
several industries in the production component were
represented by unadjusted man-hours since it would
then be assumed that output per man-hour in those
industries remained constant.

Assuming it is possible to construct appropriate
production and employment or man-hour series, what
then is the significance of the productivity figure
derived from dividing the production index by the
labour index?

An index of productivity can be constructed to
measure either of two basic concepts. In the first
concept, labour productivity is considered as a
specific characteristic of an individual product,
plant or industry for which it i8s measured; if, for
instance, two plants manufacture the same product,
and the productivity of either plant has remained
unchanged over a certain period, then the pro-
ductivity of the two plants combined will remain
unchanged, even though one of the plants produces
at a higher rate of output per man-hour and its share
of the combined production has increased. In order
to obtain the desired productivity (unchanged) ratio
according to this concept, the production index for
the two plants combined would have to be so con-
structed that the output of each is weighted in-

dividually with unit labour requirements. In this
way, the larger share of the composite acquired by
the more efficient plant will not influence the result-
ing productivity index when the production composite
is divided by the total hours expended in the output
of both establishments.
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