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While the value of agriculture to the Canadian economy is well established,

its extensive indirect and induced value through upstream and downstream

industries is not. Input-Output (I/O) analyzes are a common tool that measure

the direct, indirect and induced impacts of an industry to the entire economy.

We reviewed I/O analyzes that used economic multipliers to estimate the

total contribution of agricultural industries to Canada’s economy. Reports

underwent data extraction for output, Gross Domestic Product (GDP), jobs,

labor income and taxes generated. We found that when indirect and induced

economic impacts are considered, the value of agricultural industries is much

greater than traditional valuations indicate. Beef and canola were the two

largest industries in terms of GDP and jobs, with direct impacts constituting less

than half of their total impacts. Recent and thorough I/O analyzes are available

for only a limited number of agricultural industries. There is a need for I/O

analyzes covering key agricultural industries at the regional and national level

using uniform methodology and recent data and multipliers. This information

is essential to gain a systemic understanding of the true economic value of

agriculture and to inform policies and investment that maximizes the potential

of agricultural industries.
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Introduction

In Canada, primary agriculture—defined as work that is performed within the

boundaries of a farm, nursery or greenhouse—accounts for just over 2% of Gross

Domestic Product (GDP) and employs 269,300 people (Agriculture Agri-Food Canada,

2021). However, the overall contribution of agriculture to Canada’s economy goes

far beyond the work performed within farm boundaries. Primary agriculture is a

key building block for downstream food and beverage processing industries, retailers,

foodservice providers and other industries that rely on agricultural inputs. Moreover,

primary agriculture helps support upstream industries and knowledge economies from

seed, fertilizers and other chemical inputs to engineering and veterinary services,

pharmaceuticals and academia. These are the direct impacts (businesses that incur

expenses and receive revenue as a direct consequence of farm operations) and some

indirect impacts (suppliers of the industries that are directly affected). In addition to these
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more obvious impacts, the induced impacts of agriculture arise

from shifts in spending on goods and services because of changes

to the payroll of the directly and indirectly affected industries

and their employees.

Standard valuations of agriculture in Canada, the U.S. and

the E.U. follow economic approaches that account for primary

agriculture and some downstream sectors that rely on its

inputs such as food and beverage processing, food retail and

foodservice providers (Statistics Canada, 2020; USDA, 2020;

Eurostat, 2021). By these boundaries, Canada’s agriculture and

agri-food system accounted for just over 7% ($139.3 billion)

of GDP and employed 2.1 million people, which represented

11% of jobs in Canada (Statistics Canada, 2020). Similarly, in

the U.S. agriculture, food and related industries contributed

approximately 5% (USD$1.109 trillion) of GDP and provided

11% of U.S. employment (USDA, 2020). In Europe, agriculture

accounted for 1.3% (e173.3 billion) of GDP and 4.5% of

employment (Eurostat, 2021). This figure was calculated as the

difference between the value of everything that the E.U. primary

agricultural sector produced and the costs of the services and

goods used in the production process, adjusted for taxes and

subsidies on products. The goods and services used in the

production process include farmers’ purchasing items like feed

and veterinary services, seeds and plants, fertilizers, herbicides,

insecticides, and pesticides, plus fuel for farming equipment.

Subtracting the cost of goods and services paints a conservative

estimate of the role of agri-food in the economy as it fails to

account for GDP generated by these purchases.

A systemic understanding of the far-reaching economic

effects of agricultural industries is essential to inform policy

and the level of investment from private and public sectors

(Dietzenbacher et al., 2013). Input-output (I/O) models capture

the systemic effects of a sector through the economy (Johnson

and Noguera, 2012). They represent the interdependencies

among sectors to measure the direct, indirect and induced

impacts of one sector or industry (Leones et al., 1994;

Miernyk, 2020). Canada lacks I/O analyzes of its agricultural

industries, though some industries and provincial governments

have published their own analyzes. We reviewed published

I/O analyzes that measured the total contribution of various

agricultural industries in terms of output, GDP, jobs, labor

income, and tax revenue to synthesize what is known about the

true value of agriculture in Canada and where gaps in knowledge

need to be addressed.

Methods

Data sources

Sources represented a broad spectrum of actors across

Canadian agriculture including industry, academia and all levels

of governments. A keyword matrix was used to guide literature

search by combining the following keywords:

- Terms for methodology: Input-Output (I/O) analysis,

Multiplier analysis, Direct, Indirect, and/or Induced;

- Terms for metrics: Added value, Gross domestic product

(GDP), Jobs, Employment, Labor / Labor income, and/or

Tax revenue;

- Terms for agricultural sectors: Animal production, Crop

production, Horticulture, Canola, Soybean, Soy, Wheat,

Oats, Barley, Malting barley, Rye, Flaxseed, Dry peas,

Lentils, Mustard seed, Canary seed, Sunflower seed,

Chickpeas/Garbanzo beans, Sugar, Maple syrup, Maple

tree, Potatoes, Tree fruit, Fruit, Vegetables, Corn, Tomato,

Cucumber, Green pea, Bean (Green and Wax), Cabbage,

Cauliflower, Broccoli, Brussels sprout, Carrot, Rutabaga,

Turnip, Beet, Radish, Shallot, Onion (Green, Spanish,

Yellow, Cooking), Celery, Lettuce, Spinach, Pepper, Pumpkin,

Squash, Zucchini, Asparagus, Berries, Apple, Pear, Plum,

Cherry, Peach, Apricot, Grape, Strawberry, Raspberry,

Cranberry, Blueberry, Saskatoon, Greenhouse, Nursery,

Mushroom, Beef, Pork, Hogs, Chicken, Turkey, Poultry,

Eggs, Dairy, Sheep, Lamb, Irrigation, Agri-business, Seed,

Fertilizer, Pesticide, and/or Herbicide;

- Terms for locations: Canada, national, Alberta (AB),

British Columbia (BC), Manitoba (MB), Nova Scotia (NS),

Newfoundland (NF), Northwest Territories (NT), Nunavut

(NU), Ontario (ON), Quebec (QC), Prince Edward Island

(PE), Saskatchewan (SK), and/or Yukon (YT).

Iterations were repeated with terms for each key agricultural

industry in Canada. All principal field crops and horticultural

production, and all livestock and animal product industries

listed by Statistics Canada were searched separately. Every

province/territory and its abbreviation were searched separately

to obtain provincial/territorial-level literature. Snowballing and

reference mining was also done. Academic and international

databases including theUnited States Department of Agriculture

(USDA), Eurostat, World Bank and the Food and Agriculture

Organization of the United Nations (FAO) were searched for

comparative assessment.

Papers were excluded if they did not measure the

direct, indirect and induced impacts of an industry or

if they did not use I/O methodology. Papers published

between January 2005 and January 2022 were retained.

A total of 15 publications were retained for this review.

Publishers of the retained papers included Canola Council

of Canada, Soy Canada, Beef Cattle Research Council,

Chicken Farmers of Canada, Dairy Farmers of Canada,

Canadian Horticultural Council, provincial governments of

Alberta and Prince Edward Island, BC Agriculture Council

& Investment Agriculture Foundation, BC Dairy Association,

Ontario Agri-Business Association, Alberta Irrigation Projects
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Association, Econometric Research Ltd., and Canadian Agri-Food

Policy Institute.

Data extraction and analysis

Papers underwent quantitative data extraction guided by a

question-driven Supplementary Table S1. We extracted five key

measurements from papers: GDP, jobs, labor income, output

and tax revenues. Monetary figures were recorded in $CAD

billion, unadjusted for the year of data used in the paper.

All figures are for the most recent year for which the paper

reported data, though some reports took an average value of

a multi-year dataset. GDP was defined as the unduplicated

added value of goods and services produced annually. Jobs were

defined as the number of annual full-time equivalent (FTE)

jobs that an industry accounted for annually. Labor income

was defined as the industry’s contributions to the income of

workers and other members of society annually. Output was

defined as the total gross value of goods and services produced

by the industry annually Tax revenues were defined as the

total federal, provincial and municipal taxes generated by an

industry annually.

Data were analyzed by qualitative and quantitative analysis

using Microsoft Excel (Silverman, 2015). A narrative synthesis

framework was used to synthesize studies and analyze

relationships within and between studies (Popay et al., 2006).

The first element of the analysis—developing a preliminary

synthesis—was done through tabulation and grouping of

data. The second element—relationships within and between

studies—was explored using basic statistical analysis as a

descriptive tool, qualitative case descriptions, and conceptual

mapping. Narrative synthesis was considered appropriate due

to the small number of studies reviewed, the interdisciplinary

nature of I/O analysis content, and the heterogeneity of I/O

methodologies included.

I/O methodology

I/O models consist of a system of linear equations, each

one of which describes the distribution of an industry’s product

throughout the economy (Miller and Blair, 2009). One is

concerned with the activity of industries that produce goods

(outputs) and consume goods from other industries (inputs) in

the process of producing each industry’s own output. At the

heart of I/O analyzes are economic multipliers, which show

linkages between a change in output in one industry and its

ripple effects on others (Cross and Ghanem, 2006). Economic

multipliers can be understood as the strength of re-circulating

initial expenditures within the economic system. In Canada, the

Statistics Canada I/O Model was widely used by reports in this

review. Statistics Canada publishes industry by industry input-

outputmultipliers that show inter-industry transactions, making

them suited to be used as the basis for I/O modeling (Statistics

Canada, 2022a).

Results

State of knowledge and gaps

Fifteen reports published between 2005 and 2021 were

included in our study and subsequently synthetized (Table 1).

The only national-level multi-industry I/O analysis was

published by the Canadian Agri-Food Policy Institute (2005)

using data from 1999. Industries that have completed I/O

analyzes at the national level include canola and horticulture.

Industries that have published I/O analyzes at both the national

and provincial or regional level include soy, beef, chicken, turkey

and dairy. At only the provincial level, I/O analyzes are available

for sugar beet (Alberta), potatoes (Prince Edward Island), crop

input supply industries (Ontario) and the irrigation industry

(Alberta). One province—British Columbia—has published a

provincial-level I/O for crop and animal production, and

southern Ontario has published an I/O analysis for agriculture

and food systems in that region of the province.

I/O analyzes are unavailable for many grains including

wheat, oats, barley, and lentils. Further, there are no I/O analyzes

for fruit and vegetable industries other than a Canada-wide I/O

of horticulture and the Prince Edward Island potato industry.

Eggs, pork, aquaculture, and farming also lack I/O analyzes.

There is a dearth of I/O information about support industries

such as seeds, fertilizers, herbicides, pesticides, veterinary

services and pharmaceuticals. Specialty products such as maple

syrup also lack I/O analyzes.

Top industries

The most prominent agricultural industry in Canada was

beef. For Canada as a whole, the cattle sector contributed $51.6

billion to GDP and was directly or indirectly associated with

creation of nearly 350,000 full-time equivalent jobs. Canola was

the second most lucrative sector in Canada, contributing $26.7

billion to GDP and accounting for 177,000 jobs.

The distribution of impacts within and
between industries and regions

There were large differences between the direct

contributions of a sector and its total, including indirect

and induced, impact. Within industries, the distribution of

impacts differed by region (Figure 1). For beef, direct impacts
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TABLE 1 Summary of input-output analyzes by industry and region.

Industry Region Publisher Year of

data

Parameters of the analysis Direct

GDP

Total

GDP

Total labor

income

Total

output

Direct

jobs

Total

jobs

Total tax

revenue

Canola Canada Canola Council 2015 Canola and canola product

production

10.90 26.70 11.20 74,000 177,000

Soybeans Canada Soy Canada 2014 Soybean industry 2.20 5.64 12.73 20,809 54,435 1.27

Sugar AB Alberta Sugar Beet Growers’

Association

2009-

2019

Sugar beet production and

processing (AB)

0.12 0.20 0.05 975 2,150

Horticulture Canada Canadian Horticultural

Council

2004-

2005

Fruit, vegetable, and mushroom

industries

6.64 13.41 7.95 29.05 90,139 197,438 5.84

Potatoes PI Government of Prince

Edward Island

2016 Potato industry (PI) 0.23 0.53 0.24 1.35 1,768 5,016 0.05

Potatoes Canada Government of Prince

Edward Island

2016 Potato industry (PI) 0.23 0.78 0.38 1.89 1,818 7,086 0.07

Beef Canada Beef Cattle Research Council 2018-

2020

Cow-calf, backgrounding,

feeder/feedlots

19.60 51.60 11.70 71,453 347,352

Beef Western

Canada

Beef Cattle Research Council 2018-

2020

Cow-calf, backgrounding,

feeder/feedlots (Western)

14.80 38.80 51,923 258,130

Beef Eastern

Canada

Beef Cattle Research Council 2018-

2020

Cow-calf, backgrounding,

feeder/feedlots (Eastern)

4.80 12.80 19,530 89,222

Beef AB Beef Cattle Research Council 2018-

2020

Cow-calf, backgrounding,

feeder/feedlots (AB)

10.30 20.50 26,158 80,724

Chicken Canada Chicken Farmers of Canada 2019 Chicken farming and processing 2.80 5.76 87,200 2.20

Turkey BC BC Dairy, Egg and Poultry

Industries

2015 Turkey farming and processing

(BC)

0.14 1,758 0.04

Turkey Canada BC Dairy, Egg and Poultry

Industries

2015 Turkey farming and processing 0.37 1.11 14,301 0.36

Dairy Canada Dairy Farmers of Canada 2009 Dairy production and processing 4.42 15.10 49.99 50,753 215,104 3.02

Dairy BC BC Dairy Association 2019 Dairy cattle, milk production and

dairy product manufacturing (BC)

1.23 3.77 12,470 0.29

Dairy BC BC Dairy, Egg and Poultry

Industries

2015 Dairy industry (BC) 1.51 14,759 0.24

(Continued)
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TABLE 1 (Continued)

Industry Region Publisher Year of

data

Parameters of the analysis Direct

GDP

Total

GDP

Total labor

income

Total

output

Direct

jobs

Total

jobs

Total tax

revenue

Dairy AB BC Dairy, Egg and Poultry

Industries

2015 Dairy industry (AB) 2.03 17,743 0.36

Dairy SK BC Dairy, Egg and Poultry

Industries

2015 Dairy industry (SK) 0.41 4,805 0.07

Dairy MB BC Dairy, Egg and Poultry

Industries

2015 Dairy industry (MB) 0.58 7,955 0.09

Agri-

business

ON Ontario Agri Business

Association

2016 Crop input supply, grain elevators

and feed manufacturers (ON)

1.66 3.24 6.95 8,346 29,823 0.05

Irrigation

industry

AB Alberta Irrigation Projects

Association

2011 Irrigation industry (AB) 0.53 3.64 2.36 55,889 1.30

Crop /

animal

production

BC BC Agriculture Council

Investment Agriculture

Foundation

2019 Crop and animal production (BC) 1.87 3.90 8.49 35,100 55,000 0.95

Agriculture Southern

ON

Econometric Research 2011 Agriculture (southern ON) 7.49 15.15 8.90 29.29 115,106 214,063 4.40

Agriculture Canada Canadian Agri-Food Policy

Institute

1999 Agriculture (Canada) 8.79 16.09 8.33 37.22 160,541 357,521 5.28
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FIGURE 1

The value of Canadian agriculture by industry and region. This figure summarizes the direct and total (direct, indirect, and induced) economic

impacts in terms of GDP and jobs from 15 input-output analyzes of Canadian agricultural industries. Gross domestic product (GDP) in $CAD

(Continued)
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FIGURE 1 (Continued)

billion represents the total direct, indirect and induced value added to the Canadian economy by that sector. Jobs in FTE represent the total

number of direct, indirect or induced full-time equivalent jobs supported per year by that sector. Tax revenues in $CAD billion represent the total

tax contribution to municipal, provincial and federal governments generated by that sector. GDP and job figures come from 15 papers using

data from di�erent years and calculations based on di�erent multipliers; totals may not add up among industries or make sense in comparisons

between industries. Created with BioRender.

constituted between one quarter and one half of total GDP and

jobs, while indirect impacts, contributed mainly by industry

support provided by other non-agricultural sectors, constituted

the next largest share. Direct impacts were larger in western

provinces. In Alberta, the direct GDP of beef was half of the

total GDP; in eastern Canada, the direct GDP of beef was just

one third of total GDP of beef, which indicates that the indirect

and induced impacts are an important consideration.

The proportion of GDP relative to jobs generated by an

industry was consistent between some top industries. Beef and

canola—two of the biggest contributors to both GDP and jobs—

accounted for similar ratios of GDP to jobs. However, the ratio of

GDP to jobs differed by regionwithin industries such as beef and

dairy. For beef, nearly half of its national GDP impact occurred

in Alberta alone ($20.5 billion), but Alberta only accounted for

less than a quarter of the jobs (80,724 jobs).

Publishers of I/O analyzes

Industry associations and marketing boards were common

publishers of I/O analyzes. These included the Canola Council

of Canada, Beef Cattle Research Council and Dairy Farmers

of Canada. These are often voluntary and not-for-profit

organizations funded through membership dues or donations

that represent the interests of producers and businesses

within their sector. Provincial governments and not-for-profit

organizations also commissioned I/O analyzes. Groups typically

partnered with consultants or academic institutions to complete

I/O analyzes.

Discussion

Agricultural industries in Canada are closely tied to many

other economic activities. I/O analyzes show that agricultural

industries make a much higher contribution to the economy

than indicated by traditional economic valuations that fail to

capture indirect or induced impacts.

Comparability across analyzes

The I/O methodology and metrics reported were similar

across studies in this review. Due to small methodological

differences the results of these I/O analyzes are not directly

comparable. Some analyzes calculated specific multipliers rather

than use the generalized national or provincial multipliers

published by Statistics Canada. Even analyzes by the same

industry sometimes used different specificity of multipliers (e.g.,

dairy). Also, multipliers change over time as the economy

changes. Multipliers and data used by the analyzes in this review

ranged from 1999 to 2020, with an average year of 2015. The

papers applied multipliers from various years to data from

various years, which limits comparability across studies.

Comparison to other industries

Relative to other key industries in Canada, top agricultural

industries rank highly in terms of contribution to GDP and jobs.

Canada’s beef industry contributed more to GDP than marine

industries but less than oil and gas ((Ganter et al., 2021). The

industry accounts for half the number of jobs created by oil

and gas, and a similar number of jobs as created by the airport

industry. Canola accounts for over double the GDP of Ontario

mineral production, but less GDP than the airport industry

(Canadian Airports Council, 2019). In terms of jobs, Canola

contributed about a third of the jobs created by oil and gas.

Canada’s information and communication technology (ICT)

industry, which includes ICT manufacturing and wholesaling,

communication services, and software and computer systems,

was directly responsible for $96.8 billion GDP and 556,209 jobs.

Its total direct, indirect and induced GDP was nearly double at

$177 billion GDP while its overall contribution to jobs was over

double at 1,279,000 jobs (Government of Canada, 2020). The oil

and gas sector, defined as the sum of oil and gas extraction and

oil and gas investment, ranks below ICTwith a total GDP impact

of $128.1 billion with a direct GDP impact of $79.3 billion

(Kaplan, 2021). The sector directly accounted for 216,285 jobs,

with a total impact of over 611,000 jobs. The job shares are much

lower than the GDP share because the oil and gas industry is

capital intensive. Marine industries in Canada were worth $20.0

billion direct GDP, which nearly doubles to $36.1 billion when

indirect and induced GDP are added (Department of Fisheries

and Oceans, 2021). This sector includes marine industries in the

public and private sector from commercial fishing, tourism and

recreation, and government departments. Canada’s commercial

airport industry had a direct impact of 194,000 jobs and $19

billion in GDP. Its total impact was 355,000 jobs and $35 billion

in GDP (Canadian Airports Council, 2019). In Ontario, mineral

production accounted for $6.98 billion direct contribution to

GDP which almost doubled to $12.1 billion when indirect and
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induced benefits across Canada are considered (Ontario Mining

Association, 2015).

A real-world application: I/O can improve
policy

I/O analyzes are important tools that help predict the

breadth of consequences for agricultural policies (Helming et al.,

2001; Barker et al., 2007). Following the discovery of potato wart

in two Prince Edward Island fields, exports of fresh potatoes to

the U.S. were banned by the Canadian Food Inspection Agency

in November 2021. Potato farm cash receipts totaled $250.3

million to the Prince Edward Island economy; of that, the U.S.

fresh potato market was worth $120 million (Statistics Canada,

2022b). I/O analysis for the same year indicated that the actual

impact of the potato export ban wasmuch greater than the direct

value indicated by farm cash receipts. The potato sector (farming

and processing) supported $1.35 billion in sales on Prince

Edward Island and $544.7 million in other Canadian provinces

(Ghaith, 2020). It boosted provincial GDP by over $527 million,

created 5,016 jobs in the province, contributed $240 million in

wages and generated $48.9 million in taxes. Nationally, it created

7,086 jobs and generated over $73 million in taxes. These figures

include the direct impact of potato revenue as well as the indirect

and induced impacts such as sales generated by industries that

supply the potato sector and the labor income it creates.

PEI Potato Board chair John Visser told CBC News that

he would like to see “compensation for the potatoes that have

been destroyed and the damage that was done” (Fraser, 2022).

Policy measures to compensate potato farmers for their losses

only addresses a small portion of the problem. The economic

loss from stalled potato exports has indirect and induced effects

throughout the provincial and national economies; I/O analyzes

indicate themagnitude of these effects to inform policy. Farmers,

governments and citizens need I/O information to inform

policymaking and ensure that compensation for shortfalls in an

agricultural industry takes into account the full economic impact

of that industry.

Limitations

There is debate about the strengths and weaknesses of

I/O models in assessing the contribution of industry sectors

to the economy. One of the most significant limitations is

the assumption that extra output can be produced in one

area without taking resources away from other activities, thus

overstating economic impacts. The actual impact is likely to be

dependent on the extent to which the economy is operating at

or near capacity (Fellows and Winter, 2018). Additionally, the

validity of estimating induced effects is frequently challenged

(Jacques et al., 2011). The purpose of taking them into

consideration is to approximate the total impact of an industry.

Ignoring them creates uncertainty. Precautions can be taken

by the studies to avoid overestimating induced impacts, such

as including no more than 15 iterations; making various

deductions from the income of individuals (e.g., income

taxes, employee contribution to pension funds, employment

insurance, household savings) before simulating spending

of household revenue; and avoiding assigning remuneration

to every hour worked by farm operators in order not to

overestimate the induced effects of production because the hours

worked include unpaid hours which do not generate any re-

expenditure and therefore induced impacts. The I/O model,

without induced effects, generate results similar to a computable

general equilibrium (CGE) model (Fellows and Winter, 2018).

One of the main limitations of I/O methodology is that

it fails to incorporate non-monetary values. Yet, the value

of agriculture in its ability to provide ecosystem service is

tremendous (Garibaldi et al., 2017; Vanbergen et al., 2020).

The agricultural sector not only produces food, but it also

provides ecosystem services like pollination, pest control,

soil conservation and biodiversity (Lhermie, 2021). Although

beyond the scope of our study, any sound policy targeting

the economy of the agricultural sector should consider the

multifunctionality of agriculture.

Systematic search methodology was used to find I/O reports

pertaining to Canadian agriculture. However, the diversity of

platforms publishing reports (i.e., private industry, government,

and academic websites and publications) and the breadth of

agricultural sectors mean that some reports may have been

missed by the search criteria.

Conclusion

The value of agricultural industries to the Canadian

economy is much greater than the obvious direct impacts

of primary production. I/O analyzes measuring the direct,

indirect and induced impacts of agricultural industries across the

economy indicate the true importance of these sectors to GDP

and jobs throughout Canada. I/O analyzes have been completed

for some sectors of Canadian agriculture, but many sectors still

lack these comprehensive valuations.

There is a need to complete a Canada-wide I/O analysis

covering all key agricultural industries using up-to-date data

and uniform methodology. This information is essential to

communicate the true economic value of agriculture to the

Canadian economy and to inform policy and investment in

agricultural industries.
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