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The Council of  Canadian Academies is an independent, not-for-profit organization 
that supports independent, science-based, expert assessments to inform public 
policy development in Canada. Led by a 12-member Board of  Governors and 
advised by a 14-member Scientific Advisory Committee, the Council’s work 
encompasses a broad definition of  “science,” incorporating the natural, social, 
and health sciences, as well as engineering and the humanities. 

Council assessments are conducted by independent, multidisciplinary panels of  
experts from across Canada and abroad. Assessments strive to identify emerging 
issues, gaps in knowledge, Canadian strengths, and international trends and 
practices. Upon completion, assessments provide government decision-makers, 
academia, and stakeholders with high-quality information required to develop 
informed and innovative public policy. 

All Council assessments undergo a formal report review and are published and 
made available to the public free of  charge in English and French. Assessments 
can be referred to the Council by foundations, non-governmental organizations, 
the private sector, or any level of  government. 

The Council is also supported by its three founding Member Academies: 

The Royal Society of  Canada (RSC) is the senior national body of  distinguished 
Canadian scholars, artists and scientists. The primary objective of  the RSC is to 
promote learning and research in the arts and sciences. The RSC consists of  nearly 
2,000 Fellows — men and women who are selected by their peers for outstanding 
contributions to the natural and social sciences, the arts and the humanities. 
The RSC exists to recognize academic excellence, to advise governments and 
organizations, and to promote Canadian culture.

The Canadian Academy of  Engineering (CAE) is the national institution 
through which Canada’s most distinguished and experienced engineers provide 
strategic advice on matters of  critical importance to Canada. The Academy is 
an independent, self-governing and non-profit organization established in 1987. 
Members of  the Academy are nominated and elected by their peers to honorary 
Fellowships, in recognition of  their distinguished achievements and career-long 
service to the engineering profession. Fellows of  the Academy are committed 
to ensuring that Canada’s engineering expertise is applied to the benefit of  
all Canadians.
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executive summary

The agricultural sector is an important contributor to Canada’s prosperity and 
well-being. Primary agriculture plays a vital role in the food sector which is linked to 
close to $100 billion per year in economic activity and approximately 1 in 7.5 jobs.  
It is a key source of  food security and a support for rural communities. And for 
many Canadians, it is not just a source of  income, but a way of  life. 

There are substantial opportunities for Canadian agriculture in the coming 
decades. Population growth and other factors are projected to more than double 
global demand for food by 2050, while rising world incomes shift global patterns 
of  food consumption towards higher value (but more water-intensive) forms of  
agricultural production (e.g., meat and dairy products) and increase demands for 
non-food agricultural products such as biofuels and natural fibres. 

At the same time, growing competition for water, land, and other resources, 
as well as the uncertain impact of  climate change and climate variability, will 
place increased stresses on agricultural production throughout the world. Within 
Canada, significant risks and uncertainties include agriculture’s impact on water 
quantity and water quality; the agricultural sector’s access to water, land, and 
other resources; and how the sector can meet the challenges posed by climate 
change and other developments. These risks and uncertainties must be addressed 
expeditiously for Canada to maintain a robust agricultural sector that can seize 
opportunities and contribute to meeting the world’s food needs. 

To help prepare for these opportunities and challenges the Minister of  Agriculture 
and Agri-Food (the Sponsor) asked the Council of  Canadian Academies (the 
Council) to assemble a panel of  experts to address the following question: 

What additional science is needed to better guide sustainable management 
of  water to meet the needs of  agriculture?

In response to this question, the Council assembled a multidisciplinary panel of  
Canadian and international experts with backgrounds in hydrology, agriculture, 
climate, engineering, economics, water management and governance, and other 
fields. The Expert Panel on Sustainable Management of  Water in the Agricultural 
Landscapes of  Canada (the Panel) gathered and analyzed evidence pertaining to 
areas such as Canada’s water resources, water futures for agriculture and other 
industries, agriculture and the environment, Beneficial Management Practices 
(BMPs) from Canada and other countries, trends in technology and innovation, 
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public policy frameworks and economic instruments, and communication and 
stakeholder engagement aspects of  land and water management. Information from 
this review was combined with the Panel’s expertise, experience, and judgment.

tHe findings 

After a review of  the existing evidence, the Panel identified five key areas in 
which additional science and required action can contribute to better sustainable 
management of  water in agriculture. The following overview summarizes these 
under five headings, corresponding to each of  the main chapters in the report. 

1. Achieve a better understanding of  risks and uncertainties in areas such 
as market conditions, competition for land and water resources, and 
climate change to inform management decisions, leading to more effective 
management practices and outcomes (discussed in Chapter 2).

Identifying what additional scientific knowledge is needed for sustainable 
management of  water in Canadian agriculture requires an understanding of  
the main global drivers affecting the future of  the agricultural sector, as well as 
the economic, environmental, and social contexts in which Canada’s agricultural 
sector operates. For the purpose of  this report, the Panel examined the scientific 
evidence that refers to future trends and possibilities up to 2050. The Panel 
observed that during this period, changing market conditions are likely to result 
in new export opportunities, calling for more water-intensive forms of  agricultural 
production. This would be happening at a time when urban and industrial 
development, climate change, and other factors will place greater pressures on 
land, water, and other resources in Canada and around the world. Moreover, 
given the resulting intensification in the competition for resources, social pressures 
may also require the agricultural sector to demonstrate more effectively its 
contributions to economic growth, food security, and environmental protection, while 
regulatory and non-regulatory risks may require changes to production methods 
and locations. Additional research in these and other areas of  opportunities, risks, 
and uncertainties can help agricultural producers, government policy-makers, 
and other stakeholders make more informed decisions in production planning, 
infrastructure investments, and agricultural policies. 

The Panel believes that priority areas include research on changing market 
conditions, policies, and social perceptions that may present new risks and 
opportunities for agriculture; implications of  heightened competition for land, 
water, and other resources; and impacts of  climate change and increased climate 
variability in agricultural regions across Canada. The Panel noted that climate 
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change is likely to pose increasing challenges for agriculture world-wide. Some of  
the world’s major agricultural regions can expect substantially less precipitation. 
Across Canada, changing climate will affect both growing conditions for dryland 
agriculture, and the surface water and groundwater resources that support 
irrigation and livestock operations. Globally, increasing frequency of  extreme 
weather events, including floods and droughts can be expected; recent events in 
North America and world-wide have shown the potential implications for global 
food production. In Canada, the Prairies have a history of  flood and drought. 
The Panel was concerned to note that new research suggests an increasing risk 
of  extreme Prairie drought under climate change scenarios. The Panel observed 
that given the high levels of  uncertainty concerning future conditions, new 
approaches will be needed to support development of  policy, governance, and 
management of  water for agriculture. In particular, research is needed into the 
potential for adaptive management to provide robust strategies that can assist in 
accommodating uncertainty in water futures, and the role of  foresight studies in 
informing those strategies. 

2.	Improve	monitoring	information	targeted	to	specific	areas	of 	concern	
using	a	risk-based	approach,	as	well	as	enhance	scientific	capacity	
for the interpretation of  these data to foster a better understanding 
of 	Canada’s	water	resource	base	and	ongoing	changes	in	hydrology,	
ecology,	and	climate,	and	to	facilitate	adaptive	management	(discussed	
in Chapter 3).

Access to a reliable supply of  sufficient fresh water resources is a fundamental 
requirement for agriculture. Most agricultural production depends on natural 
precipitation (rain or snow), sometimes called “green water.” Concerns about 
water for precipitation-fed agriculture focus on (a) climate suitability for crop 
production (i.e., the reliability of  adequate precipitation from year to year, the 
extremes of  too much or too little water, and climate change); (b) managing the 
land to optimize the water environment for crops (e.g., through drainage or tillage 
practices); and (c) the impacts of  agricultural activities on the quantity and quality 
of  water in surface water and groundwater systems.

Irrigation and other agricultural uses of  water (e.g., for intensive livestock 
production, or food processing) rely on surface water sources (rivers or lakes) or 
groundwater aquifers. This is sometimes called “blue water” and its use often 
competes with other demands for water (e.g., drinking water, other urban water 
use, industry, hydropower, or to maintain healthy ecosystems). Irrigation is essential 
for agriculture in areas where natural precipitation is low and/or variable, and it 
can also generate increased productivity, diversity (high-value crops), and product 
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quality. Irrigation is also, however, the world’s largest consumer of  blue water 
(70 to 80 per cent of  global water consumption). Concerns for blue water use 
include the quantity and quality of  the available water, as well as the impacts of  
agricultural activities on the quality of  surface water and groundwater resources.

A serious threat to the health of  the agricultural sector is water stress, whether 
related to the quantity or the quality of  water used by agriculture or the quantity 
or quality of  water flowing from agricultural lands. Causes of  water stress depend 
on local conditions. In parts of  the Prairies, for example, irrigation is a dominant 
consumer of  blue water in areas where water resources are fully allocated, while 
the region’s green water supply has been affected by both major floods (e.g., 2011) 
and droughts (e.g., 2001–2002). In regions of  British Columbia, agricultural uses 
of  water face significant competition from other users and the environment. For 
instance, the Okanagan Valley, a region where agricultural activity depends on 
irrigation, has seen significant population growth in recent years and is already 
nearing or exceeding the available water supply. Contamination of  surface water 
and groundwater bodies due to agricultural runoff  is a major concern in most 
agricultural regions across the country. 

With stress on water resources projected to increase in the future, agriculture and 
other sectors need to work toward developing more efficient and sustainable methods 
for managing water use and consumption. Improved water monitoring is needed 
for contributing to this effort by providing decision-makers and stakeholders with 
the information they need to manage water more effectively. However, Canada 
does not currently possess the data and jurisdictional coordination necessary to 
fully understand either the quantity or quality of  fresh water resources across 
the country, especially in less populous areas, or to adequately define the water 
currently used by agriculture and needed for future agricultural purposes. 

The Panel believes that improvements in water quantity and quality monitoring 
and modelling would provide for better risk management in agriculture. Such 
information is critical to informing the development of  adaptive management 
strategies that will be essential in helping agricultural producers, policy-makers, 
and other stakeholders to accommodate heightened uncertainties relating to market 
conditions, climate, and other risks. The Panel also suggests that the development 
of  integrated water and climate monitoring and forecasting capabilities could 
make substantial contributions to Canada’s ability to sustainably manage its 
water resources for agriculture, providing much needed input for mitigating risks, 
capitalizing on opportunities, and informing policy and management decisions. 
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3. Achieve a better understanding of  the complex interactions between 
land management and water resources, including assessment of  the 
economic	and	environmental	efficacy	of 	BMPs	and	the	potential	
for	conservation	agriculture	and	ecosystems	services	approaches	to	
the management of  natural resources (including land and water) 
(discussed in Chapter 4).

Agriculture can affect the physical environment in complex ways through irrigation, 
tillage, drainage, and other land and water management practices. Certain impacts 
on water quantity, water quality, and habitats are controversial, but they remain 
poorly understood and quantified. One such example is the loss of  wetlands 
through agricultural drainage, which is an issue that can be a source of  conflict 
between different parts of  a community. 

One of  the major water quality issues arises due to high nutrient loads, particularly 
nitrogen and phosphorus. Issues of  concern in Canada include high phosphorus 
concentrations in the Prairies. Associated effects on rivers and lakes include algal 
blooms, with implications for ecosystems, drinking water, and recreation. Other 
impacts on ecosystem health, recreation, and drinking water quality include high 
nitrate concentrations in areas such as Prince Edward Island, with concentrations in 
groundwater and some surface water sources exceeding drinking water standards. 
Pressures like these are seen world-wide. In Europe, one recent study estimated 
that reactive nitrogen effects from agriculture resulted in between €20 and  
€150 billion of  environmental damage per year, compared to the benefit of  
nitrogen fertilizer to farmers, which was valued at between €10 and €100 billion 
per year. Other issues include impacts on water quality from pathogens, pesticides, 
and veterinary medicines. 

As efforts to increase agricultural production intensify, issues pertaining to 
agriculture’s impact on water and the environment will become more pressing, 
particularly as additional pressures are also being exerted by population growth, 
urban expansion, and industrial development. 

Although agriculture is associated with some of  the effects on water quality and the 
environment stemming from global intensification, there are many opportunities to 
manage agriculture’s relationship to the water environment in ways that increase 
water use efficiency and enhance environmental protection. BMPs, technological 
innovations, governance strategies, and policy tools are some of  the ways in which 
this can be accomplished. Given the various concerns for agriculture’s adverse 
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effects on the water environment, and the particular concerns for nutrients, a 
critical policy question will be determining the potential for various mitigation 
options, such as BMPs, technologies, governance strategies, and policy tools, to 
reduce these effects.

BMPs also provide the context for two related concepts that offer the potential for 
important benefits connected with a more diverse agricultural sector: conservation 
agriculture, which aims to create resilient, productive landscapes in the face of  
uncertain futures; and an ecosystem services approach, which recognizes the value 
of  non-marketable services, such as flood control, water quality, and ecological 
diversity. These broader perspectives on the role of  agriculture in providing a 
wider range of  ecosystem goods and services to society could provide significant 
benefits and opportunities for the agricultural industry. 

Important research priorities therefore concern quantification of  the effects of  
agricultural land management practices on water quantity and quality and on 
ecosystem health, and the potential of  BMPs to mitigate those effects. Particular 
issues include:
• the local and regional impacts of  changing cropping and tillage practices on 

runoff  processes and water quality; 
• the role of  agricultural drainage and loss of  wetlands on flood risk, drought 

resilience, water quality, and habitat at local and regional scales; and
• the potential effects of  BMPs on nutrient loads to surface water and 

groundwater systems.

Addressing this latter issue will require targeted research on BMP performance 
that quantifies local and regional scale effectiveness, identifying the best means 
for encouraging uptake of  sustainable practices and technologies, and assessing 
options for the sharing of  costs and benefits among different stakeholders, 
including the public. The Panel maintains that the development of  an ecosystems 
services perspective on the role of  agriculture requires significantly improved 
data on the relationship between agriculture, habitat, and biodiversity than are 
currently available.

4. Improve knowledge of  promising farm-scale technologies and 
research	priorities,	contributing	to	better	water	use	efficiency,	reduced	
environmental	impacts,	and	sound	investment	decisions	by	governments,	
industry,	and	agricultural	producers	(discussed	in	Chapter	5).	
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Technological developments have had dramatic impacts on the overall productivity 
of  agricultural systems and experts are optimistic about the future improvements in 
productivity that can be achieved. Within Canada, there is a range of  technological 
options relating to irrigation, precision and smart agriculture, pesticide and 
fertilizer formulation, low-cost water treatment, and many other areas that can 
contribute to maximizing opportunities and managing risks by improving water 
use efficiency, mitigating environmental impacts, and enhancing the productivity 
and resiliency of  agriculture. 

The Panel believes that additional research is needed to better understand the 
priority options that can provide the greatest contributions to improving water use 
efficiency, mitigating environment impacts, and enhancing the productivity and 
resiliency of  agriculture. Targeted research is also needed to better understand 
the options and priorities most appropriate to each agricultural context. In 
addition, demonstration projects and agricultural extension are necessary to 
increase the uptake and successful deployment of  technological developments 
and other research.

5.	Build	a	foundation	for	sustainability	by	adopting	appropriate	governance	
structures, valuation techniques, economic incentives, and knowledge 
transfer strategies to facilitate better management decisions, improve 
uptake	of 	sustainable	practices,	and	enable	the	agricultural	community	
to build strong working relationships with other sectors and stakeholders 
to resolve cross-sectoral issues (discussed in Chapter 6). 

Based on its research and deliberations, the Panel concludes that effective governance 
is an essential prerequisite to sustainable water management in agriculture. Water 
governance in Canada is highly fragmented, with multiple levels of  government 
holding or sharing responsibility. Contemporary water governance processes are 
diverse and include traditional regulatory approaches, collaborative processes, and 
market-based processes — as well as combinations of  all of  these. The roles of  
non-government actors, indigenous peoples, civil society groups, and businesses 
are increasing and changing relative to previous decades. Consequently, a host 
of  new challenges exist relating to the effectiveness, capacity, legitimacy, and 
accountability of  management decisions. Understanding how best to address 
these challenges is uneven.
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Differences in legal regimes, institutional settings, and socio-economic contexts 
across the country mean that there is no single framework that will be effective in 
all jurisdictions. Therefore, the Panel focused on principles and promising practices 
that have been shown to be effective in supporting sustainable management of  
water resources. These include: 
• Ensuring governance operates at the appropriate scale, which can help to 

facilitate coordination of  management efforts across relevant jurisdictions  
and stakeholders. 

• Integrating land-use planning with water management decisions, which can 
assist in incorporating the needs of  multiple users, while ensuring sustainable 
water management in the long run. 

• Incorporating knowledge into the decision-making process (including scientific, 
traditional, and local knowledge), which can lead to more robust solutions 
that account for the complex and interconnected nature of  current water 
management and governance challenges. Transdisciplinary research, where 
researchers and partners from the farm community, industry, and government 
jointly define problems and research programs, is an important way to facilitate 
knowledge co-production.

Agricultural policy strongly influences stakeholder decisions that affect water use 
in agriculture, often striving to ensure the sector is economically competitive, while 
also addressing relevant environmental and social concerns. Experiences from 
across Canada and around the world demonstrate that economic instruments — 
when designed properly and implemented appropriately — can support the 
goal of  sustainable water management. The Panel considered the potential for 
economic valuation techniques, economic incentives, pricing, and water markets 
to contribute to sustainable management of  water for agriculture. Investigation 
of  how these tools can be used effectively in the Canadian context is needed, as 
are mechanisms to measure their success.

Water governance decisions also need to incorporate the views and opinions of  
stakeholders. Stakeholder engagement should both disseminate information to the 
public and encourage a sense of  responsibility over the sustainable management 
of  water. Consequently, the Panel maintains that research into knowledge transfer 
strategies, as they relate to agriculture and water use, can contribute to improving 
communication between decision-makers and relevant stakeholder groups (including 
the public). This will be critical for addressing the cross-sectoral issues that affect 
sustainable management of  water for agriculture. 
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Moving forWard

The mix of  opportunities, risks, and uncertainties for agriculture will vary by 
subsector and region. Decision-makers, therefore, need to adapt and apply 
solutions that are tailored to their particular circumstances. Doing so will require 
additional research, time, and investment. It will also require a concerted action 
by all stakeholders in their respective areas of  responsibility, combined with a 
collaborative effort to coordinate activities and integrate knowledge from across 
jurisdictions. To prepare for the future, it is essential that such efforts begin now 
to ensure that the Canadian agriculture sector can remain resilient and continue to 
be a leader in productivity and innovation, as well as an important contributor to 
Canada’s economic growth, food security, and the well-being of  local communities. 
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