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Our desire for more satisfaction gives rise to two interdependent issues that we must face: 
how to increase the value of the scarce resource or wealth, and 
how to allocate the increment in wealth. 



How our economy grows and generates new opportunities over time depends in part on people coming up with great ideas and new, smarter ways of doing things. https://www.ecb.europa.eu/home/search/review/html/productivity-innovation-technology.en.html

Agri-food: 
Agriculture and food value chain

Technological innovation is critical to a country's economic development and a firm's long-term success.

market development and firms’ incentives and their ability to engage in innovative investments.

innovation is shaped by a nation's laws and policies.

Take you around the world; industries


“Efficient but poor” hypothesis

» Low-income levels in developing country agriculture are a result of the low
productivity of the available factors of production, not of inefficiencies
in their allocation.

 The implications of this thesis are:

 Areallocation of the available factors of production could not help
farmers improve productivity (through, for example, extension).

e Shift in the frontier:

 Importance of investment in education to facilitate the
diffusion of new factors (innovation) that could enhance

productivity.

Theodore Schultz (1964),

» Getu Hailu, Vera, B., Belay Kassa and Strock, H. (1998). Technical Efficiency of Smallholder . . s .
Annual Crop Production in Moisture Stress Area of Eastern Oromiya of Ethiopia: a Stochastic Transforming Traditional Agriculture.

Frontier Analysis, Ethiopian Journal of Agricultural Economics, 2(2):19-115.
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My story: How much inefficiency are there in smallholder agriculture?

Difficulties or Problems in Measuring Productivity (kalyan-city.blogspot.com)
 
Agriculture's productivity gains over the past 60 years stem from improvements in seeds, irrigation, fertilizer, crop protection, soil management, and machinery.
The Green Revolution, led by Norman Borlaug, was driven by the urgent need to combat hunger and deprivation.
The revolution combined scientific innovation with a strong determination to alleviate human suffering.
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Cost Efficiency for Alberta and Ontario Dairy Farms: An
Interregional Comparison

Getu Hailu, Scott Jeffrey, James Unterschultz

Abstract B B

In this study, two non-homothetic translog stochastic meta-frontier cost functions—with and
without local concavity imposed—are estimated using a nonlinear maximum likelihood
estimation pracedure to compare the cost efficiency of Alberta and Ontario dairy farms for the
period 1984-96. The resulting cost efficiency estimates are not very sensitive to whether or not
curvature is imposed. In contrast, the properties of the cost and input demand functions (e.g.,
elasticities) are sensitive to imposition of local concavity during estimation. The implication is
that if an inappropriate model that does not satisfy the properties required by the economic
theory is used, the estimated input demand functions may not be reliable. Average cost
efficiency for the pooled sample, with local concavity impased, is approximately 89%. This
suggests some potential for improved performance in the sector. The results also suggest that
Ontario dairy farms may be more cost efficient than Alberta dairy farms, but the statistical
evidence is inconclusive.

First published: 29 July 2005 | https://doi.org/10.1111/j.1744-7976.2005.00314.x




Canada’s Agri-Food Industry (2021)

Input & Service Primary Food & Beverage Food Retail & Foodservice
Suppliers Agriculture Processing Wholesales

* 0.7% e 1.53% *1.8% *1.7% ¢ 1.23%

¢ 0.06% e 1.5% * 1.6% ° 3.4% ¢ 5.4%

e GDP=$127.3bn (6.3%)
e Jobs=2,258,185 (11.9%)

Data Source: Statistics Canada (2022)
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https://doi.org/10.25318/3610048901-eng
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3610040201
Underestimate as it doesn’t include other supporting industries. 
Small businesses



Technology shock

Technological Progress

Positive technology
shock

» Our desire for more satisfaction (utility) gives rise to two interdependent
Issues that we must face:

1) how to increase the value of the scarce resource (efficiency), and
2) how to allocate the increment in wealth (equity).

» Innovation refers to doing something that has not been done before.

- the development of a new method of production

- the introduction of new goods/service

- the opening of a new market

- the discovery of a new source of supply

- changes in the rules of the game (institutions, organizations)

* Innovation expands opportunity sets for society.

» Most innovations that affect the economy are technological (scientific)
Innovations.

» Technology embodies the prevailing knowledge.

» The growth of knowledge then creates new technological possibilities —
technological progress.

Material Wealth

Pejovich, S. Property Rights and Technological Innovation, Social Philosophy and Policy, Volume 13, Issue 2, Summer 1996,
pp. 168 — 180, DOI: https://doi.org/10.1017/50265052500003502 Lok, 1959, CJAE
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Innovation injects novelty into the economy, offering new choices and driving economic progress, primarily through technological advancements.
Technological innovation relies on the growth of knowledge, requiring resource reallocation and expanding community-accepted choices.
Property-rights structures significantly influence the flow of innovation within a community.


Technological
o . Y
Progress, Productivity TFP = ~

e Technological progress = the discovery of new
and improved methods of producing goods.

* main driver of an increase in the
productivity of factors of production
(labour, capital).

e Changes in TFP= changes in output that can’t din(TFP) — din(Y) _ din(X)

be explained by changes in factors of dt dt dt
production
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Rising productivity is essential for permanent increases in the standard of living.
Permanent productivity increases come from technological changes, while transient factors can affect productivity measurements.
High demand can lead workers to work harder and firms to use capital assets more intensively, causing measured productivity to exceed actual technological progress.
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Why do productivity growth and productivity matter?
Some stylized facts and Technological Progress
Adoption of farm technologies
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In Canada, 
studies on the adoption of farm technologies
The consequences for farm productivity
Measure and measurement of agricultural productivity




Why does productivity growth matter?

Doubles average
living standard in
48 years

Doubles average
living standard in
144 years

Doubles average
living standard in
28.8 years

Doubles average
living standard in
72 years

The Rule of 72:= 72/growth rate.

“Productivity isn’t everything, but, in the long run, it is
almost everything.” — economist Paul Krugman

“Rising productivity is the key to making possible permanent
increases in the standard of living.”

“Changes in technology are the only source of permanent
increases in productivity.”

Before: _ © :gogbea—_nQ:
New e E 40— =
technology: | * - i—$2 | 9 5‘:

After: prey : ‘

U.S. BUREAU OF LABOR STATISTICS

s
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https://www.nber.org/system/files/working_papers/w8359/w8359.pdf

Higher productivity: 
Higher wages/profits 
Lower price for consumers
Enhanced export market competitiveness 
Better living standards. 
Technology and Productivity Growth | NBER

https://www.ers.usda.gov/webdocs/charts/58525/globalproductivity2019.png?v=3606.1  70/2=
This is where Canada could play a major role in productivity growth: Barten Report => productivity growth and export market expansion

Only through higher productivity can wages/profits and living standards improve. So, it is concerning that productivity growth averaged a desultory 1.4 percent a year from 2007 to 2019.

Gauge the health of the economy – before a recession Q declines and the end it increases

Why is Productivity Important? : U.S. Bureau of Labor Statistics (bls.gov)


Wages in the Manufacturing Sector vs. Several Food Prices USA, 1901 to
2003 '
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Source: U.S. Bureau of Labor Statistics (2013) OurWorldInData.org/food-prices/ = CC BY



How much food can you buy for working one hour in the manufacturing Our World
| aLc
sector?, 1901 to 2003

12 Eggs (dozen)

Allowed people to
10 Consume mOre Flour (5 Ib.)

Feed required to produce one kilogram of meat or dairy product m

M il k ( 1 f2 gal |on) Quantity of animal feed required to produce cne kilogram of meat, egg or milk product. This is measured as dry
8 matter feed in kilograms per kilogram of edible weight output,
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Source: U.S. Bureau of Labor Statistics (2015) OurWorldinData.org/food-prices/ » CC BY
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Infant Mortality Rate - Deaths per 1000 Live Births
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Better access to nutritious and healthy food along with better health service means that lower infant mortality rate

Canada Infant Mortality Rate 1950-2022 | MacroTrends; The focus of technological innovation is improved farm income and feeding the ever-growing urban population nutritious safe food  and a reasonable price. 

https://www.macrotrends.net/countries/CAN/canada/infant-mortality-rate

Life expectancy, 1770 to 2019

- Canada
80 years 1 Oceania
- Europe
~— Americas
— Asia
~—— World
70 years
—— Ethiopia
Africa
60 years
50 years
40 years
P
\_/
30 years
I ] I ] I |
1770 1800 1850 1900 1950 2019
Source: Riley (2005), Clio Infra (2015), and UN Population Division (2019) OurWorldInData.org/life-expectancy « CC BY

Note: Shown is period life expectancy at birth, the average number of years a newborn would live if the pattern of mortality in the given year
were to stay the same throughout its life.
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Better access to nutritious and healthy food along with better health services means that people live longer



bl The size of the world population over the last 12.000 years

Demographers expect rapid population growth to end by the end of the 21st century. The UN demographers expect a population of about 11 billion in 2100.

I7.9 billion in 2022
7 billion 7 billion in 2011
DO 6 billionin 1999
Sl O &5 billionin 1987
Al ON #.4 billion in 1975
O ¢-3 billionin 1960
2O 2 billion in 1928
1.65 billion in 1900
Lbillion
990 million in 1800
600 millionin 1700
The average growth rate from 10,000 BCE 190 millioninthe year 0 i e demic ki
JJmillon in 10,000 BCE t0 1700 was just 0.04% per year habviesni S tpiorter and holfof o pecole I ELrope.
T 1 1 T T T T
10,000 BCE 8,000 BCE 6,000 BCE 4,000 BCE 2,000BCE 0 2000

Global life expectancy before: Global life expectancy
1800 was less than 30 years in2019: 73 years

Based on estimates by the History Database of the Global Environment (HYDE) and the United Nations. On OurWorldinData.org you can download the annual data.
This is a visualization from OurWorldinData.org. Licensed under CC-BY-SA by the author Max Roser.



Growth of World Population and the History of Technology
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In human history, the long-term expansion of populations has been limited by the availability of food and constraints of disease (Diamond, 1997). The domestication of plants and animals has facilitated the development of human societies, and the resulting larger human populations have increased the risk of major disease outbreaks (pandemics).

https://www.potatopro.com/news/2022/drones-agriculture-how-agriculture-drones-are-changing-how-farmers-work

The greatest single factor in the history of human population growth has been developments in technology and the associated social changes arising from it. From the first development of tools to the development of agriculture and the later rise of industry, technology has expanded the resources available for the support of large populations.
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TRENDS IN FARM MANAGEMENT AND
SCALE OF FARM OPERATION

Chairman: Cravpe Hupsow, Ecomomics Division

THE EFFECT OF TECHNOLOGICAL CHANGES ON FARM
MANAGEMENT

LowELL S.Iiiﬁhﬂlhl’l

Increasingly the job of the farm manager is to try to keep abreast
of the technological parade — a parade which no longer moves on foot
but at tumes launches forward as if jet propelled. It is the purpose of
this discussion, therefore, to analyze the implications of selected tech-
nological changes in progress coday.

A prime goal of management is to make full and profitable use
of existing and available resources. Just as soil, labor and the manage-
ment ability of farmers are resources, so also are the technological de-
velopments available, Slowly, at times, but surely, man is adopting and
using technical developments to broaden management’s control over
sther resources. The facets of modern farm technology are viried yec
;o interrelated as constantly to add complexity to the management
sroblem. A simple, short run input-output analysis may be grossly in-
wdequate in deciding "will the change pay”? The full impact of changes
nay not be felt for five or ten years. Complementary relationships, if
avolved, may require several years for full expression. Adding to this
:omplicating factor is the ever present dynamics of physical inpur-
sutput and price relationships in the changing weather, biological and
HCONOMIC scene.

Because of joint relationships which are involved and because the

Available technological developments are resources

1950s: “Increasingly the job of the farm manager is to try to keep

abreast of the technological parade — a parade which no longer moves
on foot but at times launches forward as if jet propelled.”

A simple, short-run input-output analysis may be grossly inadequate in
deciding “will the change pay”?
e Complementary relationship between technologies

* Mechanization

e Storage technology (including feed)

e Breeding, fertilization and crop management

e Animal nutrition and mechanization (vs. hand feeding)
e Dynamics of physical input-output and price relationships
* The changing weather, biological and economic scenes.
* Unpredictability of the outcomes of certain technological

developments.

o« E[Q] T,E[r] T or | anddepends on the elasticity of
demand

* Adoption of innovation and creative destruction

L Tt -

How fast is Technology Advancing?
[Growth charts & visuals]
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Placing this publication…. What about the first annual meeting? 1950s saw considerable structural change in primary agriculture … (example) .. That structural change towards larger operation is still continuing … the issues driving 
Moving forward to 1950 – discuss the implications of technological change in the face of changing weather, changing biological scene and changing economic scenes…

Increase output and reduced inputs – process innovation
advances in plant and animal breeding, 
mechanization, 
agricultural chemicals, 
irrigation and others 
Better seeds, 
Irrigation, fertilizer,
Crop protection, 
Soil management, and 
More sophisticated machinery

Insights: under changing technology

Commercial farming is increasingly assuming the character of a manufacturing business.
Technology raises the dollar requirements for farming.
Further specialization in the functions of providing management, labour and capital.
Raises farmers’ opportunity for substantial financial gains and losses.
The task of management increases in complexity.
Historical lease arrangements become obsolete.
Rapid increase in acreage and output of commercial farms.
Increased enterprise specialization.
The rapidity of change makes the use of detailed case studies in modelling farm management research and teaching. 
The rapidity with which the farmer accepts and uses the fruits of technology is likely to fluctuate with economic conditions.




TRENDS IN SCALE OF FARM OPERATION — WESTERN
CANADA

Gorpox Haasg'

The more important changes in the farm business in Western
Canada in recent years represent primarily changes in the relative pro-
portions of the main factors used in agricultural production. The fea-
tures of the farm business in Western Canada which have undergone
significant alteration during the past twenty-five years or so may be
summarized as follows:

. Farms are becoming larger, and fewer in number while the
farming area has grown only slowly;

2. Numbers of persons engaged in farming in the West are
declining,.

3. Amount of farm machinery in the region and the investment
it represents, have increased markedly in recent years.

The nature and extent of these trends is illustrated by published

TABLE 1. — S17E OF FarM, LABOR FORCE AND MECHANIZATION, PRAIRIE FROVINCES

1931-1951

Av. Improved Farm Labor Investment in

Year Acres p&r Farm Force (b) Machines {e)
acres thousand thowsand dollars

1931 ...l 208 426 $ 356 658
1936, ... ... 202 456 (d) 261,193
1941, ... ... - 222 118 317,760
196, ... .. ... 241 394 481,166
1951, ... oouean 270 {g) 369 1,147 448

ta) Cengus of Canada and of Prairie Provinces

EE;}; %B;mﬁtahm Ref, Paper 23 and Quartery Labor Force Surveys.

(d} Estimated a5 same prupmtmnoICanad.a total as 1531 and 1941 Le. Mp-ercmt_.

{1 Estimated.
data relating to western Canadian agriculeure. They md:.c:l:e that
farm size, labor supply and machinery complement are closely related
in farming. An increase in the size of farm can ordinarily be achieved
only by an increasing labor supply, or by using more and bigger ma-
chinery, or both these alternatives. Between 1931 and 1951, the av-
erage farm in the Prairie Provinces increased in size from 208 acres
of improved land to about 270 acres per farm, (Table 1). However,
the number of farm workers in prairie agriculture dropped by §7,000
in the same period, after increasing for a time during the back-to-the-
land movement of the thirties. Increasing farm size and fewer farm

1Economics Division, Carada Department of Agriculeure, Edmonton, Alberta,
13

Substituting Horsepower for Horses

. changes in the relative proportions of the main
factors used in agricultural production.”
“Amount of farm machinery in the region and the
investment it represents have increased markedly in
recent years.”
Implications for those beginning farming
$357 mil (1931) to 1,147 mil (1951)
Each worker’s departure was accompanied by the
introduction of about $6,800 worth of machinery.

Technological progress and the number of horses on farms in
Canada, x1000

1200
1000
800
600
400
200
0 _ = —
1905 1915 1925 1935 1945 1955 1965 1975
Prince Edward Island Nova Scotia New Brunswick
Quebec Ontario —— Manitoba
— Saskatchewan Alberta = British Columbia
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TRENDS IN SCALE OF FARM OPERATIONS —
EASTERN CANADA

G. P. BoucHEr!

The most significant developments in our Eastern agriculture in
the war and post-war period are reflected in the increased productivity
per worker. The number of agricultural workers has decreased but the
volume of agricultural preduction has increased at a faster rate, Much
of this success can be ateributed to a high level of general economic
development and prosperity and also to the use of new and beoter
machinery, the adoption of better farming practices, more skilled work-
manship and management, better financing facilities, the abilicy and
willingness of the farmer to modify the structure of his farm business
and his keen interest in the practical applications of experimencal
research, Technological developments have strengthened the farmer’s
command over resources and increased his ability to manage a larger
business.

The farmer of Eastern Canada, however, does not usually find
it easy to increase the size of his farm business by the acquisition of
new land. Economies of scale are more easily realized by efforts to
increase the capacity of the farm to make use of larger inputs of
other factors of production or by the adoption of a more intensive
type of production, _

Intensification is likely to eontribute to success but one must not
overlook the fact thar the diversified character of Eastern farming
accentuates the co-ordination problem. Moreover, many of the smaller
farms display little ability to take advantage of modern methods of
farming and modern equipment, and to fully ucilize all of their labour
resources.

Increases in scale of operations, increases in machinery and various
other sources of expenditures have all contributed to a pronounced
increase in capital requirements, One can easily visualize the potential
dangers of such 2 development in periods of economic instability., A
particularly difficulc situation is created for the young farmer with
inadequate financial resources, planning the acquisition or estab-
lishment of an efficient farm.

Most of the foregoing observations are matters of common knowl-
edge which can be supported by statistical evidence. Census figures, in
fact, indicate thac the rotal population of the five Eastern provinces
has increased but that the farm population has decreased from 1931
to 1951, The decline in farm population was parallelled by a decline

1Economics Division, Canada Deparmment of Agriculture, Omawa,
17

“Technological developments have strengthened the farmer’s
command over resources and increased his ability to manage a

large business.”

* High general economic development and prosperity
 More skilled workers and management
 Adoption of more intensive types or production
e Fertilizer use: 239,062 tons (1941) — 595,292 tons (1951)
* Increases in farm mechanization
e Tractors —22,299(1931) -149,479 (1951)
e Horse: 1,060,284 (1931)- 665,700 (1951)
A pronounced increase in capital requirements.
e Better financing facilities
* Farmers’ willingness and ability to adopt better farming
practices (acceptance)
 Farmers’ keen interest in the practical application of
experimental research.
 Smaller farms display little ability to take advantage of
modern methods
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Takeaways ...

 Growth in the agri-food sector has been spurred by technological and
institutional innovations.

* Increase output and reduced inputs — process innovation
e advances in plant and animal breeding,
* mechanization,
e agricultural chemicals,
* irrigation and others

* Importance of institutions (finance, research, etc.)

* The results of sustained investment in agri-food
 Enabled the delivery of safe, cheap and plentiful food.
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Importance of institutions that support --- 
Process innovation is common in primary agriculture Scientific advances have enabled progress in the agri-food sector. 
 Innovation brought sustainable intensification in agriculture
Increase output and reduced inputs – 
advances in plant and animal breeding, 
mechanization, 
agricultural chemicals, 
irrigation and others (Clancy et al. 2016)




Measure what you treasure

7

In his presidential address to the American Economic Association (1994) Griliches wrote:
“The major message that | will be trying to convey is that we often misinterpret the
available data because of inadequate attention to how they are produced and that the
same inattention by us to the sources of our data helps to explain why progress is so
slow. It is not just the measurement of productivity that is affected. Other fields of

- empirical economics are also struggling against limitations imposed by the available

L J data. Great advances have been made in theory and in econometric techniques, but
these will be wasted unless they are applied to the right data.”

* Issues
e Quality of inputs and outputs, aggregation
e |Introduction of new outputs over time
e Bias in price indices
* Measurement errors vary in importance over time
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As an economist, he recognized the importance of measurement. He studied the methodologies that underlie the estimates of technical change, real output, and productivity.
= work with statistical agencies
= various level of government
= private sector



Sources Economic/Output Growth

What output growth drivers matter

Productivity-led: Rate of
growth of technological
innovation (Uzawa 1965;
Lucas 1988; Romer 1990;
Grossman & Helpman 1992;
Aghion & Howitt, 1992, 1998)

Resource-led: Replication of
existing technologies

most?

Reallocating
toward more
productive farms

Productive growth
within existing farms

— >

growth

Entry and exit
of farms

Value growth

Input
intensification

Real output growth

Ir-(—"r'ield
I
|

______ LA LASL AL

/Irrlgatlonfeﬂensmn/
Area growth
Yo Yo o _____ J

Source: World Bank.
Note: TFP = total factor productivity.

Key policy drivers

- Research and development

- Enabling environment for
innovation and technology
adoption

- Factor market reforms

- Nonfarm employment growth

- Price policies and incentives
- Credit policies

- Market infrastructure

- Irrigation investment

- Land policies

- Trade policies
- Exchange rates

Source: Fuglie et al 2020, The World Bank Group
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Where is output growth coming from?

Endogenous Growth Theory

Broadly speaking, 
The effect of technological innovation facilitated by:
Firm dynamics (entry and exit)
Firm productivity
Arrow model
Learning by doing
Uzawa–Lucas Model (Uzawa 1965 and Lucas 1988)
Accumulation of human capital
Romer Model (Romer, 1990; Grossman and Helpman, 1992)
technological advancements and innovative ideas
Aghion and Howitt (Aghion and Howitt, 1992, 1998; Aghion et al 2015)
Innovation – creative destruction (entry/exit) and productivity gains; Romer's model doesn’t have room for firm heterogeneity
Evolutionary models of industry (Nelson and Winter, 1982; Dosi and Nelson, 2013)
Innovation, firm dynamics and productivity




Sources of output growth in global agriculture, 1961-2019 (%)

Average annual growth (percent)
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https://www.ers.usda.gov/webdocs/charts/58525/globalproductivity2019.png?v=3606.1  70/2=
This is where Canada could play a major role in productivity growth: Barten Report => productivity growth and export market expansion

Only through higher productivity can wages/profits and living standards improve. So, it is concerning that productivity growth averaged a desultory 1.4 percent a year from 2007 to 2019.


PERCENT

Adoption and Diffusion: Hybrid Corn:
An Exploration in the Economics of Technological Change
(Griliches, 1957)

PERCENT OF TOTAL CORM ACREAGE PLANTED WITH HYBRID SEED
100 .
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Econometrica
Vol. 25, No. 4 (Oct., 1957), pp. 501-522 (22 Cjted by 4911
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Geographic differences impact seed availability and acceptance.
Availability depends on agricultural stations and private seed companies’ behaviour.
Seed producers prioritize areas based on market size, marketing costs, innovation costs, and acceptance rates.
Acceptance rates vary due to the profitability of switching from open-pollinated to hybrid seeds.
Development and entry lags of hybrids are due to varying entry profitability.
Long-run hybrid corn use and adoption rates differ by region based on profitability.

https://scholar.google.com/scholar?cites=8302947887661937737&as_sdt=2005&sciodt=0,5&hl=en

Adoption of Genetically Engineered Crops in the
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Adoption of genetically engineered crops in

Canada

Sugar
year Canola Soybeans Corn Beats
2015 95% 71% 83% 100%
2016 95% 75% 86% 100%
2017 95% 82% 88% 100%
2018 95% 81% 88% 100%
2019 95% 79% 90% 100%
2020 95% 78% 90% 100%
2021 95% 80% 91% 100%
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https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-u-s/

https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Agricultural%20Biotechnology%20Annual_Ottawa_Canada_10-20-2021.pdf 

superior to their predecessors as was hybrid cor 
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U.S. corn yields during the 1930s were not higher than those during the 1880s (the first decade for which reliable yield estimate data are available. Historical Corn Grain Yields in the U.S. (Purdue University)
USDA ERS - U.S. Agricultural Productivity Growth: The Past, Challenges, and the Future
Labour issues, skilled labour shortage… 

https://www.agry.purdue.edu/ext/corn/news/timeless/yieldtrends.html
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Canada also has seen a rapid and sustained growth in corn production. As far as climate change is concerned, what is important is the year-to-year fluctuations in yield because of weather change (drought, flood, etc).

In 2000/01, corn yield decreased from 128 bushels/acre at 100 bushels/acre as poor weather conditions delayed planting and slowed down crop development. 

https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210035901

Average 305-d lactation yield (kg)

Dairy cow milk yield per cow per year (kg/cow/year) Canada
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Average 305-d lactation milk yield (kg) in dairy cattle breeds in Canada (thicker lines indicate the main worldwide dairy breeds). Data source: Canadian Dairy Information Centre, 2020 (www.dairyinfo.gc.ca).


Production Accounts and Productivity Growth Measures

for Canadian Agriculture

Lok, S. (1961) An enquiry into the relationships between changes in overall productivity and real
net return per farm, and between changes in total output and real gross return, Canadian
agriculture, 1926—-1957. Technical Publication No. 61/13. Department of Agriculture, Ottawa,
Canada. (1926 — 1957, 2.0%).

Furniss, I. (1964) Productivity of Canadian agriculture, 1935-1960: A quarter of a century of
change. Canadian Journal of Agricultural Economics 12, 41-53. (1935-1960, 2.3%).

Furniss, I. (1970) Agricultural productivity in Canada: Two decades of gains. Canadian Farm
Economics 5, 16—27. (1950 -1969, 1.9%)

Danielson, R. (1975) Three Studies in Canadian Agriculture. Unpublished M.A. Thesis,
Department of Economics, University of British Columbia, Canada. (1946-1970, 2.0%).
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Three studies in Canadian agriculture : I. Output and input data for Canadian agriculture, 1926-1970. II. Productivity growth in Canadian agriculture, 1946-1970. III. A Canadian agricultural transformation function, 1946-1970 : a dual approach - UBC Library Open Collections


Production Accounts and Productivity Growth Measures

for Canadian Agriculture

Islam, T. (1982) Input Substitution and Productivity Change in Canadian Agriculture. Unpublished
Ph.D. Thesis, Department of Economics, University of Alberta, Alberta, Canada. (1961-1978,
1.8%).

Brinkman, G. and Prentice, B. (1983) Multifactor productivity in Canadian agriculture: An analysis
of methodology and performance. Paper prepared under contract for Agriculture Canada,
Regional Development Branch, Development Policy Directorate. (1961-1980, 1.8%).

Cahill, S. A. and Rich, T. (2012) Measurement of Canadian agricultural productivity growth, CAB
International 2012. Productivity Growth in Agriculture: An International Perspective (eds. Fuglie et
al.) (1961-2006, 1.6%)

Statistics Canada. (2022). Table 36-10-0217-01 Multifactor productivity, gross output, value-
added, capital, labour and intermediate inputs at a detailed industry level DOI:
https://doi.org/10.25318/3610021701-eng (1961-2018, 0.61% gross output; 1.62%, value-
added).
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https://doi.org/10.25318/3610021701-eng

Measured total output, input and TFP for Canadian
agriculture (USDA data)

1961- | Contribution to
2018 | output growth

0-5 Output 1.83%
0.0 Input 0.43% 23.5%
1961 1965 1969 1973 1977 1981 1985 1989 1993 1997 2001 2005 2009 2013 2017 TEP 1.40% 76.5%
TFP Output Input

Data source: USDA
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The AAFC Productivity Account for Canadian Agriculture - Open Government Portal (canada.ca)
https://doi.org/10.25318/3610021701-eng
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3610021701
https://www.ers.usda.gov/data-products/international-agricultural-productivity.aspx
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RM.QXD (pc.gov.au)
Multifactor measures include capital-labour MFP (value-added output) and capital-labour intermediate inputs MFP (gross output).
The value-added approach overlooks improvements in the efficiency of intermediate inputs.
The gross output-based measure better indicates the extent of disembodied technological change.
The value-added approach is simpler, ignoring the complexities of inter-industry and intra-industry flows.
The value-added measure of productivity growth (MFPVA) is calculated as (G/VA) x MFPG.
The value-added measure is not an indicator of technological change or overall efficiency improvements.

https://doi.org/10.25318/3610021701-eng

Considerable Inter-decile Productivity Dispersion for Food

Manufacturing and its Sub-sectors
Internal Factors

O © Managerial practices/talent
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manufacturing; 31 14=Fruit and vegetable preserving and specialty food manufacturing; 3115=Dairy product manu- through trade)
facturing; 31 16=Meat product manufacturing: 31 17=Sealood product preparation and packaging; 31 18=Bakeries and © Regulatory environment

tortilla manufacturing: 31 19=0ther food manufacturing. @ Input market flexibility

Syverson (2011, JEL)
Hailu & Piedrahita, 2021




Greenhouse gas emissions per kilogram of food product Our World

Emissions are measured in carbon dioxide equivalents (CO2eq). This means non-CO2 gases are weighted by the
amount of warming they cause over a 100-year timescale.

in Data

Beef (beef herd)

Lamb & Mutton

Beef (dairy herd)

Prawns (farmed) 26.87 kg
Cheese 23.88 kg

Pig Meat 12.31 kg

99.48 kg

Poultry Meat 9.87 kg
Eggs

Rice

Tofu (soybeans)
Milk

Tomatoes

din(TFP) _ din(Y) din(X) , din(G)

Maize

Wheat & Rye
Peas j§ 0.98 kg
Bananas J| 0.86 kg
Potatoes | 0.46 kg
Nuts | 0.43 kg

0 kg 20 kg 40 kg 60 kg 80 kg

dt dt dt — dt

Source: Poore, J., & Nemecek, T. (2018). Reducing food's environmental impacts through producers and consumers.

Note: Greenhouse gases are weighted by their global warming potential value (GWP100). GWP100 measures the relative warming impact of one
molecule of a greenhouse gas, relative to carbon dioxide, over 100 years.

OurWorldInData.org/environmental-impacts-of-food « CC BY
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e Developed financial market is crucial for the
success of innovation (Schumpeter 1911; Hicks
1969; Hailu and Herath, 2022)

. * Intellectual property rights
Enabli Nng  patent, trademarks, copyrights

Institutional e Human capital (Lucas 1988; Hailu & Herath, 2022)
Fnvironment » Openness to trade

Share of US households using specific technologies, 1903 to 2019
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No new equipment or land for a few years, say
farmers hit by interest rate hike
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Technical changes require substantial investments.
Financial forces are critical for fostering new inventions, but research on this is limited.
A well-developed financial system efficiently allocates finances to product innovation (Rajan & Zingales, 1998).
Greater access to external finance promotes new firm entry and growth, facilitating 'creative destruction' (Aghion et al., 2007).
Financial intermediaries stimulate technological innovation by identifying potential successful entrepreneurs (Schumpeter, 1911).
Financial market improvements were primary causes of the British Industrial Revolution (Hicks, 1969).
Developed financial systems help adopt new products/processes, improving productive efficiency and enabling faster catch-up (Aghion, Howitt, & Mayer-Foulkes, 2005).
Financial development reduces screening and monitoring costs, mitigating agency problems, and increasing innovation frequency (Aghion & Howitt, 2009).
Developed financial markets are crucial for successful innovation (Schumpeter, 1911; Hicks, 1969).
Access to external finance enhances firm innovation (Hsu et al., 2014; Brown et al., 2012; Hailu & Herath, 2022).


Establishments reporting high impact of obstacles to

innovation, (fiscal years 2016 to 2018)

Obstacles Innovating non-innovating
Shortages of skilled workers 43.5 23.3
Lack of internally generated cash flow 34.6 17.1
Long gestation period of innovation 26.5 5.1
Insufficient flexibility in regulations 21.9 11.9
Lack of external equity funding 21.1 9.6
Lack of debt financing 17.4 8.3
Lack of idea champions 12.1 6.9

Hailu & Herath, 2022



Challenges and Opportunities
Path Forward



PRESIDENT'S ADDRESS,
AMERICAN FARM MANAGEMENT ASSOCIATION,
BALTIMORE, MD., JANUARY 8, 1910.

JOURNAL

FARM ECONOMICS Ge A, BreLings,
Ve 1. Jurs, sy M. 1 OrFcr oF Fars MANAGEMENT.

The unusual demand for food products and the scarcity of farm
labor since the war began have given rise to conditions which demand
arealer concentration of effort on farm management p1'o'ble111s,
These problems affect the conmmunity, the state and the country as a
whole and arc in a measure sociologieal ; nevertheless, since they bear
a close relation to production and to the individual farm, the basie
unit of production, they are of vital importance to the economie

management of the farm. INn 1919, in his presidential address to

There has been no period in the history of this country when

economic conditions have changed so rapidly, requiring the most the American Farm Management

careful thought concerning the organization of farms of different

types to meel present day needs, and the changes which may take ASSOCiation y Bi I I i ngS nOte: “There haS been

place after the war; the policy of price fixing of farm products and

its hearing on profitable production as compared with the funda- no perIOd In the h|St0ry Of thIS COU ntry When
mental law of supply and demand ; the mobilization of farm labor to - “a -
produce the supply of food needed; and many other important ques- economic Cond ItlonS have Changed SO rapld Iy,
tions.  The cost of producing milk in large dairy regions and the (-

cost of producing wheat as the basis for fixing the minimum price of requ Iri ng the mOSt CarerI thoughtS

wheat to the farmers, illustrate the kind of information which has

more recently heen demanded. The reguests for such information Concerning the Organization Of farms Of

point out cotclusively that the results from the investigation of farm

1 77
management problems by state and federal departments should be dlfferent types to meet present_day needs
tabulated, summarized and held in readiness for such reguests. _

Moreover, this mformation should be put into such shape that it may U nusual demand for farm prOdUCtS
be given to the farmer by extension workers as suggestions for adjust- ScarCIty Of farm Iabou r
g his system of farming to meet these changing conditions, .
In normal times the ratio between food production and the increase - Need for and |mpo rtan ce Of data
in population is quite constant, Statistics show that during the last
three decades there has been a slight increase per capita in the pro-

duction of wheat and corn, due in part to the cultivation of more
land, but also to more intensive methods of farming. Under such

3
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Recycling water and investing in biotechnology and advanced plant breeding improve plant resistance to drought and water stress.
Public concern about natural resources and the environment is growing.
The agriculture sector is expected to provide healthy, nutritious food at reasonable prices while addressing demographic, environmental, and economic issues.
Farmers are called to adapt to changes and meet society’s needs with little recognition.
The agriculture industry's success depends on accepting innovation and adapting to changing pressures.
Innovation is crucial for producing more with less in a sustainable manner.
The Senate Standing Committee on Agriculture and Forestry studies the importance of innovation in agriculture.
Innovation drives the development of the agriculture and agri-food sector.
Standing Senate Committee on Agriculture and Forestry (41st Parliament, 2nd Session) (sencanada.ca)
https://www.thecanadianencyclopedia.ca/en/article/agriculture-in-canada



Challenges:

e Trade is the lifeline of Canada’s agriculture.
e Economic issues related to increasing competition at the international level

Supplies healthy and nutritious food at reasonable prices.

e Climate change and volatile weather.
* heat and drought can negatively impact crops and livestock.

* Farming produces greenhouse gases that contribute to climate change.
e COVID-19, conflicts and supply chain disruptions.
e Labour shortage, animal welfare/protection.

 New production techniques will be required to enhance productivity and the
importance of innovation is even greater.



Opportunities:

Innovation:
 Growing global populations and rising income in « One of the lowest performers in terms of
developing and emerging economies private-business R&D expenditures.
« Confusion between invention & innovation

 Natural resources (water, ..) (Breznitz, 2021).

 Continued application of advances in biotechnology.

* Invention S
« High level of education e /_,,H,.,/'
 Ranks among the top in public investment in R&D // <
» Maintained significant investment in science . _ _Z =
« Many important technologies originate in Canada e e T e

(agriculture, robotics, vaccination, etc.) e “ e i
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https://globalnews.ca/news/9039689/automated-work-coffee-

automated irrigation, fertilizer, harvesting, and breeding systems. These process improvements are aimed at reducing production costs and conserving water, fuel, and fertilizer.barista-future-jobs/?utm_source=notification


THE FUTURE
OF TECHNOLOGY
IN AGRICULTURE

de Wilde et al 2016

TECHNOLOGICAL DEVELOPMENTS

2.1 3D printing

2.2 4D printing

2.3 Smart materials

2.4 Robotics

2.5 Autonomous microrobots

2.6 Sensor technology

2.7 Information technology and IT infrastructures
2.8 Bioinformatics

2.9 Smart farming

2.10 Renewable energy

2.11 Biorefinery and biofuels
2.12 Genetics

2.13 Synthetic biology

2.14 Protein transition

2.15 Food design

2.16 Aquaculture

2.17 Vertical agriculture

2.18 Conservation technology
2.19 Transport technology
2.20 Weather modification



http://maisagro.pt/wp-content/uploads/2017/06/grp04_the_future_of_technology_in_agriculture.pdf

2018 C$

10,000

8,000 -

6,000

2,000 -

0

Canada has a productivity growth issue

e “Our third pillar for growth is a plan to tackle the Achilles heel of the Canadian
economy: productivity and innovation.” (Chrystia Freeland).

e Lagging productivity and innovation are the Achilles heel of the Canadian economy

e Canada’s SME sector is lagging behind

Investment in Machinery & Equipment per worker

Canada
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https://www.canada.ca/en/department-finance/news/2022/04/budget-2022-address-by-the-deputy-prime-minister-and-minister-of-finance.html


Innovation is key in the policy

frameworks

@ Agricultural Policy Framework (2003-2008)

e Focus: science and innovation
e Outcome: improve competitiveness and profitability

e Growing Forward: (2008-2013)

e Focus: innovation
e Outcome: ensure productivity, profitability, competitiveness

@ Growing Forward 2: (2013-2018)

e Focus: innovation
e Outcome: long-term profitability and competitiveness

@ Canadian Agricultural Partnership (2018-2023)

e Focus: science, research and innovation
e Outcome: increase competitiveness, productivity, profitability



Importance of government support to innovation by
source, (fiscal years 2016 to 2018) (%)

Sources of support

R&D tax incentives
Government R&D grants
Government financing support
Training and hiring programs
Government research facilities

Other government programs

Export development assistance

Government procurement

Incubator & accelerator programs




Canada can play a major role in
fighting global poverty and hunger

Slowdown productivity and the rise in inequalities are of major
concern

Two-thirds of the world’s extreme poor earn their livelihood from
agriculture.

Globally, between 720 and 811 million people faced hunger (UN 2020).

Nearly one in three people do not have access to adequate & healthy
food.

Civil conflicts, climate change, climate variability and extremes, economic
slowdowns and downturns, COVID-19, and the Russian-Ukraine war are

the major drivers slowing down progress, particularly where inequality is
high.

Hence, an increase in agricultural productivity is key.

Food and Agriculture &
rganization of the International Fund for
Unltpd Nations JLIFAD | Agricubural Developrmer

?rHE sm

%, roo'b'éicunlﬁ

RMING EOOD SYSTEMS:
D ALTHY DIETS'




Canada's animal genetic exports (for breeding purpose)

Cattle embryos

Dairy semen

Dairy cattle

Beef cattle semen

Beef cattle

Swine

Purebred horses

Fowls, live domestic weighing not more than

185 g

Turkeys, live, weighing not more than 185 g

Ducks, geese and guinea fowls, domestic, live,

weighing not more than 185 g

Hatching eggs

Total exports

2017

8,461,298

126,677,022

13,801,880
6,746,062
9,039,177

45,053,279
8,933,527

23,304,091

32,724,700

5,330,858

68,848,918

349,284,029

2018
7,525,307
119,144,908
11,498,035
4,867,394
8,455,004
41,224,383
9,820,798

20,685,784

36,043,627

3,782,536

65,022,266

Animal genetic exports in Canadian dollars

2019

5,643,074

108,782,087

14,805,437
6,456,247
7,680,724

44,803,423

15,217,517

19,808,639

29,744,191

4,041,082

71,502,560

2020
5,970,007
109,639,454
12,230,237
4,662,768
7,927,214
61,852,366
6,877,026

14,374,587

25,993,030

2,221,691

66,026,944

328,464,858 328,607,264 319,444,336

2021

5,211,121

103,380,070

13,004,418
9,189,835
7,191,563

50,851,624
6,358,354

15,567,165

28,840,141

2,375,197

74,395,392

Sources: Statistics Canada; Small ruminant embryo and semen data sourced from the Canadian Livestock Genetics
Association

i

Government

of Canada

Gouvernement

du Canada
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Canada's animal genetic exports (for breeding purpose) - agriculture.canada.ca

https://agriculture.canada.ca/en/canadas-agriculture-sectors/animal-industry/animal-genetics/canadas-animal-genetic-exports

Summary

* Technological change key to the agri-food sector.

 The challenges posed by the global food supply will continue to push the agri-food sector
towards technological innovation.

 Much to be gained from data availability and accessibility:
e Importance of collaboration in the production of data for research and access.
* Efforts to measure business-level production practices.

e What is the effect of demand on measured productivity at the firm level?
e The role of intangible capital?
e What/Which productivity drivers matter most and in what agri-food sub-sector?

 What is the role of public policies that boost productivity growth (e.g., market regulation
design)?

e Delighted to see what the next decades bring in technological progress and productivity
research given the speed of technological advances.
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Many of the productivity (or technological progress) drivers discussed can be influenced by government policies… e.g.,  innovation policies…


Thank you!
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