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Abstract

In October 2015, the Centre for the Study of Living Standards released a report
examining how outsourcing of work from the manufacturing sector to the services sector
contributed to theecordeddecline in Canadian manufacturieghploymentover the past four
decadesThe evidence was mixed. An examination of the irgutput structure of the economy
suggested that the effect of services outsourcing was very small while a decomposition of
employment growth by industry and occupation suggested that the effect may dave b
substantial. This report revisits these results using new custom data products provided by
Statistics Canada. In particular, the earlier work examined an-ayppitit structure based on
current dollar data which may have skewed the results due topacgeswings, particularly in
the oil and gas sectorhis reportuses chained dollar estimates to avoid this problem. Similarly,
the employment decomposition used highly aggregated occupational data which may have
overstated the contribution of outsoumgitoma nuf act uri ngds declining ¢
usemoredetailed occupational data from the Census / National Household SWeeiynd that
the results regarding the contribution of services outsourcing are fairly robust to the choice of
data.Furthermore, w are able to reconcile the differing estimates ofirtiy@rtanceof services
outsourcing between the inpatitput and occupational decomposition methodologies by noting
that much of the decline in manufacturing employment in services ogonpanight be
expected to occur if the manufacturing sector shrank for reasons unrelated to services
outsourcing In particular, the expected share of the decline associated with service occupations
in response to a negative shock to the manufacturingrssould be roughly equal to the share
of service occupations in total manufacturing employmédjusting for this, we find that both
exercisessuggest the contribution of services outsourcing to the decline of manufa@tsring
employmenshare was quitsmall, explaining no more than 8.3 per cent.
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Executive Summary

Canadads manufacturing sector has been on
2012, the share of manufacturing mominal GDP fell from 22.4 per cent to 10.7 per cent.
Similarly, themanufacturingg e ¢ t o r 6 ®tal scormmyemployfment fell fom 19.1 per cent
in 1976 to 9.5 per cent as of 20T¢his may bea cause for concern because the manufacturing
industryprovideshigh-quality jobswhich payabove averageragesto lessskilled workers

Severalexplanationshave been put forward as to why manufactusmgploymenthas
been on the decline. Some have suggested that f&dogrproductivity levels have displaced
workers from thenidustry. Others have blamed lamestforeign competition and profgeeking
firms for moving manufacturingactivitiesoverseas. In recent years, commentators have pointed
at weakening demand for Canadian manufacturing due to slowing demand in the United States
and (until recetly) the high Canadian dollar.

In October2015, the Centréor the Study of Living Standards releaseceportentitied
AThe Evolution of Ma rCanhda.cThewRolé of QutsGune@apeiucke nt i n
2015b) which investigated the extent to which outsourcing of work which had once been
performed within te manufacturing sector to firms in the services sector has contributed to the
recordeddec!| i ne i n manuf act uNoidigtigciion is enade lbaivwedhne n t S h:
effects of domesticservicesoutsourcing and foreigservicesoutsourcing (offshoring)The
report used a pair of methodologies recently applied by Berlingieri (2014), findidgnee that
outsourcing of work to the professional and business ser(if&S)and financial service@S)
industries led ta nonrnegligible reduction irmanufactuing employment in the United States
However, the twanethodologiegproduced divergent resules to the magnitude of the effect
with the inputoutputanalysissuggesting it was very smgkbout 3.5 per cent of the decline)
while thelabourdecompositiorsuggested that it could account for as much as 29 per cent.

However, Capeluck (2015b) noted several limitations to the study, some of which were
related to the data used. This reparevaluatesthe two major exercises using custom data
products from Statistics Canada with the objective of assegsngbustness of the results.



Input -Output Analysis

The first exercise involves examining how changes to the -Howipiut structure of the
economy reduced the labour requirementsnahufacturing relative to those of other sectors
between 1976 and 200&e analysis is based upon a very simple gross output growth
accounting model developed by Berlingieri (201#olding sectoral final demandshares
constant at thieimplied 1976 levelsthe direct requirements coefficients in 1976 and 2008 are
used to predict employment shaofswo-digit industries in 200®ased on the observed changes
to the inputoutputstructure of the economy between 1976 and 2008.

Capeluck (2015b) found that thmodel could predict 76.3 per cent of the observed
decline in manuf ac twhenialhchamges ietheprnpautpun@O) dtruckure a r e
of the economy were considerddhese changes to the 10 structure were driven by many factors,
one of which wa services outsourcing. Capeluesked current dollar data to construct the input
output tables which he suggested may have resulted in spurious predictions. In particular, the
rising price of oil and gas increased the nominal direatirempentsfor inputsfrom primary
industriesjmplying a large shift in employment towards this sector and a decline in employment
elsewhere in the economy. Such a reallocation of emplaywesnhnot observed in the data.

We reassess the predictions of the model using chdwiéat inputoutput data. We find
that the predicted employment share of primary industry is more reasonable, but the model is
now only able to predict 46. 3 per cent of tr
Generally, the model does a slightigtter job ofpredictingthe 2008 employment distribution in
the economy when chained dollar datee used although in absolute
performance remains rather podhe mean prediction error of sectoeaployment sharefor
all industriesis 2.10 pecentige pointsvhen nominal dat is used but falls to 1.88 pentge
pointswhen real dollar inpubutput estimates are used instead.

In this exercise, the PBS sector is defined to include professional, scientific, and technical
services and the FS sector includes financial, business, building, and other support $evices.
find that the predicted impacts of the change in manufacturmg requirements from the PBS
and FS sectors based on a simple counterfactual exercise of holdidgettterequirements
coefficientsof manufacturing for inputs from the PBS and FS industries conataheir 1976
levels remainvery modest when the ostant dollar inpubutput structure is used. The model
suggests that the rise in PBS requirements for manufacturing explaihsedcentage pointsf
the decline in ma n uf a q22uperi cerd)0 while ethe priseo ig /& n t s
requirements explas 009 percentage pointsl(l per cent).This is our key estimate of the
contribution of services outsourcing to the ¢
the inputoutput analysis. It is vergimilar tothe total effect of 0.29 percentage [@sig3.5 per
cent) which Capeluck (2015b) estimated from varying both the FS and PBS direct requirements
coefficients simultaneouslyThesesmall effecs are not all that surprising since PBS and FS
services are relatively small components of the overall input requirements for manufacturing.



Occupational Analysis

The second exercise involves performing a simple decomposition of the change in
ma n u f a c tmploymengshase in® contributions from movement between industries within
each occupatior{the within-occupation componentinovement between occupatiomsthin
each industrythe betweesoccupation component), and a cross term capturing the intera€tion o
between and withinroccupation effects.

We define PBS occupations as those which have a greater share of their total employment
in the PBS i1 ndust r yhare df @tal employwneniB ZD1Emplayaesttinr y 6 s s
PBS industries in this exercise includes those working in NAICS codes 54 (professional,
scientific, and technical services), 55 (managdnwncompanies and enterprisesind 56
(administrative and support, waste management, and remedsatieices).In 2011, 11.2 per
cent of workers were employed in these PBS industrieany@ccupation with more than 11.2
per cent ofts workers employed in the PBS industry in 201tl&ssified ag PBS occupation.

This definition of PBS occupationd@ls for a distinction between the withjibetween
and crossomponents of the decomposition for PBS and-BB$ industries. Using data from
the Labour Force Survey between 1987 and 2014, the exercise from Capeluck (2015b) suggests
that about 30 per cent of the decl ihewthin n manu
occupation PBS componerithe withinoccupation component of the decomposition is defined
as the share ofvorkers in PBS occupatignin total employment in 1987 multiplied by the
change in manufacturingdés shar ed Thi§ colmpBrignt wor k e
captures PBS outsourcing, as it reflects movements of workers away from manufacturing who
continue to perfornthe same work in other sectoksowever, the withiroccupation component
also includes occupational dsifunrelated to PBS owsrcing (for example, the share of
manufacturing of accountants would fall if demand for agricultural products increased, raising
the employment share of accountants in agricultse@}hat it likely overstates the contribution
of PBS outsourcing to theedline of the manufacturing sector.

Capeluck (2015b) notes that the witlwocupationPBS component might be overstated
due to the high level of aggregation of the Labour Force Survey data used. In particular, if
movements between industries within broadéfined occupations are really movements across
industryspecifc subboccupations, the withieccupation effect would be overestimated while the
betweeroccupation effect would be underestimateédr this reason, we redo the exercise using
more detailed ccupational data between the 1991 Census and the 2011 National Household
Survey. We find that, depending upon the level of disaggregation, the PBS-edtupation
component account s for bet ween 25 and 38 p e
employnent share. Similar to Capeluck (2015b), we find that the magnitude of the effect
diminishes considerably if we adopt a stricter definition of PBS occupations.



Furthermore we note that the PBS withimccupation component likely overstates the
contribution of PBS outsourcing for another reason. If all occupations in manufacturing
employment decline at the same rate in response to falling demand for manufacturing output,
then we should expect employment in PBS occupations to account for a large share of the
decline in manufacturing employment simply because they account for a large share of total
manufacturing employment (about 26 per cent in 1987). Restricting our attention to contributions
exceeding those expected from a uniform decline in manufacturindoymgnt across all
occupations, we find that the PBS witloncupation component of the decomposition only
explains between0and3® er cent of the reduction in manuf
results are quite sensitive to the definition of PBSupations, with the effect becoming much
smaller ifa restrictive definition is chosen.

Conclusions

Our resultssuggest thaa small portionof the decline in manufacturiogs e mp | oy me n
sharein Canada is related to the outsourcing of servikea themanufacturing sector. The use
of alternative data sources which address concerns about the data used by Capeluck (2015b) do
not seem to resolve the discrepancy between the-ouyiptt and occupational deopositions
with regardto the magnitude of the efft, as the latter remains much larger.

However,we are able to reconcile the results of the two exercises by noting that there
would be a sizable withinccupation component associated with PBS occupations in the labour
decomposition exercise even if there was no PBS outsourcing and only an exteraat de
shock which affected all occupations in the manufacturing industry in proportion to their size.
Adjusting for this, we find that both methodologies agree that the contribution of services
outsourcing was small, accounting for less tBaper centot he decl i ne i n man:
employment share. Intuitively, this seems lgksensibleconclusion scethe share of services in
manufacturingds overal/l Il nput requirements 1is
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l. Introduction

Canadads manufacturing sect orhalfcenmury@earc! i ned
1 illustrates that the share of manufacturingnominal GDP has fallen from a high of 23.7 per
cent in 1965 to 10.7 per cent R012? Most of this decline in relative importance to the
Canadian economy was concentrated over two pe
fell throughout through the 1960s and 1970s to about 17.5 per cent by 1980. During the 1980s
and 1990s the stor stabilized with its share of nominal GDP hovering around this 17.5 per cent
levelbeforet he sectordés share of GDP rapidly shrank
by 2012.

Chart 1: Manufacturi ng6 somgMoaina GOFfPeriCent, €dnad& ¢962012
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Source: CSLS calculations based on Statistics Canada data. CANSIM tableé3237@9612008) and 379029 (20092012).
Original chart from Capeluck015), updated to include most recent data for 22092.

A declining share of manufacturing relative to GDP alone would not necessarily be a
cause for concern. After all, the sector has grown in absolute terms, butsethersf the
economy have simply grown fastdue to market forcesThe issue is that theanufacturing
sector tends to be associated with high paying fobsess skilled workersChart 2 shows that

! This paper was written by Matthew Calvend Evan Capeluckinder the supervision of Andrew Sharpe. The

CSLS would like to thanknnovation, Science andconomic Development Canaftar their financial support and

for valuable comments on an earlier draft of the paper. Pthassany questionso evancapeluck@gmail.com.

2 In real terms, manufacturing output has been relatively stable. For example, CABSEVB830021 provides

estimates of real (chained 2007 dollar) output and nominal output in the Canadian business sector. In nominal terms,

the share of manufacturing in business sector output fell from 28.1 per cent in 1961 to 14.5 per cent ir@8l12. In

terms (normalizing sharesto sumto lduetoaahdi t i vity of the chained Fisher e
only fell from 16.5 per cent in 1961 to 14.5 per cent in 2012. Therefore, much of the decline was in the share of
nominal GDP was relatieto changes in relative prices rather than reductions in real output.
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the employment share of the manufacturing sector fell along with its sharenohal GDP

between 1976 and 2015. If this reduction in manufactgri6 s e mpl oyment i mpl i e
market prospects for the Canadian populatimarticularly forless skilled workersthen this

trend may be a cause for alarm.

Chart 2: Manufacturingés SdmtaRereCerd, Canddat9sR01E mMp | oy m
25.0

20.0

7 i — \
10.0
5.0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

© B ® & ox H B S H o o P o>
O S P A I T U S
A N I S SIS I >

Per Cent

N v ] ) N S
S & ’190 »

DA A DT DT D

Source: CSLS calculations based on Statistics Canada data. Labour Force Survey. CANSIM 12008 Z&2ginal chart from
Capeluck 2015), updated to include most recent data 19065.

Policymakers would like to understand why the manufacturing sector is on the decline in
Canada in order to determine whataifything,can and should be done in resporSeveral
different explanations have been put forward for these trends. These leaveubemarized and
explored in depth by Capeluck (2015a)

Capeluck (2015a) identifies two major explanations for the falling employment share.
The first is risinglabour productivity relative to other sectors of the economy. For a given level
of output, rising labour productivity implies that less labour is required. Capeluck finds that this
explanation can account f or mos tentehfre hetween dec | i
1961 and 2000, but it cannot account for the fall since 2086ad, Capekk (2015a) suggests
that a seconaause is responsible for much of the decline since :288€lining demand for
manufactured goodslue to slowing demand from theUnited Statesdeteriorationin cost
competitiveness due to the appreciation of the Canadian dollar and dismal productivity growth,
and increased competition from emerging markets.

Anot her possibility is that theispatlythe ne i n
result ofreallocation of tasks from within manufacturing firms to other industresarticular,
Berlingieri (2014) estimatesthat 16 per cent of the decline in manufacturing employment
observed in the United States between 1948 and 2002 was the result of outsourcing of work from
manufacturing tothe professional and busineservices (PBS) sectar For example, a

% Berlingieri (2014 notes that in its starkest form, such outsourcing may be thought of as a relabeling of work in the
data from one industry to another. More broadly, outsourcingimply the reallocation of labour to other sectors
in which it operates more productively or provides a substitute service.
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manufacturer whiclonce employed an accountant-house may have switched to hiring an
accounting firm. An individual continues to be employed providing accounting services for the
manufacturing industry, but the individual would be classified as working in the profesamhal
business servicesectorrather than manufacturing. Some of this outsourcing reflects offshoring
of production and ancillary servicedroad, but some of it is due to domestic outsourcing of
work.

Previous research by the Centre for the Study of Liviegrbd ar ds adopt ed Be
methodology texaminethe extent to which services outsourcing may be able to account for the
decline of manufacturingemploymentin Canada (Capeluck 20BpTwo exercises were
performed yieldingnconclusiveresults. Thdirst used a simple gross output growth accounting
model to explore how changes in the inputput (I0) structure of the economy affected
employment in manufacturing and services. Capeluck found that the model could explain 76.3
per cent of the fall in mauf act uri ngés empl oyment share bet
manufacturing6és ditheénarcial seeviges and @rofessiana andl busimass
servicesindustriesconstant through time, he found that outsourcing to these sectors could only
exdain about 3.5 per cent of the declinghe manufacturing employment share

The second exercise involved decomposing t
share from 1987 to 2014 into the reallocation of workers from manufacturing tosettters
within the same occupation (the witkoocupation component) and the reallocation of
manufacturingworkers in a given occupatiorio other occupations (the betweeccupation
component).Capeluck (2015b) found that the reallocation of workers in PBS occsgeation
manufacturing t®BS occupations iother industries accounted for 28.8 per cent of the decline
in manufacturings employment shark.

Capeluck (2015b) expresses some concerns about the results of both exercises. While the
simple inputoutput modekeems to predict most of the decline in manufactéiegnployment
share, the model performs poorly at predicting the employment shares of several other industries.
Capeluck (2015b) suggests that the predigtieeer of the model for the manufacturing sect
may be spurious, driven by fluctuations in the price of oil which imidarge increasm the
employment share of mimg and oil and gas extraction in the model which was not observed in
reality. He suggests thaising IO tables using constant rather than current dollar data may
improve the modéb performance.

Similarly, there are some concerns about the data used in the occiyzesash
employment decomposition. Capeluck (2015b) drdgdata on occupations at thedit level

* Note that the data used does not actually allow us to see the industry in which a given worker is employed through
time. The exelise only entails a comparison of the employment distribution of workers across occupations and at
two points in time. When we talk about reallocation of PBS workers from manufacturing to other industries, we
mean that the employment share in other indesthias increased and the employment share in manufacturing has
fallen. This does not necessarily imply that workers have left their jobs in manufacturing for positions in other
industries.
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(out of 4), resulting in very broad categories. He suggests that the large-odthipation
component of the decline in manufacturing associated with PBS occupatiote nmagieading.

If the broad occupational categories are composespetfic occupations that areachclosely

linked tospecificindustries, then the reallocation of workers between occupations within a given
broad occupational category may have shown up as a reallocation of workers between industries
within that broad occupa@nal category The result would be an overestimation of the
contribution of movements within PBS occupations to the fall in manufact@ramgployment
share.For example, the NOQO011 occupation code 72 is industrial, electrical and construction
trades. Anong other occupations, it includes betklders and plumbers. We may expect that
welders tend to work in manufacturing and plumbers in construction. If we only used two digit
occupation codes, we might misinterpret movement across occupations (welders to plumbers) for
movement out of manufactag into construction within the same occupation.

Given these concerns about the data used in Capeluck (2015b) and the conflicting results
of the two exercises as to the importance of PBS outsourcing to the decline in manufacturing, we
think it would be pudent to explore the robustness of the results. We do so using custom data
productsobtainedfrom Statistics Canada which provide constant dollar hopiput tables and
industryoccupation employment distributions at the highest available level of deggdmpn.

The remainder of theeport will proceed as followsSection2 will provide a discussion
of how inputs in manufacturing have changed through time and how the use of chained dollar
(real) rather than current dollar (hominal) detan lead to diffeentunderstandingsf the input
structure of manufacturingection3 will review the methodology from Berlingieri (2014) and
Capeluck (2015b) used in this report and discuss the $attion4 will present the results of the
input-output exercise usingonstant dollar inpubutput data with a comparison to the results in
Capeluck (2015b) based on current dollar d&action5 will present the results of the
occupationaldecomposition exercise with detailed occupational data. Again, the results will be
compared to those from Capeluck (2015Rk¢ction6 will conclude with a short summary of the
findings.
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1. Intermediate Inputs in Manufacturing

Before examining the issue of whether or not services outsourcv@s a major
contributor to the decline of manufacturing employment in Canada over the last several decades,
it is useful to perform a high e v e | examination of the inputs
sector.

This section has two goals. The first is feoniliarize the reader with general trends
regarding the importance of services as inputs in manufacturing relative to other inputs. The
second is to clarify why the use of chained rather than current dollar 10 data may be expected to
lead to different rasts.

Broadly speaking, output is produced using three broad classes of inputs: labour
(workers), capital (machines, buildings, structural engineering, and intellectual property), and
intermediate inputs. Intermediate inputs are outputsnefindustrywhich areused as inputs in
another industryFor example, the agricultural industry produces grain. Grapraduced by
primary industry andised as an intermediate input in the production of flour. In turn, flour may
be an intermediate input in the protion of bread, and bread in the production of a sandiych
a restaurant

In this section, we will focus othree broad categories mitermediate inputs: services,
materials, and enerdyln particular, we are interested in the extent to which services have
become more or less importantaashare of gross output in manufacturing over time

We will examine trends in the relative shares of these three types of intermediates based
on bothreal (chained dollar) and nominal (current dollar) d&atee distinction between the two
is how prices arappliedto each type oihputthrough time Current dollars simply use tipgices
prevalent in each year. For exam@808input is valuedbased or2008 prices, 200tput is
valuedbased on 2009 prices, etc.

Current dollars areelevantif one wishes tcestimatethe total value of output, as the
changing price structure supposedly reflects changes in how society values different types of
output. Theissuewith current dollars for our purposesnot so much that they captundation,
but rather that they may suggest large changes in the amount of inputs due to changing prices
while the actual number of inputs has remained st&ldeexample, gupose an i nput os
price doubles. Using current dollar data would suggest that twice as much of the input is being
used even though the number of physical units of the input remains cofstatitis reason it

® Energy input includes various fuels purchased for use as heawer including electricity, fuel oil, coal, natural

gas, and other miscellaneous fudaterial input includes all commodity inputs exclusive of fuel (electricity, fuel

oil, coal, natural gas, and other miscellaneous fuels) but inclusive efypelinputs used as raw materials in a
manufacturing process, such as crude petroleum used by the refining industry. Service input includes
communications; finance and insurance; real estate rental; hotel services; repair services; business services,
including eqipment rental, engineering and technical services, and advertising; vehicle repair; medical and
educational services; and purchases from government enterprises.
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may misleadingto use current dollarsimates to assess how the irputput structure of the
economy has changed through timken interested in the physical requirements of production
processes.

I n order to assess ¢ han goatsl far changes iea @rices 1 n p u
through ime. A sstraightforwardapproach is to take the price level in sdmaseyear and apply it
to the output levels in all years under considerafgpohaspeyres volume indexjor example, if
we chose 2008 prices, then 2007 inpuvasuedbased on 2008 prices, 2008 inputvedued
based on 2008 prices, 2009 inputveduedbased on 2008 prices, etc. This example would be
called using constant 2008 doll&r$he problem with constant dollars is that the choicéhef
base yeacan change thresults, especially large relative price changes occur over the period
under considerationTo avoid this issue, statistical offices often provide data based on chained
dollars.

Chained dollars combinesetof constant dollar estimates basedadtifferent base year
for each time periodnder consideratiorBuppose we want to compare inputs in 2007, 2008, and
2009.To construct a (Laspeyres) chained dollar series, we could calculate the values of 2007 and
2008 inputs using 2007 prices and the valok2008 and 2009 inputs using 2008 prices. Neither
pair of quantity estimates reflects changes in relative prices. The two are combined by taking the
i mplied growth rates of fAreal o input between
2008 and 209 based or2008prices and applying them sequentially to the level of inputs in an
arbitrarily choserreferenceyear. If we chose 2009 as theferenceyear, we would call this
chained 2009 dollars.

The dataon intermediate inputsised in this section arflom CANSIM Table 383
0022Multifactor productivity, gross output, vahsslded, capital, labour and intermediate
inputs at a detailed industry level, by North American Industry Classification System (NAICS)
The chained dollar estimates are based on chained Figfaantity indexes.

Panels A, B, C, and D a&@hart3 provide current and chained (2002) dolestimates of
the shares ototal intermediate inputs, energy inputs, material inputs, and service inputs
respectively in gross output for the manufacturing sector from 1976 to 2008.

In real terms, the share of intermediate inputs in gross output iases fairly stable
It was about 70 per cent in 1976 and was 69 per cent in 2008, although the share was somewhat
lower between 1975 and 1995 when it hovered around 67 perGianént dollar data paints a
very different picture. Based on current dollar estimates, the share of intermediate inputs in gross
output rose considerably from 64 per cent in the 1960s to 72 per cent in 2008.

®The fAconstanto refers to the constant ehanté dblthae b
based on a Paasche index framework which would use the prices observed in each year to compare the level of
physical output in that year to the level observed in the base year.

" A Fisher index uses the geometric average of the gigantitlculated based on prices in each of the two years

under comparison (a Laspeyres index uses the base year prices while a Paasche index uses the current prices).
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Chart 3: Share of Gross Output in Manufacturing in Canada, by Type of Intermediate Input, Per Cent, 1961

2008
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Panel D: Services Inputs
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Source: CSLS Calculations using data from CANSINGI€&8830022.Chained dollarsReference year B002.

Notice that the share of intermediates was much higher in the 1970s and in recent years
when oil and gas prices spiked. Indeed, one can see from panel B that the nominal share of
energy inputs, whickivas 4 per cent as of 2008, increased during the 1970s and again in recent
years. However, the loAgrm trend in real terms has been a decline in the share of energy inputs
from 5.5 per cent in 1976 to 3 per cent in 2008. This reflects adoption of mogy efigcient
practices and machinery in response to rising energy prices.

Panel C reveals that there were also very large increases in the share of material inputs in
current dollars when oil prices were high. Bapeluck (2015b) pointed outjetal ores iad
concentrates, mineral fuels, and froetallic mineralss a category of materials whiettcounted
for a sizable share of gross output in manufacturing because oil refinerietassiied as
manufacturingThese inputs likely explain much of the lafygctuations in the current dollar
share of material inputs in gross output. Notice that while the share of material inputs remains at
a very similar level (about 57 per cent) in 1976 and 2008, it fell off in the 1970s when prices for
these inputs were iively high. Besides the direct link between the price and demand for
inputs, this reduced share of material inputs may also be related to exchange rate fluctuations.

The share of services in gross output rose from about 7 per cent in 1976 to aroend 10 p
cent as of 2008. To the extent that services produced within the manufacturing sector are
guantified as labour inputs while those outside the sector are classified as services, this may
suggest services outsourcing.

The key observation to take away fr@@hart3 is that the evolution of the manufacturing
i ndustrybés demand for i nput swhd different dependingah6 and
whether inputs are measured in real or nominal terms. In particular, the use of energy and
material inputs appears to have increased considerably based on current dollars, while the
relative importance of material inputs remednstable and that of energy inputs declined when
inputs are measured in real terms.
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It is alsoimportant to observe that the rise in services as manufacturing inputs occurred
regardless of whether real or nominal data is used. The similar performanoesefderies
suggests that if we only explore the impact of changes in the requirements for services, holding
everything else constant, then the results will probably look very similar whether we use current
or constant dollar data.

The relatively small shra of services in total intermediate input use and in gross output
suggests that outsourcing of services will only be able to explain a small amount of the overall
decline in manufacturing employméht.

As service intermediates are the focus of this repiois worth exploring the growth in
manufacturingds ser vi c aVedoesqusing nem detatled dataontieur t h
input-output structure of the Canadian economy in nominal terms from CANSIM and equivalent
chained dollar estimates proeid by Statistics Canada.

We will consider four classes of intermediate inputs between 1961 and 2008 at the
summary (S) level of commodity aggregation. In each case, we will compare the requirements
for the input relative to gross outpltWe will also consider trends in service requirements in
the total economy. If outsourcing of a service requirement was a major driver of the decline in
manufacturingods empl oyment share, w e may e
manuf act ur ientgfdrthat seevigeuas an énpit.

Chart 4: Communications Service Inputs Relative to Gross Output, Manufacturing and Total Economy, Per
Cent, 19612008
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SourceCSLS calculations based on ttcs Canada Inpt®utput data, gedal order Reference year is 2008.

8 To the extent that services are more labour intensive than materials or energy, temtpe industry providing
services may be |l arger than the share of services i n m
® Further details on this data are provided in section Ill.A.iv of this report.

9In the case of chained estimates, this is mac#y a percentage of gross output because chained dollar estimates

are not exactly additive so that the total chained dollar value of all inputs is not equal to the sum of the chained

dollar values of each input.

" previously, we would expect that thessrvices would have appeared as labour requirements within the boundary

of manufacturing firms, although there may also have been some provision of services from one manufacturing firm

to another which would have been quantified as manufacturing prodaciibnse of the service.
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The first type of service intermediate input which we will consider is communications
services (Chart 4). Communication service inputs have become increasingly important for the
total economy, rising from about 0.5 p@nt of gross output in real terms in 1961 to over 1.2 per
cent in 2008. Interestingly, the real communications service requirements of the manufacturing
sector remain of about 0.2 per cent of gross output in 2008 are about the same as those observed
in 1961 while in nominal terms the requirements of manufacturing for communication services
have fallen from over 0.4 per cent to about 0.2 per cent. It does not seem likely that
communications services outsourcing by the manufacturing industry has increasetthii®ove
period based on these descriptive trends.

Chart 5: Finance, Insurance, and Real Estat&ervice Inputs Relative to Gross Output, Manufacturing and
Total Economy, Per Cent, 19612008
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Source:CSLS calculations based on ttcs Canada Inpt®utput data, gecial orderReference year is 2008.

Chart 6: Professional, Scientific, Technical, Computer, Administrative, Support, and Rlated Service Inputs
Relative to Gross Output, Manufacturing and TotalEconomy, Per Cent, 19622008
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SourceCSLS calculations based on @ttcs Canada Inpt®utput data, gecial orderReference year is 2008.

In contrast,Chart5 andChart6r e v e a | t hat manufacturingos
insurance, and real estate service intermediate inputs and professional, scientific, technical,
computer, administrative, support, andated service inputs increased considerably both in
nominal and real terms. In the case of finance, insurance, and real estate services,
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manufacturingdés real requirements rose from a
2.5 per cent in 2008.iMilarly, its requirements for professional, scientific, and technical service

inputs increased dramatically from about 0.6 per cent of gross output in 1961 to about 3.5 per
cent in 2008, with most of the increase concentrated between 1990 and 200att@hmset of
services includes most of the services which
business serviceso.

While the large increase in manufacturing requirements for technical and financial
services between 1961 and 2008 is consistent avititory of manufacturing outsourcing of
professional and business services, it is worth noting that the intensity with which these services
were being used relative to the total economy increased even more than in the manufacturing
sector. Outsourcing okervices may not have been unique to manufacturing. Moreover,
manufacturingés employment share | ikely fell
economy relative to the demand for manufacturing. It is also worth noting that the total economy
has used financial and technical services more intensively than manufacturing throughout the
entire 1961 to 2008 period.

Finally, we consider miscellaneous service inputs which include additional services
which do not fall within the three manufacturindereant categories we have considered. In real
terms, manufacturing requirements for miscellaneous services have declined from about 2.2 per
cent of gross output in 1961 to 1.2 per cent of gross outputd® @hart7), so outsourcing of
these services was unlikely to have been a major source of the decline in manufacturing
employment. Over the same period, these miscellaneous services became ingreasiag|
important to the total economy.

Chart 7: MiscellaneousService Inputs Relative to Gross Output, Manufacturing and Total Economy, Per
Cent, 19612008
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SourceCSLS calculations based on @ttcs Canada Inpt®utput data, gecial orderReference year is 2008.

Capeluck (2015b) was particularly concerrtbdt the use of enstant dollar data may
have lel to the model having predictive power regarding the share of employment in
manufacturing for spurious reasons. In partigulaanufacturing (along with most other sectors)
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would seem to have a significantly greater requirement for inputs from the oil and gas sector
because of rising energy prices, pushing the predicted employment share of primary industry up
and employment shes of all other industries down.

Chart 8 is analogous toChart 3 but focuses on the petroleum and coal products
manufacturingsubsector, as this is the manufacturing subsector which will use the most inputs
from the oil and gas industry. It demonstrates how different the trends are for the share of
material inputs in gross output according to current dollar data and chaineddaddaPanel
C).*? In particular, the share of material inputs is rising over much of the-2968 period in the
current dollar data while it is on a downward trajectory in the chained dollar data. These
differences appear to be related to rising crutlpraies in the 1970s and 2000s.

Chart 8: Share of Gross Output in Petroleum and Coal Products Manufacturingn Canada, by Type of
Intermediate Input, Per Cent, 19612008
Panel A: All Intermediate Inputs
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2Material inputs includes crude petroleum used by the refining industry, which is located in the petroleum and coal
products manufacturing subsector.



21

Panel C: Material Inputs
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Source: CSLS Calculations using data from CANSIM Table@&2.Chained dollarsReference year is 2002.

Intermediate inputs represent an extremely large share of gross output in this sector. In
real terms, they account for 90 per cent of inputs as of 2000, although they had accounted for
nearly 94 per cent in the 1970s. The nominal share of intermediates has increased considerably
from only 80 per cent in 1976 to as high as 97 per cent in 1981.crhima share was about 93
per cent as of 2008.

Both in real and nominal terms, the petroleum and coal products manufacturing subsector
has become considerably more energy intensive. The share of energy inputs in gross output rose
from around one per cemt 976 to between 4 and 5 per cent in the 2000s. This may be related
to compositbnal changes within the sector.
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Table 1: Intermediate Inputs as a Share of Gross Output, Manufacturing Subsectors, Current Dollars, 1961
and 2008

All Intermediates Energy Materials Services
1961 2008 1961 2008 1961 2008 1961 2008
Manufacturing 63.8 72.4 25 4.1 54.1 58.9 7.2 9.4
Food manufacturing 76.6 72.1 15 1.9 68.9 61.1 6.2 9.1
Beverage and tobacco product manufacturir  55.3 50.7 1.1 1.7 40.5 30.2 13.7 18.7
Textile and textile product mills 66.7 59.6 15 3.0 59.5 46.7 5.7 9.8
Clothing manufacturing 60.8 52.8 0.4 1.1 52.9 42.7 7.5 9.1
Leather and allied product manufacturing 58.9 57.8 0.9 2.1 51.9 43.8 6.2 11.9
Wood product manufacturing 62.7 67.2 1.9 3.3 55.4 55.7 55 8.1
Paper manufacturing 56.4 68.4 5.5 9.8 459 48.1 5.0 10.5
Printing and related support activities 49.6 49.1 0.9 15 38.0 35.1 10.8 125
Petroleum and coal products manufacturing  80.2 93.0 14 4.1 72.6 85.5 6.2 3.4
Chemical manufacturing 59.1 75.2 3.9 14.9 43.1 47.6 12.0 12.7
Plastics and rubber products manufacturing  59.7 66.0 15 2.7 50.1 52.8 8.1 104
Nortmetallic mineral product manufacturing  54.0 57.2 7.1 7.9 36.9 37.2 10.0 12.2
Primary metal manufacturing 68.1 76.7 6.6 6.7 57.8 64.3 3.7 5.7
Fabricated metal product manufacturing 57.1 59.7 1.3 2.0 50.0 49.7 5.8 8.0
Machinery manufacturing 52.8 60.1 1.2 1.3 43.7 50.4 7.9 8.5
E‘;ﬁ‘j’f‘;ﬁ;ﬁgg electronic product 490 615 05 07 386 417 98 192
E(')?g(')cnae'riqnﬁf:;?;éﬁ?fgance and 583 669 1.0 12 491 522 81 135
Transportation equipment manufacturing 64.4 79.3 1.0 0.7 56.5 67.0 6.9 11.6
Furniture and related product manufacturing 55.9 56.2 11 1.7 48.0 44.9 6.9 9.6
Miscellaneous manufacturing 55.3 57.3 1.0 1.3 44.1 45.4 10.3 10.5

Source: CSLS Calculations using data from CANSIM Table(3&2.

I n real terms, the subsectords use of mate
gross output throughout tHE960s and 1970s to slightly under 80 per cent of gross output in
2008. The nominal share of material inputs has been volatile, rising from 73 per cent in 1976 to a
high of around 92 per cent in 1981, back down as low as 75 per cent in 1991, and then
rebownding to above 85 per cent by 2008.

Table 1 and Table 2 summarize how the shares of energy, materials, and services
intermediates have changed between 1961 and 2008 in manufacturing subsectors using both
current and chained dollar estimates. A feends are worth noting. First, while the shares of
energy, material, and service inputs in gross output rose in the economy in nominal terms
between 1961 and 2008, in real terms the share of materials remained stable and the share of
energy decreased. @nthe share of services increaséthe overall share of intermediates
remained fairly stable in real terms but rose considerably in current dollars.
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Table 2: Intermediate Inputs as a Share of Gross Output, Manufacturing SubsectorsChained 2002 Dollars,
1961 and 2008

All Intermediates Energy Materials Services
1961 2008 1961 2008 1961 2008 1961 2008
Manufacturing 69.7 69.2 5.5 3.0 56.7 56.9 7.4 9.3
Food manufacturing 73.0 73.6 34 14 63.5 63.5 6.5 8.6
Beverage and tobacqaroduct manufacturing 50.1 55.0 2.3 1.3 33.2 35.7 14.9 185
Textile and textile product mills 61.9 61.2 5.8 2.3 48.6 50.2 9.9 8.7
Clothing manufacturing 53.9 54.3 1.2 0.8 43.2 45.2 9.7 8.3
Leather and allied product manufacturing 62.3 58.8 2.2 1.6 53.6 45.9 6.6 10.9
Wood product manufacturing 66.1 60.2 4.1 2.2 56.5 51.5 5.6 6.5
Paper manufacturing 62.6 65.0 14.7 8.5 44.4 47.0 4.9 9.4
Printing and related support activities 36.1 48.4 14 11 26.2 35.9 8.6 11.5
Petroleum and coal products manufacturing 95.1 90.7 1.0 4.6 92.7 79.3 3.2 6.5
Chemical manufacturing 75.1 68.4 10.3 9.8 49.3 44.6 15.2 139
Plastics and rubber products manufacturing 66.1 62.5 4.5 2.2 50.4 50.8 12.2 9.6
Nortmetallic mineral product manufacturing 58.3 57.2 175 5.9 32.3 39.2 12.0 12.2
Primary metal manufacturing 74.4 74.0 12.9 7.7 56.1 59.2 4.8 7.1
Fabricated metal product manufacturing 58.0 57.9 3.6 1.7 49.6 47.9 5.6 8.3
Machinery manufacturing 56.5 59.4 2.6 0.9 46.8 50.9 7.3 7.7
ﬁi?ffiﬁﬁﬁﬂg electronic product 622 692 48 05 377 534 379 154
ri'zﬁm;i't;‘i‘n“;pmem’ appliance and compone g0 4 gg g 3.0 1.0 555 528 103  13.2
Transportation equipment manufacturing 75.8 74.0 25 0.4 67.5 65.3 6.6 8.7
Furniture and relateghroduct manufacturing 54.5 60.4 25 1.3 45.0 50.1 7.3 9.0
Miscellaneous manufacturing 68.9 57.2 25 1.0 55.5 45.6 10.0 10.6

Source: CSLS Calculations using data from CANSIM Table G822

The rising nominal share and declining real share of eriepyys in gross output is true
for virtually every manufacturing subsectdr.

The growth inservice intermediatess also true for most manufacturing subsectors
regardless of whether real or nominal data is used, although there are several exceptions,
particularly when the chained dollar data is u¥ethese exceptions includextile and textile
product mills clothing manufacturing, chemical manufacturinggstics and rubber products
manufacturingand omputer and electronic product manufacturing

Changes in the relative importance of material inputs vary considerably across industries.

13 The only exceptions are that the nominal share of energy inputs falls fqrarti®n equipment manufacturing

and the real share of energy inputs rises for petroleum and coal products manufacturing.

4 The only exception based on nominal data is petroleum and coal products manufacturing, which is likely driven
by the large increasen the nominal shares of energy and material inputs.
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lll.  Methodology and Data

This section will provide a brief overview of the methodology and data used in the
report. For the most part, the methodology is almost exactly the same as that of Capeluck
(2015b) which was based on Berlingieri (2014). Interested readers are encouragied to
Berlingieri (2014) for the most extensive discussion of the methodology.

The section is divided into two parts. The first describesrputoutput model and how
it is used to assess the i1impact of sh&®&The out so
secondfocuses on the occupational decomposition. In both parts, special attention is given to
describing how the data used in this study differs from that used in Capeluck (2015b).

A. Input -Output Structure and Manufacturing Outsourcing

i The Model

We evaluate the effects of changes to the wgoput (10) structure of the economy
using a simple gross output growth accounting model. There are J sectors in the economy. The
production function for the goguroduced bysector | takes on a Colibouglasform:

where @ represents gross output in sectob j,is the amount of labour used by the se6tor,
represents the productivity level in sectdr j,is the share of value added in the gross output of
the sectory) is the amount of intermediate inputs from sector k used in the production of
sector jand’ is the share of intermediates from sector k in the total intermediate input use of

secbr j. There is no capital in the model, which eliminates the need to worry about dynamic
decisions.

Taking wagesy , and pricesD , as given, firms in each sector choose infiuts and
in order to minimize costs while producing a level of output of at kva§olving this problem,
the conditional factor demands are:

5 O &
0 —
0

. r T O &
0 i
P 0
These first order conditions hagestandard Cobibouglas intgpretation expenditures on each

input are proportional to the sharetlbétinput in the sect@s gross output.
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Households arsimply assumed to inelastically provide lalvoat the prevailing wage
rate. The market clearing condition is also very sim@®ods from each sector must be either
consumedd or used amtermediate inputs production

Combining the goods market clearing condition and the conditional input demands,
Berlingieri (2014) shows that the share of labour allocated to each sgatan be expressed as:

o 08y B0
o = w Iy
0 0 P 00
where®d —— is the consumption expenditure share of sector j. The labour share of each sector
i's equal to | abourdés shkhpeerdiotfursee cg lhshargobEs| uso n
sector jos share of i nt er peeddureshaesThat is, it efleatst or Kk

the extent to which the sector contributdisectly to the final consumption ofgood j and
indirectly to final consumption of all good$a production ofintermediateénputs

Since there are J sectors, we havegudations representing equilibrium labour shares.
These can be expressed using linear algataagive time &s:

m am N
where
& I Enm @ pr pI1 E I p]
m & g & E &7 € m & E &
a n E I w rop T E p o p T

Berlingieri (2014) notes that thmatrix q is equal to @ v identity matrix minus an
industry-by-industry direct requirements matrix. This is convenient becausm#iisx is easy to
construct using IO data.

Given a final uses vector at timefit,, the model predicts labour shares basethenO
structure of the economy given loy and s . It is important to note thahe theoretical model
implies that the curré dollar direct requirements are the right data to use in the analysis; the
paramegrs inside thel and 1 matrices are just expenditure shares. In this respect, the results
based on real input requirements are harder to intepogtever, the results do address the fact
that labour shares are more closely related to real requiteth@m nominal requirements.
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il. Counterfactual Exercises

To evaluate the predicted impact of changes in the 10 structure of the economy on the
sectoral allocation of labour through time, we hgldixed and allow onlyg and s to vary. In
practice, thisrequirescalibrating the model to obtain the implied final demand structure in the
base year by calculating q 7 1. In our case, the base year will be 1976. By combining
the 1976 final demand vector with the 10 structure in 2008, we are able to use the model to
estimatehow changes in the 10 structure of the econamllhave changd the distribution of
labour acrossdustries.

We can compare this predicted baseline based on the true evolution of the 10 structure to
a series of counterfactual 10 structures to learn about hovehtheginglO structure likely
contributed to changes manufacturingds share

We generate four counterfactual distributions of labour in 2008 based on four different
IO structures and compare these to the baseline.

The first counterfactudll) involves holding the coefficients faill intermediate inputs in
manufacturingn the dilect requirements tableonstant at their 1976 levels while allowing the
rest ofthe coefficients for intermediate inputs in tbiect requirements table to take on the
values observed in 2008. This explores the question of what would have happened to
empbyment if there had been no change inititkistly sources of intermediate inputs demanded
by the manufacturing sector between 1976 and 2008.

The secondcounterfactual(2a) involves holding only the coefficient representing
professional and business serviggB9"intermediates used in manufacturing production
constant at its 1976 level while allowing all other coefficients to take on their 2008 VHhi®s.
scenariois meant to capture what would have occurred if there le@th moadditional PBS
outsourcingrepresented by an increase in the PBS coefficient over.tme)

Similarly, counterfactual (2b) involves changirthe coefficient for the finance,
insurance, real estate and rental and leasing (FS) indinstead of thé®BS coefficient.’

The third counterfactual3) is to change the coefficient representimgg nuf act ur i ng
requirements for inputs from the mining, oil, and gas induslitys exercise was used by
Capeluck (2015b) to illustrate how changesnra n u f a ¢ haminal megjurements for
primary inputs, which were linked to the risingrice of oil were predicted to change

15 |n this exercise, we define PBS industries to match those in Capeluck (2015b). PBS industries correspond to
NAICS code 54, professional, scientific and technical services.

16 Note that we are unable distinguish whether the effects of outsourcing are due to domestic outsourcing or
offshoring as both imported and domestically produced intermediate inputs are included in eauipputata.

" In this exercise, we define FS industries to match tiro&apeluck (2015b). FS industries correspond to NAICS
codes 52, 53, 55, and 56 for employment which include finance, insurance, real estate, and leasing and business,
building, and other support services. The FS industries for the IO data include 1G€ ®Adfinance, insurance,

real estate and rental and leasing and 56, administrative and support, waste management, and remediation services.



27

manufacturing employmentshare A change in a nominal direct requirements coefficient can
reflect both price changes and quantity changlkfe a change in the corresponding real
coefficient will be due to only changes in physical quantitiese Ye&peat this exercise
hypothesizing that the effect estimated by Capeluck (2015b) was driven by changes in prices and
that it will not be observed ven we use real data.

Table 3:Summary of the Counterfactual Exercises

Description

This exercise estimates the contribution of all types of outsourcing to th
decline in the manufacturing employment share by fixing the direct
requirements coefficients for all intermediates in manufacturing at their
1976 level.

(1) All Coefficients

This exercise estimates the contribution of PBS outsourcing to the decl
in the manufacturing employment share by fixing the direct requirement
coefficient for intermediates purchased from the PBS industry in
manufacturing at its 1976 level.

(2a) PBS Coefficient

This exercise estimates the contribution of financial services (FS)
outsourcing to the decline in the manufacturing employment share by

(2b) FS Coefficient fixing the direct requirements coefficient for intermediates purchased fr
finance, insurance, ré&state and rental and leasing in manufacturing at
its 1976 level.

¢CKA& SESNDAAS SadayldsSa GKS 02yl
to the decline in the manufacturing employment share by fixing the dire
requirementscoefficient for intermediates purchased from mining and oi
and gas extraction in manufacturing at its 1976 level.

(3) Mining Coefficient

Note that there are some difficulties with the interpretation of these counterfactual
exercises. In particular, counterfactué?s) and (2b) assume that any change between the PBS
or FS coefficients for inputs into manufacturing were the result of PBS outsourcing. However,
there may have been other factors influencing these coefficients. Changes in the composition of
manufacturing outputmay have increased demand for inputs from the PBS and FS industries
although we expect the effect would be fairly minor in practi€eanges in the production
processes may also have changed input requirements. It is possible that manufacturing simply
requiresmore PBS / FS inputelative to gross outpuhan it had in the pastmprovementsn
the productivity of certain intermediate inputs mhgve also generally reduced the direct
requirements coefficients through timeor example, increased energyicééncy means that
fewer energyinputs are needed per unit of outplio the extent that the productivity of service
inputs has increasethe observed increase in the PBS / FS coefficients may understate the extent
of manufacturing outsourcing.

ii. Allowing Demand to Vary Through Time

Berlingieri (2014) and Capeluck (2015b) also consider an extension in which they allow
the relative shares @ihal demandacross industriet® vary through time in order to demonstrate
the robustness of the predicted effects of manufacturing when the rather unrealistic assumption
of aconstant final demand structure is relaxed.
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To do this, they use a simple model of consumer demand based upon a constant elasticity
of substitution (CES) ity function:

Where preferences over consumption of good j are governed by parametard a constant
elasticity of substitution. Following Berlingieri (2014) and Capeluck (2015b), we will assume
thatf 1@ as there is no consensus in the literature on the appropriate value.

Maximizing utility subject to a standard consumer budget constraint yields:
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where P is an aggregate price index. ¢tesumption expenditure on good j ise by:
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Defining w to be theratio of the consumption expenditure tre good produced by
industryj to the consumption expenditucé the good produced by the manufacturing sector
Berlingier.i (2014) shows t ha,tdendted dyw i €an bear i t h m
expressed as a simple function of the logarithmic growth rate of the price of the good relative to
that of the manufactured good:

® G aéw p T 0 0
As before, we calibrate sectoral final use sharea the base year (1976). The final use
ratios in the base year are tr@mple tocalculate. Using data on gross output price indexes, the
equation above allows for the estimationfiotl demandfor the output of each sector each
future periodrelative to manufacturing. Given relative firddmandshares and that the absolute
final demandshares sum to 100 per cent, it is straightforward to calculate the predicted final use
shares in each period.

W2 Data

The data on employment by industry and gross price indexes used in this report are
exactly the same as those used in Capd2@k5b).

The employment data come from the Labour Force Survey. The estimates are
consistently defined through time based on the NAI& are readily availabt the twedigit
levelfor the 19762014 period from CANSIM Table 282008.
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The gross output price indexase implicit gross output deflators calculated by dividing
an index of nominal gross output by an index of real gross oufjmgt.underlying real and
nominal estimates of gross outue from CANSIM Table 388032

T h e fdata wsed in this report are constant dollar kquiput dataover the 19641
2008 periodwhich were provided by Statistics Canada upon requeapeluck (2015b)
suggested that the poor predictive power of the IO model for changes in employment shares in
many industries may have been the result of large increases in oil prices skewing the current
dollar direct requirements table so as to suggest that there would be a large increase in
employment in the oil and gas sector. iopei s t hat data on the freal
industries may lead to more reasonable estimate.

The constant dollar IGldata were provided in two tables, one for the 19897 period
and a second for the 192008 periodData were reported for severmargins(retail, wholesale,
gas, etc.)We use the estimates of producer prices.

The 19611997 data contain information on commodities classified by |O@f&sat the
S-level of aggregatior{59 categoriespnd IOIC industry classification codes the tvo-digit
level.

The 19972008 data contain information on commaodities classified by IOCC codes at the
link level of aggregatior{469 categoriesand IOIC industry classification codes at the fdigit
level 18

In order to construct consistent series throtigie, we aggregate the 192008 data to
the Slevel of aggregation and twaigit IOIC industriesThe mapping of IOCC codes from the
link level to the Sevel was performed using a hierarchy posted by Statistics Canada (Statistics
Canada, 2007)Ve thenmap the IOIC industries over the entire 19808 period to match the
LFS NAICS industry aggregations outlined in the appendix of Capeluck (2015b).

The constant dollar estimate$ inputs and outputsvere produced based on Laspeyres
index number method€.Over the 19611997 period, the Laspeyres estimates vesrehbased
on the prices in the previous year. Over the 12008 period, the Laspeyres constant dollar
estimates were based on three diffenaierenceyears: 1997 for 1992002; 2002 for 2002
2007;and 2007 for 2002008 In both casesadditivity should hold as the estimates were not
chained.

Bhttp://Iwww23.statcan.gc.ca/imeimdi/document/1401_D11_T9 \Méng.pdf

19 Under a Laspeyresonstant dollar framework, the prices in the base year of the series are used to compare
guantities through time. Constructing a Laspeyres chained dollar series entails sequentially linking multiple
Laspeyres constant dollar estimates which use différase years to some reference year based on the growth rates
in each series.
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We linked the four series together by using 2008 as the reference year and then extending
backwards to 1961That is, the yeaoveryear growth rates fromaeh series were applied
consecutively beginning in 2008 and working backwards.

Thereare few errors / inconsistencies in the data which we noted wbestructing the
chained dollar estimatek particular, a few series seem to imply that the chained dollar output
of a single industry greatly exceeded that of all industfes.exampleour raw calculations
from the data suggest that the total output of metal ores and concentrates by priusiny
was 51 times greater than total output of metal ores and concebyatsndustries. Thited to
nonsensical results when constructing the direct requirements t&blesioid these sorts of
problens, we have treated amxtreme yeapveryearquantity changes the data exceeding a
factor of 5 times as simply being constant (no grofthne may be concerned that this
adjustment may eliminate some of the most important shifts in the-simuature through time.
In practice we do not think hat this should be a major conceasthis adjustment changes a
very small number of estimatés.

These inpubutput tables were used to construct indubiymdustry direct requirements
tables in the same manner as Capeluck (2015b). Details gbrthiisdure are provided in the
appendix.

B. Decomposition of Employment Share Growth by Occupation

I The Decomposition

The second major exercise of this report involves performing a simple decomposition of
how movements within and across occupatiene nt r i but ed to the f al/l
employment share.

Rather than looking at the inpatitput structure of the economy, another approach is to
examinehow the distribution of work related to PBS industries has varied across occupations
over time.Unfortunately, the nature of the work being performed within any given industry is
difficult to observe in practice. Insteadle consider the occupation of workers as a proxyter
type of work being performed assuming that all individuals in the sarbecupation are
performing similar tasks.

20 \We acknowledge that a strong case could be made that some average rate of growth may be a better assumption,
but it is not obvious which average should be used (total econorttyainyear, average for the industry and
commodity historically, etc.). We do not expect that the decision to assume no growth will have a significant effect
on our results as this adjustment is rarely applied.

L For outputs, this constraint binds 46 tinms of 17,107 observations, For inputs, it binds 30 times compared to
26,863 observations.
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Berlingieri (2014) notes that the change in the share of manufactemipipymentin
total employmenobver a period of time<  , can be broken down as follows:

3 3 a 0 p30 30 3

where 0 is the share of workers employed in thenufacturingindustry for a given
occupationo, a is the share of a given occupationn total employment, and the subscrpt
indicatesthe share of workerat the beginning of the period.

The decompositin consists of three components:

1 The within-occupation component capturesshifts of workers ino or out of the
manufacturing sectowithin a given occupatianFor example, if cleaners leave the
manufacturing sector but continue to work as custodians in the transportation and
warehousing sector, this will be captupatmarily by the withinoccupation component.

1 The betweenoccupation componentcapturesshifts of workers ino or out of the
occupations employed in the manufacturing sedkar. example, if cleanerg; the
manufacturing sectatart towork as mechanics in thmanufacturing sectothis will be
capturedprimarily by thebetweeroccupation component

1 Thecross componentaptures the interaction between movement of workers within and
between industries. For example, the effect of a decline in employment in a given
occupation on manufacturing employment will be lower if workers in that occupation
weresimultaneously leaving manufacturing.

If PBS outsourcing contributedt t he decl ine i n manujfwact ur i n
would expect that the withinccupation componenb f t he decline i n m ¢
employment share associated WRBS related cmupations would be sizable. If the decline is
related to falling demanuh the total economy for theccupationeemployed in manufacturing
then most of thehangeshould occur within the betweeatcupation component®ote that
while alarge within-PBSoccupation component is expected if PBS outsourcing occurred, it is
possible to observe one even in the absence of PBS outsoi@ngenerally think thaPBS
outsourcing requires that the work is still ultimately being performed for the manufacturing
indudry. If workers are leaving the manufacturing sector as it declines and finding similar work
in the same occupation bptoviding services to nemanufacturingindustries, this will also
show up in the PBS withinccupation component.

The major technicadifficulty is how to define PBS occupations. Berlingieri (2014)
defines PBS occupations based on the share of workers in each occupation which are employed
in the PBS industrythe importance of the PBS industry to the occupatithjhe share of
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workersin anoccupation was above an arbitrary threshold in a chosen baseline year, then it is
considered a PBS occupation. Berlingieri finds that his results are generally rothesttmice

of threshold, manual classificatioand alternativelydefining PBS ocupations based on the
share of the occupation in the total employment of the PBS ind(teegyimportance of the
occupation to the PBS industry)

Capeluck (2015b) definde BS occupati ons as those for wh
of workers in the occupt i on exceeded the PBS industryds s
in 1987% We adopt the same definition, but use 2011 as our point of comparison. This implies a
threshold of 11.2 per cent. Any occupation with more than 11.2 per ceéatairkers erployed
in the PBS industry in 2011 is considered to be a PBS occupatior. robustness, we
experiment with several hi gher thresholds bas
empl oyment in the occupati ontaexpogren bytahleast PBS i
0.5, 1, and 2 standard deviations of the PBS share in occupations at the finest level of detail
(thresholds of 19.7, 28.2, and 45.3 per cent respectiVlg) also present some descriptive
statistics based upon a similar defimitiof manufacturing occupations.

il. Data

The data requirements for this occupational decomposition exercis@raghtforward
All that is required is theemploymentdistribution across industries and occupations in two
years. Capeluck (2015b) used data from the Labour Force Survey from 1987 to 2014 on
employment in ligit NAICS categorie and 2digit NOC-S occupations.This data was
acquired from statistics Canadp $pecial order.

Capeluck (2015b) suggedtsesedata may overstate the withatcupation components of the
decomposition if shifts between detailed occupations which are highly industry specific appear
as shifts within industries when the broad occupational categories are being used. We will
explore wha happens when finer grained occupational @ataused.We originally intended to
acquire more detailed Labour Force Survey data from Statistics Canada, but were told that this
was not possible. Instead, we have acquired a custom tabulation of theyhodgsipation
employment distribution from the 1991 Census. A similar table for the 2011 National Household

2 Our definition of PBS industries used in this exercise is slightly different from that in the previousupuit
exercise (but consistent with the definition used by Capeluck (2015b)). Employment in PBS industries in this
exercise includes those workinin NAICS codes 54 (professional, scientific, and technical services), 55
(management of companies and enterprises), and 56 (administrative and support, waste management, and
remediation services).

% This definition may lead to a bias towards identifysagupations which are disproportionately required in small
firms because PBS firms tend to be quite a bit smaller than manufacturing firms. In particular, if there are some
occupations which most firms require in similar quantity relative to size, therstines with smaller firms may
require a greater share of workers in these occupations than of all workers. In practice, we do not think that this
should be a major cause for concern as the types of occupations which we think may have this propesgy, such a
lawyers or accountants, tend to be services.
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Survey is publically available onlitfé The large sample size of the census allows for the highest
level of disaggregation {digit) of the occupatin codes. However, the industry and occupation
classification schemes differ between the 1991 Census and the 201 ONHER91 Census data
uses1980 SIC codes and 1980 SOC codes. The 2011 NHS data is based upon 2007 NAICS codes
and 2011 NOC codes. Theseaggiries are not readily comparable.

We attempt to map the 1991 data into the 2011 classifications using concordance tables
available online from Statistics Canada.

The concordance between the 1980 SIC and 2007 NAICS industries turns out to be very
simplei f we are only concerned with identifying
With a handful of exceptions, the 1980 SIC sector E, Manufacturing Industries, corresponds to
NAICS sectors 31, 32, and 33, Manufacturing. The notable exceptionedesE283 and E284
which we remove from E to obtain an estimate of employment for each occupation in the
manufacturing sector.

Despite this seemingly clean concordance, a couple major concerns remain. The SIC and
NAICS took very different approaches to the classification of head offices and ancillary units.
Ancillary unitsexclusively produce services in support of other unithiwithe same company
or enterprise. NAICS classifies ancillary units according to the NAICS code related to the
activity of the ancillary unitvhile the SIC classified ancillary units according to #udivity of
the enterpriseor company they servedJndea the SIC, administrative head offices were
classified as performing the same activity as the enterprise or company, but the NAICS places
head offices into a separate category, management of companies and enterprises (NAICS code
55). Since ancillary unitand head officéSwould have been classified under manufacturing
under the SIC and not under NAICS, our data will overstate the extent of PBS outsourcing to the
extent that ancillary units and head offices emp¥oykers with PBS occupations.

The mappingf 1980 SOC codes into 2011 NOC codes is much more compliGated.
issue is discussed in Appendix C.

#%99-012-X2011060 Occupation- National Occupational Classification (NOC) 2011 (691), IndustriNorth
American Industry ClassificatioBystem (NAICS) 2007 (122), Age Groups (5) and Sex (3) for the Employed Labour
Force Aged 15 Years and Over, in Private Households of Canada, Provinces, Territories, Census Metropolitan
Areas and Census Agglomerations, 2011 National Household Survey (NHS).

% http://www.statcan.gc.ca/eng/concepts/concordantssifications

% |n practice, we expect that the impact of reclassifying head offices was fairly limited, as NAICS code 55
(management of companies and enterprises) only represented 0.1 per cenbgimempin 2011 according to data
from the NHS.
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V. Input -Output Structure and Manufacturing Employment

This section of the report presents the results of the -myiptut based exercises using
chained2008 dollars to construct tltkrect requirements tables. First, we presentdihect and
total requirements tables and compare how they changed between 1976 and 2008. Next we
reproduce the core exercises of Capeluck (2015b), assessing the predictive power of the model
and the i mpact of changes in the | O.Fertructu
robustness, we explore how the results change using the extended model whichtrelows
relative final demands of the outputs of each indusiryary through time. We conclude the
section by highlighting the main conclusions of the analysis.

A. Direct and Total Requirements Tables

Table4 andTable6 present the industiyy industry totatequirements tables in 1976 and
2008 in 2008 chained dollaisachcoefficientof the total requirements table shows the number
of dollars of gross output from the industry at the beginning of the row required for the industry
at the top of the column to satisfy one dollar of final denfandts output A higher coefficient
indicaies that the row industry is relatively important to the production of the column industry.
These total requirements tables are important because they provide information as to how labour
must be allocated across industries in order to satisfy the finardkof the economy. They are
used directly in the calculation of labour shares in our hopgpput model, whera) is the total
requirements matrix.

Thetotal requirementsoefficients includeéboth direct and indirect requirements. Direct
requirementspresented ifTable 5 and Table 7, representhe inputs the industry requirésr
final production of one unit of final demand In particular, each column of the direct
requirements table includes the number of dollars of input from each industry required as final
inputs to create a single dollar ofitput in the industry at the top of the coluniime direct
requirements table is used to calculate the total requirements table.

Indirect requirements capture the total valuealbfthe output required toproducethe
inputs used ithefinal production Horowitz and Planting, 2009).

Notice that the diagonal elemerds$ the total requirements tablésnd to be above 1
because iusuallytakes at least one dollar of output from an industry to provide one dollar of
final demand.This reflectsidouble countigo of the value generatebly each industry along
which is similar to that which occurs when we consider gross output rather than value added.
The offdiagonal elements are always less thgklorowitz and Planting, 2009).

The sums of the rows and columufsthe total requirements tabéee called the forward
and backward linkages respectivefidorowitz and Planting, 2009)The forward linkage
provides an indication of the extent to which all industries in the economy rely on inputs from
the industryin tha row. The forward linkage ofmanufacturing was 4.34 in 1976 which is higher
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than that for all other industrie$his indicates that, oaverage, industries rely more on output
from manufacturing to satisfy final demand than on output from any other indBstitingieri

(2014) and Capeluck (2015b) make reference to the influence vector, which is simply the
forward linkage divided by theumber of industriesThe influence vector has a simple
interpretationThes e c tirdluerdcs vector of 0.39 (4.34 / 11) means that the average industry
requires 0.39 dollars of output from the manufacturing sector to satisfy one dollar of final
demand.

The backward linkage provides an indication of the extent to which final demand for an
industry impacts final demand for output from all industrieso r exampl e, manuf
backward linkage in 1976 was 2,68hich means that the manufacturing indusaguires 2.63
dollars of output for each dollar of final demambte that manufacturing also had the highest
backward linkage.

The totaland directrequirements tables provigeuchinteresting informatiormn how the
structure of the economy has changed over timeconjunction with final demand, the total
requirements table indicates the amount of output required from each sector, which is indicative
of the amount of labour requirggiven labour productivity We focus our attentionon the
manufacturing industry.

Many ofthe coefficients in the 2008 total requirements table are lower than those in the
1976 table, reflecting improvementsthre productivity of intermediate inputbetween 1976 and
2008.The foward linkage of manufacturing has fallen considerably from 4.34 in 1976 to 3.41 in
2008. This is a much greater reduction tktzat observed in other industrisgggestinghat, on
average, manufacturing is simply not as important compared tointhstries in satisfying final
demand as it once wa5Notice that for the majority of industries, the forward linkages were
actually higher in 2008 than in 1976.

Most industries had notable reductions in their total manufacturing requirements. The
exceptons wereutilities (0.10 to 0.11), professional, scientific, and technical services (0.04 to
0.06) and other tertiary industries (0.11 to 0.1Zhe largest declines relative to 1976
manufacturing requirements were in primary industries (0.36 to 0.18, perscent), trade (0.15
to 0.09, or 40 per cent), and information, culture, and recreation (0.26 to 0.12, or 54 per cent).

Manufacturingbés backward | inkage also fell b €
cent which was quite a bit less than tlexline in the forward linkage (79 per cent)dicating

that fewerd o | | a r sf@utpwtdront all industries were required to produce a dollar of final
demand f or ma n u Besides itselfj tmegndlustry avhich mantfacturing relied on

themo st to meet final demand was pri momy i ndu

primary industries fell from 0.51 to 0.35 dollars of output per dollar of final demand between
1976 and 2008.

" This likely also reflects greater productivity improvements in manufacturing relative to those in other sectors.
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Source:CSLS calculations based on tttcs Canada Inpu®utput dataSpecial order

Financial,
Information business,  Professional, Other
Primary . Transportation ' building, scientific Accommodation . Forward
. . Utilities . . Trade Culture and tertiary :
industries Construction Manufacturing and - and other and and food . : Linkage
. Recreation . . industries
warehousing support technical services
services services
Primary industries 1.30 0.06 0.22 0.51 0.05 0.13 0.08 0.02 0.01 0.13 0.04 2.55
Utilities 0.03 1.00 0.02 0.04 0.03 0.02 0.03 0.02 0.01 0.03 0.02 1.24
Construction 0.05 0.04 1.02 0.03 0.02 0.05 0.09 0.05 0.01 0.01 0.03 1.40
Manufacturing 0.36 0.10 0.61 1.83 0.15 0.41 0.26 0.06 0.04 0.39 0.11 4.34
Trade 0.03 0.01 0.07 0.06 1.02 0.04 0.05 0.01 0.01 0.05 0.02 1.37
Transportation and warehousing 0.02 0.01 0.02 0.03 0.03 1.10 0.03 0.01 0.01 0.01 0.02 1.28
Information, Culture and Recreation 0.01 0.00 0.02 0.02 0.02 0.02 1.06 0.01 0.02 0.01 0.01 1.21
Financial, businesbyilding, and other 0.05 0.02 0.06 0.05 0.10 0.06 0.13 1.09 0.06 0.05 0.03 1.68
support services
Professional, scientific and technical service| 0.02 0.01 0.07 0.03 0.02 0.02 0.10 0.04 1.08 0.02 0.03 1.43
Accommodation and food services 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 1.03 0.00 1.05
Other tertiary industries 0.02 0.01 0.03 0.03 0.02 0.04 0.06 0.02 0.02 0.02 1.07 1.33
Backward Linkage 191 1.26 2.13 2.63 1.46 1.92 1.89 1.33 1.26 1.74 1.37
Source:CSLS calculations based on ®ttcs Canad#nput-Output dataSpecial order
Table 5: Direct Requirements Table,Chained 2008 Dollars,1976
Finartial, .
business Professional,
Prima Transportation Information, buildin ' scientific Accommodation Other
. Y Utilities Construction Manufacturing Trade and Culture and 9 and and food tertiary
industries . . and other . . . :
warehousing  Recreatioh technical services industries
support .
- services
services
Primary industries 0.17 0.03 0.04 0.23 0.00 0.01 0.00 0.00 0.00 0.01 0.00
Utilities 0.02 0.00 0.00 0.02 0.02 0.01 0.02 0.01 0.00 0.01 0.02
Construction 0.03 0.04 0.00 0.01 0.01 0.04 0.08 0.04 0.00 0.00 0.02
Manufacturing 0.15 0.04 0.32 0.40 0.07 0.18 0.09 0.01 0.01 0.20 0.04
Trade 0.02 0.00 0.05 0.02 0.02 0.02 0.03 0.00 0.01 0.04 0.01
Transportation and warehousing 0.01 0.00 0.01 0.01 0.02 0.08 0.02 0.00 0.01 0.01 0.01
Information, Culture and Recreation 0.00 0.00 0.01 0.01 0.02 0.02 0.05 0.01 0.01 0.01 0.01
E;ﬁgg' businesbyilding, and other support 0.02 0.01 0.03 0.01 0.08 0.03 0.09 0.08 0.05 0.03 0.02
Professional, scientific and technical services 0.01 0.00 0.05 0.01 0.01 0.01 0.07 0.03 0.07 0.01 0.02
Accommodation and food services 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.00
Other tertiary industries 0.01 0.00 0.01 0.01 0.01 0.03 0.05 0.01 0.01 0.01 0.06
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Financial,
Information business,  Professional, Other
Primary . Transportation  building, and scientific Accommodation . Forward
. . Utilities . . Trade Culture and tertiary :
industries Construction Manufacturing and - other and and food . : Linkage
. Recreation . ) industries
warehousing support technical services
services services
Primary industries 1.16 0.16 0.18 0.35 0.03 0.09 0.03 0.02 0.02 0.10 0.04 2.19
Utilities 0.01 1.01 0.01 0.03 0.02 0.02 0.01 0.01 0.01 0.02 0.02 1.16
Construction 0.01 0.04 1.01 0.01 0.01 0.03 0.01 0.04 0.01 0.01 0.02 1.20
Manufacturing 0.15 0.11 0.49 161 0.09 0.29 0.12 0.05 0.06 0.32 0.12 341
Trade 0.03 0.02 0.09 0.07 1.03 0.05 0.05 0.02 0.03 0.07 0.04 1.50
Transportation and warehousing 0.01 0.01 0.02 0.02 0.03 1.18 0.03 0.01 0.02 0.01 0.02 1.36
Information, Culture and Recreation 0.02 0.02 0.03 0.03 0.05 0.04 1.09 0.04 0.05 0.03 0.03 143
Financial, businesbuilding, ad other 0.08 0.06 0.11 0.11 0.17 0.13 0.15 1.17 0.14 0.16 0.09 2.36
support services
Professional, scientific and technical servicq 0.04 0.04 0.08 0.06 0.07 0.04 0.07 0.05 1.12 0.04 0.05 1.66
Accommodation and food services 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 1.02 0.00 1.05
Other tertiary industries 0.02 0.05 0.04 0.03 0.03 0.06 0.05 0.03 0.04 0.03 1.15 1.52
Backward Linkage 1.54 1.51 2.05 2.32 1.52 1.93 1.62 1.45 1.50 1.82 1.58
Source!CSLS calculations based on ttidcs Canada Inpu®utput dataSpecial order
Table 7, Direct RequirementsTable, Chained 2008 Dollars, 2008
Financial, .
business Professional,
Prima Transportation Information, buildin ' scientific Accommodation Other
. Y Utilities Construction Manufacturing Trade and Culture and 9: and and food tertiary
industries . . and other . ) . :
warehousing  Recreatioh technical services industries
support .
X services
services
Primary industries 0.11 0.11 0.06 0.19 0.01 0.02 0.00 0.01 0.00 0.02 0.01
Utilities 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Construction 0.01 0.03 0.00 0.00 0.00 0.02 0.00 0.03 0.00 0.00 0.02
Manufacturing 0.08 0.04 0.29 0.35 0.04 0.13 0.05 0.01 0.02 0.19 0.05
Trade 0.02 0.01 0.07 0.04 0.02 0.03 0.04 0.01 0.02 0.05 0.02
Transportation and warehousing 0.01 0.00 0.00 0.01 0.02 0.15 0.02 0.01 0.01 0.00 0.01
Information, Culture and Recreatibn 0.01 0.01 0.02 0.01 0.03 0.02 0.07 0.02 0.04 0.01 0.02
Eg;a’;‘g:" businesbpilding, and other support 0.04 0.03 0.04 0.04 0.12 0.06 0.10 0.13 0.10 0.11 0.05
Professional, scientific and technical services 0.02 0.02 0.04 0.02 0.05 0.02 0.05 0.03 0.10 0.02 0.03
Accommodation and food services 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.00
Other tertiary industries 0.01 0.04 0.02 0.01 0.02 0.03 0.03 0.02 0.02 0.02 0.12

Source:CSLS calculations based on ®ttcs Canada Inpu®utput dataSpecial order
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Most other industries were relatively minor contributors to manufacturing output
(compared to primary industry) and saw their contributions fall slightly through time. However,
manufacturingds requi r e meulding, afdrothesuppott servites nan c i
(FS) and professional, scientific, and technical services (PBS) industries roughly doubled from
0.05 and 0.03 respectively in 1976 to 0.11 and 0.06 in 2008. Over the same period,
manufacturingds requirement fl frbrm ©.88 tot 1l6e. Omanu f a

centr al premise is that the rise of manufact
outsourcing from manufacturing (part of the decline in the manufacturing coefficient) and led to
a reduction i n maenshara.ct uri ngbés empl oy

B. Performance of the Model

Before exploring the results of our counterfactual exercises, we assess the ability of the
inputoutput model to predict the observed changes in employment stiahes 2digit NAICS
level. Capeluck (2015b) had fourtdat while the model made a reasonably good prediction of
the decline i n manufacturingds empl oyment s |
compared to an actual fall of 8.3 percentage pSnts was quite inaccurate for othiedustries.
Table8, taken from Capeluck (2015b) shows the moédgitedictions and how they compare to
reality.

Capeluck (2015b) pointed out thatsome industriethe prediction errors are quite large.
The most striking case is primary industries, where the employment shdrg 38 pecentige
pointsbut the model predictethat it would rise by 2.4 pegntage pointsThe concern is that the
large increase in ehprice of oil and gas (arttierefore, the current dollar output of thié and
gassecto) between 197@nd 2008 overstatetie required labour implied by the current dollar
IO tables and the model. Since all the employment shares are related, thiseadutderrors in
all sectors, including manufacturing.

't would be useful to have a summary measu
compare overall predictive power across models. We have added the column on the far right of
Table 8 showing the absolute prediction errors to the original table. The mean absolute error
reported at the bottom of this column offers a simple summary measure ohdhé e | 6 s
performance. In this case, the average prediction error across industries is 2.1 percentage points.

If the model does not fit the data well, this may raise concerns about how much we should trust

the counterfactual exercises based upon the nfddel.

% An observant reader may notice that the actual manufacturing employment shares in thie tsligétly higher
thanthose inChart2 andthe executive summary. This is because employment in farming and public administration
has been deducted from employment in all industries for consistency with the 10IC codes underlying the 10 data
(see Appendix Table 1 of Capeluck, 2015b).

* As a point 6 reference, if we had simply predicted that the employment shares in 2008 would be identical to that
observed in 1976, the mean absolute prediction error would have been about 2.5 percentage points. So the model
does seem to have at least some predigibveer compared to this benchmark.
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Table 8: Predicted versus Actual Changes in the Sectoral Employment Share§urrent Dollar Model,
Baseline Case, 19782008

Actual Predicted Ratio
IOIC Codes 1976 2008 "T°C 1976 2008 "¢ 1976 2008 por-es rediction
08 08 Error
A B CBA D E F=DE D/A*100 E/B*100 F/C*100  Abs(FC)
Primary industrie§lA, 1B, 1C, 1D, 21] 7.9 41 -38 7.9 103 24 1000 2481  -62.8 6.12
Secondary industries 29.1 207 -84 29.1 218 -7.3 100.0 105.4 86.7 1.12
Utilities [22] 12 09 03 12 16 04 1000 1727 -153.4 0.68
Construction [23] 7.5 7.6 0.1 7.5 6.1 -1.4 100.0 80.0 -1082.3 1.52
Manufacturing [3A] 204 121 -83 204 141 -63 1000 1162 763 1.97
Tertiary industries 630 752 122 630 679 50 1000  90.4 40.6 7.25
Trade [41, 4A] 173 166 -07 173 160 -1.3 1000 963  194.2 0.62
[T;é‘?Sportat'O” andwarehousing ¢, 53 59 2 55 07 1000 1043 757 0.22
Information, culture and recreation 54 42 g9 38 44 06 1000 943  69.7 0.26
[51, 71]
Financial, business, building and 7 & 159 33 75 134 59 1000 1234 1764 2.54
other support services [5A, 56]
Professional, scientific and technici , ¢ 7, 46 58 55 27 1000 749 598 1.84
services [54]
egjomm(’da“o“ andfoodservices o g7 55 45 35 -1 1000 520  -49.6 3.21
Other tertiary industries [61, 62,81 6 537 28 208 196 -12 1000 828  -437 4.08
NP, GS]
Meanabsolute error (Unweighted) 2.10

Source: Capeluck (20bk Prediction errors have beealculated by the author.

Table9presents the model 6s predictions usi ng
predicted employment distributions are quite etéint Chart9). The model does a much better
job predicting the employment share of primary industries when chained dollar 10 tables are
used. The sign of the change in the share between years is now correcghattteopredicted
decline is still 2.1 percentage points too small. However, the chained dollar model performs
worse for several sectors as well. The predictive power for manufacturing has fallen, with a new
prediction of 16.6 per cent of employment whish4i46 percentage points less than the actual
decline and 2.49 percentage points less than the decline predicted by the current dollar model.
The model also has a large prediction error of 3.22 percentage points for the PBS industry. This
poor performanceén our industries of interest may be a cause for concern, although we must
keep in mind that the model is assuming a fixed final demand structure through time which is
probably erroneous. Additionally, the model is not explicitly accounting for produyctivit
improvements except to the extent that they manifest in the-oysput structure. On average,
the model performs slightly better than it had using current dollars, with a mean absolute error of
1.9 percentage points.
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Table 9: Predicted versus Actual Changes in the Sectoral Employment Share€onstant Dollar Model,

Baseline Case, 1978008

Actual Predicted Ratio
10IC Codes 1976 2008 T2 1076 2008 T LC 1976 2008 768 P”E‘:;‘;tr'on
A B C:AB D E F=DE D/A*100 E/B*100 F/C*100  Abs(FC)
Primay industrie1A, 1B, 1C, 1D,21 7.9 41 -38 79 63 -16 1000 1515  43.4 2.13
Secondary industries 29.1 207 -84 291 235 56 100.0 113.6 66.6 2.82
Utilities [22] 12 09 -03 12 06 06 1000 646 2235 0.33
Construction [23] 75 76 01 75 63 -12 1000 828  -914.6 1.31
Manufacturing [3A] 204 121 -83 204 166 -38 1000 1367 463 4.46
Tertiary industries 63.0 752 122 630 702 7.2 100.0 93.4 59.4 4.95
Trade [41, 4A] 173 166 -07 173 176 03 1000 1059  -51.2 0.98
[Té{g]”SpO”a“O” andwarehousing ¢, 53 59 62 70 08 1000 1330  -856 1.73
'[gflor;“l"’]‘“o”' culture and recreation 55,2 09 38 47 09 1000 1002  101.0 0.01
Financial, businesbuilding, and 7 = 159 33 76 119 44 1000 1094 1307 1.02
other support servicefbA, 56]
Professional, scientific and 28 74 46 28 41 14 1000 56.2 29.7 3.22
technical services [54]
e(’zc]omm"da“o” andfood services o o2 5,1 45 37 09 1000 551  -39.9 3.00
Other tertiary industries [61, 62,
81, NP, GS] 208 237 28 208 212 04  100.0 89.5 12.9 2.48
Meanabsoluteerror (Unweighted) 1.88

SourceCSLS calculationbased on Statistics Canada data.

Chart 9: Comparison of Predicted and Actual Employment Distributions
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C. Counterfactual Exercises

The current and constant dollanodes makevery different predictions about how the
employment shares of the manufacturing and PBS industries would have evolved through time.
Will this translate into different results regarding the effect of PBS outsourcing?

For comparison, the results from Camdy2015b) using current dollar 10 tables are
presented iTable10, andthe parallelresults based on chain2@08 dollars aren Tablel1.

First, consider the top row of the two tables which shows the predicted change under the

Aibaseline caseodo. Thi s loymdnteshase oftmanufadiueng prédietadg e i r
by the model. The current doll ar model predic
fall by 6.3 per cent, which is 76.3 per cent of the actual decline. As we noted above, the chained

dollar model is considea b | y | ess successful at predictir

employment share. It only predicts a fall of 3.84 percentage points, about 46.3 per cent of the
true reduction.

The second row (1) shows the predicted changthef direct requirements ohe
manufacturing industry had remained at their 1976 levels in 2008. In this case, the current dollar
model predicts a predicted change of oiyb8 percentage points. To assess the impact of the
changing requirements structure of manufacturing, we camibgs scenario to that predicted
under the baseline. In this case the predicted change is 1.75 percentage points smaller than under
the baseline which suggests that the changing requirements for manufacturing can explain 21
per cent of the fall in manaéturing employment.

Table 10: Effect of Simulations on the Predicted Manufacturing Employment ShareCurrent Dollar Model,
19762008

Predicted Change  Difference w.r.t. Baseline  Share of Actual

Counterfactual Exercise (Percentage Points) (Percentage Points)  Change (Per Cent,
A B =-6.33-A C=B/8.30
Baseline Case -6.33 . 76.3

1: AllCoefficientRepresenting
Requirements of Manufacturinigr

Intermediates -4.58 -1.75 21.1
2: PBS/FS Coefficient -6.05 -0.29 35
3: Primary Coefficient -6.06 -0.28 3.3

Note: The predicted change and the difference with respect to the baseline case are expressed in percentage points of total
employment. The ratio to data is the prediction of the simulation exprespedcastage share of the actual change in the data.

The baseline prediction is based on changing all coefficients in the 1976 direct requirements table to their 2008 levels.
Counterfactuals 1, 2, and 3 are identical to the baseline except that the stéfteiiots are held fixed at their 1976 levels.

Source:CSLS calculationfrom Capeluck (2015H)ased on Statistics Canada data.

When we use the chained dollar 10 structure instead, we find that the predicted change
under counterfactual one shrinks toyoRI84 per cent. This is one per cent less than the baseline
and only represents 12.0 per cent of the actual change. Changes in the direct requirements of
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manufacturing only seem to have had a | imited

noticeably les than when the current dollar estimates were used.

Table 11. Effect of Simulations on the Predicted Manufacturing Employment ShareChained Dollar Model,
19762008

Predicted Change Difference w.r.t. Baseline  Share of Actual

Counterfactual Exercise (Percentage Points) (Percentage Points) Change (Per Cent)
A B =-3.84-A C=B/8.30

Baseline Case -3.84 " 46.3

1: All Coefficients Representing

Requirements of Manufacturing for -2.84 -1.00 12.0
Intermediates

2a: PBEoefficient -3.66 -0.18 2.2

2b: Foefficient -3.75 -0.09 11

3: Primary Coefficient -4.10 0.26 -3.1

Note: The predicted change and the difference with respect to the baseline case are expressed in percentage points of total
employment. The ratio tdata is the prediction of the simulation expressed as percentage share of the actual change in the data.
The baseline prediction is based on changing all coefficients in the 1976 direct requirements table to their 2008 levels.
Counterfactuals 1, 2a, 2b,h8 are identical to the baseline except that the stated coefficients are held fixed at their 1976 levels.
Source!CSLS calculationbased on Statistics Canada data.

Since the overall change in the structure of the direct requirememanufacturing has
only a minor effect, it is not surprising that we find that changes in specific coefficients also do
not have much of an impact. Capeluck (2015b) varied both the PBS aiceElSrequirements
coefficientssimultaneouslyver the 1976008 time period, fiding that they could explain 0.29
percentage points of the fall in the manufacturing employment share or 3.5 per cent. Using the
chained dollar 10 data, we find that the rising PBS coefficient can explEpedcentage points
(2.2 per cent) and the FS efficient 0.09 percentage pointsl(l per cent). These estimates
remain quite small, although they are larger than those in Capeluck (20hBlresults seem to
confirm the general finding from Capeluck (2015b) that the effect of services outsourcing was
guite smallalthoughnot entirely negligible.

Last, we consider the impact of changing the manufacturing requirenients
intermediate inputérom primary industryCapeluck (2015b) had found that 3.3 per cent of the
reducti on i n ma n u t ahare could beg @&csountedmfpr| by ythe erising
requirements for mineral fuels processed by manufactwsigg current dollar inpedutput
data However, this may have been skewedhm®yrising price of mineral fueldVe find that this
was likely the case. In real terms, the contribution of primary industries to manufacturing final
demand fell considerably. The chained dollar model suggests that the primary coefficient may
have increased the employment share of matwiag by 0.26 percentage point8,1 per cent
of the decline.
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D. Time Varying Composition of Final Demand by Industry

Following Berlingieri (2014) and Capeluck (2015b), we will briefly consider how the
results of the exercise change when we allow for final demand to vary through time.

Using current dollar 10 data, Capeluck (2015b) concluded that accounting for clranges
the structure offinal demand marginally improved the ability of the model to explain
manufacturingés declining empl oyment share.
percentage points to 1.72 percentage pofitble 12). However, Capeluck notes that the
predictive power of the model is worse for seven out of the eleven industries, so it is not clear
that the approach to estimating how findémand changed through time improves the
performance of the model. When wensiderthe size of the errors by looking at the mean
absolute error, we find that the model with time varying demand is quite a bit less reliable. The
mean absolute error is 2.50 per cent, 0.40 per cent higher than in the vanillaThadisl.about
as bad as simply pidecting that the employment shares remained at their 1976 levels.

If we use chainediollar 10 data instead, the tinvarying demand variant of the model
does not perform much bettéFable 13). It has a mean absolute error of which is only 0.01
lower than that of the model based on constant dd#lea and 0.61 percentage points worse than
the model without time varying demand/hile the prediction for mnufacturing is somewhat
beter (the error is only 3.11 psnage points instead of 4.46 pentge pointy the generally
poor performance ofthe model raises concerns about whether it will provide a better
understanding of how services outsourcinglasid r i but ed t o manuf actur.i

Nonetheless, we will briefly examine the robustness of the results to this alternative
approach to final demand.

.

n
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Table 12: Predicted versus Actual Changes in the Sectoral Employment ShareSurrent Dollar Model with Time Varying Final Demand, Baseline

Case, 1972008

Actual Predicted Ratio
Prediction
IOIC Codes 1976 2008 n 7-@8 1976 2008 n T-@8 1976 2008 n 7-@8 (IaEcrlrgro
A B C=BA D E F=DE D/A*100 E/B*100 F/C*100 Abs(FC)

Primary industrie§lA, 1B, 1C, 1D, 21] 7.9 413 -3.76 7.9 11.72 3.83 100 283.6 -101.8 7.59

Secondary industries 29.14 20.7 -8.44 29.14 22.54 -6.60 100 108.9 78.2 1.84
Utilities [22] 1.21 0.94 -0.27 1.21 2.63 1.42 100 280.6 -529.8 1.69
Construction [23] 7.49 7.62 0.13 7.49 6.05 -1.44 100 79.4 -1,116.80 1.57
Manufacturing [3A] 20.44 12.14 -8.3 20.44 13.86 -6.58 100 1141 79.3 1.72

Tertiary industries 62.97 75.17 12.2 62.97 65.73 2.77 100 87.5 22.7 9.43
Trade [41, 4A] 17.26 16.61 -0.65 17.26 14.83 -2.43 100 89.3 373 1.78
Transportation and warehousing [4B] 6.19 5.25 -0.93 6.19 5.14 -1.05 100 97.8 112.4 0.12
Information, culture and recreation [51, 71] 3.81 4.69 0.88 3.81 3.66 -0.15 100 78.1 -16.5 1.03
Financial, businesbuilding, and other 7.55 10.88 3.33 7.55 13.64 6.09 100 125.3 182.8 2.76

support service$sA, 56]

[SZrofessmnal, scientific and technical service 278 736 458 278 560 282 100 76.1 616 176
Accommodation and food servicg&] 4.54 6.69 2.15 4.54 3.74 -0.80 100 55.9 -37.3 2.95
Other tertiary industries [61, 62, 81, NP, GS  20.84 23.68 2.84 20.84 19.13 -1.72 100 80.8 -60.4 4.56
Mean absolute erro(Unweighted) 2.50

Source: Capeluck (2015b). Prediction ertoase been calculated by the author.
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Table 13. Predicted versus Actual Changes in the Sectoral Employment ShareSpnstant Dollar Mode with Time Varying Final Demand, Baseline
Case, 19762008

Actual Predicted Ratio
I0IC Codes 1976 2008 n 7-@8 1976 2008 n T-@8 1976 2008 n T-@8 Prediction Error
A B C=BA D E F=DE D/A*100 E/B*100 F/C*100 Abs(FC)
Primary industrie§lA, 1B, 1C, 1D, 21] 7.9 4.1 -3.8 7.9 10.0 2.1 100.0 241.5 -55.5 5.85
Secondary industries 201 20.7 -8.4 20.1 255 -3.7 100.0 123.0 43.7 4.75
Utilities [22] 1.2 0.9 -0.3 1.2 3.7 25 100.0 390.7 -913.5 2.72
Construction [23] 7.5 7.6 0.1 7.5 6.5 -0.9 100.0 85.9 -734.9 1.08
Manufacturing [3A] 204 12.1 -8.3 204 15.2 -5.2 100.0 125.6 62.6 3.11
Tertiary industries 63.0 75.2 12.2 63.0 64.6 1.6 100.0 85.9 13.1 10.60
Trade [41, 4A] 17.3 16.6 -0.7 17.3 14.1 -3.2 100.0 84.7 490.0 2.54
Transportation and warehousing [4B] 6.2 5.3 -0.9 6.2 6.0 -0.1 100.0 1151 14.8 0.79
Information, culture and recreation [51, 71] 3.8 4.7 0.9 3.8 2.4 -1.4 100.0 52.1 -154.1 2.25
[S;mSaG?mal, businesbyilding, and other support services 76 109 33 76 121 46 100.0 1115 1375 125
Professional, scientific and technical services [54] 2.8 7.4 4.6 2.8 4.6 1.8 100.0 62.3 39.5 2.77
Accommodation and food services [72] 45 6.7 2.1 45 4.6 0.1 100.0 69.1 3.7 2.07
Other tertiary industries [61, 62, 81, NP, GS] 20.8 23.7 2.8 20.8 20.7 -0.2 100.0 87.3 -6.3 3.02
Mean absolute error (Unweighted) 2.49

Source:CSLScalculationshased on Statistics Canada data.
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Table 14: Effect of Simulations on the Predicted Manufacturing Employment ShareCurrent Dollar Model,
19762008

Predicted Change Difference w.r.t. Baseline Share of Actual Change

Counterfactual Exercise (Percentage Points) (Percentage Points) (Per Cent)
A B =-6.58- A C=B/8.30
Baseline Case -6.58 . 79.3

1: All Coefficients Representing
Requirements of Manufacturing -4.87 -1.71 20.9
for Intermediates

2: PBS/FS Coefficient -6.53 -0.05 0.6

3: Primary Coefficient -6.32 -0.26 31

Note: The predicted change and the difference with respect to the baseline case are expressed in percentage points of total
employment. The ratio to data is the prediction of the simulation expressed as percentage share of the actual chdatge in the

The baseline prediction is based on changing all coefficients in the 1976 direct requirements table to their 2008 levels.
Counterfactuals 1, 2, and 3 are identical to the baseline except that the stated coefficients are held fixed at thels 1976 le

Sour@: CSLS calculationfrom Capeluck (2015H)ased on Statistics Canada data.

Table 15: Effect of Simulations on the Predicted Manufacturing Employment ShareChained Dollar Model,
19762008

Predicted Change Difference w.r.t. Baseline Share of Actual Chang

Counterfactual Exercise (Percentage Points)  (Percentage Points) (Per Cent)
A B =-5.20- A C=B/8.30

Baseline Case -5.20 " 62.6

1: All Coefficients Representing
Requirements of Manufacturing for -4.24 -0.95 115
Intermediates
2a :PBoefficient -5.04 -0.15 1.8
2b :FS Coefficient -5.12 -0.08 0.9

3: Primary Coefficient -5.41 0.21 -2.5

Note: The predicted change and the difference with respect to the baseline case are expressed in percentage points of total
employment. The ratio to data is the prediction of the simulation expressed as percentage share of the actual chiatge in the

The baseline prediction is based on changing all coefficients in the 1976 direct requirements table to their 2008 levels.
Counterfactuals 1, 2a, 2b, and 3 are identical to the baseline except that the stated coefficients are held fixedGieliels.19

Source CSLS calculations based on Statistics Canada data.

Table 14 and Table 15 present the results of the counterfactual exercises. While the
chained db | ar mo d e | i's now able to explain 62.6
employment share compared to 46.3 per cent in the model with constant demand, the remainder
of the results are reasonably robust. The total impact of changes in all requirdarents
manufacturing was about 11.5 per cent using chained dollars and significantly lower than the
estimate of 20.9 per cent from Capeluck (2013le PBS and FS coefficients had fairly small
impacts ofl1.8and0.9 per cent of the total change respectively, althaingghisa bit larger than
their combined effect of 0.6 per cent of the chaaegeémated byCapeluck (2015b). Consistent
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with Table 11, changes to the coefficient from primary industries were found to imaeke a
positive contribution of 2.5 per cent to manu

E. Conclusions from the Input -Output Analysis

Our findings aregenerally in line with those from Capeluck (2015b) despite the change
from current to chained data for constructing the direct requirements tables.

The basic model with chained dollar data performs modestly better at predicting the
overall distribution ofemployment in the economy than that with current dollars from Capeluck
(2015b).

We find that using the real rather than nominal 10 structure of the economy provides a
much better estimate of tlehange in themployment share of primary industogtween 196
and 2008 However, It iI'sS not able to explain as
employment share, accounting for only 46 per cent.

The finding thatincreased®BS and FS outsourcirgy manufacturing likelyonly had a
small effect on the fall imanufacturing employment relative to the total decline holds whether
current or chained 10 data is used.

The findings regarding the effects BBS and FSQutsourcingremainrobustunderthe
extended model which allows final demand to vatgwever, this etension is quite a bit worse
at predicting the employment distribution of the economy than the modeh watfistant demand
structure.

Regardl ess of the model ds poor perfor manc
employment distribution across induss between 1976 and 2008, there is reason to think that
the consistentesult of relatively small contributions from PBS and FS outsoumimgther real
or nominal 10 datas correct. Simply examining the 10 tables, one sees that PBS and FS
intermediate nputs are simply not all that large compared to the total intermediate use of
manufacturing, let alone the overall econonmy2008, the PBS and FS coefficients represented
only 8 per cent of manufacturidgslirect requirementdor intermediate inputsMoreover, the
change in the PBS coefficient between 1976 and 2008 only amounted tol.7 per cent of
manufacturi ngoés 2 0for8ntemnedrate cnputandetite uchange mmethre tFS
coefficient was only 3.1 per ceriven the relatively smalinagnitudes of the changes we are
considering in comparison to the total needs of the manufacturing sectarpttsgrprising that
only changinghese two direct requirementsefficientswould befoundto have a small effect
on the employment share ofamufacturing.
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V.  Analysis of Occupation and Employment by Industry

Instead of examining how changes to the inpuiput structure may have changed labour
requirementsfor manufacturing another approach &xploring how service outsourcing
contributed to the decline of manufacturing employment is to examine how the allocation of
employment across industries and occupations has changed with time.

The premise is quite simple. PBSoutsourcingby manufacturinghas taken place,
wewould expet toobserve employment shifting away from A PBS occupati onso
manufacturing sector tgimilar jobs (that is, jobs in the same service occupatipris non
manufacturing sectors. We can decompose the
throught me i nto s-PRSlhcaugpavtiitd®hm ncomponento as wel |
changes in the industrgf employmentof workers within nonPBSoccupations, movements
from occupations which are concentrated in manufactunt@otheroccupationsvhich arenot
(betweemroccupation components), and interactions oteheithin and between occupational
changes.

This approach is somewhat imprecise becausagt assumghat working in the same
occupation is equivalent to doing the same work. It is also important to notématbserving
100 clerks leave manufacturing to work in the PBS industry does not necessarily imply that any
outsourcing has occurrédt is possble thatall of the clerks might be providing PBS servites
those in normanufacturing industrieQur data does not even allow us to observe the gross
flows between industries, so we are not able to identify movements of the same workers from
manufactuing to PBS industries. Such data would allow us to make stronger claims regarding
the occurrence of PBS outsourciagd could be obtained from the Labour Force Survey, at least
in principle Our data only identifies how the shares in total employmenadi eccupation in
each industry have changed through time, but not the underlying flamethelesspur dataon
the overall occupatiemdustry employment distribution through timean provide some
suggestive evidence that PBS outsourcing may have edgyvarticularly given that we know
that the share of service inputs in manufacturing gross output has indieasggh time.

The decomposition exercise requires identification of occupations associated with the
PBS industry. For comparability, we adopt a very similar definition to that
of Capeluck(2015b):PBS occupations are defined as occupations for which the PBS
industry'sshare ofthe total employment in the occupata s | ar ger t han t he
share of total employment in 2011. This means that an occupatitessified as PBS if more
than 11.2 per cent of its workers were employed in the PBS industry in\2@ldlso define
manufacturing occupations in a similar manner. Note that manufacturing and PBS occupations
are not mutually exclusive groups as an occupation can fall into both categories.
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A. Trends in PBS Occupations

First, we will review a few trends noted Capeluck(2015b), based upon data from the
Labour Force Survey usingdigit NOC-S occupationsand our definition of PBS occupatiors
absolute terms, employment in PBS occupations has been rising in Canada sigCedrdan.
The pace of growth hdseen fairly similar to that of all occupations.

Chart 10: Employment, PBS Occupations and All Occupations, Total EconomyThousands of Workers,
Canada, 19872014

20000
18000 ——==
16000 —

14000 -

12000 = — — = =
10000 = == All Occupations

8000 .
6000 = PBS Occupation:

4000
2000
0

2005
2007
2009
2011
2013

1987
1989
2001
2003

1991
1993
1995
1997
1999

SourceCSLS calculations based on Statistics Canada data. LEboee Survey. Special order.

The share of PBS workers in total employment has risen stigitly above 45 per cent
in 1987 to about48 per cent in 2014Chart 11). Over the same period, the share of
manufacturing occupations in toehployment fell from nearly 30 per cent in 1987 to slightly
below 28 per cent in 2014. This suggests that there has been some reductiompottaance of
occupationsassociated withmanufacturing® in Canada and an increase @tcupations
associated with the PBS industbut the change is much smaller than the shifts observed in the
employment shares of the PBS and manufacturing industries.

®¥Note that our broad definition implies that not all
directly involved in production. Service occupations which are overrepresented in the manufacturing industry
relative to its size are also included. The share of production manufacturing occupations in total economy

employment will be much lower.
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Chart 11. Employment in PBS and Manufacturing Occupations as a Share of Total Employment, Per Cent,
19872014
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SourceCSLS calculations based on Statistics Canada data. Labour Force Survey. Special order.

Within the manufacturing sector, total employment in 2014 was considerably lower than
it hadbeen in 1987 in absolute ternis{ million workers compared to 2.0 million). One can see
in Chart12 that manufacturing employment fluctuated widely. It rose throughout most of the
1990s but has collapsed since 2004. Manufacturing employment in PBS occupations has
generally followed th same trends but appeaoshavebeen relatively stable. Employment in
PBS occupations within the sector has fallen from 534 thousand workers in 1987 to 461
thousand workers in 2014.

Chart 122 Employment, PBS Occupations and All Occupations, Manufacturing Industry,Thousands of
Workers, Canada, 19872014
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SourceCSLS calculations based on Statistics Canada data. Labour Force Survey. Special order.

Chart 13shows workers inPBS occupationsas a percentage of total employment in the
manufacturing and PBS industrieger the periodAs we might hope, most (nearly 90 per cent)
of the workers in the PBS industwork in PBS occupations. This share has risen through time.
PBS workers are considerably less important in manufacturing, where they account for about 27



51

per cent of employmensjightly more than in 1987. Omeay haveexpected the share of PBS
workers in manufacturing to have fallen through time if PBS outsourcing occurred. However,
this observation is not necessarily inconsistent with an outsourcing story, because it cbatd be t
PBS occupations have become more important to manufacturing so that the share rose even with
greateroutsourcing. For example, since 2003 there has been a notable increase in the share of
employment irPBS occupations in total manufacturing employme&hts may reflect reductions

in the number of production staff required duewimk demand while the number of
administrative staff remained relatively stab&imilarly, if there were significantly greater
improvements in the productivity of production rkers in the manufacturing industry than there

were in the productivity of workers employed in PBS occupations in the manufacturing industry,
then the share of PBS occupations in the indi
increase.

Chart 13 Workers in PBS Occupations as a Share of Total Employment in the Manufacturing and PBS
Industries, Per Cent, 19872014
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Source:CSLS calculations based on Statistics Canada data. Labour Force Survey. Special order

Finally, Chart 14 shows theshares of the manufacturing and PBS industries in the total
employment of workers iRBS occupations from 1987 to 2014. There has l@significant
increase in the PBS industry's share of workei8BS occupationfrom about 14 per cent in
1987 to about 24 per cent in 2014. Over the same period, the manufacturing industry's share of
PBS workers fell by nearly 5 percentage points fdightly more than 10 per cent to slightly
more than 5 per centhis isconsistent with a hypothesis of PBS outsourcing from
manufacturing.However, wewould also expect to observe a decline in the manufacturing
industryods share of atompflnayufacuning employméhBiS PBSc c u p
occupations fell proportionally to total manufacturing employment as the sector declined for
reasons other than PBS outsourcihgdeed the decline iIin manufact
employmenby 45per cent over thperiod wasimilartot he decl i ne i n manuf ac
total employment by2 per cent.
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Chart 14: Manufacturing and PBS Industry Employment of Workers in PBS Occupations as a Share of Total
Employment of Workers in PBS Ocwpations, Per Cent, 19872014
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SourceCSLS calculations based on Statistics Canada data. Labour Force Survey. Special order.
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Capeluck(2015b) presentedecompositions of growth ithe employment share of the
PBS industry by PBS and né1BS occupationgrowth in the employment share of the financial
servicesndustry by FS and neRS occupations, anthefall in the employment share of the
manufacturingndustry by manufacturingnd norrmanufacturingpccupations. However, the
report did not preseihe details of a decomposition of manufacturing's falling employment
share by PBS and nd?BS occupations (although the results of such an exercise were noted in
the text). We will focuon this last decomposition, as it most clearly addresses the objectives of
this report.

Tablel6presents the decomposition based on the data@areluck(2014b) except that
PBS industries are defined based on the indumteyipation employment distribution of 2011
instead of 1987. The results indicate that, of a 7.03 percentage point decline in manufacturing's
employment share between 1987 and 2fd#h 16.6 per cent to 9.6 per cedt78percentage
points are associated with PBS occupations. Secretaries, specialist managers, clerical
occupations, and sales and service occupations were the most important PBS contributors. The
"within-occupation compant” isresponsibldor the entire decline related to PBS occupations
(-2.04percenage pointssuggestinghat a significant amount of the declir@ger cent) was due
to PBS workers shifting into otha@mndustries. This withiroccupatiorcomponent may beelated
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to PBS outsourcinglhe increase in the share of PBS workers in the total economy made a
positive contribution (the betweetcupation effect) to manufacturing's employment share.

Table 16: Decomposition of Decline in te Employment Share of Manufacturing, Percentage Points 1987
2014

Per Cent of
NOGS Occupation Manufacturing Within  Between Cross  Total
Employment
PBS Occupations 26.24 -2.04 0.38 -0.11 -1.78
Specialist Managers 2.87 -0.26 0.00 0.00 -0.26
Professional Occupations in Business and Finan 1.16 -0.11 0.11 -0.06 -0.06
Finance and Insurance Administrative Occupatio 0.57 -0.05 0.00 0.00 -0.05
Secretaries 2.35 -0.30 -0.30 0.23 -0.37
Administrative and Regulatory Occupations 1.31 -0.09 0.13 -0.05 -0.01
Clerical Occupations 7.24 -0.38 -0.22 0.07 -0.53
Pro.fessmnal Occupations in Natural and Applied 116 0.24 0.40 -0.19 0.03
Sciences
Te_chnlcr_sll Occupations Related to Natural and 3.28 0.18 015 0.05 0.07
Applied Sciences
Judges, Lawyers, Psychologists, Social Workers, i i
Ministers of Religion, and Policy and Program Offict 0.7 0.01 0.03 0.01 0.00
Paralegals, Social Services Workers and
Occupations in Education and Religion, N.E.C. 0.00 0.00 0.00 0.00 0.00
Professional Occupations in Art and Culture 0.21 -0.01 0.01 0.00 -0.01
Technical Occupations in Art, Culture, Recreatior 0.66 0.06 0.06 -0.04 0.04
and Sport
Occupations in Protective Services 0.26 -0.03 0.00 0.00 -0.03
Occupations in Travel and Accommodation
Including Attendants in Recreation and Sport 0.00 0.00 0.00 0.00 0.00
Sales & Service Occupations N.E.C. 2.31 -0.24 0.02 -0.01 -0.24
.Heavy Equipment and Crane Operators Including 0.81 0.08 0.01 0.01 .0.09
Drillers
Occupations Unique to Agriculture Excluding 0.00 0.00 0.00 0.00 0.00
Labourers
Primary Production Labourers 0.00 0.00 0.00 0.00 0.00
Non-PBS Occupations 73.76 -2.03 -343 0.20 -5.26
Total 100.00 -4.07 -3.05 0.09 -7.03
Note: All figures are expressed in terms of percentage points of total employment. The grams tti#atiecrease in the
manufacturing industryds share of total empl oyment from 1987

SourceCSLS calculations based on Statistics Canada data. Labour Force Survey. Special order.

Notice that the majoritpf the decline, 26 percentage points, was associated with-non
PBS occupations. The betweeccupation componelf -3.43 percentage pointwas somewhat
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larger than the withioccupation componenbf -2.03 percentage pointdor nonPBS
occupations, althougboth were greater than the overall effect of PBS occupations.

These results suggest thamore than one quartesf the decline in manufacturiggs
employmentsharesince 1987 was the result dianuf acturingds share of
within PBS occupationsdeclining® Unfortunately, we do not know exactly what sort of work
this segment of the population wasing in themanufacturingsector in 1987 compared to
outside the sector in 2014, but ortlyat its workers were employeth the same2-digit
occupation The decomposition does nguantify the extent to whicmanuf act uri ngds d
share ofanoccupatiod® s e mp Icangides with a rising sha the PBS industryn that
occupationods leempadlosyonedhdades not provide any inf
share of the outpuydroduced by those working PBS occupations has changed through time.

When assessing the potential relationship between the PBS within sector component and
PBS outsorcing, we should keep in mind that we might expect to attribute a sizable share of the
decline to PBS occupations simply because they account for a sizable share (about 26 per cent in
1987) of employment in the manufacturing sector. In particular, if #weufacturing sector had
declined for purely exogenous reasons, say a nhegative shock to demand, and if this decline
occurred uniformly across all occupations in manufacturing, then we would expect 26 per cent of
the decline to be in PBS occupations, potdiytiwith a sizable within occupation component.
For this reason, we should consider the estimated wsgtor contribution above and beyond
that expected from such a negative shock when using this decomposition to search for evidence
supporting a hypibesis of services outsourcing as a source of the decline.

Table 17 providesa counterfactualecomposition which would have been observed if
employment growtthad beeruniform across all industries and occupations since 1987 except
that manufacturing employment declined dgonstant rate across all occupations such that the

decline in manufacturn g 6s empl oyment share was in |ine w
2014. Under such a scenario, the decline in the employment share associated with each
occupation is proportional to that occupation

assimption about what happens to employment in all-mamufacturing sectors allows for this
to be decomposkinto within, between, and croggcupation terms. Notice that the predicted

3 It is not necessarily accurate to describe this as indicating that employees in PBS occupations in the
manufacturing sgior in 1987 left the industry and continued to work in the same PBS occupations in the non
manufacturing sector in 2014, although the absolute fa
PBS occupations from 534 thousand in 1987 tothélisand in 2014 suggests that this is at least part of the story, It

is more accurate to say that an increasing share of PBS workers have been working outside the manufacturing
sector . Keep in mind that a decl iSwmeupations mag heuobsargetd ii r i n g 6
employment in these occupations in foanufacturing was rising for reasons completely unrelated to
manufacturing. For example, if the oil and gas industry was growing and required more security guards (occupations

in protective services, a PBS occupation), this would raise the PBS vattnpation component of the
manufacturing employment share decomposition even if there was no change in the number of security guards
employed in the manufacturing industry.
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within-PBS occupation component under this counterfactual scenario alsoltiave been very
large, about1.86 percentage point&.

Table 17 ExpectedDecomposition of Decline in the Employment Share of Manufacturindrom Proportional
Decline,Percentage Points19872014

NOGCS Occupation Within  Between Cross Total
PBS Occupations -1.86 0.04 -0.02 -1.84
Specialist Managers -0.19 -0.02 0.01 -0.20
Professional Occupations in Business and Finance -0.08 0.01 0.00 -0.08
Finance and Insurance Administrative Occupations -0.04 0.00 0.00 -0.04
Secretaries -0.17 0.01 -0.01 -0.16
Administrative and Regulatory Occupations -0.09 0.00 0.00 -0.09
Clerical Occupations -0.52 0.03 -0.01 -0.51
Professional Occupations in Natural and Applied Sciences -0.21 -0.01 0.00 -0.21
Technical Occupations Related to Natural and Applied Sciences  -0.22 -0.01 0.01 -0.23

Judges, Lawyers, Psychologists, Social Workers, Ministers of Rel
and Policy and Program Officers
Paralegals, Social Services Workers and Occupations in Educatic

-0.01 0.00 0.00 -0.01

0.00 0.00 0.00 0.00

Religion, N.E.C.
Professional Occupations in Art and Culture -0.02 0.00 0.00 -0.01
Technical Occupations in Art, Culture, Recreation and Sport -0.05 0.00 0.00 -0.05
Occupations in Protective Services -0.02 0.00 0.00 -0.02
ReSéC;{J()?K;:; gp'lt')rrat\vel and Accommodation Including Attendants i 0.00 0.00 000 0.00
Sales & Service Occupations N.E.C. -0.17 0.02 -0.01 -0.16
Heavy Equipment and Crane Operators Including Drillers -0.06 0.00 0.00 -0.06
Occupations Unique to Agriculture Excluding Labourers 0.00 0.00 0.00 0.00
Primary Production Labourers 0.00 0.00 0.00 0.00
Non-PBS Occupations -2.53 -2.92 0.28 -5.17
Total -4.39 -2.87 0.26 -7.00
Note: All figures are expressed in terms of percentage points of total employment. The grand total is the decrease in the
manufacturing industrydéds share of total eliptgdl oy ment from 1987

Source:CSLS calculations based on Statistics Canada data. Labour Force Survey. Special order.

32 Notice that mder this scenario, most of the betwemtupation effects would have been very small. Intuitively,
reducing manufacturing employment in each occupation will lower the share of manufacturing within each
occupation quite a bit, but it will only have a silmbmpact on the share of the occupation in total employment in a
small set of occupations which are highly concentrated in manufacturing. Under this counterfactual, the only
occupations for which the between occupation component exceeds 0.10 percenméganpmagnitude are
Machinists, Metal Forming, Shaping and Erecting Occupatiofs24 percentage points); Supervisors in
Manufacturing {0.27 percentage points); Machine Operators in Manufacturidglq percentage points);
Assemblers in ManufacturingQ.58 percentage points); and Labourers in Processing, Manufacturing and Utilities (
0.49 percentage points).
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Table 18 Decomposition of Decline in the Employment Share of Manufacturingn Excess of Expected
Proportional Change, Percentage Points1987%2014

NOGCS Occupation Within  Between Cross Total
PBS Occupations -0.18 0.33 -0.09 0.07
Specialist Managers -0.06 0.01 -0.01 -0.06
Professional Occupations in Business and Finance -0.02 0.11 -0.06 0.02
Finance and Insurance Administrative Occupations -0.01 0.00 0.00 -0.01
Secretaries -0.13 -0.32 024 -0.21
Administrative and Regulatory Occupations 0.01 0.13 -0.05 0.08
Clerical Occupations 0.14 -0.24 0.08 -0.02
Professional Occupations in Natural and Applied Sciences -0.03 0.41 -0.19 0.19
Technical Occupations Related to Natural and Applied Sciences 0.04 0.17 -0.06 0.16
anjulggﬁcs); ;i\évyéergsérzi/?fzfggts, Social Workers, Ministers of Rel 0.00 0.02 001 001
Reﬁ;f\fﬁléé%l&\l Services Workers and Occupations in Educatic 0.00 0.00 000 000
Professional Occupations in Art and Culture 0.00 0.01 0.00 0.01
Technical Occupations in Art, Culture, Recreation and Sport -0.02 0.06 -0.04 0.01
Occupations in Protective Services -0.01 -0.01 0.00 -0.01
Re(;c;cf;ga;tu;:z |gp‘|(’)r:vel and Accommodation Including Attendants i 0.00 0.00 000 0.0
Sales & Service Occupations N.E.C. -0.07 -0.01 0.00 -0.07
Heavy Equipment and Crane Operators Including Drillers -0.03 -0.01 0.01 -0.03
Occupations Unique to Agriculture Excluding Labourers 0.00 0.00 0.00 0.00
Primary Production Labourers 0.00 0.00 0.00 0.00
Non-PBS Occupations 0.50 -0.52 -0.08 -0.09
Total 0.32 -0.18 -0.17 -0.02

Note: All figures are expressed in term$ percemage points of total employment minus the rates expected from a uniform

decline in the manufacturing employment levels observed in 1991 holding employment in all other industrieEhixgdand

total is the decrease in the manufacturing ildystt s s hare of total empl oyment from 1987
listed.

Source!CSLS calculations based on Statistics Canada data. Labour Force Survey. Special order.

The difference between the actual PBS wibdatupation component e2.04 percentage
points and that of1.86 percentage points which we would expect from a proportional decrease
in all occupations driven by some external decline in manufacturing provides some idea of the
disproportional loss in employment associated with marégs across industries within PBS
occupaibns (Table 18). The disproportional impact .18 percentage points, or about 2.6 per
cent of the total decline. While this effect can still not be definitively tied to PBS outsourcing,
the scale is much closer to the estimates from our-Hopipiut exercise. Controtlg for the size
of employment in PBS occupations relative to total employment in the manufacturing industry
seems to reconcile the divergent results of the toptput and labour decomposition exercises
regarding the magnitude of the effect of PBS outsagr When we consider that a major driver
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of the decline in manufacturing employment wa
this likely impacted all occupations within manufacturing in a similar way, the decomposition
only suggests a very sithaffect which may be related to PBS outsourcing.

Capeluck(2015b) expressed some concern that the withoupation component, which
would capture PBS outsourcing, may be overstated betiaigdd-S data only allow$or a very
broadclassificationof ocaupations and may misclassify movements across industries in similar
occupations as movements within the same occupation. We now examine the robustness of the
results using data from the 1991 Census and 2011 National Household Survey at the finest
availablelevel of occupational disaggregation.

As noted in the methodology sectidheseoccupational data should be considered lower
quality than that from the LFS used above because the data for 1991 was based upon 1980 SIC
and 1980 SOC classifications whitee data for 2011 was based on 2007 NAICS and 2011 NOC
codes. While we have endeavoured to make the data as comparable as possible using Statistics
Canada's publically available concordance tables, the comparison remains imperfect.
Comparisons through tienare particularly problematic at the finest levels of disaggregation,
which is what we are interested Kor this reason, we will consider a series of decompositions
based on four different levels of disaggregation tara different assumptions regardimgw
1980 SOC codes map to 2011 NOC codes in casesiofjuity. We will see that thgeneral
result of a sizable PBS withioccupation component which is smaller than the-RBS
contributiontends to be fairly robust, although the precise magnitudeeoédhtributions varies
somewhat.

Table 19presentsthe results using all four possible levels of disaggregation based on
upon an equal weighting scheme to map the 1980 SOC codes into 2011 NOC codes. According
to thesedata, the emplayent share of manufacturing fell by 4.66 percentage points between
1991and 2011. Under all four levels of disaggregation, PBS occupations made a significant
contribution to the decline in manufacturing employment mostly through the vaiticupation
effed. The PBS withiroccupation componemnangedfrom 25 per cent of the decline at the one
digit level to 38 per cent at theddgit level. At the twadigit level, this channel explains about 31
per cent of the decline which is very similar to the resutigugie LFS data.

Unlike theresultsusing the labourForceSurveydata, the PBS betweeatcupation term
based on census dasanownegativeand tends to bguite smalin magnitude

Most of thedeclineis associated with neRBS occupationsith the between occupation
componentappearingto be more important. The decline associated with movements across
industries within occupations is mostly in PBS occupations under the 2, 3, and 4 digit levels of
disaggregation. The ndPBS occupatioeros term is also nenegligible at most levels of
disaggregation.
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Table 19: Decomposition of Decline in the Employment Share of Manufacturing by Level of Occupational
Aggregation, 19912011

Within Between Cross Total

PBSDccupation -1.17 -0.07 0.09 -1.16

1-Digit Non-PBS Occupations -1.23 -1.77 -0.50 -3.50
Total -2.40 -1.84 -0.41 -4.66

PBS Occupation -1.48 -0.19 0.05 -1.62

2-Digit Non-PBS Occupations -0.87 -1.69 -0.48 -3.04
Total -2.35 -1.88 -0.43 -4.66

PBSOccupation -1.76 -0.29 0.32 -1.73

3-Digit Non-PBS Occupations -0.54 -1.71 -0.67 -2.92
Total -2.30 -2.00 -0.35 -4.66

PBS Occupation -1.51 -0.16 0.18 -1.49

4-Digit Non-PBS Occupations -1.18 -1.85 -0.13 -3.17
Total -2.70 -2.01 0.05 -4.66

Note: All figuresare expressed in terms of percentage points of total employment. The grand total is the decrease in the
manufacturing industryés shar éccopationalaatadonvestedpo 261y N@Gcodedbasedn 19 9 1
on an fAequal 0 (seechppeidixC)n g scheme

Source:CSLS calculations based on Statistics Canada data. 1991 Census, special order, and publically available National
Household Survey data.

Table 20: Expected Decomposition of Decline in the Employment Shareof Manufacturing in from
Proportional Decline by Level of Occupational Aggregation, 1992011

Within Between Cross Total

PBS Occupation -1.14 0.03 -0.01 -1.13

1-Digit Non-PBS Occupations -2.81 -0.87 0.15 -3.53
Total -3.95 -0.85 0.14 -4.66

PBS Occupation -1.40 0.05 -0.02 -1.37

2-Digit Non-PBS Occupations -2.50 -0.96 0.17 -3.28
Total -3.90 -0.91 0.15 -4.66

PBS Occupation -1.38 -0.04 0.01 -1.41

3-Digit NonPBS Occupations -2.32 -1.12 0.19 -3.25
Total -3.70 -1.16 0.20 -4.66

PBS3Dccupation -1.19 -0.13 0.03 -1.29

4-Digit Non-PBS Occupations -2.25 -1.28 0.17 -3.36
Total -3.44 -1.41 0.20 -4.66

Note: All figures are expressed in terms of percentage points of total employment. The grand total is the decrease in the
manufacturing ndustryds share of t ot ®tcupationalldaiayconeented tof201d ROClc@déslbasedo 2 0 1 ]
on an fAequal 06 weighting scheme (see Appendix C).

Source:CSLS calculations based on Statistics Canada data. 1991 Census, special order, and/ @vilicddle National

Household Survey data.
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Notice that theesults do not suggest that the PBS wHbdcupation component is
overstated at the twaigit level of disaggregation &apeluck(2015b) had suggested they might
be. In fact, we find that increases as we move from theligjit (-1.17 percentage points) to the
2-digit (-1.48 percentage points) and-d@jit (-1.76 percentage points) levels of
aggregationalthoughit does decline to-1.51 percentage points at thedigit level of
disaggregation

As we noted above, we should adjust for the relative importance of the occupation to
manufacturing when searching for evidence of PBS outsourcing, otherwise we may mistake a
proportional decline due to external shocks to the sector for PBS outsoUraiolg20 presents
the counterfactual decomposition based on a uniform decline in manufacturing employment
while all other sectors remained at their 1991 levels (analogdtabte17).

Table 21 presents the results net of the effects expecteérutme counterfactual. First,
notice that the all four levels of disaggregation suggest that the decline is disproportionately
related to PBS occupationBhere is quite a bit of variation regarding the magnitude of the PBS
within-occupation component,tebugh it is consistently negative and fairly small, ranging from
-0.03 percentage points at thaligit level of disaggregation (0.6 per cent of th&al decline) to
-0.39 percentage points (8.4 per cent of the decline).

Table 21: Decomposition of Decline in the Employment Share of Manufacturingn Excess ofExpected
Proportional Changeby Level of Occupational Aggregation, 1992011

Within Between Cross Total

PBS Occupation -0.03 -0.10 0.10 -0.03

1-Digit Non-PBS Occupations 1.58 -0.89 -0.66 0.03
Total 1.55 -0.99 -0.56 0.00

PBS Occupation -0.07 -0.24 0.07 -0.24

2-Digit NonPBS Occupations 1.62 -0.73 -0.65 0.24
Total 1.55 -0.97 -0.58 0.00

PBS Occupation -0.39 -0.26 0.31 -0.33

3-Digit NonPBS Occupations 1.78 -0.59 -0.87 0.33
Total 1.40 -0.84 -0.55 0.00

PBS Occupation -0.32 -0.03 0.15 -0.20

4-Digit Non-PBS Occupations 1.07 -0.57 -0.30 0.20
Total 0.75 -0.60 -0.15 0.00

Note: All figures are expressed in terms of petaga points of total employmeminusthe rates expected from a uniform

decline in the manufacturing employment levels observed in 1991 holding emptapnadirother industries fixe@ccupational

data converted to 2011 NOC codes based on an fiequal 0 weighti
Source:CSLS calculations based on Statistics Canada data. 1991 Census, special order, and publically available National
Household Survey data.
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The full decomposition at thedigit level is presented in Appendix B.

C. Robustness

Table 22presents the same decompositi@ssTable 21 (adjusted for proportionality)
using amlternative weighting scheme based on the relative sizes of the NOC categories to
assign weight3! We find that the main finding of amall PBS occupation withioccupation
component remaingith the contributondi sproporti onal t o t he 0C
manufacturing employment ranging fromnging from0 to 4.3 per cent of the decline in
manufacturing's employmedepending on the level of aggregatidaenerally, the reitive
importance of the within and betweeiccupation contributions of PBS and rBBS
occupations (adjusted for proportionality) are fairly similar regardless of the choice of weighting.

Table 22 Decomposition of Decline in theEmployment Share of Manufacturing Exceeding Expected
Proportional Changeby Level of Occupational AggregationAlternative Weighting, 19912011

Within Between Cross Total

PBS Occupation 0.00 -0.12 0.09 -0.03

1-Digit Non-PBS Occupations 1.42 -0.97 -0.42 0.03
Total 1.41 -1.09 -0.33 0.00

PBS Occupation -0.10 -0.39 0.24 -0.24

2-Digit Non-PBS Occupations 1.50 -0.72 -0.54 0.24
Total 1.41 -1.11 -0.30 0.00

PBS Occupation -0.20 -0.32 0.20 -0.33

3-Digit Non-PBS Occupations 1.82 -0.93 -0.57 0.33
Total 1.62 -1.25 -0.37 0.00

PBS Occupation -0.01 -0.05 -0.14 -0.20

4-Digit Non-PBS Occupations 1.08 -0.81 -0.07 0.20
Total 1.07 -0.86 -0.22 0.00

Note: All figures are expressed in terms of percentage points of total employment. The grand totaletsetse in the
manufacturing n d u s tre of tbtal ensployanent from 1991 to 2011

Source:CSLS calculations based on Statistics Canada da@l Census, special order, and publically available National
Household Survey data.

We alsoconsider the robustness of the results to the definition of PBS occupations. The
threshold which we have adopted is quite loose, only requiring that the PBS indusiryré

*The APBS occupationso which made the | argest total <co
were:Legislators and senior managem, -0.12 percentage points; Managers in financial and business services,
0.23percentag@oints; Office administrative assistantgyeneral, legal and medicd.17 percentage points; Court

reporters, transcriptionists, records management techniaianstatistical officers;0.15 percentage points; Library,
correspondence and other clerk8,11 percentage points; Creative designerscaaftispersons0.18 percentage

points; Cleaners;0.10 percentage points; and Public works and other labourerslseathere clasfed, -0.35

percentage points.

34 The raw decomposition is presentechippendix Table3
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important to an occupation (in terms of employment share) than it is to total employment in all
occupations. Using data on the employment shares of the PBS industry in -aligibilNOC
occupations in 2011, we calculate a series of stricter thdssinequiring that the share of an
occupation's employment in the PBS industry be 0.5, 1, or 2 standard deviations above the
weighted mean (i.e., all occupations). The results of this exercise at the three digit level which
are comparablt Table21 are presented ihable23.

Table 23 Decomposition of Decline in the Employment Share of Manufacturingexceeding Expected
Proportional Change, Alternative Definitions of PBS Occupation,199%:2011

DSS;?%:S Within Between Cross Total
PBS Occupation -0.39 -0.26 0.31 -0.33

0 NonPBS Occupations 1.78 -0.59 -0.87 0.33
Total 1.40 -0.84 -0.55 0.00

PBS Occupation -0.08 0.13 -0.06 -0.01

0.5 NonPBS Occupations 1.47 -0.98 -0.49 0.01
Total 1.40 -0.84 -0.55 0.00

PBS Occupation -0.04 0.14 -0.11 -0.01

1 NonPBS Occupations 1.43 -0.99 -0.44 0.01
Total 1.40 -0.84 -0.55 0.00

PBS Occupation 0.01 0.03 0.00 0.04

2 Non-PBS Occupations 1.38 -0.87 -0.55 -0.04
Total 1.40 -0.84 -0.55 0.00

Note: All figures are expressed in terms of percentage points of total employment. The grand totaletsetse in the

manufacturing n d u s t re of total emsployment from 1991 to 20Ah occupation is considered to be PBS if the shatheof
occupationds workers employed in the PBS industry exceeds th
given number of standard deviations. Standard deviations are
four-digit NOC occupations (weighted by occupational shares in total employment). The 0, 0.5, 1, and 2 standard deviation
thresholds are 11.2 per cent, 19.7 per cent, 28.2 per cent, and 45.3 per cent respectively. The decompositions usdalblging thi

have been performed atthed3i gi t NOC | evel based on an fAequal 0 weighting sc
Source:CSLS calculations based on Statistics Canada d&8@l1 Census, special order, and publically available National

Household Survey data.

Similar toCapeluck(2015b), we find that under stricter definitions of what constitutes a
PBS occupation, the importance of PBS occupations in explaining manufacturing's employment
share dwindled® The PBS withiroccupation component explai< per cen (-0.39 percentage
points) under the baseline definition, 1.7 per cent under the 0.5 standard deviation definition, 0.9
per cent under the 1 standard deviation definition,-GrzIper cent under the strictest definition.
To some degree, this may simplyggest that the occupations which are most tightly linked to
the PBS industry were not employed by the manufacturing Seetmuse in 1991.

% Although not presented here, we have alsal e alternative definition based on the relative importance of an
occupation to the PBS industry and found results which were qualitatively similar.
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Given that the results vary so much depending onstiected narrownessf the
definition of a PBS occupationt is worth seriously considering which definition is most
appropriate. We do so by constructing a list of all tkeigg NOC PBS occupations under the
loosest definition and examining how this list changes under stragénitions (Table
24).Choosing an appropriate threshold is inherently difficult especially given that many of the
occupations are fairly broad and debatably should be associatetheifBS industry. If too
wide, then occupations which will be captured whidve very little to do with PB8egislators
and senior management for example). But if the requirement is too restrictive wexohage
occupations which very clearly perfofdBS servicese.g.auditors, accountants, and investment
professionalsre excluded if the requirement is 1 or 2 standard deviations above the mean

To make this a bit more quantitative, we (somewhat arbitrarily) classify the occupations
based on whetheor not they intuitively seem like they would entail the provision of PBS
services® We then examine which of the four classification schemest accurately matches
our subjective assessment.

Table24 presents the 43 occupations which are classified as PBS occupations based upon
our baseline definition (0 standard deviations above the m€&hehighlighted occupationare
those which weubjectively suggest should be classified as PBS occupations. We suggest that 34
of the 43 occupations are reasonable even under the loosest definition. As the threshold becomes
stricter, it is not surprising that many of the occupations are no longeifiethgs PBS. The
strictest requirement of two standard deviations above the mean removes all occupations except
for civil, mechanical.electrical, and chemical engineers; architects, urban planners, and land
surveyorstechnical occupations in architeatydrafting, surveying, geomatics and meteorology,
Judges, lawyers and Quebec notaries; and Security guards and related security service
occupationsThis seems too strict.

Which classification rule do we think is best? We judge this by considering the
percentage of classifications which match our subjective classification. The baseline definition
matches our subjective classification 79 per cent of the time. This is better than all of the stricter
definitions. If a threshold of 0.5 standard deviationsvabibhe mean is used, the classifications
match 70 per cent of the time. At 1.0 standard deviations, the agreement falls to 67 per cent. And
at 2.0 standard deviations, the classification agrees with our assessment for only 33 per cent of
occupations. Thigxercise suggests that the loosest classification is the appropriate one if we
wish to match our subjective notions of which occupations are associated with PBS attivities.

% This was done in consultation with the NAICS definitions of the PBS industries (NAICS codes 54, pnafessi
scientific, and technical services, 55, management of companies and enterprise, and 56, administrative and support,
waste management, and remediation services)

37We have not explored the issue of whether the definition is too strict, althoughuhs seggest that this may be

a possibility.
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Table 24: List of PBS Occupations by Number of StandardDeviations above the Mean Share of the PBS

I ndustry in an Occupationds Empl oyment
t.{ LyRdzal(
of Total Employment Standard
in the OccupatiorfPer Deviations
Cent)
Occupation 0 05 1 2
001 Legislators and senior management 18.1 1 0 0 o
011Administrative services managers 14.6 1 0 0 O
012 Managers in financial and business services 13.2 1 0 0 O
021 Managers in engineering, architecture, science and information systen 34.1 1 1 1 o0
065 Managers in customer and personal servipes.c. 24.3 1 1 0 o0
111 Auditors, accountants and investment professionals 27.8 1 1 0 O
112 Human resources and business service professionals 32.6 1 1 1 o0
122 Administrative and regulatory occupations 12.7 1 0 0 o
124 Office administrativassistants general, legal and medical 19.6 1 0 0 O
125 Court reporters, transcriptionists, records management technicians anc 21.4 1 1 0 O
131 Finance, insurance and related business administrative occupations 25.1 1 1 0O O
141 General office workers 11.8 1 0 0 O
142 Office equipment operators 14.8 1 0 0 O
143 Financial, insurance and related administrative support workers 17.8 1 0 0 O
145 Library, correspondence and other clerks 12.0 1 0 0 O
211 Physical sciengeofessionals 33.8 1 1 1 O
212 Life science professionals 29.8 1 1 1 o0
213 Civil, mechanical, electrical and chemical engineers 45.3 1 1 1 1
214 Other engineers 32.2 1 1 1 O
215 Architects, urban planners and land surveyors 65.0 1 1 1 1
216 Mathematicians, statisticians and actuaries 29.1 1 1 1 O
217 Computer and information systems professionals 44.7 1 1 1 O
221 Technical occupations in physical sciences 27.8 1 1 0 O
222 Technical occupations in life sciences 25.2 1 1 0 O
223 Technicabccupations in civil, mechanical and industrial engineering 245 1 1 0 O
224 Technical occupations in electronics and electrical engineering 17.1 1 0 0 O
225 Technical occupations in architecture, drafting, surveying, geomatics a
52.1 1 1 1 1
meteorology
226 Other technical inspectors and regulatory officers 23.9 1 1 0 o0
228 Technical occupations in computer and information systems 29.8 1 1 1 o0
411 Judges, lawyers and Quebec notaries 72.0 1 1 1 1
416 Policy and program researchers, consultantsaifiders 20.1 1 1 0 O
512 Writing, translating and related communications professionals 28.6 1 1 1 O
522 Photographers, graphic arts technicians and technical axddinating
. i . ; . : 28.7 1 1 1 O
occupations in motion pictures, broadcasting and the performing arts
524 Creative designers and craftspersons 45.1 1 1 1 0
631 Service supervisors 16.3 1 0 0 O
652 Occupations in travel and accommodation 31.9 1 1 1 o0
654 Security guards and related security service occupations 62.3 1 1 1 1
655 Customer anthformation services representatives 16.5 1 0 0 O
673 Cleaners 33.0 1 1 1 O
738 Printing press operators and other trades and related occupations, n.e. 12.7 1 0 0 ©O
762 Public works and other labourers, n.e.c. 14.5 1 0 0 O
825 Contractors andupervisors. aariculture. horticulture and related 394 1 1 1 0
861 Harvesting, landscaping and natural resources labourers 44.9 1 1 1 O
Note:A fildo indicates that the occupation is classified as a PB¢

is not. The highlighted occupations are the ones which wedeamed to be associated with the PBS indu$trg.0, 0.5, 1, and
2 standard deviation thresholds are 11.2 per cent, 19.7 per cent, 28.2 per cent, and 45.3 per cent respectively.
SourceCSLS calculations based poblically available National Household Survey data.



64

Overall, our findings are in line with thosefCapeluck2015b). While the
decomposition based on the more disaggregated LFS data should be viewed as the most
trustworthy, the results fairly consistently suggest that a significant part of the decline in
manufacturing's employment share can be tracethovements of workers away from the
manufacturing sector within PBS occupatiofkis contribution is greater than what one would
expect i f the entire decline in manufacturin
external shock to manufacturindgemand which affected employment in all manufacturing
occupations in proportion to their sia&hile this is not direct evidence of PBS outsourcing, as
this may reflect workers moving to similar but different jobs unrelated to manufacturing, it
is consistat with an outsourcing hypothesis.
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VI. Conclusion

We havee x ami ned one potenti al explanati on
employment share in Canada since 19@6tsourcing of services from the manufacturing
industry to theprofessional and businessrvices (PBS) and financial services (E&tos. Our
analysis was based upon previous work performed by Capeluck (2015b) which had found mixed
evidence using an inpautput modeling approach and a simple occupational decomposition
which were both deveped by Berlingieri (2014).

Our work has attempted to address two data limitations facing Capeluck (2015b). First,
Capeluck (2015b) relied upon a current dollar 10 structure of the economy, which may have
been misleading because it captures rising pricest notably those in the oil and gas sector.
Second, the relatively high level of occupational aggregation in Capeluck (2015b) may have
misclassified movements between occupations as movements across industries within PBS
occupationsWe haveredone the min exercises of Capeluck (2015b) usaigineddollar 10
data and detailed industoccupation data.

Generally speaking, we have found thabst ofthe results from Capeluck (2015b) are
robust to our alternative choice of data. In particular, we find that

T The predictive power of the baseline 10O
employment share from 197908 is weaker using the chained dollar 10 structure
(explains 46.3 per cent) than using the current dollar 10 structure (76.3 perTtestps
likely related in part to the current dollar model grossly overestimating growth in the
employment share of primary industry because rising natural resource prices greatly
increased nominal output

1 The chained dollar 10 data allows the model to performesathg better than the current
dollar 10 data at predicting the overall employment distribution of the economy based on
the mean absolute errors of their employment predicfion2008. However, the errors
remain sizable (1.9 percentage points on average)

1 PBS outsourcing estimated by the rising direct requirements of the manufacturing
industry for intermediate inputs produced by the PBS induatgounts fo2.2 per cent
of the fall i n manufacturingo6s empl ogy ment
accounts fod..1 per cent;

f

T I'n Iine with Capeluck (2015bnésmaexpact atii

employment share f c hanges i nintenmeedialefinpudqurememsgfrdre
primary inputs vanishes when we use constant dollar @adathe predicted share of
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employment in primary industries is considerably laweéris is much closer to what has
been observed ireality;

1 Extending the model to allow for the structure of final demand to vary through time does
not seem to improve itperformanceat predicting the changes in the employment
distribution across industriebut the core results regarding the effects of outsourcing on
manufacturing employment remain the same;

T A sizable component of t he dshardbetwesen 1198Y man u
and 2011, in the realm of 25 to 38 per cent, was associated with reallocation of
employment in PBS occupations from manufacturing to other industries within the same
occupation. This result is robust to the level of occupational diegggon and the
method chosen to convert 1980 SOC codes to 2011 NOC codes. However, the
contribution becomes much smaller if a stricter definition of PBS occupations is used.

1 Adjusting for the fact that each occupation would be expected to accounsliiare of
the decline proportional to its share in manufacturing employment even if the decline was
unrelated to outsourcing, we estimate that the contribution potentially related to PBS
outsourcing was between 0 and 8 per cent.

These findings rule out avieconcerns which Capeluck (2015b) had about his regts
adjusting for the fact that PBS occupations should be expected to have an impact on
manufacturingés employment share roughly prop
employment, we arable to reconcile theseemingly contradictory evidence regarding the
importance of services outsourcipgovided by the inpubutput and labour decomposition
exerciseslt is important to keep in mind that theo analysesre preformedre over two very
different time periods due to data availability (128 and 1982011), so it is possible that
services outsourcingnay have been somewhabre important in the latter peri@hd we should
not entirely discount estimates as high as 8 per cent for reasfnconsistency Given
methodological issuegeither of the two findings should be viewed as definitive.

The 10O exercise is based upon a model which is not all that effective at predicting the

employment structure of the economy. Even if the model isngaaccurate predictions about

how the PBS and FS manufacturing requirement coefficients impacted the change in
employment between 1976 and 2008, the change in the coefficients may reflect other factors
besides outsourcing. In particular, many of the facehts in the total requirements table fell

over time, reflecting improvements in productivityfewer intermediates were necessary to
produce a unit of output in manufacturing in 2008 than in 1976. Our counterfactual exercise of
lowering the 2008 manudturing requirements coefficients for the PBS and FS industries may
understate the extent of outsourcing if productivity improvements had lowered these coefficients
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compared to their 1976 values. For this reason, we may want to view the 10 exercise as
providing an estimate which is biased downwards.

The occupational decomposition exercisay provide an upper bound estimate of the
effects of PBS outsourcing. This is because movement of workers out of the manufacturing
industry within PBS occupations doestmecessarily imply services outsourcing. Services
outsourcing would require that these individuals continue to provide services to the
manufacturing sector. However, they may simply have found similar work (same occupation)
serving noamanufacturing seots and may no longer be needed in manufacturing. The within
occupation effect is not even restricted to occupational movements into the PBS iinditistry
includes movements into all nenanufacturing sectors. Furthermore, we find that tightening the
requrements as to what constitutes a PBS occupation significantly reduces the within PBS
occupation contribution. Restricting the definition to 0.5, 1, and 2 standard deviations above the
mean reduces the estimated contribution of PBS outsourcidgdo cent 1 per cent, an@ per
cent respectively.

Overall the evidence suggests that PBS outsourcing has made a contribution to the
decline of Canadabs ma n u f a majan driver.drising dabauro r ,
productivity and falling demand were the joraculprits (Capeluck, 2015dhe true impact of
manufacturing outsourcing likely lies somewhere between cthre estimates of our two
exercises

To the extent that the decline in manufacturing has been the result of domestic
outsourcing, this is natecessarily a cause for concern as the same work is still being done in
Canada, perhaps even more efficiently (presumably manufacturers chose to outsource for a
reason). If, on the other hand, it represents offshoring, this may also be a welcome detelopmen
if the work is being completed more efficiently abro@hnadian manufacturers are increasing
their costcompetitiveness, amdbmestic labour is being reallocated to more productive iigss.
the loss of high paying domestic jobs which are not offgegdins from trade which we should
be concerned about.

We will close with a few quick suggestions for future work related to understanding how
services outsourcing has contributed to the employment share of manufacturing.

Given the poor performance of Bé i ngi eri 6s (2014) simpl e

employment shares, we may need to consider ways to improve upon the analysis or other

approaches altogether. One potential problem is not so much an issue with the model as an issue

with the data. We have ée using total requirements tables, which includes both domestic and
international inputs, to try to predict the domestic distribution of employment. It may be more
sensible to use total domestic requirements tables, as requirements for foreign infyutilike
not change employment needs in Canada.

b 1
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It may not even be necessary to use Berlin
model at all A simpler approach may be to simply construct domestic employment requirements
tables for Canada in the ysat976 and 2008 as described in Horowitz and Planting (2009) and
use these, along with information as to how labour productivity has changed through time
each industryto assess how changes in industrial structure have impacted manufacturing
employment.

The occupational decomposition exercise is relatively clean and has managed to produce
fairly consistent resultsGiven the problems associated with comparing 1980 SOC and 2011
NOC occupation codes, our work could be improved if could find a data swithceonsistent
coding at a high level of disaggregation.

There may be some scope to experiment further with occupational definitions in order to
obtain a better understanding of how much of the within PBS occupation contribution represents
outsourcing. Oe possi bility may be t o -PcBoSos ta auaiu p aat i soe
those which are important in both the manufacturing and PBS indusitnesy also be possible
to extend the decomposition to only RBSonsi de
occupations to the extent that they correspond to a rising share for PBS industries of the same
PBS occupationAcquiring data on gross flows of workers across industries and occupations,
perhaps from the Labour Force Survemay be a very effective way to link declines in
manufacturingds share of PBS occupations to t
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Appendix A: Deriving Industry -by-Industry Total Requirements 38

There are four requirements tables in the imqauput (FO) accounts. The first tablea
direct requirements tableshows the relationshipetween commodity inputs and gross output.
The remaining tables total requirements tabldsshow the relationship between gross output
and final uses expenditure (Horowitz and Planting, 20097)12Vlore detailed is provided
below.

1 Thedirect requirements table shows the amount of the commodity at the top of the
column that is needed to produce a dollar of the gross output in the industry at the
beginning of the row. In other words, it shows the share of each commodity input in total
gross outpt in a given industry.

1 The commodity-by-commodity total requirements table shows the amount of gross
output of the commodity at the beginning of each row that is required per dollar of final
uses expenditure on the commaodity at the top of the column.

1 Theindustry -by-commaodity total requirementstable shows the amount of gross output
in the industry at the beginning of the row that is required per dollar of final uses
expenditure on the commodity at the top of the column.

1 Theindustry-by-industry total requirementstable shows the amount of gross output in
the industry at the beginning of the row that is required per dollar of final uses
expenditure in the industry at the top of the column.

In order to perform the analyses in Berlingieri (2014), weehiav derive industrpy-
industry total requirements tables, as only indubyycommodity input, output and final
demand tables are publicly available in Canada. To do this, we derive inRdystigustry total
requirements tables from industoy-commodit input and output tables using the procedure
outlined in Horowitz and Planting (2009) and United Nations (1999). In particular, we employ
the industrytechnology assumption despite its drawbacks, as it makes the derivation of the

% This appendix is taken from Capeluck (2015b), as the procedure for constructing the ibyHisthystry
requirements table is exactly the same whether current or nominal data is used. Ultimately, mdsfarhihgon
originates from an Inpu®utput Handbook produced by researchers at the U.S. Bureau of Economic Analysis
(Horowitz and Planting, 2009). For an overview of the Canadian -oypiut accounts, the interested reader may
consult Statistics Canad2(q10).
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commodities to differ from the number of industries in the input and output tables.

| will now discuss the procedeirused to derive industtyy-industry total requirements
tables from industrpy-commodity input and output tabl&The procedure will be based on the
following notations and definitions:

g

A® p matrix that shows the total gross output of eammmodity whered
is the number of commodities.

A’Q p matrix that shows the total gross output of each industry wiisre
the number of industries.

The intermediate portion of
column shows the total amount of each commodity that is used by a
industry. This is @ @ommodityby-industry matrix.

The output ( or datheolummshéws thé gro
output in each industry of a given commodity. This iQadindustryby-
commodity matrix.

When this symbol is placed over a vector, it signifies a sqaaret( matrix
in which the entries of the vector appear ba nain diagonal and there 3
zeros everywhere else.

A%

An identity matrix.

There are four steps in the derivation of industysindustry total requirements tables
from industryby-commodity input and output tables. The first step is the [lon of a
commodityby-industry direct requirements tabB) (as follows:

whereBis aw ommodityby-industry matrix in which each column shows how much of each

6 YQ

commodity is required per dollar of gross output in a given industry.

(1)

The second step is to calculate an indubjpcommodity market shares or
transformation matrix®) using the following equation:

0 o

% This section is based on the notation and definitions in the Appendix to Chapter 12 in Horowitz and Planting
(2009). For more information on the derivation of requirements tables, see Horowitz and Planting (2009) and United

Nations (1999).

the input
given
st r i X in

(

w h
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2
whereD is a'Q dindustryby-commodity matrix in which each column shows the share of the
total grossoutput of a given commodity that is produced in each industry. According to the BEA
(2009:1222), the use of the market shares matrix to generate the total requirements table
involves the assumption that Nfeach sadixedhodi ty
proportions, 0 ktachnology assumgtibne i ndust ry

The third step is the conversion of the commaobtyindustry direct requirements table
(B) into a "Q "Qindustryby-industry direct requirements matribxOB) by multiplying the
transfaomation matrix D) by the commoditypy-industry direct requirements matri)(

The final step is to derive ‘® "Qindustryby-industry total requirements matrix)( )
from the industryby-industry direct requirements matri®oB). In particular, thendustryby-
industry direct requirements matri®B) is subtracted from the identity matrifO and then the
inverse of this difference is taken, as represented by:

m "0 06
3)
wheren) is the industryby-industry total requirements matrigJso known as the Leontief
inverse matrix, which shows the amount of gross output required in each industry per dollar final
uses expenditure in a given indust?y.

A symmetric +O matrixi that is, matrixA in the Leontiefmodeli is required for 4O
analysis, as only a symmetric matrix can be inverted to obtain the Leontief inverse matrix.
However, many national statistical offices only publish rectangulatdbles that is, industry
by-commodity tables. For instanceetimumber of commodities is greater than the number of
industries in the Canadiar( tables. In these cases, a symmetficthble must be derived.

There are two main procedures for deriving a symmet@ic rhatrix from rectangular
input (the intermediake porti on of fAuseo) tables and out pi
approaches are quite similar, they are based on very different assumptions about the input

“°The term Leontief inverse matrix comes from the Leontief model in which a industry gross output is equal to the
Leontief inverse matrix, a measure of intedustry linkages through the use of intermediate inputs, multiplied by a
industry final demand oralue added as follows:

w p 0 W
@
wherey is a vector of industry final demand or value added, a vector of industry gross output, aqd 0 is
the Leontief inverse matrix.
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structure of the economiy namely, the industrjechnology assumption and the commodity
techhology assumption.

Undertheindusty ec hnol ogy assumpti on, Ai nputs ar e
by every product produced by a given industry, which means that principal and secondary
products are all produced using the same technology,hie.t same i nput struct

Nations, 1999:86). This means, for example, that the inputs used by the agricultural industry to
produce wheat are assumed to be same as the inputs used to produce all products in the
agricultural industry. In other wordfhe input structure of an industry acts as a proxy for the
input structure of all of the commaodities produced by that industry.

According to the United Nations (1999), there are two principal advantages of the
industrytechnology approach: 1) this appcbaalways generates symmetri©ltables with
positive entries; 2) this approach allows for the use of rectangular-oopuit to generate
symmetric O tables" However, this assumption breaks #th
products with different fices at a given moment must reflect different costs or different
technologyo (United Nations, 1999:86).

Under the commodity e c hnol ogy assumpti on, Aithe input
produces a given product is the same no matter where itdsppwe d 6 ( Uni t ed Nati o
This means, for example, that the inputs used by the agricultural industry to produce wheat are
assumed to be same as the inputs used in the wheat industry. In other words, the input structure
of a given commodity is ass@u to be the same in all industries. While this assumption is
reasonable than the industschnology assumption, it frequently generategativesymmetric
I-O tables and it only works if the input and output tables are squeretlie number of
industies must equal the number of commoditf€s)s a result, further adjustments are required
to produce usable Leontief matrix under this assumption.

In this report, the industriechnology assumption is used to derive symmetric industry
by-industry totalrequirements tables from the Canadidd tables. A detailed description of the
two approaches as well as a discussion of their respective advantages and disadvantages is
available in United Nations (1999).

“I The matrixd in the Leontief model is always positive because the mat@d the matriXD are both always
positive, and the matri® and the matriXD can both be rectangular and the ma#friwill still be symmetric.

“21n order to use this approach, it is necessargither have squareQ tables or to aggregate commodities and/or
industries such that the number of commaodities equals the number of industries.



74

Appendix B: Detailed Decomposition Results

Appendix Table 1. Decomposition of Decline in the Employment Share of Manufacturing by -Bigit NOC
Occupation, 19912011

3-Digit NOC 2011 Occupation Code Within  Between Cross thal .
Contribution
001 Legislators and senionanagement -0.11 -0.02 0.01 -0.12
011 Administrative services managers -0.01 0.01 0.00 0.00
012 Managers in financial and business services -0.19 -0.15 0.10 -0.23
013 Managers in communication (except broadcasting) 0.00 0.00 0.00 0.00
_021 Maqagers irengineering, architecture, science and 0.02 0.02 0.00 0.00
information systems
031 Managers in health care 0.00 0.00 0.00 0.00
041 Managers in public administration 0.00 0.00 0.00 0.00
042 Managers in education and social and community service  0.00 0.00 0.00 0.00
043 Managers in public protection services 0.00 0.00 0.00 0.00
051 Managers in art, culture, recreation and sport -0.04 -0.03 0.03 -0.04
060 Corporate sales managers 0.06 -0.04 -0.03 -0.01
062 Retail and wholesale trade managers 0.00 0.13 -0.08 0.04
063 Managers in food service and accommodation -0.01 0.01 0.00 0.00
065 Managers in customer and personal services, n.e.c. -0.02 -0.01 0.01 -0.02
071. Managers in construction and facility operation and 0.01 0.04 -0.02 0.01
maintenance
073 Managers in transportation -0.01 0.01 0.00 0.00
081 Managers in natural resources production and fishing -0.14 -0.13 0.11 -0.16
082 Managers in agriculture, horticulture and aquaculture 0.00 0.00 0.00 0.00
091 Managers in manufacturing and utilities 0.10 0.04 0.02 0.16
111 Auditors, accountants and investment professionals -0.03 0.08 -0.04 0.01
112 Human resources and business service professionals -0.02 0.06 -0.03 0.01
121 Administrative services supervisors -0.02 -0.05 0.01 -0.06
122 Administrative and regulatory occupations -0.03 0.20 -0.08 0.09
124 folce administrative assistantgyeneral, legal and 0.13 -0.08 0.04 017
medical
125 Cp_urt reporters,_ tr_anscrlptlonlsts, records management 0.09 014 0.08 0.15
technicians and statistical officers
131 Flngnce, insurance and related business administrative -0.03 0.01 0.00 0.04
occupations
141 General office workers -0.08 0.02 -0.01 -0.06
142 Office equipment operators -0.02 -0.01 0.00 -0.03
143 Financial, insurance and relatediministrative support 0.03 0.04 0.01 -0.06
workers
145 Library, correspondence and other clerks -0.09 -0.07 0.05 -0.11
151 Mail and message distribution occupations -0.01 0.00 0.00 -0.01
152 Supply chain logistics, tracking and schedwagrdination -0.02 -0.09 0.00 -0.10
occupations
211 Physical science professionals -0.01 -0.01 0.00 -0.02
212 Life science professionals 0.00 0.00 0.00 0.00
213 Civil, mechanical, electrical and chemical engineers -0.03 0.05 -0.01 0.01
214 Otherengineers -0.02 0.02 0.00 0.00
215 Architects, urban planners and land surveyors 0.00 0.00 0.00 0.00
216 Mathematicians, statisticians and actuaries 0.00 0.00 0.00 0.00
217 Computer and information systems professionals -0.05 0.15 -0.08 0.02
221 Technical occupations in physical sciences 0.00 -0.01 0.00 -0.01
222 Technical occupations in life sciences -0.01 -0.01 0.00 -0.02
223 Technical occupations in civil, mechanical and industrial 0.00 0.06 0.00 0.06

engineering
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224 Technical occupations &lectronics and electrical
engineering

225 Technical occupations in architecture, drafting, surveying
geomatics and meteorology

226 Other technical inspectors and regulatory officers

227 Transportation officers and controllers

228 Technical occupations in computer and information
systems

301 Professional occupations in nursing

311 Physicians, dentists and veterinarians

312 Optometrists, chiropractors and other health diagnosing
and treating professionals

313 Pharmacists, dietitians and nutritionists

314 Therapy and assessment professionals

321 Medical technologists and technicians (except dental
health)

322 Technical occupations in dental health care

323 Other technical occupations in health care

341 Assistingccupations in support of health services

401 University professors and pestcondary assistants

402 College and other vocational instructors

403 Secondary and elementary school teachersetheational
counsellors

411 Judges, lawyers and Quebec notaries

415 Social and community service professionals

416 Policy and program researchers, consultants and officers
421 Paraprofessional occupations in legal, social, community
and education services

431 Occupations in frodine public protection services

441 Home care providers and educational support occupatior
442 Legal and public protection support occupations

511 Librarians, archivists, conservators and curators

512 Writing, translating and related communications
professionals

513 Creative and performing artists

521 Technical occupations in libraries, public archives, muse!
and art galleries

522 Photographers, graphic arts technicians and technical ar
co-ordinating occupations irmotion pictures, broadcasting and
the performing arts

523 Announcers and other performers, n.e.c.

524 Creative designers and craftspersons

525 Athletes, coaches, referees and relatedupations

621 Retail sales supervisors

622 Technical sales specialists in wholesale trade and retail ¢
wholesale buyers

623 Insurance, real estate and financial sales occupations
631 Service supervisors

632 Chefs and cooks

633 Butchers and bakers

634 Specialized occupations in personal and customer servic
641 Sales andccount representativeswholesale trade (non
technical)

642 Retail salespersons

651 Occupations in food and beverage service

652 Occupations in travel and accommodation

653 Tourism and amusement services occupations

654 Security guards and related security service occupations
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655 Customer and information services representatives

656 Other occupationi personal service

661 Cashiers

662 Other sales support and related occupations

671 Food counter attendants, kitchen helpers and related
support occupations

672 Supporbccupations in accommodation, travel and
amusement services

673 Cleaners

674 Other service support and related occupations, n.e.c.
720 Contractors and supervisors, industr@éctrical and
construction trades and related workers

723 Machining, metal forming, shaping and erecting trades
724 Electrical trades and electrical power line and
telecommunications workers

725 Plumbers, pipefitters and gas fitters

727 Carpenters and cabinetmakers

728 Masonry and plastering trades

729 Other construction trades

730 Contractorsnd supervisors, maintenance trades and hea
equipment and transport operators

731 Machinery and transportation equipment mechanics
(except motor vehicle)

732 Automotive service technicians

733 Other mechanics and related repairers

736 Train crew operating occupations

737 Crane operators, drillers and blasters

738 Printing press operators and other trades and related
occupations, n.e.c.

744 Other installers, repairers and servicers

745 Longshore workers and material handlers

751 Motor vehicleand transit drivers

752 Heavy equipment operators

753 Other transport equipment operators and related
maintenance workers

761 Trades helpers and labourers

762 Public works and other labourers, n.e.c.

821 Supervisors, logging and forestry

822 Contractors and supervisors, mining, oil and gas

823 Underground miners, oil and gas drillers asldted
occupations

824 Logging machinery operators

825 Contractors and supervisors, agriculture, horticulture anc
related operations and services

826 Fishing vessel masters dighermen/women

841 Mine service workers and operators in oil and gas drilling
842 Logging and forestry workers

843 Agriculture and horticulture workers

844 Othemworkers in fishing and trapping and hunting
occupations

861 Harvesting, landscaping and natural resources labourers
921 Supervisors, processing and manufacturing occupations
922 Supervisors, assembly and fabrication

923 Central control and process operators in processing and
manufacturing

924 Utilities equipment operators and controllers

941 Machine operators anetlated workers in mineral and
metal products processing and manufacturing
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942 Machine operators and related workers in chemical, plas

X 0.07 -0.06 -0.02 -0.01
and rubber processing
943 Ma_chlne operators and re_Iated workerspinlp gnd paper 0.07 0.23 -0.04 -0.20
production and wood processing and manufacturing
944 Machine operators and rglated workers in tegtlle, fabric, 1 0.03 0.24 0.02 0.22
and leather products processing and manufacturing
946 Machl_ne operators anetlated _Workers in food, beverage 017 0.22 -0.09 0.14
and associated products processing
947 Printing equipment operators and related occupations 0.00 -0.05 0.00 -0.04
952 Mechanical, electrical and electronics assemblers 0.04 -0.01 0.00 0.02
9530ther assembly and related occupations 0.08 -0.06 -0.01 0.00
961 Labourers in processing, manufacturing and utilities 0.54 -0.72 -0.30 -0.48
PBS Total -1.76 -0.29 0.32 -1.73
NonPBS Total -0.54 -1.71 -0.67 -2.92
Total -2.30 -2.00 -0.35 -4.66

Note: All figures are expressed in terms of percentage points of total employment. The grand total is the decrease in the
manufacturing industryés share
occupationsexpressedh bold, are defined as those for which the PBS industry represented a greater share of employment for
that occupation than it did for all employment in the total economy in ZDli s

mapping the 1980 SOC codeto 2011 NOC codes.

Source: CSLS calculations based on Statistics Canada data. 199.usCespecial order, and pubiiclavailable National

Household Survey data.
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Appendix Table 2:Decomposition of Decline in the Employment Share of Manufacturing by -Bigit NOC
Occupation, 19912011

3-Digit NOC 2011 Occupation Code Within Between Cross Cor;l;ﬁktijltion
001 Legislators and senior management -0.03 -0.02 0.01 -0.03
011Administrative services managers 0.03 0.01 0.00 0.04
012 Managers in financial and business services -0.10 -0.15 0.10 -0.14
013 Managers in communication (except broadcasting) 0.00 0.00 0.00 0.00
021 Managers in engineering, architecture, science amfdrmation systems 0.00 0.02 0.00 0.02
031 Managers in health care 0.00 0.00 0.00 0.00
041 Managers in public administration 0.00 0.00 0.00 0.00
042 Managers in education and social and community services 0.00 0.00 0.00 0.00
043 Managers in publjorotection services 0.00 0.00 0.00 0.00
051 Managers in art, culture, recreation and sport -0.03 -0.03 0.03 -0.03
060 Corporate sales managers 0.10 -0.05 -0.03 0.02
062 Retail and wholesale trade managers 0.00 0.13 -0.08 0.05
063 Managers in foodervice and accommodation 0.00 0.01 0.00 0.00
065 Managers in customer and personal services, n.e.c. -0.01 -0.02 0.01 -0.01
071 Managers in construction and facility operation and maintenance 0.00 0.04 -0.02 0.02
073 Managers in transportation 0.00 0.01 0.00 0.00
081 Managers in natural resources production and fishing -0.10 -0.11 0.11 -0.11
082 Managers in agriculture, horticulture and aquaculture 0.00 0.00 0.00 0.00
091 Managers in manufacturing and utilities 0.14 0.06 0.02 0.22
111 Auditors,accountants and investment professionals -0.01 0.08 -0.04 0.04
112 Human resources and business service professionals -0.01 0.06 -0.03 0.03
121 Administrative services supervisors 0.02 -0.05 0.01 -0.02
122 Administrative and regulatory occupations 0.00 0.20 -0.08 0.12
124 Office administrative assistantgyeneral, legal and medical -0.04 -0.09 0.04 -0.08
i;?igﬁzztgfefizrrtsers, transcriptionists, records management technicians ar 0.04 .0.14 0.08 -0.10
131 Finance, insurance amdlated business administrative occupations 0.00 -0.01 0.00 -0.01
141 General office workers -0.01 0.02 -0.01 0.00
142 Office equipment operators -0.01 -0.01 0.00 -0.01
143 Financial, insurance and related administrative support workers 0.03 -0.04 0.01 -0.01
145 Library, correspondence and other clerks -0.05 -0.07 0.05 -0.07
151 Mail and message distribution occupations 0.00 0.00 0.00 -0.01
152 Supply chain logistics, tracking and schedulirgrdmation occupations 0.11 -0.08 0.00 0.03
211 Physicascience professionals 0.01 -0.01 0.00 0.00
212 Life science professionals 0.01 0.00 0.00 0.01
213 Civil, mechanical, electrical and chemical engineers 0.03 0.05 -0.01 0.07
214 Other engineers 0.02 0.03 0.00 0.04
215 Architects, urban planners and larsdirveyors 0.00 0.00 0.00 0.00
216 Mathematicians, statisticians and actuaries 0.00 0.00 0.00 0.00
217 Computer and information systems professionals -0.02 0.15 -0.08 0.05
221 Technical occupations in physical sciences 0.02 0.00 0.00 0.02
222 Technicabccupations in life sciences 0.00 -0.01 0.00 -0.01

223 Technical occupations in civil, mechanical and industrial engineering 0.02 0.07 0.00 0.09
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224 Technical occupations in electronics and electrical engineering

225 Technical occupations in architecture, drafting, surveying, geomatics
and meteorology

226 Other technical inspectors and regulatory officers

227 Transportation officers and controllers

228 Technical occupations in computer and information systems
301 Professional occupations in nursing

311 Physicians, dentists and veterinarians

312 Optometrists, chiropractors and othleealth diagnosing and treating
professionals

313 Pharmacists, dietitians and nutritionists

314 Therapy and assessment professionals

321 Medical technologists and technicians (except demalth)
322 Technical occupations in dental health care

323 Other technical occupations in health care

341 Assisting occupations in support of health services

401 University professors and pesecondary assistants

402 College and other vocational instructors

403 Secondary and elementary school teachers and educational counsell
411 Judges, lawyers ar@uebec notaries

415 Social and community service professionals

416 Policy and program researchers, consultants and officers

421 Paraprofessional occupations in legal, social, communitgdnchtion
services

431 Occupations in frodine public protection services

441 Home care providers and educational support occupations
442 Legal and public protection support occupations

511 Librarians, archivists, conservators and curators

512 Writing, translating and related communications professionals

513 Creative and performing artists

521 Technical occupations in libraries, public archives, museums and art
galleries

522 Photographers, graphic arts technicians and technical an@rctinating
occupations in motion pictures, broadcasting and the performing arts

523 Announcers and other performers, n.e.c.
524 Creative designers and craftspersons
525 Athletes, coaches, referees and related occupations

621 Retail sales supervisors

622 Technical sales specialists in wholesale trade and retail and wholesal
buyers
623 Insurance, real estate and financial sales occupations

631 Service supervisors

632Chefs and cooks

633 Butchers and bakers

634 Specialized occupations in personal and customer services
641 Sales and account representativegholesale trade (noftechnical)
642 Retail salespersons

651 Occupations in food and beverage service

652 Occupations in travel and accommodation

653 Tourism and amusement services occupations

654 Security guards and related security service occupations
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-0.01
0.00
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655 Customer and information services representatives
656 Other occupations in personal service
661 Cashiers

662 Other sales support and related occupations

671 Food counter attendants, kitchen helpers and related support
occupations

672 Support occupations in accommodation, travel and amusement servic
673 Cleaners

674 Other service support and related occupations, n.e.c.

720 Contractors and supervisors, industrial, electrical and construction tra
and related workers

723 Machining, metal forming, shaping and erecting trades

724 Electrical trades and electrical power line and telecommunications
workers

725 Plumbers, pipefitters and gas fitters
727 Carpenters and cabinetmakers
728 Masonry and plastering trades

729 Other construction trades

730 Contractors and supervisors, maintenance trades and heavy equipme
and transport operators

731 Machinery and transportation equipment mechanics (except motor
vehicle)

732 Automotive service technicians

733 Other mechanics and related repairers

736 Traircrew operating occupations

737 Crane operators, drillers and blasters

738 Printing press operators and other trades and related occupations, n.¢
744 Other installers, repairers asérvicers

745 Longshore workers and material handlers

751 Motor vehicle and transit drivers

752 Heavy equipment operators

753 Other transport equipment operatoesd related maintenance workers
761 Trades helpers and labourers

762 Public works and other labourers, n.e.c.

821 Supervisors, logging and forestry

822 Contractoraind supervisors, mining, oil and gas

823 Underground miners, oil and gas drillers and related occupations

824 Logging machinery operators

825 Contractors and supervisors, agricultutegrticulture and related
operations and services

826 Fishing vessel masters and fishermen/women

841 Mine service workers and operators in oil and gas drilling

842 Logging and forestwyorkers

843 Agriculture and horticulture workers

844 Other workers in fishing and trapping and hunting occupations

861 Harvesting, landscaping and natural resources labourers

921 Supervisors, processing and manufacturing occupations

922 Supervisors, assembly and fabrication

923 Central control and process operators in processing and manufacturir
924 Utilities equipment operators and controllers

941 Machine operators and related workers in mineral and metal products
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0.00
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-0.01
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processing and manufacturing

942 Machine operators and related workers in chemical, plastitrubber

; 0.10 -0.02 -0.03 0.05
processing
943 Machine c_)perators and relate_d workers in pulp and paper production . 012 0.14 -0.05 0.08
wood processing and manufacturing
944 Machine ope_rators and related V\_lorkers in textile, fabric, fur and leathe 0.09 015 -0.03 0.10
products processing and manufacturing
946 Machine ope_rators and related workers in food, beverage and associe 024 0.14 -0.10 0.00
products processing
947 Printing equipment operators and related occupations 0.03 -0.02 -0.01 0.01
952 Mechanical, electrical and electronics assemblers 0.09 0.13 -0.01 0.20
953 Other assembly and related occupations 0.14 0.01 -0.03 0.13
961 Labourers in processing, manufacturing and utilities 0.83 -0.53 -0.34 -0.04
PBS Total -0.39 -0.26 0.31 -0.33
NonPBS Total 1.78 -0.59 -0.87 0.33
Total 1.40 -0.84 -0.55 0.00

Note: All figures are expressed in terms of percentage points of total employment. The grand total is the decrease in the
manufacturing industryds s htor2ell. &f thet3digit aodcupationp are steck e PBSr o m
occupationsexpressed in boldre defined as those for which the PBS industry represented a greater share of employment for
that occupation than it did for all employment in the total economy Ii2Dh i s

mapping the 1980 SOC codes into 2011 NOC codes.

Source: CSLS calculations based on Statistics Canada data. 199.usCespecial order, and pubiiclavailable National

Household Survey data.

Appendix Table 3: Decomposition of Decline in the Employment Share of Manufacturing, Alternative

Weighting of SOC Codes, 1992011

tabl e is

based

Within Between Cross Total

PBS Occupation -1.19 0.23 -0.06 -1.01

1-Digit NonPBSDOccupations -1.64 -1.80 -0.21 -3.64
Total -2.82 -1.57 -0.27 -4.66

PBS Occupation -1.55 0.18 -0.06 -1.43

2-Digit Non-PBS Occupations -1.38 -1.61 -0.24 -3.23
Total -2.92 -1.44 -0.30 -4.66

PBS Occupation -1.55 0.19 -0.01 -1.37

3-Digit NonPBSOccupations -1.20 -1.62 -0.47 -3.29
Total -2.75 -1.43 -0.48 -4.66

PBS Occupation -1.33 -0.41 -0.04 -1.78

4-Digit Non-PBS Occupations -1.53 -1.23 -0.12 -2.88
Total -2.86 -1.64 -0.16 -4.66

Note: All figures are expressed in terms of percentage points of total employment. The grand totaletsefime in the

manufacturing n d u s tre of ital ensployanent from 1991 to 2011

on

Source:CSLS calculations based on Statistics Canada da@l Census, special order, and publically available National

Household Survey data.
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19 ¢

i



82

Appendix Table 4:Decomposition of Decline in the Employment Share of Manufacturing, Robustness of PBS
Occupation Definition, 19932011

Standard
Deviations Within Between Cross Total
PBS Occupation -1.76 -0.29 0.32 -1.73
0 NonPBS Occupations -0.54 -1.71 -0.67 -2.92
Total -2.30 -2.00 -0.35 -4.66
PBS Occupation -0.76 0.12 -0.06 -0.71
0.5 NonPBS Occupations -1.54 -2.12 -0.29 -3.95
Total -2.30 -2.00 -0.35 -4.66
PBS Occupation -0.51 0.13 -0.11 -0.49
1 NonPBS Occupations -1.79 -2.13 -0.24 -4.17
Total -2.30 -2.00 -0.35 -4.66
PBS Occupation -0.10 0.02 0.00 -0.07
2 NonPBS Occupations -2.21 -2.02 -0.35 -4.58
Total -2.30 -2.00 -0.35 -4.66

Note: All figures are expressed in terms of percentage points of total employment. The grand totaletsetg® in the

manufacturing n d u s t re of total emsployament from 1991 to 20Ah occupation is considered to be PBS if share of the
occupationdés workers employed in the PBS industry exceeds th
given number of standard deviations. Standard deviiadli ons are
four-digit NOC occupations (weighted by occupational shares in total employment). The 0, 0.5, 1, and 2 standard deviation
thresholds are 11.2 per cent, 19.7 per cent, 28.2 per cent, and 45.3 per cent respectively. The decompositions ustilging thi

have been performed attheld gi t NOC | evel based on an fiequal 6 weighting sc
Source!CSLS calculations based on Statistics Canada #@®4. Census, special order, and publically available National

Household Suryedata.
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Appendix C. Mapping 1980 SOC Codes to 2011 NOC Codes

There were significant changes in the classification structure between the 1980 SOC and
1991 SOC. The differences between the 1991 SOC and 2001S\\@@1 SOC and 2006 NOC
S, and 200NOC-S and 2011 NOC relatively minor in comparison. For eadigit 1980 SOC
code, concordance tables from Statistics Canada indicate widiigjit 4991 SOC codes it maps
into. However, there is no indication of how the employment of a single 1980 SOGlumald
be distributed among multiple 1991 SOC codes when the mapping is riatone.

Formally, the problem is that for each bfl980 SOC occupations, we need to map
employment in occupation © , iInto employment in the J 1991 SOC occupations. This
amounts to choosing weighis such that:
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This means that employmenttime 1991 SOC codes is determined by weighted averages
of the 1980 SOC codes and that all employment is allocated to a 1991 SOC code.

The simplest approach to choosing weights is to equally distribute employment among all
the 1991 SOC codes correspondingpo t he 1980 SOC <codes. We r
weighting. 0

For robustness, we al so i mplement a more c
This distributes employment among the 1991 SOC codes based upon their relative shares of total
employment irthe 2006 Census.

For clarity, consider a simple example. We know that occupation X has 10 workers under
SOC 1980 and that it corresponds to two occupations, Y and Z, under the SOC 1991. We also
know that in the 2006, 15 workers were employed in Y anoh 35 Under equal weighting, we
would assign 5 workers from X to Y and 5 from X to Z. Under the alternative weighting, we note
that Z represented 70 per cent of the total employment between Y and Z in the 2006 Census, so
we assign 3 workers from X to Y @7 from X to Z. Both of these weighting schemes are clearly
flawed in that they likely do not represent the true concordances, but this is the best that we can
do with the data available. Generally, the choice of weighting makes a greater differenee at fi
levels of disaggregation.
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The weighting procedure is repeated to map 1991 SOC codes to 2005 Nades, and
2006 NOGS codes to 2011 NOC codes. Fortunately, the 2001-S@@d 2006 NOE codes
are extremely similar so that this is not necessary.

At higher levels of disaggregation, the choice of weights becomes less relevant as many
of the distinctions between categories disappear. For this reason, we explore the robustness of the
results to all four possible levels of disaggregation and closely centiparresults at the two
digit level to see if they are consistent with those using the consistently defined data from
Capeluck (2015b).

Another challenge with the occupatiemployment data from 1991 is that each three
digit occupation code and two digihdustry contains a number of individuals who were
Aassignedo to that i ndustonogic characteristicsubpcause they b a s
did not state an occupation or industry. We allocate those in the assigned category to the more
detailed occugtional and industry subcategories in proportion to the relative size of the
subcategories.



