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Abstract

In contrast to the significant slowdown in aggregate productivity growth in Canada since
2000, the labour productivity performance of the primary agriculture sector has been strong. The
objective of this study istohsed | i ght on the factors behind
provides an overview of the productivity performance of the Canadian agriculture sector over the
19612007 period, discussing both lotgyrm trends and recent developments. Labour
productivty and MFP estimates for the period are analyzed, as well as land and intermediate
input productivity. The main drivers of productivity growth in the sector are identified and
examined. Finally, policy suggestions are discussed.
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A Detailed Analysis of
the Productivity Performance of
the Canadian Primary Agriculture Sector

Executive Summary

Labour productivity is the key factor that determines living standards in the long run.
Since2000Canadaés | abour productivity growth has
an international perspective. Labour productivity in the Canadian agriculture sector, however,
was unaffected by this slowdown, continuing to grow at a very robust pace po#i2000
period. The objective of this report is to provide an overview of the productivity performance of
the Canadian agriculture sector over the 1268Q7 period, highlighting both loAgrm trends
and recent developments. The report identifiestaeern  dr i ver s behind the ¢
makes gener al policy suggestions that might h
even more.

Output Trends

Real GDP in the Canadian primary agriculture sector grew at less than half the rate
expeienced by the business sector during the overall -P98Y period (1.80 versus 3.81 per
cent per year). These results are not surprising. In general, agricultural output grows at a much
slower pace than business sector output because food products teasetdow income
elasticities of demand. For exactly the same reason, when real GDP in the business sector
faltered in the 200@007 period, decreasing from 4.04 per cent per year in the 2881 period
to 2.59 per cent, real GDP growth in primary agtid experienced only a very small drop,
from 1.83 per cent to 1.60 per cent.

Real gross output in the primary agriculture sector grew at an average annual rate of 3.11
per centduringthe 1962007 peri od, significantggwthi Ths t er t
reason for thiss themoreintensive use of intermediate goods in primary agriculower time
I n fact, the cost of intermediate inputs repr
2007, up from 40.3 per cent in 1961.

Input Use Trends

By far the most important development in terms of input use in the primary agriculture
sector during the 1962007 period was the massive contraction in total hours worked. In 2007,
total hours worked in primary agriculture represented 2.7ceet of total hours worked in the
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Canadian business sector, down from 14.3 per cent in 1961, a drop of 11.6 percentage points.
Total hours worked in primary agriculture declined at a rate of 1.90 per cent per year during the
19612007 period, while in thbusiness sector it increased by 1.72 per cent per year.

Another important trend was the growing importance of intermediate inputs in the
primary agriculture sector. In 2007, intermediate input use accounted for 66.9 per cent of the
sector 6 s ootput, apafiom 4013 pes cent in 1961. In real terms, intermediate input
use in the sector increased 4.63 per cent per year during the2Q@®8Jperiod. More recently,
however, intermediate input growth has fallen considerably, from 5.23 per centli®6th2000
period to 1.33 per cent in the 200007 period.

Productivity Trends

This report analyzes sevenaartial productivity measures, including labour, land, and
intermediate input productivity, as well as multifactor productivity (MFP). Two sets of labour
productivity and MFP estimates are presented: one calculated usalgeaadded approach
(VA), the other calulated using gross output approach (GO)

Labour Productivity (VA)

Labour productivity (VA) in primary agriculture increased at almost double the rate of
the Canadian business sector during the 2Z4BI/ period (3.77 versus 2.06 per cent per year).
Growth rates in primary agriculture exhiitlittle change over the 1962000 period and 2060
2007 period (9 versus 3.62 per cent, respectiveBusiness sector growth rates) the other
hand experienced a significant slowdown time latter period1.07 versus 2.24 per cent per
year) which implies a widening of the performance gap between the agriculture sector and the
Canadian business sector in recent years

The labour productivity (VA) levein primary agriculture was $5.55 per hour (chained
2002 dol Il ar s) in 1961, only 37 per cent of th
productivity (VA) had risen to $30.50 per hour, representing 79.5 per cent of the business sector
level.

Although real GDP per hour worked, i.e. labour prodiistifVA), in the agriculture
sector grew quickly, the levels of nominal output per hour worked were notably low when
compared to other sectors or the Canadian business sector as a whole. In 2007, nominal GDP per
hour worked in the agriculture sector regmeted only 53.1 per cent of the business sector level,
up from 39.4 per cent in 1961.
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Nominal productivity levels are affected by both physical productivity growth and trends
in output price. This seemingly paradoxical performance of the agricultumr seaxt due to the
fact that the increase in agricultural labour productivity was accompanied by an overall fall of
agricultural prices relative to economyde prices.In Canada, prices of most agricultural
commodities are determined in competitive marketsich means that the average agricultural
producer is a price taker, not a price maker, and prices reflect the underlying cost strlibtures.
cost structures, in turn, are affected by several factors, one of the most important being
productivity growth.In this context, changes in relative prices are driven by productivity
developments at an industry levéls agriculture has enjoyed above average productivity
growth, the relative price of its products have fallBalling relative prices indicate thatra
i mportant share of the s e col-20070psriodpmasopdssed bty i t y
consumers.

Labour Productivity (GO)

Labour productivity (GO) in primary agriculture grew at an average annual rate of 5.11
per cent during the 1964007 period, considerably higher than the rate observed using the value
added measure, 3.pér cent The difference between the two growth sateascaused by the
more intensive use of intermediate inputsthe sectorover time which boosted gross output
growthwell above GDP growthand led GO labour productivity growthb be stronger than that
of VA labour productivity.

Multifactor Productiv ity (VA)

MFP (VA) in primary agriculture increased by 2.09 per cent per year over the209G1
period, six times the growth experienced by the Canadian business sector, 0.35 per cent per year.
While MFP (VA) growth in the business sector slowed sigaiftty in the 2002007, declining
from 0.46 per cent per year during the 128D0 period t60.30 per cent, MFP (VA) growth in
primary agriculture remained practically constant throughout the entire period, 2.14 per cent in
19612000 and 1.79 per cent 2000-2007.

Multifactor Productivity (GO)

MFP (GO) in the primary agriculture sector grew at an average annual rate of 1.02 per
cent per year in the 1964007 period, slower than the rate observed when the value added
measure is used. Again, the reason for this difference istineintensive use of intermediate
inputsover time which implies a higher rate of growth for the input aggregatd thus a slower
MFP growth.
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The Contribution of Labour Productivity Growth in the Primary Agriculture
Sector to Aggregate Labour Productivity Growth

A countrydés aggregate | abour productivity
the different sectorsdé | abour productdlabour ty, w
input share. This is the mechanism whereby the primary agriculture sector plays a role in
contributing to overall labour productivity growthAccording to CSLS calculations, the
primary agriculture sector accounted fif.2 per cent of aggregat@bour productivity (VA)
growth in Canada (business sector) during the 2RI/ period. This may seem surprising,
given that the importance of the primary agriculture sector as a shausinéss sector GDP and
employment has fallen over timeepresenhg 1.4 per cent of GDP, and 2.2 pent of total
employment in 200.7However, the sector accounted 506 per cent obusiness sectddDP and
10.4 per cent ofbusiness sectamployment in 1961. Furthermore, it experienced exceptional
labour productivig growth throughout the entire period, well above most other sectors in the
Canadian economy, whicontributed to increase its role in overall labour productivity growth.

Sources of Labour Productivity Growth in the Primary Agriculture Sector
Value Added

Using the standard nesdassical growth accounting framework, labour productivity (VA)
growth can be decomposed into three sources: capital intensity growth, MFP growth, and labour
quality growth. During the 1962007 period, the primary agriculeir s ect or 0s | a
productivity (VA) growth was driven almost entirely by MFP (VA) and capital intensity growth,
which were responsible for 2.09 and 1.51 percentage points of the overall labour productivity
(VA) growth (or 55.5 and 40.2 per cent, respedtixeThe rest of labour productivity growth
was driven by increases in labour quality.

The picture in the business sector is quite different. First, labour productivity (VA)
growth in the Canadian business sector was considerably slower than in théugreector,
2.07 per cent per year during the 198107 period. Second, most of this growth came from
increases in capital intensity, which accounted for 62.6 per cent of total labour productivity (VA)
growth. Labour quality growth also played a verlevant role, accounting for 20.8 per cent of
total growth, significantly more than its role in the agriculture sebtarontrast to the major role
of MFP (VA) growth in primary agriculture, MFP (VA) growth in the business sector accounted
for only 16.8 @r cent of total labour productivity (VA) growth.
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Gross Output

Labour productivity (GO) can be decomposed into four components: capital intensity,
intermediate input intensity, labour quality, and MFP growth. During the-206T period, the
primaryag i cul ture sectords | abour productivity (¢
intermediate input intensity (which accounted for 61.5 per cent of total growth), followed by
MFP growth R0.0 per cent) capital intensity growth (15.per cent), and ladur composition
growth (18 per cent).

Drivers of Labour Productivity Growth in the Primary Agriculture Sector

Each of the four sources of labour productivity growth discussed above is determined by
a variety of factors. The agricultural productivityelature identifies several of those factors,
which are, ultimately, the real drivers behind labour productivity growth. Below, we highlight
our key findings regarding the drivers of labour productivity growth in primary agriculture.

Capital Intensity

During the 19642007 period, capital services intensity in the agriculture sector grew at
an average annual rate of 2.82 per cent, still slower than capital services intensity growth in the
business sector (3.27 per cent per year), but by no means aegpfuwmance. One of the main
reasons why the primary agriculture sector is still lagging the business sector in terms of capital
services intensity seems to be the low use of ICT related capital in the sector. When we calculate
capital stock intensity, thpicture changes, with the primary agriculture sector outpacing the
business sector during the 198007 period (2.52 versus 1.46 per cent per year). Overall, both
figures are a clear indication that the sector has seen considerable capital deepening over t
years due to increasing levels of mechanization.

Intermediate Input Intensity

Intermediate input use in Canadian primary agriculture increased at an average annual
rate of 4.63 per cent during the 198007 period. Coupled with the steep decline aurs
worked, this implies an increase of intermediate input intensity of 6.65 per cent per year.

1 Fertilized land area in Canada increased from 6,928 thousand hectares in 1971 (which
represented 10 per cent of total agricultural land area in the coumt2$)348 thousand
hectares in 2006 (37.5 per cent of agricultural land area).
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1 Fertilizer use expenses per hour worked in the primary agriculture sector increased at an
average annual growth rate of 5.35 per cent during the-200@ period, from $0.35
(constant 1992 dollars) in 1971 to $2.16 (constant 1992 dollars) in 2006.

1 Pesticide use expenses per hour worked in the primary agriculture sector (which is a
component of intermediate input intensity) increased at an average annual growth rate of
6.61 per ent during the 1972006 period, from $0.20 (constant 1992 dollars) in 1971 to
$1.87 (constant 1992 dollars) in 2006.

Multifactor Productivity (MFP)

MFP reflects output growth that is not accounted for by input growth. Thus, MFP
captures the residualfetts of several elements of the production process, such as improvements
in technology and organizations, capacity utilization, increasing returns to scale, among other
factors. It also embeds errors due to the mismeasurement of amaldsitput

1 The man factor identified by the agricultural productivity literature as driving MFP
growth is R&D expenditures. For most sectors, business enterprise research and
development intramural expenditures (BERD) are a good measure of R&D efforts.
However, much of th business expenditures on agricultural R&D takes place off farm,
and thus is not captured by BERD estimates. An example of this would be seed research
done by companies such as Monsanto. Second, BERD represents only a small fraction of
R&D spending in Caadian agriculture. The federal and provincial governments play a
vital role infosteringinnovation and research in the sector. Thus, even though BERD in
primary agriculture has tripled between 1994 to 2007, from $32 million to $94 million, it
still repregnts only a small portion of total R&D expenditures in the sector.

1 During the 2002008 period, federal expenditures on agricultural R&D (intramural and
extramural) averaged $420 million per year, approximately 7 per cent of total federal
expenditures oRR&D. Federal expenditures on agricultural R&D grew 4.29 per cent per
year during the period, slightly slower than overall federal expenditures on R&D, which
grew 5.14 per cent per year.

1 In general, scale economies are relevant to productivity growth. Advantages enjoyed by
large production units over small production units can include lower cost of capital,
greater scale economies in the use of resources and production, and more afficient
management. However, the existence and extent of scale economies in primary
agriculture varies according to the commodity produéedecent stug has found, for
instance, that economies of scale in Canadian Prairie agriculture are much larger in
animal production than in crop production



17

1 In orderto ascertain to what extent scale economies exist in Canadian agriculture, and in
which of its subsectorthey are more relevant, one has to estimate a cost function for
agricultural production, which is beyond the scope of this paper. We can suggest,
however, that the importance of scale economies in the primary agriculture sector can be
seen in the movemenbwards larger, and fewer farms that has been taking place in
Canada over the | ast 30 years. According t
there were 336 thousand farm units in Canada in 1971, and the average farm unit size
was 1.88 square kilortres. By 2006, the number of farm units had dropped by 37 per
cent, to 229 thousand, and average farm size had increased by more than 50 per cent, to
2.95 square kilometres. It is important to keep in mind that even though the existence of
scale economiesonstitutes an important rationale for consolidation, it is not the only
one. Thus, as we mentioned before, while the trend towards larger, and fewer farms is
suggestive of scale economies, by no means it should be seen as definitive evidence.

Labour Quality

Economists have emphasized the importance of human capital in driving economic
progress. In general, the higher the education level and the greater the experience of workers, the
more output they can produce per hour of labour.

1 Accordingto Statistcs Canadabés Canadian Productivity
in primary agriculture grew at an average annual rate of 0.55 per cent during the 1961
2007 period, slightly less than the growth of 0.71 per cent observed in the business sector.
The 20002007 period saw ahangein this longterm trend, with labour composition in
agriculture increasing by 0.6%r cent, more than in the business seetbich saw an
increase of 0.54 per cent

T I'n Iine with the CPAOGsS | a b o uschoolpg amlthet y me
agriculture sector has been increasing at a slightly faster pace than the national average in
recent years (0.51 versus 0.86r cent per year, respectively). This has led to a small
narrowingin the schooling gap between the agricultuzeter and the national average,
with average years of schooling in primary agriculture at 89.5 per cent of the national
level in 2007, up from 87.8 per cent in 1990. In absolute terms, average years of
schooling in the agriculture sector rose from 11.4y@a1990 to 12.4 years in 2007.

1 The proportion of workers with pestecondary certificate or diplomas in the agriculture
sector increased considerably, jumping from only 17.7 per cent of total workers in the
sector in 1990 to 28.2 per cent in 2007. Thusnber was still below the national average,
which reached 35.0 per cent of total workers (all industries) in 2007, but the gap is clearly
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closing. In 1990 the proportion of workers in the agriculture sector that had -a post
secondary certificate or diplarwas only 67.2 per cent of national average, but in 2007
this number had gone up to B(er cent.

The excellent productivity performance in Canadian primary agriculture during the 1961
2007 period was caused in large part by the increasing level of mechanization in the sector, as
well as by the role played by R&D, which allowed farmers to incorporaf@itant labour
saving technologies to the production process. This led to a major contraction in labour input use
in primary agriculture, and explains why the
business sector consistently declined from 14r3cpat in 1961, to 2.7 per cent in 2007. It also
explains why the average capital share of GDP in primary agriculture has been @ugely
cent during the 1962007, well above the business sector average of 40 per cent.

However, there is no guarantdet, ceteris paribusthe productivity growth rates that
were attained in the past will be attainable in the future. In particular, would it be reasonable to
expect unlimited productivity gains from mechanization in the-amy

Policy Directions

Productivity growth in the primary agriculture sectsr the outcome of complex
interactions of actions of farmers, their suppliers and customers, universities and governments.
Nevertheless, the longé&erm productivity performance of the sector is maadyermined by the
private sector investments in innovation and innovation adoption, and the size and pace of
economic adjustment by producers to rapidly changing environment and market conditions.
Federal and provincial governments can play an importantero i n i mpr ovi ng t}
productivity performance and competitiveness by supporting and fostering innovation and
innovation adoption, improving access to export markets, removingpraemcial barriers to
trade, reducing regulatory burden, providiagequate and staté the art transportation and
telecommunication infrastructure and facilitating the market driven structural changes and
economic adjustment.
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A Detailed Analysis of
the Productivity Performance of
the Canadian Primary Agriculture Sector?

l. Introduction

Labour poductivity is the key factor that determines living standards in the long run. If
the amount ofeal outputper hour workedloes not increase, real wages and incomes cannot rise
(Shar pe, 2010a) . Sur pradectivity @ovaxh hasthaem abysmal,sbotH fi@r o
an historical and an international perspective (Sharpe and Thomson, Z01Gipour
productivity in the Canadiamprimary agriculture sector, howevewas unaffected by this
slowdown, continuing to grow at very robust pace during tB600-2007 period Despite strong
growth rates in terms afeal output per hour workedhe level ofnominal output per hour
worked inprimary agriculture wasiotably low when compared to the Canadian business sector,
representingnly 531 percenbf t he busi nie2087. sector ds | evel

This (seemingly) paradoxical performance of themaryagr i cul t ur e sect o
productivity raises a numbeff important questions regarding real output growth, relative prices
of agricultural goods, and labour input uddis report seeks to understand these and other
productivity trends irprimary agriculture over the last 50 yeaidentifying the main sources and
driversthat influence agricultural productivitynderstanding the nature of productivity growth
in agriculture is a necessary first step towards improving policies that affect this sector. Although
our analysis emphiaes developments in labour productivither productivity measures are
also discussed, suchiasermediate inputs, land, and multifacpyoductivity.

The report is organized as follows. Section two defines the primary agriculture sector,
overviews the recent literature on measuring agricultural productivity, and explains the link
between labour productivity and living standards. This section alsosdtaidata sources used
in the report, and possible measurement issues. Section dls@gssestrends in labour,
intermediate input, land, and multifactor productivity in primary agriculture during thea@&21
period, at both the national level and ag tbrovincial level. The fourth section compares the

! This report was written by Ricardo de Avillez, under the supervision of Andrew Sharpe. The section on policy directions
received major input from Someshwar Rao. The author would like to thank the participants of the AAFC discussion session on
agriculturalproductivity on Feb 25, 2011, and the participants of the CEA Session on June 4, 2011, at the University of Ottawa

for their feedback. Special thanks go to Professor Erwin Diewert (UBC) and Bruce Phillips (AAFC). The CSLS would like to

thank Agriculture ad AgriFood Canada for the financial suppofor comments, the author can be contacted at
ricardo.avillez@csls.ca

2From 1981 to 2000, |l abour productivity ramofC®penckatdblathd usi ness
20002010 period, labour productivity growth dropped sharply to a mer8 pef cent per year in Canada. This slowdown in

labour productivity growth in Canada was not experienced in the United States, which grew at anaavarabrate of 89 per

cent during the same period (up from 1.96 per cent during the 28&1 period).
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primary agriculture sector in Canada to that of other countries. Section five identifies and
discusses the fundamental factors that influence productivity growth in primary agriculture.
Section six delinates possible policy implications of the previous analysis, section seven
suggests topics that would benefit from further research, and section eight concludes.
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ll. Definitions, Concepts, Measurement Issues, and Data Sources

In this part of the reportwe first define the main activities included in the primary
agriculture sector. We then review some of the key issues related to measuring agricultural
productivity, and how (and why) this report deviates from the established literature. Next, the
link between labour productivity and living standards is explained. This is followed by a brief
discussion on data sources used in the report, and measurement issues.

A. The Primary Agriculture Sector

Statistics Canada classifies establishnfeatsording to the North American Industry
Classification System (NAICSNAICS categorizes establishments into industries based on the
similarity of their production processes.hisa hierarchical structure that divides the economy
into 20 sectors, whichre identified by twedigit codes. Below the sector level, establishments
are classified into thredigit subsectors, fowdligit industry groups, and fivdigit industries At
all levels the first two digits always indicate the sector, the third digistissector, the fourth
digit the industry group, and the fifth digit the industry.

At thetwo-digit level, NAICScode 11groups agriculture along with forestry, fishing and
hunting. In this report, therimaryagriculture sectois defined as the sum of the crop production
(NAICS code 111pnd animal productioNAICS code 112subsectorgExhibit 1). These two
subsectors have always represented the bulk of the agriculture, forestry, fishing and hunting
sector in Canada. In 2007,rfexample, nominal GDP in agriculture, forestry, fishing and
hunting amounted to $23,344 million, $15,790 milli@n 676 per cent)of which were due to
crop and animal productidi€hartl).

Crop production is a subsector composed of establishments involved in growing crops,
plants, vines, trees and their seeds. Examples of such establishments are farms, orchards and
greenhouss. The typical production cycle in this ssdctor is completed when the commodity
reaches the dAfarm gateo for mar ket (or, i n
(Statistics Canada, 2007). The length of the production cycle distinguishesphpraduction
subsector from the forestry and logging subsector, where output might be similar, but production
cycles ardonger. For example, the production of Christmas trees is classified as crop production
because the production cycle is less thanekis,

3 For definitions of the main concepts used throughout this report, refer to Appendix 1.

‘“AiThe establishment i s t hagequiredioerieasard productiare dvailable.The@stablshmant, asn g d a
a statistical unit, is defined as the most homogeneous unit of production for which the business maintains accounting records
from which it is possible to assemble all the data elenrenisired to compile the full structure of the gross value of production

(total sales or shipments, and inventories), the cost of materials and services, and labour and capital used in prodidetibn. P

that the necessary accounts are available, thist&tal structure replicates the operating structure of the business. In delineating

the establishment, however, producing units may be grouped. An establishment comprises at least one location bubé can also

composed of many. Establishments mayalss referred to as profit centresodo (Statist
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Animal production is a subsector that includes establishments engaged in raising animals,
producing animal products and fattening animals. Examples of such establishments are farms,
ranches and feedlots.

Exhibit 1: The Primary Agriculture Sector, Subsectors and Industry
Groups According to the North American Industry Classification
System

111 Crop Production
1111 Oilseed and Grain Farming
1112  Vegetable and Melon Farming
1113  Fruit and Tree NuFarming
1114 Greenhouse, Nursery, and Floriculture Production
1119  Other Crop Farming

112 Animal Production
1121  Cattle Ranching and Farming
1122 Hog and Pig Farming
1123 Poultry and Egg Production
1124  Sheep and Goat Farming
1125 Animal Aquaculture
1129  Other Animal Production

Source: Statistics Canada, 2007.

Chart 1. Nominal GDP in Primary Agriculture as a Share of Agriculture,
Forestry, Fishing and Hunting, Canada,2007

B Primary Agriculture

5.6
4.2

m Forestry and Loggint
Fishing, Hunting and Trappin

Support Activities for Agriculture
and Forestry

Source: CSLS calculations based on Statistics Canada data (lAMSles 3830021 and 38309922).
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B. Measuring Agricultural Productivity

Productivity is, broadly speaking, a measure of how much output is produced per unit of
input used. Although there are severaasures gbroductivity, the existing body of literature on
agricultural productivity favars one specific measure: multifactor productivity (MFP) calculated
on a gross output basis (see Christensen, 1975, Ball, 1985, Trueblood and Ruttan, 1992, and Ball
et al, 1997). That is not to say that other productivity measures are not used to analyze
agricultural productivity, far from it. Rayneat al. (1986), for example, calculate estimates of
labour productivity for the agriculture sector in tdeited Kingdom Alstonet al. (2010) look at
global trends of land and labour productivity in primary agriculture; Veeman and Gray (2010)
discuss land productivity and livestock productivity in Canadian agriculture, etc. These other
productivity measures (especially land and labgroductivity) are often regarded by the
agricultural productivity literature as informative, but not as comprehensive as MFP calculated
using a gross output approach. In this section, we explain some of the key issues of agricultural
productivity analys, including the reasons why MFP on a gross output basis is the most widely
used measure of productivity in primary agriculture, and how (and why)eghastdiffers from
the established literature. Special emphasis is given to explaining the impataantalyzing
labour productivity, since its use in studies on agricultural productivity is perhaps not as well
established as that of MFP or land productivity (crop yields, in particular).

Economists distinguish between partial and multifactor prodégtivieasures. Partial
productivity measures refer to the relationship between output and a single input, such as labour,
capital, or land. Multifactor productivity (MFP), on the other hand, attempts to measure how
efficiently a number of factors of produati are used in the production process. In other words,
MFP reflects output growth that is not accounted for by measured input growth. As mentioned in
the previous paragraph, the literature on agricultural productivity clearly favours the use of MFP

over oh er productivity measur es. Christensen (
economists recognized early the inadequacy of partial productivity indexes such as output per
man or yield per acre (€)oo (p. 910). Truebl oo

MFP is considered superior to partial productivity measurements because it does not lend itself as

easily to misinterpretation. For example, when one compares labor productivity and MFP of U.S.
agriculture (6€é), one | mmedi at eof productiwity ihas g®wnh ow muc h
relative to MFP; this phenomenon can be attributed to the substitution of capital for labor associated

with increased mechanization (p. 2).

In other words, the authors are arguing that labour productivity does not controli&bionarin

the use of other inputs (such as capital), and these variations might be responsible for the
changes in labour productivity, which is why this productivity measure could be potentially
misleading.
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Strictly speaking, the above argument is octrréabour productivity tells us nothing
about using inputs other than labour more efficiently or how technology impacts the use of
inputs in general. In our opinion, however, this type of argument misses the mark for two
reasons. First, it is questionableh et her or not MFP nAndoes not | en
easily as labour productivity. By definition, MFP growth can be explained by a number of very
different factors such as improvements in technology and organization, capacity utilization,
increasing returns to scale, among other factors. It also embeds errors due to the mismeasurement
of inputs. In practice, however, the actual contribution of these factors can be very hard to
disentangle, which led Moses Abramovitz to famously say that MFP fa measure o
ignorance about the causes of economic growth
MFP is only as good as the aggregate input measure it is based on, and calculating changes in
input quality is no trivial task.

Second, the fact that labour productivity growth might be driven by mechanization
(which reflects itself in increased capital intensity) or other factors isge@ssarilynisleading.
Using the neoclassical growtttcounting framework first developed bpl&v (1957), labour
productivity growth (measured as output per hour worked) can be decomposed into the
contributions of three main factors: 1) capital intensity (capital per hour worked); 2) labour
quality; 3) and MFP. Therefore, labour productivity grovghould not be understood as an
Aaut onomouso force; instead it is driven by s

This report is not arguing that MFP is not an important measure of productivity growth,
as it clearly is; rather, it is arguing that,a®/ productivity measure, it has limitations. MFP can
capture efficiency improvements, i.e. shifts in the production possibility frontier, much better
than other productivity measures because it captures the effects of substitution between inputs.
Labourproductivity, however, is a better tool for understanding improvemerasdrall living
standardgthe next section explores the link between labour productivity and living standards in
more detail) As Headleyet al. (2010) note, labour productivity inrimary agriculture is
Ainti mately | inked to agricultural wages and
(2001) recommends the wuse of value amhded | ab
links, such as the industry contribution to ecogyemde labour productivity and economic
growt ho (p. 15 ) -addesl hasedilabaur ptoduetivity firmnsad direct link to a
widely used measure of l iving standards, i ncc
keep in mind that produeity is a multtdimensional concept, and different productivity
measures capture different aspects of reality. Thus, this report focuses its discussion not only on
MFP, but also on labour productivity, with the link between these two productivity measures
being provided by the neoclassical growattcounting framework.

Another fundamental issue is whether agricultural productivity measures should be
calculated using a gross output or a value added approach. Again, we will see that there are
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advantages andisadvantages to both approaches. Gross output consists of all goods and services
produced by an economy, sector, industry or establishment during a certain period of time. Value
added, on the other hand, measures the contribution of primary inputs (ledyaital, and land)

to the production process. While gross output refers to an actual physical quantity, there is no
physical representation of value added.

When dealing with the economy as a whole, the value added approach is the natural
choice, becase it avoids double counting of intermediate inputs in the aggregate output. In
practice, the value added approach is also the standard choice of most sectoral productivity
analysis. Trueblood and Ruttan (1992) argue, however, that when investigatimgdhetigity
performance of a particular sector, the focus should be on the totaiomyputt relationship in
order to evaluate the overall efficiency gains in both primary and intermediate input use. This is
particularly true in the case of primary agiicre, where seed, feed, fertilizers, pesticides, etc.
play an essential role. Christensen (195®res this view, and cites argumemged by Arrow
and Hulten on the limits of the value added approach.

According to Arrow(1985) the use ofhe valueaddedapproachwould only make sense
if intermediate inputs were separable from primary ingwsich, asChristensen notes, would
require unrealistic restrictions on the marginal rates of substijution

Without the separability assumption, howevers hard to assign any definite meaning to real value
added, and probably the best thing to say is that the concept should not be used when capital and labor
are not separable from materials in productipri69§.

Diewert and Morigon (1986) and Dieert and Fox (2008) disagree with this view.
thesetwo papers, the authors develop a frameworkmeasuring MFP growth on a value added
basis using flexible functional form, and assuming competitive pricing and constant returns to
scale, where them@re no separability restrictions on technology.

On a different front, Hulten (18J arguesthatif intermediate inputs are excluded, then
all technical progress would be accrued to eitladyour or capital, which would rule out
increased efficiency of termediate goods. As Domar (in Christensen, 1975) ironically

remarked: Alt seems to me that a production f
such as the making of potato chips from potatoes (and other ingredients), labor, and capital. It
must take some ingenuity to make potato chips

In this report, we use both the gross output approach and the value added approach. Each
approach is used with different objectives in miwhenever data is availablige gross otput
approach is used to compare the primary agriculture sector in Canada with that of other
countries. The value added approach is employed to compare productivity trends in the primary
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agriculture sector in Canada to other sectors and to the Canadiaongcas a whole. As
Trueblood and Ruttan (1992) argue:

As for the specification of the explicit or implicit production function, we favor the gross approach
because it is more consistent with the idea of a production function where output is a funaliof o

the inputs. However, we understand that the net (value added) approach is widely used for other
industries, so we would like to see this methodology continued for the sake of being able to
consistently compare the agricultural sector against sgetors (p.222).

One last issue that needs to be tackled is whether agricultural productivity performance
should be analyzed always in terms of the aggregate primary agriculture sector, or if the crop and
animal production subsectors can (and shoalg) be treated separately. This is a contentious
point because a significant number of farms in Canada have a mixed nature, engaging in both
crop production and animal production, aéatistics Canada ha® way to allocate inpatand
outpus perfectlybetween the two subsectoist the same time, it is important to acknowledge
that the primary agriculture sector is quite heterogeneous in terms of production processes, and
there might be different forces driving productivity in the two subsectors. Anrienga@xample
of this can be seen in Stewat al. (2009), where the authors find that the effects of scale
economies in Canadian Prairie agriculture are much larger in animal production than in crop
production.

The main data source for t his report i s
Accounts (CPA), which uses the North American Industry Classification System (NAICS) to
classify establishments into different categories. According to NAICS, an establisisnen
engaged in crop production if more than 50 per cent of its revenue comes from growing crops,
plants, vines, trees and their seeds. Conversely, an establishment is classified under animal
production if more than 50 per cent of its revenue comes fri@imgaanimals, producing animal
products and fattening animals. Thus, a mixed farm where 60 per cent of its revenue is classified
under crop production and 40 per cent under animal production would haveiafiuts and
output categorized as crop prodant This carpotentiallydistort both productivity growth rates
and levels (in the case of partial productivity measures).

Continuing with our example of a farm with a-80 division of output between crop
production and animal production, and assuming (as our data indicates) that value added labour
productivity levels are much higher in crop production than in animal productie
classification of the entire value added of this farm as a crop production establishment would be
understating the true | evel of t he far més C
Furthermore, output movements from crop production to anpraduction would negatively
i mpact the growth rate of the farmdés value a
level effect, i.e. shifts in the share of hours worked from a sector with high labour productivity
level to a sector with low labogroductivity level (see Sharpe and Thomson, 2010).
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The magnitude of this pential distortion is not known, anday impose a limitatiolon
the accuracy of subsector daadetailed analysis of farm micilevel data which is beyond the
scope of this pagr, would be necessary to estim#éte exact magnitude of this distortidgince

it is not possible to know how accurate the subsector data are, this report focuses on the primary
agriculture sector as a whole.
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C. Labour Productivity and Living Standards

In the previous section, weotedthat there is a link between labour productivity and
living standards. In this section, we explain the nature of this link.

Labour productivity is a measure of how much output mdpced per unit of labour
input, i.e. output per worker or output per hour workiédhe output per farmer increases, fewer
farmers are necessary to feed the Canadian population as a Wwhelanalysis of labour
productivity canthushelp answer important questions such as: how manyefarmere required
to feed the Canadian population in the past? How many are needed now? What explains the
differences between periods?

A simplecalculation(dividing the total Canadian population by the number of workers in
primary agriculturg revealsthat in the 1960s one farmer could feedt least33 peoplein
Canadaln 2010, this number hagbne upto 109 people which represents an increase280 per
cent This calculationdoes not take into accouttie role of international trade and does not
controlfor factors such as changesdaily calorie intake over timédowever, ;ice Canada is a
net exporter of agricultural goods, the numbers above understatarttieer of people fed by a
single farmerWhat these numbers clearly show, however, isstggificant increase of output
per farmer, i.e. labour productivify.

According to van Ark (2002), labour productivity affects social progress through two
fronts:

The first and more obvious reason is that, together with a greater use of labour, iyitgduct
positively contributes to per capita income, which is a reasonable proxy for living standards in a
country. The second reason is that labour productivity growth often reflects the accumulation of
intangible capital, which itself contributes to sogiabgress, as workers become equipped with
more human capital, more knowledge and access to networks, and which may ultimately even lead
to the creation of more social capipl 69)

Our main focus here is the first reason highlighted by van Arkietfa¢gionship between
GDP per capita and labour productivityJsing a simple growth accounting framework, GDP
per capita can be decomposed into a number of determinants:

5 The American Farm Bureau Federation (AFBF) has data on how many people a farmer feeds in the United States. According to
the AFBF, a U.S. farmer fed 46 people in the 1960s. In 2011, this nimabdéumped to 155 people, an increase of 237 per cent
(Source: AFBFhttp://www.fb.org/index.php?action=yourag.fgcts

® For a detailed discussion on how labour productivity affects the acatiorubf intangible capital, refer to van Ark (2002).
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Exhibit 2: Decomposition of GDP per Capitainto Labour Productivity and
Labour Supply Components
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GDP per Labour Hours 1-Unemployment Labour Force Working Age
Capita Productivity Worked per Rate Participation Population
(LP) Person (1-UR) Rate Share
Employed (LFPR) (WAPS)
(HWPE)

Note: The definition of working age population used here encompasses persons fifteen years and older.
Source:Adapted froniThe Conference Board of Canada, 2009.

According to Exhibi2, GDP per capita is driven by labour productivity (LP) and labour
supply, which affects GDP per capita through four different terms (HWHE,LFPR, and
WAPS).” Exhibit 2 shows the factors that contribute to teeelsof GDP per capit. To see how
each of these factors contribute to tgrewth rateof GDP per capita, we take the log of both
sides and differentiate with respect to time, which leads to:

YOO 6 'Qd N QYVHO YOwd OYp “YY Y000 YWwd 0 "Y
whereD denotes percentage point changes.

Note that four of the five factors shown above have an upper bound, i.e. there is a clear
limit as to how much hours worked per person emplogedcent employed in the labour force
labour force participation ratend working age population sharenrise. Labour productivity,
on the other hand, can grow indefinitely, driven on the-amgby innovation and technological
change, and therefore plays a vital role in increasing GDP per capita.

We estimated the coitution of the different factors to GDP per capita in Canags
the 19812010 period In 2010, Canada had a GDP per capita of $38(848ined 2002 dollars)
up from $26,081chained 2002 dollarsh 1981, which entails an average growth rate of 1.37
per cent per yeat As Summary Tabld andChart2 show, labour productivitgrowth accourgd
for 1.19 percentage points of GDP per capita growth over the entire pgripdr cent of total
growth. Of the four labour supply terms, hours worked per person employed thad
unemployment ratéiad slightly negative contributions-@.14 and -0.02 per cent per year,
respectively), while the labour forgaarticipation rateandworking age share of populatioate

" The reader should bear in mind that this is one of many possible GDP per capita decompositions. In the end, GDP per capita is
determined by a number of different factors that are not highlightedsuste as terms of trade.

8 The numbers in this section refer to total economy, not business sector, and hence are slightly different than theediinbers us

the rest of the report, which refer to the Canadian business sector.

® In order to be consistemtith Exhibit 2, continuous time growth rates were calculated (as opposed to growth rates that are
compounded in discrete time periods).
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had positive contributions (0.08 and 0.25 pent per year, respectivelyln the 20062010
period,labor productivity in Canaalincreased by 96 per cent, representing 120.4 per cent of
GDP per capita growth, whikke labour supply variables had a net negative contribution of 20.4
per cent.

Summary Table 1: Sources of GDP per Capita Growth in Canada, 1982010

19812010 ' 19812000 20002010

(percentage point contribution)
GDP per Capita 137 | 168 0.80
Labour Productivity 119 ¢ 131 0.96
Hours Worked per Person Employec -0.14 0.08 -0.54
1- Unemployment Rate -0.02 0.04 -0.13
Labour Force Participation Rate 0.08 . 0.04 0.18
Demographic Participation Rate 025 | 0.21 0.33

(per cent contribution)

GDP per Capita 1000 |  100.0 100.0
Labour Productivity 86.8 | 784 120.4
Hours Worked per Persdmployed 100 ! 4.5 -67.9
1 - Unemployment Rate -1.1 i 2.6 -16.0
Labour Force Participation Rate 6.2 ; 2.1 22.2
Demographic Participation Rate 181 123 412

Source: CSLS calculations based on Statistics Canada data.

Chart 2: Sources of GDP per Capita Growth in Canada, 1982010
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Source: CSLS calculations based on Statistics Canada data.

Although the basic structure of this growth accounting framework is quite
straightforward, what happens underneath its surface is not. Exhibit 3 shows how the
determinants of GDP per capithoth from the labour productivity side and from the labour
supply sideare interconnected.abour productivity levels and growth rates are determined by
the interrelations of labour, capital, and product markets. Furthermore, Exhibit 3 makes it clear
that MFP growth, in this framework, édsoa sourceof labour productivity growth.
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Exhibit 3: Analytical Framework of Sources of Growth

> GDP per capita -
Labour productivity
A A
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Source: van Ark (2002), p.71.

A countryds aggr e gia approximatdyoequal tthersondaf ¢the i vi t y
di fferent sectorsd | ab obeing wpightedhy dst respectiveylgbourwi t h
input share.This is the mechanism wherelllge primary agriculture sector plays a role in
contributing tooverall labour productivitgrowth Using the framework developed by Sharpe
and Thomson (2010b), we calecompose the contributions of different sectors to aggregate
labour productivity growth in CanaddAccording toCSLS calculations, the agriculture sector
accounted fof 9.2 percent of aggregate labour productivity growth in Candmleiness sectpr
during the 19642007 periodSummary Table2. This may seem surprising, given that the
importance of the primary agriculture sector as a share of national GDP and a® a&fshar
national employment has fallen over time (representing 1.4 per cent of GDP, and 2.2 per cent of
total employment in 2007). However, the sector experienced exceptional labour productivity
growth during theentire period, well abovenostother sectarin the Canadian economy, which
contributel to increase its role in overall labour productivity growth. More specifically, the
agriculture sector 6s I[3d@7%pergent pg yeardwingtth®6l-P007d i ncr
period, well above the business sector averagel@iper cent per year.

1 For a brief explanation of this framework, see Appendix 2.
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Productivity Growth in Canada, 1961-2007

Sectoral
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Contribution

to Business

Sector Labour

Absolute Per Cent
Sectoral Sectoral
Hours Hours DHours Labogr' Labogr' D Labolu'r Contribution to  Contribution to
Share, Share, Share Productivity Productivity Productivity Overall Labour  Overall Labour
1961 2007 Level, 1961 Level, 2007 Level L L
Productivity Productivity
Growth Growth
Business Sector 100.0 100.0 0.00 15.01 38.35 23.33 23.33 100.0
Primary Agriculture 14.3 2.7 -11.63 5.55 30.50 24.95 4.49 19.2
Forestry and Logging 1.8 0.4 -1.41 12.82 51.12 38.29 0.52 2.2
Fishing, Hunting and Trapping 0.5 0.1 -0.41 20.58 40.73 20.15 0.09 0.4
Support Activities for Agriculture 0.2 0.2 0.04 15.89 21.47 5.57 0.00 0.0
and Forestry
Mining and oil and gas extraction 1.6 1.9 0.33 95.76 121.20 25.44 0.68 2.9
Utilities 0.7 0.8 0.15 56.90 157.99 101.08 0.88 3.8
Construction 9.5 10.0 0.48 19.29 29.38 10.09 0.91 3.9
Manufacturing 26.3 14.9 -11.38 13.42 50.16 36.74 8.31 35.6
Wholesale trade 4.8 6.9 2.13 11.43 42.10 30.68 1.56 6.7
Retail trade 11.9 12.8 0.96 6.89 22.98 16.09 1.76 7.6
Transportation and warehousing 7.1 6.6 -0.53 12.14 34.11 21.97 1.59 6.8
Information and cultural industries 1.9 2.7 0.79 11.92 66.11 54.19 1.27 5.5
FIRE 4.3 7.8 3.56 44.78 74.26 29.47 2.54 10.9
Professional, scientific and 17 7.9 6.19 21.69 30.74 9.05 -0.32 1.4
technical services
Other servicegexcept public 133 24.1 1073 16.22 20.00 3.78 -1.46 6.3
administration)

Note: The sum of the sectoral contributions to overall labour productivity growth is slightly smaller than the total change

experienced by business sector labour product{?@®/83 versus 23.33Yhis difference is caused by the aggregation method
usedby Statistics Canad®a calculate real GDP in the Canadian business seéaothe chained Fisher quantity index formula.
Unlike the fixed base Laspeyres quantity index foanuvhere aggregate real GDP is thectsum of sectoral GDP, in the
Fisher formula aggregate GDPapproximatelythe sum of sectoral GDP. The difference between the Fisher aggregate and the
Laspeyres aggregate is a function of how far away from theereferyear a particular observation is).
Source!CSLS calculations based on Statistics Canada(@&BISIM Tables 383021 and 38%022).
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Accounts (CPA). The CPA provides detailédta on GDP, input use, and productivity the
primary agriculture sectgras well as for the business secisra wha.'! The advantages of
using the CPA data are twold: 1) methodological consistency when qmaring different
sectors in the Canadian economy; 2) its lomg appeal, with most of its data series
encompassing the 19€D07 period, and some of them going even further, to 2009.

Exhibit 4 summarizeshe official data sourceand data availability for the output, input,
and productivity estimates used in this report

Exhibit 4. Official Data Availability for Canada

Index Business Primary Primary
SURVEY or Agriculture  Agriculture
Sector
Level Sector Subsectors
GDP
Productivity Measures and Related Variablégtional (CPA) L 1961-2006 1961-2007 .
Nominal GDP by IndustryProvincial and Territorial (Annual) L . 1997-2007 1997-2007
Input-Output Structure othe Canadian Economy in Current Prices L 1961-2007 1961-2007 .
GDP by IndustryNational (Monthly) L 1997-2010 19972010 19972010
Real, Chained . . .
Productivity Measures and Related Variablégtional (CPA) | 1961-2009 1961-2007 .
Real, Constant GDPoy Industry- National (Monthly) L 1981-2010 19862010 1997-2010
Gross Output
Nominal Productivity Measures and Related Variablégtional (CPA) L 1961-2007
Real, Chained Productivity Measures and Related Variablégtional (CPA) | 1961-2007
Labour Productivity MeasuredProvinces and Territories (Annual) (CPA) L 1997-2009 1997-2009
Employment Labour Productivity and Related Variables, by Industry according to the CS] L 19612001 1961-2000
(Old CPA)
Labour Forc&urvey L 1987-2010 19872010
Productivity Measures and Related Variablégtional (CPA) L 19612006  1961-2007
H Labour Productivity Measuredrovinces and Territories (Annual) (CPA) L 1997-2009 1997-2009
ours . . .
Labour Productivity an&elated Variables, by Industry according to the CSN/ L 19612001 1961-2000
(Old CPA)
Labour Force Survey L 1987-2010 19872010
Capital Stock
Nominal Fixed Capital Flows and Stocks L 1961-2010 19612010 1961-2010
Real, Chained Fixed Capitaflows and Stocks L 19612010 19612010 1961-2010
Real, Constant Fixed Capital Flows and Stocks L 19612010 19612010 1961-2010
Capital Services Productivity Measures and Related Variablé&tional (CPA) | 1961-2009  1961-2007
::LEJtrgedlate Productivity Measures and Related Variablégtional (CPA) | 1961-2007
‘Labour | o
. Productivity Measures and Related Variablé&gtional (CPA) | 19612009 19612007
CProductivity | )
Multlfac.to.r Productivity Measures and Related Variablé&gtional (CPA) | 1961-2009 1961-2007
Productivity

Note:CPAT Canadian Productivity Accounts.
Old CPAI Refers to series from the Canadian Productivity Accounts that have been terminated and are no longer updated.

1 The methodology used by Statistics Canada to calculate tC P A6 s

(2007).

productivitiyBadeihetalat es
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Wheneverofficial productivity estimates were not available from Statistics Canada, we
constructed our own measurasing either the above data souraesthe CSLS Provincial
Productivity Database

This report makes extensive usepaticularSt ati s
dataon agricultural land area, number of farm units, average farm size, etc. were takénefrom
Census of Agriculture, while data for crop yields were obtained franfrield Crop Reporting
Series.

Productivity data for the I$. primaryag i cul t ure sector was tak:
Economic Research Service webshé://www.ers.usda.gov/Data/AgProductiv)tyand spans
the 19482008 period. For other OECD countries, productivigtad from the 6Ondustry
Databasevereused fttp://www.ggdc.net/databases/60_industryafiimis database, maintained
by the GroeningenGrowth and Development CentrgGGDC), provides detailed labour
productivityestimatesvhich span thd9732003 periodor mostOECD countries



http://www.ers.usda.gov/Data/AgProductivity/
http://www.ggdc.net/databases/60_industry.htm
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E. Measurement Issues

The quality of productivity estimates can be no better than the quality of the data on
which they are based. Productivity estimates are cansttdrom data onominaloutput (either
gross output or value addegyice deflatorslabour input, capital input, and intermediate inputs

Statistics Canada rates the qualityGidP, output,andinput data from thie input-output
tables for each NAIC®dustry.The hi ghest qual ity r a@stssigngd of A
to data sets with the largest sample size and smallest -coderage requiring indirect
estimation of missi ng dastassigned tddata setsthatgeonmef [ BoO
but not all, of the attribut egsiCof oan Afpikd erpa tail
assigned to data sets that required significant indirect estimation techniques and relied on source
data from small samples.

According to the latest inpututput tables (Statistics Canada, 2010), which refer to the
20062007 periodgrossoutput data for the agriculture sector are rated A, or netiable,while
intermediateinputs and GDP dataare rated B, or reliablé? Given these ratings, this report
assumes that data for thgriculture sector are generally reliable.

I. Current Dollar Output

Since the agriculture sector produces output that is sold in the market tHitle is
ambiguity concerning the appropriate measefrealue oft h e s pominaboutpus as there
often is in noAmarket industries such as heattire and national defence.

ii. Price Deflators

Productivity growth over time is a real or physical concept; it captures the amaeat of
output that is produced per unit of input. For example, labour productivity is meant to capture
how manykilograms of wheaper hour can béarmedby oneagriculturalworker. However
currentdollar output measures are affected by the fact that pricgschenge over time for
reasons that have nothing to do with the production process (for example, general price
inflation). Since measures of productivigyowth should not reflect such price changes, it is
necessary to adjust the nominal output data kprige deflator to ensure thathat is being
measured iseal productivity growth

A subtle point related to prices and productivity is the issue of o(apdtinput)quality.
Prices and quality change over time, and indeed, some price changes amnebgrigaality
changes. It is necessary to disentangle qudtityen price changes from pure price changes

12 All the ratings refer to current dollar estimates.
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such as general inflation. To continue with the chair factory example, suppose that the quality of
the chair produced increased by 10 per cent ardicsthe price, with no change in the number of
hours of work necessary to produce it. Statisticians will consider that the real price of chairs has
remained constant (that is, the price increase was entirely due to an increase in quality), and
productivty will have increased by 10 per cent. In this case, the entire increase in current dollar
output (number of chairs times the price per chair) will be accounted for by productivity
increases. If, however, the 10 per cent price increase was not accompgraedhange in
quality, productivity will remain unchanged even though the revenue obtained for each chair
increased 10 per cent. In the latter case, the entire increase in current dollar output is accounted
for by pure price changes. It is this sortobiange in currendollar output that is eliminated
through the use of a price deflator.

Price datdor the agriculture sectas relatively reliable due to the physical nature of the

sectorodés output, and althaughfardromenedligible)tclhangesiretheat i v e
quality of agricultural.

lii. Labour Input

In the GanadianProductivity Accounts (CPA) Statistics Canada estimates hours worked
by first estimating average annual hours per job and the number of jobs by province, industry,
and class of workers. The volume of hours worked is then obtained by multiplying these two
estimates (Maynard, 20D5Establishmentsare surveyed using the Survey of Employment,
Payroll and Hours (SEPH), while households are surveyed using the Labour Stovesy
(LFS) ! Because the coverage of the LFS is more comprehensive (e.g. it inclueessieljed
workers), the CPA uses this sourcetss main indicator of the number of jobs in the economy.
However, Statistics Canada believes that the SEPH prosideere accurate classification of
jobs according to industry, because firms responding to the SEPH tend to be more
knowledgeable about their industry classification than workers responding to the LFS. As a
result, SEPH data are used to allocate hours wiakepecific industries.

For several reasons,easuring the use of labour input in the agriculture sectootisa
trivial task A significant number of persons working in primary agriculture do so on dipeat
basis or on a seasonal basis, and manyérs rely on other sources of incothénother issue
is that unpaid family labour plays an important role in several agricultural actiwties,is not
easy to mease its contribution precisely.

B The LFS excludes the Armed Forces, Indian Reserves, and, in the past, the Territories. The CPA hours worked estimates make
adjustmats for these exclusions.

“YAccording to Statistics Canadad6s Census ofdrm &ifyities aswlsdurcer e, t he
of income has increased consistently from 37.1 per cent of all farm operators in 1991, to 4&dntpén 2006
(http://www.statcan.gc.ca/pub/gE82-x/2007000/t/412976@ng.htn).



http://www.statcan.gc.ca/pub/95-632-x/2007000/t/4129760-eng.htm
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The LFS controls for many possible sources of distos Its questionnaire includes
guestions on wunpaid family | abour, di fferenti
jobs, etc. Of course, the fact thaiis mainly a phone survey raises some issues regarding the
accuracy of their estimateB particular, proxy respons&swhich account for around 65 per
cent of all LFS responses (Statistics Canada, 2008, p. 40), are found to have a negative impact in
data quality, especially in the case of quasicontinuous variables such as wage ratese(Lemait
1988).Thus, it is important to keep in mind that these difficulties in measuring labour input use
can affect the accuraoyf t he sectords productivity esti mat

Iv. Capital Input

The quality and quantity of capital that firms use in the prodagtmcess is a key
determinant of productivity. Capital stoclkn beestimatedver long time periodasingdata on
investment.Statistics Canada takes into account the factdtisgrent types ofcapital provide
services atlifferent rates. This report nakes use ofapital stock capital services, and investment
data Gross real investment estimates shed light on how much new capital is entering a sector,
whereas net reall i nvest ment data (net of depr
growing or shrinking.

15 Proxy responses happen when a single -iné8rmed member of the household answers for the entire household. According to
Statistics Canada (2008), t-domssming and cbstiyte makenskeveral visits or ealts tololskainb et 0 ©
thei nf ormation directly from each household membero (p. 40).
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lll. Productivity Trends in the Canadian Primary Agriculture Sector

This part of the report is divided into two sections. The first reviews trends prithary
agriculture sector at the national levehile the secondnalyzesprovincial trendsBoth long
term trends and recent developments in the agriculture sgetdiscussed

A. Agriculture Sector Productivity Trends at the National Level

This section explores productivigutput, input, and productivitiyends in theCanadian
primary agriculture sectorThe performance oprimary agricultures compared to that of the
Canadian business sectgqr whi ch IS defined here as At he
administration, nosprofit institutions and the rental value of owserc upi ed dwel | i
(Statistics Canada, 2007he discussion focuses on the 19807 period, in order to highlight
long-term trendsData for the 1962000 period and 206B007 period are also presented
show how the recent performance in the sectorpawes to its historical performance. The
reader should note that the choice of 2007 as the end year was driven solely by data availability
issues, as most series from the Canadian Productivity Accounts (CPA), which is the main data
source for this reporegnd in 2007.

I. Output Measures

In this subsection, we outline lomgn trends inthe output of theCanadian primary
agriculturesector. GDP (nominal and real), gross output (nominal and real), and implicit price
deflator figures for the 1962007 period are discussed.

a. Nominal Output

In 2007, nominal GDP ithe primaryagriculture sector was $15,78dllion, nine times
its value in 1961, $685 million. During the 19642007 period, nominal GDRBrew at an
average annual rate of 4.98 per centhe primary agriculture sector, whilé grew by 8.09 per
cent per year ithe Canadian businessctor(Chart3).

Since primary agriculture lagged the business sector in terms of nominal GDP growth,
the importance ofprimary agricultureas a share of business sector GDP Haslined
considerably ovethe past decadefrom 5.6 per cent in 1961 to 1.4 per cent in 200fFart4
shows that the sectordos size atonsdurighteal9eds of GL
and 1970s. Beginning in the 1ai®70s, however, these sizable fluctuations gave way to a slow,
but steady decline in the sectords share in t
decline is the overall fall in theelative prices of agricultural productéccording to Agriculture
and AgriFood Canadaeven though theshare ofprimary agriculture in aggregate GDP has
fallen over time, the agriculturand agrifood sector as a wholeontinues to represent a
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significant share of the Canadian econogontributngwith82per cent of t he
in 20 (AAFC, 2011).*°

Chart 3: Nominal GDP in the Primary Agriculture Sector and Business Sector
Canada, Compound Annual Growth Rates 1961-2007
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Note: Contributions do not sum to the total growth rates because of rounding.
Source: CSLS calculations based on Statistics Canada data (CANSIM Tab@238&nd 38%022).

Chart 4: Nominal GDP in the Primary Agriculture Sector as a Share ofthe
Business SectorCanada, per cent, 19612007
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Source:CSLS calculations based on Statistics Candata (CANSIM Tables 381015 383-0021,and383-0022).

In 2007,nominalgross output in the Canadian agriculture sector$@s756 million 17
times its value in 1961, $2,823 millioGross output in the sector grew at an average annual rate
of 6.34 per cent during the 19@D07 periogdconsiderablyfaster than the e ¢ tnominal £DP

c

(o}

1 The agricultureand agfiood sector is composed by ffarm input and servic
beverage processing, food distribution, retail, wholesale anddoodsi ce i ndustrieso (AAFC, 2011).
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growth, 4.98 per cent per yeaAs will be seen in the next sections, this was due taribe
intensive use of intermediate goameer time

Before moving on to the next subsection, we briefly discuss the composition of the
Canadian farm seamt. The best way to do this is using farm cash receipt data from Statistics
Canadads Net Farm I ncome survey.

Chart 5: Total Farm Cash Receipts, Canada, 1971 and 2010

1971

Total Farm CasReceipts

$4,653 million Wheat (34.6 per cent);

Barley (10.3 per cent);
Tobacco (7.2 per cent);
Canola (7.2 per cent);
Vegetables (7.0 per cent);
Other crop production
receipts (33.7 per cent).

Cattle (35.5 per cent);

Dairy Products (26.6 per cent);
Hogs (15.7 per cent);

Hens and chickens (6.9 per
cent);

Eggs (5.7 per cent);

Other livestock and livestock
products receipts (9.6 per cent).

H Crop Production Receipt  m Receipts from Livestock and Livestock Prodt Receipts from Direct Payment

2010

Total Farm CasReceipts

$44,439 million Canola (25.0 per cent);

Wheat (13.0 per cent);
Floriculture , nursery and
sod (8.0 per cent);
Soybeans (6.9 per cent);
Corn (6.8 per cent);
Other crop production
receipts (59.7 per cent).

Cattle (29.4 per cent);

Dairy Products (29.3 per cent);
Hogs(17.8 per cent);

Hens and chickens (10.4 per <—
cent);

Eggs (3.7 per cent);

Other livestock and livestock

products receipts (9.4 per cent).

m Crop Production Receipt ~ m Receipts from Livestock and Livestock Prodt Receipts from Direct Payment

Source: Statistics Canada, Net Farm Income (CANSIM T20081).

In 2010, total farm cash receipts reached $44,439 million, up from $4,653 million in
1971, with crop receipts accounting for $22,425 million (or 50.5 per cent of the total), livestock
and livestock products receipts responsible for $18,87%omi(#2.5 per cent of the total), and
direct payments accounting for $3,133 millionO(per cent of the total)Qhart 5). Crop
production was dominatdaly canola (25.0 per cent of total crop receipts), which was followed in
importance by wheat (13.0 per cent), and floriculture, nursery and sod (8.0 per cent). In livestock

production, the three categories teltatke 284 count
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per cent of total livestock and livestock products receipts), dairy products (29.3 per cent), and
hogs (17.8 per cent).

Comparing total farm receipt data from the tyears we can see a number of interesting
trends. Looking atChart 5, it becomes clear that the crop production subsector gained
importance over time. In 1971 it was responsible for only 40.1 per cent of totaldfegipts, but
by 2010 it accounted for 50.5 per cent of receipts. Not only that, the composition of crop
production receipts changed much more between the two periods than that of livestock and
livestock production receipts, which remained fairly stablend) the period. The most important
change in crop production receipts is undoubtedly the decline in importance of wheat, which
represented 34.6 per cent of total crop production receipts in 1971, but by 2010 accounted for
only 13.0 per cent. Converselhe importance of canola increased dramatically, and by 2010
this field crop accounted for 25 per cent of total crop production receipts. One last thing that
should be highlighted is the increasing diversification of Canadian crop production, which can be
seen by the increase in other crop production receipts between the two periods (i.e. the five most
important commodities in terms of cash receipts now account for a smalleroghatal crop
receiptshan they did in 1971).

According to StatisticsCaradaés Far m F iammash lcalf af lthe farms me y ,
Canada (48.6 per cent) had sales between $10,000 and $99,999 in 2009. Only a small number of
farms(6.1 per centhad sales greater than $1,000,008art6)."’

Chart 6: Farm Size by SalesCanada, 2009

6.1

m$10,000 to $99,99¢ m $100,000 to $249,99¢  $250,000 to $499,99¢ m $500,000 to $999,99¢ = $1,000,000 and ove!

Source: Statistics Canadgarm Financial SurvefCANSIM Table 2066).

71t is interesting to note that smaller farms rely much more on income frorfanmnactivities than larger farms. A recent
article in the Globe and Mail based on Statistics Canada data and on the work of David Spdwfiaghela Laughland (from the
Richard Ivey School of Business) shows that 62 per cent of the income from farms that have sales betweeb0919090are
obtained from notfarming activities. Meanwhile, nefarm income accounts for only 17 per cent of ih@ome of farms in the
$100,000%$249,000 category, 10 per cent in the case of farms in the $258499(099 category, 6 per cent in the case of farms
in the $500,0066999,999 category, 4 per cent in the case of farms in the $1,06R20080,999 categorynd 1 per cent in the
case of farms in the $2,500,000 or more category (Le2a#d).
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b. Real GDP

In 2007, real GDP in the prima@griculture sector was $20,135 million (chained 2002
dollars), 2.3 times its 1961 level. It grew at an average annual rate of 1.80 per cent during the
19612007 period, only half of the real GDP growth experienced by the Canadian business sector
over the ame period, 3.81 per cent per yeGuihmary Bble3, Chart7). These resultsra not
surprising. In general, agricultural output grows at a much slower pace than business sector
output because food products tend to have low income elasticities of demand (i.e. they are
necessity goods). For exactly the same reason, when real GB® baiginess sector faltered in
the 20062007 period, decreasing from 4.04 per cent per year in the2(8®1 period to 2.59 per
cent, real GDP growth in primary agriculture experienced only a very small drop, from 1.83 per
cent to 1.60 per cent.

Summary Table 3: Real Output in the Primary Agriculture Sector, Canada,
Compound Annual Growth Rates, per cent, 181-2007

1961-2007 1961-2000 20002007
(real GDl5chained 2002ollars, CAGR)
Business Sector 3.81 ; 4.04 2.59
Primary Agriculture Sector 1.80 : 1.83 1.60

(real grossoutput, chained 2002Jollars, CAGR)
Business Sector " " "
Primary Agriculture Sector 3.11 | 3.42 1.41

Source: CSLS calculations based on Statistics Canada data (CANSIM Tabl&@237383-0021/22).

Chart 7: Real GDP in the Primary Agriculture Sector, Canada, Index
1961=100, 19642010
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Source: Statistics Canada (CANSIM Tables-8027, and 388021/22).
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In 2007, real gross output in the Canadian primary agriculture sector was $50,225 million
(chained 2002 dollars), 4 times its value in 1961, $12,275 million (chained 2002 dollars). Gross
output in the sector grew at an average annual rate of 3.11 pelucert the 19622007 period,
again significantly faster than the sectords
themoreintensive use of intermediate goameer time Note however, that real gross output and
real GDP growth during the 20@®07 period were practically the samedlversus 160 per
cent per year, respectively). This is due to a significant decline in the growth rate of intermediate
input use in the beginning of the 2000s.

c. Price Levels in the Agriculture Sector

Theimplicit price deflators for thébusiness sect@and for theprimary agriculture sector
during the 181-2007 period tell verydifferent stories $ummary Table4, Chart8). Business
sector prices grew at an average annual rate of 4.11 per cent during those years, while
agricultural prices grew only 3.06 per cent per year. For the business seetorthougtthe
bulk of price increases came in the719498 period the subsequent periods still saw positive
growth rateslin the case oprimary agriculturehowever, mostfahe price increases came in the
1971-1981 period,when prices more than tripledfter which the rate of price increases first fell
sharply in the 19811989 period,and then became negative subsequent periodsThe
differences between the two seriesdmaeclearerwhen we look aChart8, where we can see
that although prices in the business sector have been consistently growing over t#90B61
period, prices in theprimary agriculture sector have beestagnant since the early 1980s,
fluctuating around the same level sinéecording to the implicit price deflator, agricultural
prices in 2007 were below the 1989 level, and at about the samadanel979.

Chart 8: Implicit Price Deflators for the Primary Agriculture Sector, Canada,
Index 1961=100, 1%1-2007
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Source:CSLS calculationshased on Statistics Canada data (CANSIM Tables0829, 381-0015, and383
0021/22).




















































































































































































































































































