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We used to think that if we knew one, we knew two, because one and one are two.  
We are finding that we must learn a great deal more about ‘and’. 

Sir Arthur Stanley Eddington  
(the astrophysicist whose observations of the bending  

of starlight near the eclipsed sun confirmed predictions made  
by Albert Einstein in his General Theory of Relativity)
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PROLOGUE  
Agriculture and Agri-Food Canada (AAFC) is pleased to 
present this report, comprising a nine-year review of activities 
and findings under AAFC’s Watershed Evaluation of 
Beneficial Management Practices (WEBs) program.  
The WEBs program was funded under AAFC’s Agricultural 
Policy Framework and Growing Forward policy framework.  

This report encompasses the entire WEBs program history 
from its inception in April 2004 to the end of the program 
in March 2013. It covers each of the nine WEBs watershed 
projects and is a compilation of research progress and 
findings from the program’s biophysical research, economic 
research, hydrologic modelling and integrated modelling 
components.

The first chapter provides background information and history 
of the WEBs program. The next four chapters (Chapters 2–5) 
discuss the program’s research components—biophysical, 
economic, hydrologic modelling and integrated modelling. 
Chapters 6 and 7 cover the program’s communications and 
partnerships. The following nine chapters (Chapters 8–16) 
summarize the research on agricultural beneficial 
management practices (BMPs) conducted in the watershed 
projects, and Chapter 17 provides summaries, conclusions 
and insights. Although there is some duplication in the 
various chapters due to the applicability of certain program 
aspects or specific studies in more than one chapter, each 
chapter largely stands on its own. 

Changes since the last report
In 2010, a summary report of the first four years of WEBs 
(2004–2008) was published, titled Watershed Evaluation 
of Beneficial Management Practices (WEBs): Towards 
Enhanced Agricultural Landscape Planning.1 In addition  
to the significant progress made on the existing studies,  
the WEBs research program expanded in size and scope 
since the period covered by that report.

 � Two new watershed projects were added to the  
WEBs network:

• the Pipestone Creek Watershed in Saskatchewan  
(see Chapter 10)

• the Souris River Watershed in Prince Edward Island  
(see Chapter 16)

 � The following new BMPs were studied in the original 
seven watershed projects:

• irrigation management  
(Salmon River Watershed) (see Chapter 8)

• winter in-field cattle feeding  
(South Tobacco Creek Watershed) (see Chapter 11)

• switchgrass buffer strip (Bras d’Henri Watershed)  
(see Chapter 13)

• conservation tillage (Fourchette Watershed)  
(see Chapter 13)

• retention pond renovation to capture runoff  
and store water for supplementary irrigation  
(Thomas Brook Watershed) (see Chapter 15)

 � Additional economic methods were employed to assess 
both costs and on-farm and off-farm benefits of BMPs,  
and new socio-economic studies were conducted  
(see Chapter 3).

 � New hydrologic models and/or modifications to previously 
employed models were used to assess the BMPs  
(see Chapter 4 and Chapter 5).

Additional program information can be found at  
www.agr.gc.ca/webs. 

1 Stuart, V , D B  Harker, T  Scott and R L  Clearwater (eds)  2010  Watershed 
Evaluation of Beneficial Management Practices (WEBs): Towards Enhanced 
Agricultural Landscape Planning – Four-Year Review (2004/5 – 2007/8)   
Agriculture and Agri-Food Canada, Ottawa  Ont 
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EXECUTIVE SUMMARY
The objective of sustainable agriculture is to maintain high 
agricultural productivity while preserving environmental 
quality. To that end, Agriculture and Agri-Food Canada 
(AAFC) initiated the Watershed Evaluation of Beneficial 
Management Practices (WEBs) program to study selected 
agricultural beneficial management practices (BMPs) at a 
small watershed scale. When it concluded in 2013, the 
WEBs program had earned a national and international 
reputation for high-quality watershed-scale research  
into the environmental and economic performance of 
agricultural BMPs. 

WEBs researchers from AAFC and over 70 partner 
organizations conducted innovative research directed 
towards enhanced land-use decision making at the farm, 
landscape and regional levels. The nine WEBs watershed 
projects included biophysical evaluations of BMPs, economic 
analysis of the costs and benefits of BMPs and hydrologic 
modelling related to the BMPs. Integrated hydrologic–
economic modelling was also conducted at some project 
sites. These “living laboratories” represented typical farm 
operations and were situated in areas with unique agri-
environmental issues.

The program supported the agriculture industry in Canada by 
contributing to the knowledge base regarding BMPs and by 
transferring that knowledge within the scientific community 
and to producers, policy makers and other stakeholders. A 
number of tools were developed or initiated in WEBs that can 
help producers and other land-use managers use WEBs-
derived knowledge when making BMP-related decisions and 
that can assist the government in developing science-based 
policies and programs that encourage and support the 
implementation of effective BMPs. 

This information and these tools provide a clearer picture 
of the value of BMPs for agriculture and the environment 
and can bring us a step closer to achieving improved water 
quality in Canada. 

Biophysical research (Chapter 2)
WEBs biophysical researchers used various scientific 
methods to measure the impact of locally selected BMPs on 
water quality and other environmental parameters. Research 
was conducted on working farms and at the watershed scale. 
WEBs biophysical research findings can help producers 
determine which BMPs are the best for their operations  
and regions.  

Water quality sampling at watershed outlets helped researchers determine the 
cumulative impact of implementing BMPs  

Most of the BMP tests conducted in WEBs demonstrated 
a reduction in nutrient or sediment loading to surface water 
or improvements in other environmental indicators. Some 
BMP findings were mixed—certain water chemistry or other 
environmental indicators were found to be improving as  
a result of the BMP, while no change was detected for  
other variables. 

The implementation of BMPs to address specific 
environmental issues may also introduce unintended 
consequences, whereby improvements in one indicator  
may come at the expense of degradation of another. 

Watershed Evaluation of Beneficial Management Practices 6



Economics research (Chapter 3)
WEBs economists used a variety of budgeting tools and 
economic models to determine the on-farm economic costs 
and to identify and assess on-farm and off-farm benefits 
of applying the selected BMPs. Socio-economic studies 
investigated the attitudes and behaviour of producers or 
non-farm rural residents regarding BMP adoption. In a farm 
behaviour study, conservation auctions were studied as  
a method of paying producers to adopt BMPs. 

Riparian buffer strip BMPs were studied in three WEBs projects  

Most of the BMPs evaluated have high implementation 
and/or maintenance costs. However, most BMPs studied 
were also found to provide some on-farm benefits that may 
partially or completely offset these costs in the short- or 
long-term. Nine of the 38 BMPs evaluated in the economics 
component of WEBs were found to generate positive on-
farm net benefits. It can be assumed that BMPs generating 
negative net benefits on-farm would likely require a financial 
incentive to encourage adoption. However, of these, several 
would result in only slightly negative net benefits and would 
require only minimal financial support to encourage adoption. 

Some off-farm (public) benefits were identified in WEBs BMP 
studies. Examples include improved downstream water 
quality, erosion control, carbon sequestration, biodiversity 
and recreation opportunities. Reduction in contaminant 
loading to downstream surface water is a public benefit 
found to result from most of the BMPs studied in WEBs. 

Hydrologic modelling (Chapter 4)
Hydrologic modelling in WEBs used data from the 
biophysical component to assess the processes by which 
nutrients and sediment are transported by water from 
agricultural land to receiving streams and the impact of these 
processes on BMP performance. 

Hydrologic models in WEBs helped increase understanding 
of background conditions and watershed processes. 
Modellers used existing computer models and/or models 
they developed or adapted to reflect local conditions or 
specific BMPs. The Soil and Water Assessment Tool (SWAT) 
was used in most WEBs projects.

WEBs modellers were able to simulate hydrologic and 
environmental processes and to evaluate both structural and 
non-structural BMPs. Many of the WEBs modelling studies 
exhibited positive results for predicting flows as well as 
sediment and nutrient transport. 

WEBs modelling findings generally suggest a reduction 
in sediment and nutrient loading resulting from BMP 
implementation. With additional evaluation, these results may 
be considered acceptable for use in BMP design, selection 
and evaluation, or in policy and program decision making.

Integrated modelling (Chapter 5)
Integrated modelling facilitates the assessment of the  
benefits and costs of BMPs in agricultural watersheds.  
The goal of the WEBs integrated modelling component was 
to incorporate hydrologic, economic and social (behavioural) 
factors into a decision framework to assess and display the 
combined environmental (water quality), economic (costs 
and benefits) and social (likelihood of BMP adoption) effects 
of BMP implementation. An integrated modelling framework 
was developed in pilot projects at two WEBs locations. 
Site-specific hydrologic and economic information was 
incorporated into these models. 
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Watershed highlights (Chapter 17)
Unique conclusions and insights were gleaned from the 
nine years of interdisciplinary research at the nine watershed 
study sites. These include:

 � challenges involved in balancing aquatic needs with 
agricultural water use (Salmon River Watershed, BC)

 � the need to select BMPs based on the pathway  
that is most relevant for contaminant transport 
(groundwater versus surface water)  
(Lower Little Bow River Watershed, AB)

 � the need to tailor BMPs to specific cropping systems 
(Pipestone Creek Watershed, SK)

 � the value of historic data sets in assessing BMP 
performance (South Tobacco Creek Watershed, MB)

 � the environmental and economic benefits  
of an emerging BMP—controlled tile drainage  
(South Nation Watershed, ON)

 � the role of soil and landscape factors in BMP performance 
(Bras d’Henri and Fourchette Watersheds, QC)

 � BMP performance during extreme weather events  
(Black Brook Watershed, NB)

 � optimal timing of farm decision making  
(Thomas Brook Watershed, NS)

 � nitrate issues at an agriculture/marine interface  
(Souris River Watershed, PE)

Research highlights (Chapter 17)
Many highlights have emerged regarding the challenges 
faced and lessons learned by the researchers.  
This information can benefit future watershed-scale  
studies and includes:

 � the recognition that BMPs may perform differently 
in different regions and need to be designed for the 
contaminant transport and other issues specific to  
that region

 � challenges faced when conducting research in an  
outdoor setting  

 � the impact of land use and landscape factors on the 
ability to detect water quality changes resulting from 
BMPs, and the benefit of examining multiple variables 
when studying the water quality impact of BMPs

 � unexpected or interesting findings resulting from research 
in complex and dynamic watershed systems

 � the need for researchers to be adaptive to changing 
circumstances and priorities when conducting ecosystem-
based research or research on operating farms

Policy and programming implications (Chapter 17)
WEBs research has contributed valuable knowledge of the 
benefits and costs of BMPs and of producer attitudes and 
behaviour regarding BMPs. Examples of information or 
tools stemming from WEBs research that can help decision 
makers develop policies and programs that encourage the 
adoption of effective BMPs include:

 � socio-economic factors affecting producers’ decisions 
regarding BMP adoption

 � economic information that identifies the need to provide 
financial incentive to encourage producers to adopt BMPs, 
as well as information on policy and programming options 
for providing incentives

 � the need to target the placement of BMPs to areas of the 
landscape where they would have the greatest effect, as 
well as tools to aid in identifying these areas

 � information on the impact of the WEBs program on 
producers’ continuation or adoption of BMPs

The future of watershed-scale BMP research 
(Chapter 17)
As a result of complex landscape, climatic and agronomic 
factors, it may take several years to detect ecosystem 
response to BMPs. Therefore, long-term research of the kind 
conducted in WEBs is necessary to fully understand BMP 
performance. Fortunately, the infrastructure and partnerships 
in place during WEBs have facilitated the continuation of 
WEBs-like research at many of the project sites and in 
other watersheds under Growing Forward 2 AgriInnovation 
programming or other funding sources. 

Although the WEBs program has ended, information from the 
watershed projects continues to be relevant and important, 
and there are still opportunities to communicate and benefit 
from the program’s findings. Research findings continue 
to be published in peer-reviewed journals and through 
other communications and outreach vehicles. Through 
the communities of practice and collaborative research 
networks created in WEBs, the knowledge gained to date 
and research findings from continuing watershed studies will 
contribute to the agriculture industry’s ability to operate in a 
productive and sustainable manner.

Watershed Evaluation of Beneficial Management Practices 8



Background
INTRODUCTION
The objective of sustainable agriculture is to maintain high 
agricultural productivity while preserving environmental 
quality. To that end, the Watershed Evaluation of Beneficial 
Management Practices (WEBs) program was initiated to 
study selected agricultural beneficial management practices 
(BMPs) at a small watershed scale. 

 
 
 
 
 
 
 
 

Multidisciplinary versus interdisciplinary 

The nature of the research conducted in WEBs can be considered both 
multidisciplinary and interdisciplinary. WEBs was a multidisciplinary 
research program in that researchers from various disciplines 
independently conducted their own type of research, working towards 
a common purpose. But WEBs was also interdisciplinary in that these 
individuals from several disciplines worked together in an integrated 
way on a common issue—in this case, watershed-scale research on 
BMP performance. 

Dictionary definitions vary and the differences between the two terms 
may be subtle. Therefore, both terms are used in this report. 

Led by Agriculture and Agri-Food Canada (AAFC), WEBs 
researchers conducted innovative multidisciplinary and 
interdisciplinary research directed towards enhanced land-use 
decision making at the farm, landscape and regional levels. 
The nine WEBs watershed projects conducted biophysical 
evaluations of BMPs, economic analysis of the costs and 
benefits of BMPs and hydrologic modelling related to the 
BMPs. Integrated hydrologic–economic modelling was also 
conducted at some project sites.

WEBs researchers from multiple disciplines  
worked together to study BMP performance.

1

9

CHAPTER
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Why evaluate BMPs at watershed-scale?

For many years, agri-environmental programs promoted BMPs and treated them as 
proven practices. However, their costs and environmental benefits were seldom measured 
beyond small plot and field experiments, with results extrapolated to the watershed scale. 
Few BMPs were evaluated at the watershed scale, where the combined effects of soils, 
topography, land cover and land use could significantly alter results. The WEBs program 
was created to fill this void by studying BMP performance at the watershed scale and on 
working farms. 

A watershed provides a naturally bounded system that is much more complex than a 
laboratory or a field plot. Because watersheds are defined by hydrology, they are the most 
logical scale at which to conduct water quality research and to manage water resources, 
as opposed to managing water based on political boundaries. Watersheds act as living 
laboratories that allow researchers to study landscape processes and their interaction 
with land-use practices. Studying a suite of BMPs at the farm or watershed scale helps 
determine how their placement, timing and combination influence their cumulative effect 
on water quality. 

Information from a sub-watershed can be extrapolated to a larger scale where policy 
decision making can occur. Figure 1 shows how WEBs findings from a sub-watershed in 
the Manitoba WEBs study could be extrapolated to both the larger South Tobacco Creek 
Watershed scale and even to the Lake Winnipeg Basin (where governments and other 
stakeholders are working towards reducing harmful nutrient loading to the lake).

FIGURE 1
Potential extrapolation of WEBs findings to a larger scale

WEBs has supported the agriculture 
industry in Canada by contributing to 
the knowledge base regarding BMPs 
and by transferring that knowledge 
within the scientific community and 
to producers, policy makers and 
other stakeholders. A number of 
tools were developed or initiated in 
WEBs that can help producers and 
other land-use managers use WEBs-
derived knowledge when making 
BMP-related decisions and that can 
assist the government in developing 
science-based policies and programs 
that encourage and support the 
implementation of effective BMPs. 

This information and these tools provide 
a clearer picture of the value of BMPs 
for agriculture and the environment and 
can bring us a step closer to achieving 
improved water quality in Canada. 

…and beyond
Lake Winnipeg

 � Other projects

 � Policy and program decision 
making

WEBs test watershed
(1–10 producers)

Scaling up  
to the next level
(40–100 producers)
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THE HISTORY OF WEBs 
WEBs was conceived in 2003 to support AAFC’s commitment 
to the environment. WEBs was one of several initiatives 
under the Environment Chapter of the Agricultural Policy 
Framework (APF), a federal-provincial-territorial agreement 
in place from 2003 to 2008 that aimed to establish Canada 
as the world leader in food safety and quality, innovation and 
environmentally responsible food production. 

During the APF phase, WEBs studied BMP performance 
at seven watershed sites. Due to the long-term nature of 
watershed-scale research and the time required to quantify 
BMP effects on the landscape, WEBs was given a second 
mandate to study BMPs from 2009 to 2013 under AAFC’s 
Growing Forward initiative. The original seven WEBs 
watershed projects continued and enhanced their BMP 
research and two new sites were added. 

By the end of Growing Forward, the seven original WEBs 
projects had completed nine years of research, and four 
years of research were completed at the two new sites.

When it concluded in 2013, the WEBs program had earned 
a national and international reputation for high-quality 
watershed-scale research that was sought after by other 
research initiatives wanting to collaborate in the WEBs 
projects. WEBs-like research is continuing at many of 
the project sites and in other watersheds under Growing 
Forward 2 AgriInnovation programming, and research 
findings from the WEBs project sites will continue to be 
published in national and international journals and through 
other communications and outreach vehicles. 

Table 1 highlights the progress and achievements of WEBs 
during its history from 2003 to 2013. 

TABLE 1
The history of WEBs
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 (A
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S
E

  
(2

00
3–

20
08

)

2003
 � A call for proposals resulted in the selection of seven watershed projects 

 � A multidisciplinary research team was compiled for each watershed project  

2004/052

 � WEBs research leads designed biophysical experiments to assess the environmental effectiveness of BMPs  

 � Monitoring equipment was purchased and installed  

 � Partnerships were established with watershed groups and academic researchers to liaise with participating 
producers, to implement BMPs and to collect and analyze data  

 � BMPs were implemented at sites that already had pre-BMP baseline data  At other sites, pre-BMP data were 
collected to facilitate post-BMP analysis 

2005/06
 � Additional BMPs were implemented, monitoring continued and project designs were modified as required  

 � The economic, hydrologic and integrated modelling components were initiated 

2006/07

 � Most BMPs were fully implemented  

 � Contribution agreements were established with partners conducting economics and modelling work 

 � A site economist and site modeller were selected for each watershed and economics and modelling 
committees were struck 

2007/08

 � Two to three years of biophysical data had been collected at all project sites  

 � Economic assessments were in their second year 

 � Hydrologic models were under development  

 � WEBs researchers began to report on their progress and findings  

2 April 1, 2004 to March 31, 2005 as per the Government of Canada’s fiscal year 
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2008/09

 � Following the end of the APF, continuity funding helped WEBs bridge the gap while a new policy framework 
was being finalized  

 � Research continued at the original seven project sites, including modifications and additions to BMP studies 

 � Project teams released technical reports containing biophysical, economic and modelling findings  

 � Consultants were hired to prepare summary reports for the economics and modelling components  

G
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(2

00
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)

2009/10

 � Some of the original seven projects added new BMPs, and some BMPs from the APF phase were discontinued 

 � At several sites, WEBs economics research evolved from a focus on determining BMP costs to a net-farm 
approach that included on-farm benefits of BMP adoption  Off-farm (public) benefits were also studied in 
several watersheds 

 � WEBs hydrologic modellers continued to adapt and test their models  Some experimented with scaling up 
WEBs findings to larger watershed levels 

 � Development of integrated hydrologic–economic models continued at some WEBs project sites  

 � The two new sites began planning their experiments, installing monitoring equipment and collecting  
pre-BMP data  

 � A four-year review3 report and technical summaries4,5,6 based on findings from the first phase of the project 
were published in March 2010 

2010/11
 � The new sites began implementing and monitoring BMPs and conducting economic analysis and  

hydrologic modelling  

 � Several communications products were developed to share study findings with various audiences 

2011/12  
and  
2012/13

 � Numerous WEBs study findings from the biophysical, economics and modelling components were published in 
peer-reviewed scientific journals  

 � Many other outreach products and activities brought these findings to producers, policy and program decision 
makers, other stakeholders and the Canadian public 

 � WEBs researchers began to prepare final reports on their findings and achievements 

 � Many WEBs researchers submitted proposals to continue similar watershed studies under new or different 
funding initiatives, including AAFC’s Growing Forward 2 

3 Stuart, V , D B  Harker, T  Scott and R L  Clearwater (eds)  2010  Watershed Evaluation of Beneficial Management Practices (WEBs):  
Towards Enhanced Agricultural Landscape Planning – Four-Year Review (2004/5-2007/8)  Agriculture and Agri-Food Canada, Ottawa  Ont 

4 Agriculture and Agri-Food Canada  2010  Watershed Evaluation of Beneficial Management Practices (WEBs),  
Technical Summary #1 – Biophysical Component Four-year review (2004/5-2007/8)  Agriculture and Agri-Food Canada  Ottawa  Ont 

5 Agriculture and Agri-Food Canada  2010  Watershed Evaluation of Beneficial Management Practices (WEBs)  
Technical Summary #2 – Economics Component Four-year review (2004/5-2007/8)  Agriculture and Agri-Food Canada  Ottawa  Ont 

6 Agriculture and Agri-Food Canada  2010  Watershed Evaluation of Beneficial Management Practices (WEBs),  
Technical Summary #3 – Hydrological and Integrated Modelling Components Four-year review (2004/5-2007/8)  Agriculture and Agri-Food Canada  Ottawa  Ont 
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Why conduct long-term watershed research? 

Ecological processes (e.g. soil and plant health changes, nutrient 
fate and transport) are slow and dynamic. The physical, chemical or 
biological responses to a BMP being placed on the landscape may 
take years to manifest themselves. 

Short-term and long-term weather variability (e.g. annual drought 
or excessive moisture, long-term climate change) can affect BMP 
performance. Observing this variability can help determine how  
a BMP performs across a range of climatic conditions.

Land-use changes (e.g. crop rotations, multi-year nutrient 
management plans, cattle density) can also result in research 
challenges that require time to address. For example, conservation 
tillage may require several years of repeated use to establish a 
sufficient incorporation of organic matter into the soil to reflect the 
full implementation of that BMP. Similarly, research on potato crops 
can only be conducted every three years, as they are planted once  
in a three-year crop rotation. 

Short-term data can be misleading without the moderating influence 
of a longer-term trend. Sufficient information is needed to ensure 
results are statistically significant.

Once a watershed has been instrumented and baseline data 
collection is underway, it can be used to test new BMPs. 

Long-term watershed-scale research 
is needed to better understand BMP 
performance. 

PROJECT SELECTION 

Agricultural Policy Framework 

In December 2003, a call for proposals was issued within 
AAFC for watershed-scale BMP studies, which would 
become part of the WEBs program. Proposals were  
ranked using site selection criteria that addressed the 
following aspects: 

 � size, location and all-weather access of the  
small watershed study site and its encompassing,  
larger watershed

 � ongoing research collaboration and the availability  
of long-term flow and water quality data

 � agricultural intensity and land use in the watershed,  
and the quantity and regularity of runoff

 � local producer and watershed interest and support

 � capacity to assess BMP performance

Out of 13 proposals submitted, approval was granted  
to projects at seven watersheds.

Growing Forward Initiative 

Following a request for proposals process, the seven original 
projects and two new projects in Saskatchewan and Prince 
Edward Island were approved (Figure 2, Table 2). Minimum 
project eligibility criteria were as follows:

 � The project proponent must be an AAFC employee.

 � Projects must include biophysical, economic and 
hydrologic modelling components.

 � The location and nature of the projects must fill  
a landscape or knowledge gap within the existing  
WEBs network.

More detailed site criteria were also included for the two 
proposed new sites. 
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TABLE 2 
WEBs watersheds

WATERSHED LOCATION WATERSHED LEAD(S)
WEBs WATERSHED 
RESEARCH BEGAN

Salmon River Near Kamloops, BC
Klaas Broersma  
and Bruce Roddan 

2004

Lower Little Bow River Near Lethbridge, AB Jim Miller 2004

Pipestone Creek Near Moosomin, SK Barbara Cade-Menun 2009

South Tobacco Creek Near Miami, MB Jim Yarotski 2004

South Nation Near Ottawa, ON David Lapen 2004

Bras d’Henri and Fourchette Near Quebec City, QC
Eric van Bochove  
and Georges Thériault 

2004

Black Brook Near Grand Falls, NB
Lien Chow, Herb Rees  
and Sheng Li 

2004

Thomas Brook Near Kentville, NS Dale Hebb 2004

Souris River Near Souris, PE
Rollin Andrew,  
Terra Jamieson  
and Yefang Jiang

2009

FIGURE 2
The nine WEBs watershed locations

BC AB SK MB ON QC

NS

PE

NB

Salmon River

Lower Little 
Bow River

Bras d’Henri/ 
Fourchette

Black Brook Souris River

Pipestone Creek
South Tobacco Creek

Thomas Brook

South Nation
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The two WEBs watershed projects added  
during the Growing Forward phase were:

• the Pipestone Creek Watershed in 
southeastern Saskatchewan – Prairie 
Pothole region

The Pipestone Creek Watershed project 
measured the effectiveness of four regionally 
appropriate BMPs in reducing nutrient and 
sediment transfer from fields  
to receiving water. 

• the Souris River Watershed in Prince 
Edward Island – agricultural/marine 
interface landscape

BMP studies in the Souris River Watershed 
project were selected to address the 
need to reduce nitrogen losses to shallow 
groundwater and surface water. 

Both projects included economic analysis and hydrologic modelling.  
See Chapter 10 (Pipestone Creek) and Chapter 16 (Souris River) for more information.

BMP SELECTION
For the purposes of WEBs, BMPs are 
defined as farming methods designed 
to minimize negative impacts on the 
environment. A suite of BMPs was 
applied at each of the nine WEBs 
watershed research sites (Table 3). 
Researchers studied the environmental 
and economic performance of these 
BMPs at the small watershed scale 
(generally less than 2,500 ha).

Each of the nine project sites 
had unique landscapes, climates, 
agricultural practices and complex 
socio-economic and agri-environmental 
issues. BMPs and research methods 
were selected to address these local 
and regional issues. See Chapter 2 for 
more information on BMP selection and 
biophysical research methods.

Souris River Watershed,  
Prince Edward Island

Pothole in the Pipestone Creek Watershed, 
Saskatchewan
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TABLE 3
WEBs BMPs implemented by watershed

BC AB SK MB ON QC NB NS PE

WEBs BMPs
Salmon 

River

Lower 
Little Bow 

River

Pipestone 
Creek

South 
Tobacco 

Creek

South 
Nation

Bras d’Henri/ 
Fourchette

Black 
Brook

Thomas 
Brook

Souris 
River

R
IP

A
R

IA
N

Cattle exclusion fencing  
(and off-stream watering)

ü ü ü ü

Off-stream watering  
without fencing

ü

Riparian vegetation 
management

ü

IN
-F

IE
LD

Nutrient input/ management  
(commercial fertilizer or manure)

ü ü ü ü

Tillage/crop residue 
management  

ü ü ü

Crop rotation ü

Perennial cover ü ü ü

Reduced herbicide use ü

Winter in-field cattle feeding ü ü

Irrigation management ü

R
U

N
O

FF
/D

IS
C

H
A

R
G

E

Diversion terraces  
and grassed waterways

ü

Surface runoff control measures ü

Buffer strips ü ü ü

Farmyard runoff management ü

Runoff retention pond ü ü

Small dams/reservoirs ü

Wetland restoration ü

Controlled tile drainage ü
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BMP RESEARCH COMPONENTS 
Each of the nine WEBs watershed sites across Canada 
included the following components:

 � Biophysical evaluations used various scientific  
methods to measure the impact of individual BMPs or  
a suite of BMPs on water quality and other environmental 
parameters at the watershed scale (see Chapter 2).

 � Economic evaluations examined the costs, benefits 
and socio-economic considerations of implementing 
BMPs (see Chapter 3).

 � Hydrologic modelling used data from the biophysical 
component to assess the processes by which nutrients 
and sediment are transported by water from agricultural 
land to receiving streams and the impact of these 
processes on BMP performance (see Chapter 4).

 � Scaling up used computer modelling to attempt 
to extrapolate findings to intermediate and regional 
watershed levels (see Chapter 4).

Integrated modelling combines hydrologic and economic 
variables into a decision-support tool for long-term 
watershed planning. Integrated modelling frameworks were 
created for two WEBs project sites (the South Tobacco Creek 
Watershed in Manitoba and the Bras d’Henri Watershed in 
Quebec), and a few other WEBs sites integrated hydrologic, 
biophysical and economic information through modelling or 
information sharing (see Chapter 5). 

PROGRAM RESOURCES 
From 2004 to 2013, AAFC contributed over $25 million to 
the WEBs program, through a mix of contribution funds to 
partners and direct funds to AAFC researchers. Additional 
external cash contributions from partners were also received, 
the most notable being $1.25 million from Ducks Unlimited 
Canada, used to foster WEBs modelling efforts during the 
APF phase. In addition to cash contributions, substantial 
in-kind contributions were provided by external partners 
working on the projects. This mix of contributions provided 
WEBs AAFC staff and partners with the means to conduct 
collaborative research and perform the analysis necessary  
to make the project a success. 

MULTI-AGENCY AND INTERNATIONAL COLLABORATION
WEBs was an interdisciplinary program, comprised  
of experts in agricultural, biophysical and watershed 
research; economics; hydrology and modelling working 
together on watershed-scale research. Expertise came  
from over 70 organizations including Canadian and 
international universities and colleges, conservation  
groups and other non-governmental organizations,  
the United States Department of Agriculture, provincial  
and municipal government departments, AAFC and other  
federal departments. See Chapter 7 for more information  
on WEBs partnerships and collaborations. 

The diversity of skills resulting from this community of 
practice was one of the program’s greatest strengths  
and resulted in high-quality collaborative research.  
The outstanding support and co-operation of local  
producers was another key to the success of WEBs. 

Collaborative research and data sharing with other  
initiatives were also encouraged in WEBs watershed projects. 
A Collaborative Watershed Work Protocol and a Data Access 
Protocol facilitated these arrangements, while ensuring that 
proposals were complementary to WEBs program objectives 
and compatible with work underway by the local watershed 
research teams and that they acknowledged the priority 
of WEBs researchers to publish their findings. Chapter 7 
provides examples of the WEBs program’s national and 
international collaborations.

Watershed Evaluation of Beneficial Management Practices 17



APPLICABILITY OF WEBs RESEARCH

Producers

WEBs study findings can help producers determine  
which BMPs are the best for their operations and regions  
in terms of environmental and economic performance.  
See Chapter 17 for examples of the impact of WEBs on 
producers’ attitudes and behaviour regarding BMPs.

Policy and programming

WEBs biophysical research and modelling efforts can inform 
agri-environmental policy and program decision makers 
about BMP performance and optimal placement. WEBs 
economic analysis has identified which BMPs may require 
financial incentives or regulation to encourage producers 
to adopt them, as well as some of the factors affecting 
producers’ decisions regarding BMPs. This environmental 
and economic information can contribute to the inclusion  
or exclusion of BMPs in cost-sharing programs or other  
BMP funding mechanisms. It can also influence decisions  
on guidelines or regulations regarding agricultural practices 
such as riparian buffer width or nutrient management.  
See Chapter 17 for examples of the policy and programming 
implications of WEBs findings.

COMMUNICATIONS AND OUTREACH
Transferring knowledge about BMPs to producers and other 
stakeholders was an important goal of the WEBs program. 
A range of communications and outreach techniques and 
products were used to inform those within and outside  
of WEBs. 

See Chapter 6 for more information on WEBs 
communications products and activities.  
See www.agr.gc.ca/webs for more information  
on WEBs publications and presentations. 

THE FUTURE OF WATERSHED-SCALE BMP RESEARCH 
A key accomplishment of WEBs has been the formation 
of a network of agriculture-focused, watershed-scale 
laboratories across Canada, available for both current and 
future research. Although the WEBs program ended on 
March 31, 2013, WEBs-like studies are continuing in newly 
designed AAFC agri-environmental research programs 
and with other levels of government or non-governmental 
organizations. Some of these studies are occurring on former 
WEBs watershed sites, where infrastructure, data sets and 
partnerships are already in place. Ideally, these sites will 
continue as long-term benchmark locations for monitoring 
and evaluating watershed health, and the communities of 
practice that developed during the WEBs years will continue 
into the future.

Regardless of the future research conducted on WEBs 
watershed sites, researchers, partners and AAFC staff are 
ensuring that information and results from the WEBs projects 
continue to be shared in various capacities. This continued 
knowledge transfer will ensure that the goals of the WEBs 
program are met into the future. 

WEBs partnerships

A substantial amount of the AAFC funding provided to WEBs research 
was in the form of contribution funds. Contribution agreements were 
entered into with several universities, colleges and conservation 
groups that provided the individual WEBs projects with significant 
technical expertise and on-site support. 

The majority of the WEBs economics and modelling work was 
made possible through these partnerships, and most of the BMP 
implementation, monitoring and producer liaison was conducted 
through these arrangements. These partnerships substantially  
added to the robustness of the program.

Partners provided significant technical 
expertise and on-site support to the 
projects.
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Biophysical Research
SUMMARY

WEBs biophysical researchers used various scientific methods to measure the impact of locally selected 
BMPs on water quality and other environmental parameters. Research was conducted on working 
farms and at the watershed scale. WEBs biophysical research findings can help producers determine 
which BMPs are the best for their operations and regions and can inform agri-environmental policy and 
program decision making.

Most of the BMP tests conducted in WEBs demonstrated a reduction in contaminant loading to surface 
water. Some findings were mixed—certain environmental parameters were found to improve, while 
others remained inconclusive or were negative. In addition, improvements to one parameter sometimes 
came at the expense of degradation of another.

Although WEBs was not designed to directly compare BMP performance in different watersheds, 
comparisons of some BMPs studied in more than one watershed have been made. 

See Chapters 8–16 for more information on the biophysical research conducted in each watershed.

INTRODUCTION 
In the WEBs biophysical component, researchers measured 
the impact of individual BMPs or a suite of BMPs. BMPs 
were analyzed for their effect on water quality and other 
environmental parameters at a relatively small watershed 
scale (generally less than 25 km2). The small WEBs study 
sub-watershed sites were nested within a next-level 
watershed (ranging from approximately 8 to 3,900 km2), 
where modelling and other research took place. 

WEBs watershed sites were selected for their involvement 
in watershed studies where streamflow and/or water quality 
data were already being monitored, and some hydrologic 
and economic data had already been collected prior to 
WEBs. Data collected before and during WEBs were used 
to evaluate BMP performance, to calibrate and validate 
hydrologic models, and to determine the economic costs 
and benefits of the BMPs being studied. Field data were 
used to complement literature values and strengthen the 
conclusions and the level of confidence in model outputs.

2
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BMP SELECTION AND RESEARCH
BMPs and research methods were selected to address  
the landscape, climate, agricultural practices and complex 
socio-economic and agri-environmental issues unique to 
each of the WEBs research sites. 

The nine WEBs watershed project sites each have unique landscapes and 
agri-environmental issues 

Not all BMPs are appropriate for all regions. For example, 
diversion terraces are a common practice in New 
Brunswick’s hilly potato belt, but are not needed in a flat 
Prairie landscape. WEBs research did not test the effect  
of all BMPs across different landscapes, and the suite of 
BMPs was different at each project site. 

Conversely, some BMPs may be applicable in multiple 
regions. Since BMPs may perform differently in different 
landscapes or climate zones, WEBs researchers studied 
these BMPs in more than one location. For example, fencing 
to exclude cattle from waterways was studied in four WEBs 
watersheds, but study methods and results varied at each 
site. Buffer strips are commonly adopted for their ability to 
filter runoff from farm fields. However, their performance is 

affected by many local factors, such as variability in buffer 
composition, width, maturity and seasonality of nutrient 
export. Also, the nature of the adjacent fields (soil texture, 
side slope, cultivation practices and crop grown) and the 
climate, topography and landscape features of the area can 
greatly affect BMP performance. As such, buffer strips were 
evaluated in three watersheds.

A unique aspect of WEBs research was the implementation of 
multiple BMPs in each watershed. WEBs researchers looked 
at individual BMP performance as well as the cumulative 
impact of multiple BMPs at the watershed scale. In some 
cases, one BMP might be enough to address the issue in 
question, while in others, a suite of BMPs may be needed.

APPLICATION OF WEBs BIOPHYSICAL RESEARCH
To make the findings more directly relevant to producers 
and the landscapes and regions in which they farm, WEBs 
studies were conducted on working farms, where operational 
realities were taken into consideration in designing and 
conducting BMP experiments. WEBs research findings can 
help producers determine which BMPs are the best for their 
operations or regions in terms of environmental performance.

Research findings may be applicable to other regions 
with similar landscape characteristics, and much of the 
knowledge gained from studying individual BMPs can be 
applied to improving BMP performance. 

WEBs biophysical research results can also inform agri-
environmental policy and program decision makers about 
which BMPs, or suites of BMPs, have a positive impact on 
water quality or other environmental indicators and how to 
target those practices to the particular landscapes where 
they can have the greatest benefit. 

WEBs studies were conducted  
on working farms.
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STUDY APPROACH
A literature review of watershed-scale BMP assessments was 
conducted prior to the start-up of WEBs to help researchers 
conduct innovative research using the most advanced 
techniques. The United States Department of Agriculture’s 
extensive BMP bibliography, prepared for the Conservation 
Effects Assessment Project (CEAP), also contributed to the 
understanding of effective BMP design and implementation. 

Biophysical evaluations on WEBs project sites were 
conducted using various scientific methods to measure the 
impact of BMPs on water quality and other environmental 
indicators, such as soil or riparian health. Studies were 
designed with in-field assessments intended to yield 
scientifically valid and publishable results. Methods 
included historic benchmarking, upstream and downstream 
monitoring and paired sub-watersheds.

WEBs studies were designed with in-field assessments intended to yield 
scientifically valid and publishable results 

Historic benchmarking (before versus after)

WEBs study sites were located in areas with long-term 
background data at the sub-watershed level. Since this 
monitoring was done prior to the implementation of BMPs, 
it established a baseline, or historic benchmark, against 
which the performance of the BMPs could be compared. 
The longer the historic trends and relevant water quality 
parameters have been tested, the more robust the 
comparison. For example, the Black Brook Watershed 
in New Brunswick was established as an experimental 
watershed in 1990. Since that time, researchers have been 
investigating the impacts of intensive potato production on 
surface water quality, thus providing the WEBs study with  
a wealth of pre-BMP benchmark data for comparison. 

Upstream versus downstream

To assess change, monitoring stations were positioned 
upstream and downstream from the site of an implemented 
BMP. An example of this can be seen in the four WEBs cattle 
exclusion fencing studies, in which fencing to exclude cattle 
and off-stream watering facilities were installed upstream and 
cattle were allowed unrestricted access to a downstream 
reach. Water quality samples taken from both reaches were 
compared, and their differences were analyzed.

Paired watersheds 

A paired, or twin, watershed approach involved comparing 
water quality results at two similar sub-watersheds that had 
different treatments. 

In some WEBs studies, one sub-watershed where BMPs 
were not implemented acted as a control site. Results were 
then compared with the other sub-watershed in which 
BMPs were implemented. The winter in-field cattle feeding 
studies in the Pipestone Creek Watershed in Saskatchewan 
and the South Tobacco Creek Watershed in Manitoba are 
examples of this type of paired watershed approach. In the 
Bras d’Henri and Fourchette Watersheds in Quebec, two 
sets of twin micro-watersheds were selected to compare 
water quality results between the intervention (treatment) 
watersheds, where BMPs were applied and the control 
watersheds, where no BMPs were applied.

A paired watershed approach was used to compare water quality results at 
similar sub-watersheds that had different treatments  This photo shows twin 
sub-watersheds in the South Tobacco Creek Watershed  The field on the left 
was conventionally tilled while the field on the right was conservation tilled 
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In other studies, the paired watersheds were used to compare 
different management practices, such as tillage or cropping 
methods, varying riparian buffer width, or different nutrient 
application rates. For example, in the Souris River Watershed in 
Prince Edward Island, paired fields (one plowed in spring, one 
plowed in fall) were compared to determine the environmental 
and economic benefits of fall versus spring tillage.

Environmental indicators and data collection

WEBs studies used surface water quality as a primary 
environmental indicator, because it is often a reflection of 
other environmental conditions, such as soil quality, air quality 
and biodiversity. Water quality was monitored and analyzed 
using a minimum set of standard chemical parameters 
(various forms of nitrogen [N] and phosphorus [P]), physical 
parameters (including sediment, turbidity, pH, temperature, 
conductivity, stream water depth and dissolved oxygen),  
and pathogens (fecal coliforms, E. coli and total coliforms).  
All projects included soil testing for various forms of N and  
P, and most also tested snow for N and P content and  
snow depth. Hydrologic, climate and geospatial data were 
also collected.

Sources of contaminants in water and the movement 
of contaminants between the field and the stream were 
also studied. For example, fecal source identification was 
conducted at the South Nation Watershed in Ontario to 
determine the most effective BMPs for reducing microbial 
contamination. In the Lower Little Bow River Watershed 
in Alberta, soil samples were collected to investigate the 
possible leaching of nutrients through root zones en route to 
the river. In the Pipestone Creek Watershed, concentrations 
of nutrients and suspended sediments in snowmelt runoff 
were compared for cropland and perennial tame pasture. 
Sediment fingerprinting was conducted in four WEBs 
watersheds (Lower Little Bow River, South Tobacco Creek, 
Bras d’Henri and Black Brook) to investigate the sources of 
sediments and P in fields and watercourses.

Groundwater quality was examined at some WEBs sites. In 
British Columbia, small-diameter wells were installed in the 
Salmon River Watershed to facilitate groundwater quality 
monitoring, including E. coli, fecal coliform and chemistry. 
Groundwater monitoring was particularly important in the 
Atlantic Provinces, where groundwater use for domestic 
and agricultural water supply is high. In the Black Brook 
Watershed and in the Thomas Brook Watershed in Nova 
Scotia, groundwater wells were sampled to assess possible 
BMP impact on nutrient leaching and the contribution of 
groundwater nitrates to stream water contamination. In 
the Souris River Watershed, the effect of delayed tillage on 
groundwater quality was investigated through sampling from 
groundwater wells, and hydrologic modelling was conducted 
to simulate nitrate fate and transport in groundwater. 

In addition to measuring flow and sampling for nutrients, 
sediment and pathogens, each watershed study examined 
additional environmental parameters. Specific examples from 
each site include: 

 � Salmon River Watershed – soil moisture monitoring to 
assist irrigation decision making

 � Lower Little Bow River Watershed – density of soil 
mesofauna—invertebrates that play an important role in 
cycling organic matter and nutrients in soil

 � Pipestone Creek Watershed – the effect of freeze-thaw 
cycles and soil water content on soil infiltration rates

 � South Tobacco Creek Watershed – residue sampling 
to assess the potential impact of surface material on 
runoff nutrient content after undergoing a freeze-thaw 
process

 � South Nation Watershed – greenhouse gas  
emission levels

 � Bras d’Henri and Fourchette Watersheds – 
glyphosate concentrations after surface runoff  
through grassed waterways and buffer strips  
following storm events

 � Black Brook Watershed – environmental isotopes  
to assess the mechanisms of streamflow generation,  
as well as the sources and pathways of solute transport

 � Thomas Brook Watershed – Bacteroidales—a class of 
bacteria that can be used to investigate the sources of 
fecal bacterial inputs

 � Souris River Watershed – stable isotope analyses to 
determine the processes involved in the transfer of N from 
soils to groundwater

Sampling frequency

Using standard design and instrumentation protocols, 
sampling occurred at WEBs sites at a sufficient frequency to 
track water quality changes and define the nutrient or sediment 
export levels. For example, in the Bras d’Henri and Fourchette 
Watersheds, water quality was monitored at micro-watershed 
outlets using automated sampling devices. Single samples 
were collected every two days and composite (combined) 
samples were analyzed every four days for various forms of N, 
P and other nutrients. In the Black Brook Watershed, surface 
water stations were established at each of the outlets of nine 
sub-watersheds to take samples automatically every 72 hours 
and more often during higher flow events. In all watersheds, 
runoff monitoring intensity increased during hydrologic events 
such as snowmelt or rainfall. 
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Scale of monitoring

BMP testing within WEBs watersheds involved evaluations 
at a progressively increasing scale, from the edge-of-field to 
the sub-watershed to the watershed outlet. At some sites, 
a gradient design was used that involved either moving 
progressively farther from the point of treatment (BMP) or 
progressively increasing the level of treatment (e.g. width 
of riparian strips). For example, the Lower Little Bow River 
project evaluated the performance of a riparian buffer 
planted at the base of a cultivated agricultural field, using 
a combination of vegetation types and buffer widths to 
mitigate the effects of runoff. 

At most WEBs project sites, water samples were collected 
at the watershed outlet to determine the cumulative impact 
on water quality of the implemented BMPs. For example, 
researchers in the South Tobacco Creek Watershed 
compared water quality at the outlet of a treatment sub-
watershed where five BMPs were implemented to those  
at the outlet of a similar sub-watershed where BMPs were 
not applied. Significant nutrient reductions at the treatment 
sub-watershed outlet were observed.

Additional biophysical studies

Since it was expected that water quality changes might 
be difficult to detect, particularly in the short term, several 
different research methods were employed during the BMP 
studies. These methods quantified the effect of BMPs 
on water quality and other biophysical parameters and 
increased knowledge of the effect of various factors on BMP 
performance. For example, riparian health assessments, 
bacterial source tracking or nutrient balances were 
conducted in several WEBs watersheds to help assess 
BMP performance. In the Souris River Watershed, a stream 
ecosystem characterization was conducted to establish the 
impacts of agriculture, especially sediment inputs, on the 
aquatic ecosystem.

Some additional studies were conducted using WEBs data 
sets. For example, under the National Agri-Environmental 
Health Analysis and Reporting Program (NAHARP), water 
quality data from the Bras d’Henri WEBs site contributed to 
the evaluation of microbial pathogen indicators. Also, data 
from the Black Brook Watershed were used in a Sustainable 
Agriculture Environmental Systems (SAGES) project that 
developed ecological performance standards for sediments, 
nutrients and pesticides in streams.

BIOPHYSICAL FINDINGS 
Many useful and interesting scientific findings have been 
observed through WEBs biophysical research at the nine 
watershed sites. Some positive environmental trends were 
detected as a result of BMP implementation. However, many 
BMPs exhibited mixed or inconclusive findings for various 
water quality parameters or other environmental indicators, 
and some BMPs were found to have trade-offs—negative 
side effects resulting when actions are taken to address a 
primary problem. Some WEBs BMP evaluations were not 
completed by the end of the program. Most of these studies 
are continuing under new program funding. 

See Chapters 8–16 for more biophysical findings from  
each watershed. 

Positive environmental trends

Most of the BMP tests conducted in WEBs demonstrated  
a reduction in nutrient or sediment loading to surface  
water or improvements in other environmental indicators. 
Table 4 lists some examples of BMPs that have shown 
positive environmental trends.
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TABLE 4 
Some WEBs BMPs showing positive environmental trends

BMP Watershed Result

Cattle exclusion 
fencing

Salmon River  � significantly reduced E. coli and fine sediment contamination of the river water 

 � positive impact on riparian vegetation and aquatic invertebrate health

6-m buffer strips Lower Little  
Bow River

 � reduced sediment and N export from fertilized cropland during extreme rainfall events

P-based manure 
application

Lower Little  
Bow River

 � significantly lower concentrations or loads of mainly dissolved P fractions in runoff  
for some years compared with annual N-based application

 � no significant effect on N in runoff

Holding pond 
downstream of 
cattle feedlot

South  
Tobacco Creek

 � highly effective at capturing runoff with high nutrient concentrations and E. coli counts,  
thus helping prevent these contaminants from draining into the stream

Small on-farm 
earthen dams

South  
Tobacco Creek

 � reduced downstream peak flow and associated flooding

 � significantly reduced N and P loadings in the stream 

Controlled tile 
drainage

South Nation  � significantly reduced ammonium, nitrate and total P loading to the stream

Buffer strips and 
structural runoff 
controls

Fourchette  � significantly reduced sediment loading and nitrate concentration 

Hog slurry 
management

Bras d’Henri  � reduced N and fecal coliform contamination of the stream

 � reduced N and P export from surface runoff in some years

Farmyard runoff 
management

Thomas Brook  � reduced downstream bacteria and total P concentrations

Delayed tillage Souris River  � reduced nitrate concentrations in tile drainage and groundwater

Mixed findings

Some BMP findings were mixed—certain water chemistry or 
other environmental indicators were found to be improving as 
a result of the BMP, while no change was detected for other 
variables. Examples of BMPs with mixed results include:

 � Off-stream watering without fencing (Lower Little 
Bow River Watershed) – Providing an off-stream 
watering source to cattle slightly improved riparian health, 
prevented river pollution by cattle and improved certain 
vegetation and soil properties. However, this BMP did not 
improve other vegetation and soil properties, and it did 
not improve runoff quality near the river. 

 � Conversion to perennial cover (Lower Little Bow River 
Watershed) – While some runoff water quality variables 
were improved following conversion from annual cropping 
to forage, the majority of variables did not improve. 

Many agronomic and environmental factors may have 
contributed to this result.  

 � Grassed riparian buffer zones (Black Brook Watershed) 
– This BMP reduced runoff and sediment, but results for 
nutrients were inconclusive. Depending on the amount, 
intensity and temporal distribution of precipitation, the 
degree of reduction in discharge and sediment loading 
varied considerably from year to year. Their effectiveness 
at reducing loadings was diminished during high-intensity 
rainfall events.
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Trade-offs

The implementation of BMPs to address specific 
environmental issues may introduce unintended 
consequences, whereby improvements in one indicator  
may come at the expense of degradation of another. 
Examples include:

 � Conservation tillage (South Tobacco Creek Watershed) 
– Conservation tillage aims to maximize the amount of 
crop residue remaining on the soil surface and is widely 
promoted for its role in reducing soil erosion and the 
export of soil-bound nutrients into surface water. It can 
also play an important role in soil carbon sequestration. 
Conservation tillage in this watershed resulted in a 
significant reduction in sediment and N loading to the 
stream, as compared to conventional tillage. However,  
an opposing trend was found for dissolved P, where there 
was a significant increase, attributed to the accumulation 
of P near the soil surface and the release of soluble P 
from plant residues during prairie freeze-thaw cycles. 

 � Diversion terraces and grassed waterways  
(Black Brook Watershed) – Water runoff and runoff-
induced soil erosion are a major concern when row 
crops are planted in hilly areas with high levels of 
precipitation. Researchers in New Brunswick’s potato 
belt have determined that a combination of diversion 
terraces and grassed waterways can help address this 
problem. This combined BMP was effective at reducing 
surface runoff, soil erosion and pesticide concentrations 
in waterways under average conditions. But these BMPs 
may contribute to an increase in nutrient leaching to 
groundwater and were less effective during extreme 
rainfall events. 

CROSS-WATERSHED COMPARISONS
While WEBs was not designed to compare BMP 
performance across different watershed conditions, some 
BMPs have been studied in more than one WEBs watershed. 
Since BMPs may perform differently in different landscapes 
or climate zones, study methods and results may vary 
at each location. For these reasons, any comparisons 
between these studies must be viewed with caution, and 
any recommendations or decisions regarding BMP adoption 
must be made using watershed-specific information. 
Table 5 provides some examples that illustrate how BMP 
performance may be similar or may vary according to 
location and other environmental or agronomic factors.
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TABLE 5 
Cross-watershed comparison of biophysical findings

Cattle exclusion/streambank fencing 
(four sites) – An upstream/downstream 
research design was used to study this BMP 
in four WEBs watersheds  Findings generally 
point to improved riparian health at all four 
locations  However, effects on water quality 
varied, because of factors such as stream 
size or cattle numbers 

Salmon River Watershed

 � reduced E. coli and fine sediment contamination of river water

 � positive impact on riparian vegetation and aquatic invertebrate health

 � no reduction in nutrient concentrations in the river detected

Lower Little Bow River Watershed

 � pollution prevention 

 � improved riparian health after four years of fencing, followed by a slight decline after  
eight years due to invasive plants and the inability of preferred shrubs to establish in  
the riparian area

 � improved rangeland health

 � possible increased densities of some soil mesofauna species in pastures, as well as 
increased species diversity and richness

 � positive effect on certain benthic macroinvertebrate species

 � reduced soil compaction and streambank erosion 

South Nation Watershed

 � reduced nutrient and bacteria loads

 � improved riparian vegetation, wildlife habitat and stream morphology

 � increased pathogen loading due to riparian habitat improvements that resulted  
in an increased presence of wildlife

Thomas Brook Watershed

 � only limited observed impact because of changes to the farm operation

Manure/nutrient management studies 
(four sites) – Two of these studies— 
P-based manure application in the Lower 
Little Bow River Watershed and hog 
slurry management in the Bras d’Henri 
Watershed—resulted in decreased loadings 
to the stream for some nutrient components  
No water quality changes were detected 
in the Thomas Brook Watershed  Results 
are not yet available for a study of fertilizer 
reduction on annual cropland in the 
Pipestone Creek Watershed 

Lower Little Bow River Watershed

 � significantly lower concentrations or loads of mainly dissolved P fractions in runoff for 
some years for P-based nutrient application compared with annual N-based application

 � no significant effect on N in runoff

Pipestone Creek Watershed 

 � no results available 

Bras d’Henri Watershed

 � reduced N and fecal coliform contamination of the stream

 � reduced N and P export from surface runoff in some years

 � increased residual soil P 

Thomas Brook Watershed

 � no water quality changes detected 
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Tillage/crop residue management  
(three sites) – Various forms of tillage or 
crop residue management were studied at 
three sites  Conservation tillage was studied 
in Manitoba and Quebec, and delaying 
plowing until spring was studied in Prince 
Edward Island  Because the tillage practices 
were not necessarily the same among the 
three sites, the results also varied 

South Tobacco Creek Watershed

Conservation tillage compared to conventional tillage

 � no effect on the amount of annual runoff 

 � reduced annual sediment and total N export

 � increased total P export

Intermittent tillage compared to conservation tillage

 � reduced P export 

 � increased N and carbon export

 � no change in nutrient export compared to conventional tillage

Fourchette Watershed

 � no reduced P loading, possibly because of a P stratification effect within the upper topsoil 
resulting from unincorporated manure

 � reduced sediment yield

Souris River Watershed

 � reduced nitrate leaching

 � more research required

Conversion to perennial forage  
(four sites) – In the three Prairie watersheds, 
this practice resulted in varying water 
quality results, with some variables 
improving and others remaining unchanged 
or worsening  In the Bras d’Henri Watershed, 
results were inconclusive because the 
producers’ crop rotation strategies covered 
their entire farming operation, which for 
some producers was larger than the project 
watershed boundaries 

Lower Little Bow River Watershed

 � some runoff water quality variables increased; others unaffected or decreased

Pipestone Creek Watershed (preliminary results)

 � nutrient export from both the annual cropland and the perennial pastures during 
snowmelt runoff, often in concentrations exceeding water quality guidelines, but physical 
and chemical forms varied with cropping systems

 � possible substantial annual differences depending on climatic conditions

 � more research required

South Tobacco Creek Watershed

 � similar particulate nutrient and sediment export in runoff for the forage and annual crop 
fields during snowmelt runoff

 � no difference in N export between the fields

 � greater total P and total dissolved P export and concentrations in runoff water from the 
forage fields 

Bras d’Henri and Fourchette Watersheds

 � results inconclusive 

Winter in-field cattle feeding (two sites) – 
This practice was studied in two Prairie 
Provinces  The studies are not complete and 
are continuing under new program funding 

South Tobacco Creek Watershed

 � results not yet analyzed

Pipestone Creek Watershed (preliminary results)

 � extremely high rates of survival and transport of live E. coli in snowmelt runoff
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Buffer strips (three sites) – Buffer 
performance depends on numerous local 
factors  Reduced sediment loss was 
detected in all three watersheds  Nutrient 
results varied  

Lower Little Bow River Watershed

 � reduced sediment and N export from fertilized cropland during extreme rainfall events 
with a 6-m buffer

Bras d’Henri and Fourchette Watersheds

 � reduced sediment loading and nitrate concentration

 � no change to P exports 

 � no results available for separate switchgrass buffer study

Black Brook Watershed

 � reduced runoff and sediment

 � nutrient results inconclusive

 � results depend on precipitation

 � no reduced loadings from high-intensity rainfall events

Cattle exclusion fencing was studied in four watersheds  Findings generally 
point to improved riparian health; however, effects on water quality varied 

CONCLUSIONS
WEBs biophysical researchers used various scientific 
methods to measure the impact of locally selected BMPs  
on water quality and other environmental parameters. 

WEBs biophysical data were used to evaluate BMP 
performance, to calibrate and validate hydrologic models and 
to determine the economic costs and benefits of the BMPs 
being studied. 

Most of the BMP tests conducted in WEBs demonstrated  
a reduction in contaminant loading to surface water,  
although some BMPs exhibited mixed or inconclusive 
findings for various water quality parameters or other 
environmental indicators, and some BMPs were found  
to have negative side effects. 

Research findings may be applicable to similar regions,  
and much of the knowledge gained from studying individual 
BMPs can be applied to improving BMP performance.  
WEBs biophysical research findings can help producers 
determine which BMPs are the best for their operations 
and regions and can inform agri-environmental policy and 
program decision making.

While some WEBs BMP evaluations were not completed by 
the end of the program, most of these studies are continuing 
under new program funding. 
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Economics
SUMMARY

Much has been learned within the WEBs research program about the on-farm costs and benefits of 
BMPs. Most of the BMPs evaluated have high implementation and/or maintenance costs and may 
therefore require financial incentives to encourage producers to adopt them. However, WEBs research 
has shown that while on-farm benefits will not likely offset the costs of adopting the majority of the BMPs 
tested, several BMPs were found to generate positive net benefits. And, of those BMPs with negative 
on-farm net benefits, several would require only a minimal amount of financial support to encourage 
adoption. Some off-farm (public) benefits resulting from BMP implementation have also been identified 
and some of these have been quantified in terms of perceived value to the public. Socio-economic 
studies were also conducted to investigate producer attitudes and behaviour regarding BMP adoption. 

See Chapters 8–16 for more information on the economics studies in each watershed.

INTRODUCTION
The goal of the WEBs economics component was to 
determine the on-farm economic costs and to identify  
and assess on-farm and off-farm benefits of applying  
the selected BMPs. 

WEBs economists initially focused on identifying the  
on-farm costs of implementing BMPs. At that point,  
it appeared that most of the BMPs studied in WEBs  
would be costly for producers to implement unless they 
received a financial incentive. 

They then investigated on-farm benefits, allowing a 
clearer picture of the effect of BMPs on net farm income. 
Identification and valuation of a number of off-farm (public) 
benefits of BMP adoption was also performed. 

Lastly, socio-economic research was conducted in WEBs  
to investigate the attitudes and behaviour of producers or 
non-farm rural residents regarding BMP adoption. 

RATIONALE
Agriculture is often associated with having a negative  
impact on water quality and other environmental factors. 
The implementation of agricultural BMPs can minimize 
environmental impacts and may provide public benefits,  
such as cleaner water for domestic consumption or recreation. 

Minimizing agriculture’s impact on water quality depends 
on the willingness of producers to adopt BMPs and on 
their capacity to finance their installation and maintenance 
costs. Although producers may be willing to adopt new 
technologies and practices that are less harmful to the 
environment, they first want to know how effective the BMPs 
are, how they fit into their farming operation, how much they 
cost and who is paying for them.

The costs of water quality BMPs may exceed any on-farm 
benefits such as increased crop yield, increased pasture 
utilization or cattle weight gains. As a result, producers may 
resort to conventional agricultural practices that benefit 
the farm but negatively impact water quality, rather than 
voluntarily adopting expensive BMPs. 

Economic research and analysis can provide producers with 
credible estimates of the on-farm costs and benefits of BMPs 
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so that they can make informed choices about implementing 
BMPs on their farms. Similarly, this information can help 
policy makers determine the extent of financial, regulatory 
or other incentives required when voluntary adoption is not 
advantageous to producers. 

Economic research and analysis can help producers make informed choices 
about implementing BMPs, such as winter in-field cattle feeding, on their farms 

Knowledge of the on-farm and societal costs and benefits of 
BMP adoption, plus a greater understanding of the factors 
affecting producers’ willingness to implement BMPs, will help 
governments develop policies and programs that encourage 
the adoption of appropriate BMPs.

ECONOMICS STUDY APPROACH
Economics studies were conducted in all nine WEBs 
watersheds. The BMPs studied were chosen for their 
expected potential to minimize negative environmental 
impact on surface water, groundwater and other aspects  
of environmental health. 

WEBs economists evaluated the economic implications of 
these BMPs at both the farm and watershed scales. In some 
watersheds, the BMP assessments were conducted on a 
single farm unit. In others, the site economists developed 
‘representative’ farm types and sizes to reflect typical farms  
in the watershed. 

Economists used a variety of budgeting tools and economic 
models to assess the effects of BMPs on the farm enterprise. 
Where public benefits—such as improved downstream water 
quality—were identified, some WEBs economists quantified 
these benefits using methods such as willingness-to-pay 
surveys. 

The socio-economic factors that might affect producers’ 
decisions to adopt BMPs, or their willingness to pay for them, 
were also examined. And in a farm behaviour component, 
conservation auctions were studied as a method of paying 
producers to adopt BMPs. 

Within the WEBs sites in Alberta, Manitoba, Quebec and 
Nova Scotia, economists worked with the biophysical 
scientists and hydrologic modellers to integrate the 
economic and biophysical performance results. In Manitoba 
and Quebec, integrated hydrologic–economic modelling was 
used to develop tools to help predict which BMPs might 
provide effective environmental protection in a watershed for 
the least cost. For example, WEBs results and other studies 
indicate that it may be most efficient to target certain BMPs 
to specific areas of a watershed to maximize water quality 
improvements. See Chapter 5 for more information on the 
WEBs integrated modelling component.

The methods used at each WEBs watershed varied according 
to regional ecological, agronomic and socio-economic 
conditions, as well as differences in data availability and 
researcher specialization (Table 6). See Chapters 8–16 for 
more information on the methods used in each watershed.
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TABLE 6 
WEBs economic research methods

Salmon River Enterprise budgets and financial models 

Lower Little 
Bow River 

Stochastic and dynamic optimization models 

Non-linear programming

Willingness-to-accept-compensation analysis

Spatial transfer analysis of benefits  
and costs for BMP adoption

Pipestone 
Creek

Stochastic dynamic farm-level  
simulation models

Willingness-to-accept-compensation analysis

Spatial transfer analysis of benefits  
and costs for BMP adoption

South Tobacco 
Creek 

Enterprise budgets, econometric analysis  
and simulation modelling

Experimental economics  
(conservation auctions)

South Nation 
Enterprise budgets

Willingness-to-pay analysis

Bras d’Henri 
and Fourchette 

Econometric analysis

Willingness-to-pay analysis

Optimization model

Black Brook
Whole-farm analysis

Willingness-to-pay analysis

Thomas Brook Optimization model and econometric analysis

Souris River Enterprise budgets

Some of the methods that WEBs economists used  
to estimate costs and benefits of BMP adoption are  
defined below.

 � Enterprise budgets help determine net income at the 
level sufficient to assess the BMP in terms of a particular 
enterprise (e.g. forage crop) rather than the whole farm. 
This analytical tool can be used in conjunction with 
investment values for the farm enterprise to generate 
rates of return for BMP investments.

 � Financial models generate financial statements such 
as balance sheets, income statements or cash flow 
statements for farm businesses. These can be used to 
determine the impact of a certain BMP on producers’ 
cash flow, net income and equity.

 � Optimization models encompass several mathematical 
techniques, such as linear and non-linear programming, 
to determine the best allocation of farm resources.  
These models can be used on an inter-regional or an  
inter-farm basis.

 � Stochastic and dynamic optimization models extend 
optimization models and can produce simulations on 
changes in cash flow, farm resources, probabilities, time 
horizons and decision making. In simulation modelling, 
biophysical and economics components are linked 
together and “what if” scenarios are developed.

 � Willingness-to-pay analysis is a method that assesses 
producers’ or non-farm rural residents’ perceived benefits 
with regard to water quality improvements stemming from 
the adoption of BMPs.

 � Willingness-to-accept-compensation analysis is an 
analytical approach to determine the value a producer 
places on adoption of a BMP.

 � Spatial transfer analysis examines the ability to transfer 
BMP benefits and costs spatially between sites.

 � Econometric analysis helps determine the likelihood 
that producers might or might not adopt BMPs.  
This approach estimates crop yield and cost functions 
and makes statistical inferences about the significance  
of variables affecting a producer’s willingness to adopt  
a BMP. 

 � Whole-farm analysis assesses the impact of BMP 
adoption on total farm income and financial performance. 
Sometimes cash flow from the farm enterprise cannot 
recoup the investment, but cash flow from the whole farm 
can absorb the investment.

 � Experimental economics examines the potential or 
financial capacity for producers to adopt BMPs via various 
policy incentive mechanisms, using students or producers 
as experimental subjects. While this research focused on 
conservation (reverse) auctions, the platforms developed 
as a result of this research can be adjusted and used to 
examine other policy instruments that could be employed 
to incent BMP adoption (e.g. conservation offsets).
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ECONOMIC FINDINGS

On-farm costs 

WEBs economics research has shown that most of the 
BMPs evaluated would require significant investment to 
implement and/or would increase operational costs due 
to maintenance requirements. Structural BMPs, such as 
fencing, off-stream livestock watering, holding ponds or 
diversion terraces, typically involve large initial investments. 
Non-structural BMPs, such as nutrient management and 
crop rotations, may also have annual operational costs. 

Structural BMPs, such as cattle exclusion fencing, typically involve large  
initial investments 

Because producers are more inclined to invest in new 
technologies or practices that have a definitive link with 
production and profitability, financial or regulatory incentives 
would likely be required to encourage adoption of these 
costly BMPs.

On-farm benefits 

Most of the BMPs tested in WEBs were found to provide 
some on-farm benefits that may partially or completely offset 
their implementation and maintenance costs. For example, 
cattle exclusion fencing with off-stream watering may 
increase pasture utilization while providing high quality water 
to cattle. Off-stream watering encourages cattle to drink 
more and spend more time grazing. Research elsewhere has 
shown that this BMP can result in financial returns for beef 
cattle through improved pasture utilization and increased 
weight gain. The use of computer monitoring of irrigation 
practices was found to be beneficial in terms of winter frost 
control and increased irrigation efficiency. And in both the 
Pipestone Creek and South Tobacco Creek Watersheds, 
converting from annual cropland to perennial forage was 
found to reduce costs of inputs, such as fertilizer.   

On-farm net benefits

For most of the BMPs studied in WEBs, installation and 
maintenance costs outweigh any on-farm benefits. However, 
nine of the 38 BMPs evaluated in the economics component 
of WEBs were found to have positive on-farm net benefits:

 � cattle manure and nutrient management planning in  
the Lower Little Bow River Watershed 

 � in-field winter bale grazing and nutrient management 
planning in the Pipestone Creek Watershed

 � minimum tillage and possibly winter in-field cattle feeding 
(study is ongoing) in the South Tobacco Creek Watershed

 � minimum tillage in the Fourchette Watershed

 � controlled tile drainage in the South Nation Watershed

 � spring tillage in potato production systems in the  
Black Brook Watershed

Nine of the BMPs evaluated in the economics component were found to  
have positive on-farm net benefits  For example, controlled tile drainage in the 
South Nation Watershed was found to reduce nutrient loads in surface water, 
while providing producers with a modest but ongoing economic gain 
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It can be assumed that BMPs generating negative net 
benefits on-farm would likely require a financial incentive  
to encourage producers to adopt them. Some BMPs may 
only require minimal incentive. For example, off-stream 
watering without fencing and conversion to perennial cover 
in the Lower Little Bow River Watershed were found to have 
only a slight reduction in farm cash flow. In addition, BMPs 
with positive net benefits are likely to be self-financing and 
thus not in need of additional financial support. However,  
as net benefits are partially driven by commodity prices,  
a BMP generating a negative net benefit today might have  
a positive net benefit in the future, or vice versa. This may be 
particularly true for BMPs that are annual in nature, such as 
converting from grains to forage crops.

Public benefits

Some off-farm (public) benefits were identified in WEBs BMP 
studies. However, research to quantify these benefits was 
limited by cost and complexity. Examples of public benefits 
that BMPs may provide include improved downstream water 
quality, erosion control, carbon sequestration, biodiversity 
and recreation opportunities. 

Reduction in contaminant loading to downstream surface 
water is a public benefit found to result from most of 
the BMPs studied in WEBs. For example, in the Black 
Brook Watershed, off-farm benefits resulting from the 
implementation of diversion terraces and grassed waterways 
may include reduced runoff and cleaner water. Also, the small 
dams/reservoirs constructed in the South Tobacco Creek 
Watershed were found to mitigate downstream flooding.

Some public economic benefits were also identified. The 
diversion terraces and grassed waterways BMP may reduce 
costs associated with removing sediment from road ditches. 
Economists quantified some of these off-farm benefits. 
For example, in the South Nation Watershed, economists 
estimated the net present value of the environmentally 
beneficial controlled tile drainage BMP for corn and soybean 
crops, assuming controlled tile drainage is practised on all 
suitable cropland in the watershed. They then used an output 
multiplier to estimate that this practice could generate over 
$4 million per year (2006 dollars) in economic activity  
in Ontario. 

Also in the South Nation Watershed, a crude estimate of 
$0.4 million per year in off-farm benefits was determined  
on the basis of willingness to pay for freshwater quality.  
In Quebec, a valuation of water quality improvements by  
non-farming rural residents, found that those households 
with children still living at home tended to be more willing  
to pay for water quality. 

Some small on-farm negative net benefits might become 
positive when public values are considered in the analysis. 
For example, a benefit-cost analysis of diversion terraces 
in the Black Brook Watershed accounted for both private 
and public values. A public survey was administered to 
estimate households’ willingness to pay for improvements 
in water quality that would result from implementing the 
BMP. Findings indicate that increasing the agricultural land 
base protected by diversion terraces from the current 57% 
to 80% would result in an annualized present public benefit 
value of $9,945, while an increase to 100% protection 
would result in an annualized present public benefit value 
of $11,697. Without including public benefits in the benefit-
cost analysis, net private benefits associated with this BMP 
would be negative, suggesting that it is in the public’s interest 
to see this practice implemented on agricultural land in the 
watershed. Moreover, since implementing this BMP is not 
profitable on-farm, governments may have a role in helping 
cover the costs of these structures.

Some small on-farm negative net benefits might become positive when public 
values are considered in the analysis  For example, off-farm benefits resulting 
from the implementation of diversion terraces and grassed waterways in the 
Black Brook Watershed may include reduced runoff, cleaner water and 
reduced costs associated with removing sediment from road ditches 

BMP findings

Table 7 highlights findings from the economic analysis of 
individual BMPs in WEBs watersheds. See Chapters 8–16 to 
view these findings in the context of the biophysical results. 
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TABLE 7 
WEBs economic findings by watershed and BMP

WATERSHED BMP
ON-FARM  
NET 
BENEFIT

ECONOMIC FINDINGS

Salmon River, 
British Columbia

Cattle exclusion 
fencing (and off-
stream watering)

Negative

 � Costly to install and maintain

 � Cost-prohibitive for a struggling ranching industry 

 � On-farm benefits expected but not explicitly studied 

Irrigation 
management Negative

 � Typical farm is marginally profitable and thus capable of affording the 
operating costs but cannot cover the investment cost 

 � On-farm benefits may include irrigation efficiency and increased  
forage yield

Lower Little Bow 
River, Alberta

Streambank 
fencing with a 
cattle crossing 
(and off-stream 
watering)

Negative

 � Costly to install

 � Potential increase in utilization or productivity of pasture land likely 
insufficient to offset costs

Off-stream 
watering without 
fencing

Negative
 � Slight reduction in farm cash flow

 � Potential uncalculated on-farm benefits might offset costs

Conversion to 
perennial cover Negative

 � Slight reduction in farm cash flow 

Manure 
management Negative

 � Reduced net income due to manure transportation costs and reduced 
nutrient yield 

 � Costs dependent on N:P ratio of manure application

Buffer strips Negative

 � Reduced cash flow, regardless of the buffer width 

 � Costs vary with buffer width and desired level of environmental protection

 � High opportunity cost (reduced net income) when taking cropland out  
of production 

Alternative BMPs 
(adding alfalfa 
to the rotation, 
using green 
manure crops, 
incorporating cattle 
manure in the 
soil, crop residue 
management 
and nutrient 
management 
planning)

Positive or 
Negative 
(depending  
on BMP)

 � Cattle manure and nutrient management planning BMPs generate positive 
net benefits for the representative farm

 � The other three BMPs are a net cost to the farm
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WATERSHED BMP
ON-FARM  
NET 
BENEFIT

ECONOMIC FINDINGS

Pipestone Creek, 
Saskatchewan

Conversion of 
annual cropland to 
perennial forage

Negative
 � Converted land, while still productive, was taken out of the more profitable 

practice of annual crop production

 � Reduced fertilizer use and less soil erosion

Nutrient 
management Positive

 � Less fertilizer used 

 � Only expenditure was soil testing

Wetland 
restoration Negative  � Reduced net farm income due to a loss of productive cropping area 

In-field winter bale 
grazing Positive

 � Increased transportation costs for winter feed

 � Implementation costs include fencing, watering systems and windbreak 
establishment

 � Reduced corral cleaning and manure hauling compared to corral systems

 � Positive annualized net benefit per beef cow

South Tobacco 
Creek, Manitoba

Conversion of 
annual cropland to 
perennial forage

Negative
 � Cost saving from lower input costs not enough to offset the loss of net 

income from annual crops

 � Annual net loss depends on annual crop rotation and soil type 

Holding pond 
(cattle containment 
runoff)

Negative

 � High initial capital investment more difficult for smaller operations

 � Application of irrigation water could increase forage/alfalfa yields  

 � Value of nutrients and captured water for irrigation insufficient to offset  
the construction and operation costs

Small reservoirs

N/A because 
dams were 
publicly 
funded

 � High initial capital investment

 � Cost depends on dam size 

 � Several potential on-farm and off-farm benefits identified

 � Flood reduction value could result in a financial payback period of 
approximately 35 years

 � Financial incentive required if dam construction privately funded as most  
of the benefits are realized off farm

Conservation 
tillage

Negative 
or positive, 
depending  
on crop

 � Trend towards higher financial benefit for a typical cereal–oilseed rotation 
under a minimum tillage system 

 � Producers in the study area not inclined to adopt zero tillage due to initial 
costs of the technology

Winter in-field 
cattle feeding Positive

 � Estimated net benefit as compared to wintering animals in a dry lot

 � Reduced manure management, equipment  and fuel costs

Improved 
riparian area with 
mechanical forage 
harvesting

Negative

 � Fencing of riparian areas where cattle graze costly to install  
and maintain 

 � Loss of farmland for buffer strips 

South Nation, 
Ontario

Controlled tile 
drainage Positive

 � Profits from increased crop yields could result in control structures paying 
for themselves in as little as three or four years

 � Positive impact on economic activity in the province  

Cattle exclusion 
fencing (and off-
stream watering)

Negative
 � Fencing costly to install and maintain

 � Watering system less costly to install and maintain
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WATERSHED BMP
ON-FARM  
NET 
BENEFIT

ECONOMIC FINDINGS

Bras d’Henri 
and Fourchette, 
Quebec

Surface runoff 
control Negative

 � Increased costs, though proportionately smaller for larger  
crop-producing farms 

 � Potential on-farm benefits (land stabilization and yield increases)

 � Adoption positively influenced by age, education, farm size and  
other factors

Buffer strips Negative

 � 1-m and 3-m buffer strips could not be harvested nor fed to livestock

 � 5-m buffer strip is assumed to be harvestable as hay thus generating  
cash revenues

 � Province now mandates minimum 3-m buffer strips

Minimum tillage Positive
 � Greater net benefits than conventional tillage

Hog slurry 
management Negative

 � Less costly for large crop-producing farms; more costly for livestock farms

 � Women or landowners residing on the farm more likely to adopt this BMP 

Reduced herbicide 
use Negative

 � Yield loss outweighs cost savings

 � Larger farms more likely to adopt this BMP 

Crop rotation 
(increasing the hay 
acreage in place of  
corn)

Negative

 � Costly, with average short-term costs increasing as more hay is included in 
the rotation

 � Adoption positively influenced by age, education and farm size;  
negatively influenced by the price of labour

Black Brook, 
New Brunswick

Diversion terraces 
and grassed 
waterways

Negative

 � Negative net benefit on-farm, but positive when including public benefit

 � Costly to implement and maintain

 � Resulting potato yield increases likely insufficient to offset installation costs

Grassed riparian 
buffer zones Negative  � Costly to implement

Spring tillage in 
potato production 
systems

Positive
 � Positive impact on mean potato yield, leading to an increase in average 

farm revenue

Thomas Brook, 
Nova Scotia

Nutrient 
management plans Negative

 � Reduced net income (yield loss) 

 � Farm losses increase as fertilizer rates decrease

 � Difficult to find markets for new crops recommended for rotations

Storm water 
diversion (farmyard 
runoff)

Negative
 � Reduced net income

 � Costly to install

Cattle exclusion 
fencing (and off-
stream watering)

Negative

 � Reduced net income

 � Costly to install and maintain 

 � Net income reduction could be minimized with increased  
milk yield 

Retention pond 
renovation Negative

 � High retrofitting costs

 � Potential benefits (unquantified) include frost protection and supplemental 
irrigation of strawberries

Souris River, 
Prince Edward 
Island

Delayed tillage Negative
 � Possible decreases in harvested yield along with increased  

production costs 
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SOCIO-ECONOMIC STUDIES
Socio-economic research was conducted in WEBs to 
investigate producer attitudes and behaviour regarding  
BMP adoption. 

 � In the Salmon River Watershed, a producer survey found 
that, over the course of the study, producers increased 
the amount they would be willing to pay for weather and 
soil monitoring equipment for an irrigation efficiency BMP 
(from an average of $1,587 in 2010 to $1,656 in 2011). 
However, considering this amount, a subsidy would likely 
be required to encourage producers to implement this 
technology, as the capital cost of the equipment was 
$5,000.

 � In the Chaudière region of southern Quebec, economists 
surveyed 269 agricultural producers in 2007 to determine 
the impact of various socio-economic factors, farm 
characteristics and farm operational considerations on 
the probability of producers adopting BMPs to address 
water quality problems. Education, age, gender, farm 
residence, farm size, organic certification, membership 
in a watershed-based conservation group and price of 
labour were all found to have an impact on the adoption 
of the BMPs being studied. Non-farm rural residents 
were also surveyed to ascertain their perceptions of and 
defensive responses to pollution. Purchasing bottled 
water or investing in water treatment systems were found 
to be the most common defensive measures against 
water pollution.

 � In both the Lower Little Bow River and Pipestone Creek 
Watersheds, economists examined the degree to which 
financial costs of BMP adoption represent accurate 
estimates of producers’ “true” costs of adoption, as 
measured by estimates of their willingness to accept 
compensation. This study is continuing.

Farm behavioural studies 

South Tobacco Creek Watershed

A farm behavioural study at the South Tobacco Creek 
Watershed explored conservation auctions (also referred to 
as reverse auctions) as a policy tool to encourage producers 
to adopt BMPs in order to meet environmental goals. 
Researchers assessed producers’ financial capacity to adopt 
BMPs and the behavioural characteristics that influence their 
decisions regarding BMP adoption. 

Many BMPs are costly to adopt and many past incentive 
methods have not been very successful in changing 
practices. Cost-sharing programs may not provide 
enough financial incentive to induce significant levels 
of BMP adoption. Conservation auctions are a market-
based instrument that can provide adequate incentive for 
environmental improvements under a specific budget. 

Conservation auctions use competitive bidding to pay 
providers of environmental services (e.g. producers 

implementing BMPs) in a cost-effective way. They can 
generate environmental quality improvements, while also 
providing valuable information to policy makers about 
the costs of implementing BMPs, thereby ensuring that 
environmental objectives are achieved at a minimum cost  
to the funding agency.

In the agricultural context, a conservation auction is led by 
a government or other funding agency with a budget for 
generating environmental services from the land. Producers 
submit bids indicating the lowest amount of financial 
compensation they would be willing to accept to adopt the 
BMP (or combination of BMPs) in question. Winning bids 
are selected from the lowest cost per unit of environmental 
service up until the budget limit is reached.  

In this experimental economics study, researchers used 
estimated BMP adoption costs combined with hydrologic 
model-derived estimates of nutrient abatement for each 
BMP to test various auction design features in an economic 
laboratory setting. The experiments typically involved 
12 subjects—university students or producers—who 
were given fictional BMP adoption costs. The subjects 
submitted sealed bids, which were then ranked according 
to the auction’s environmental goal. Subjects were paid a 
pre-defined income level for each of the auction’s several 
iterations, and winning bidders were paid their bid minus their 
costs of adopting the BMP. 

The initial goal of the study was to incorporate a farm 
behaviour model into the integrated hydrologic–economic 
model for the South Tobacco Creek Watershed. However, 
this was not completed before the end of the WEBs program. 

The experiment results demonstrated that it is possible to 
achieve good value for money in purchasing environmental 
services through BMP adoption using conservation auctions. 
The WEBs research on the conservation auction policy tool 
has already led to its use in real adoption incentive programs 
in Canada. 

See Chapter 5 and Chapter 11 for more information on  
this study.

Bras d’Henri Watershed

Market mechanisms for encouraging BMP adoption—such 
as reverse auctions, alternative pricing mechanisms and 
selection decision rules—are alternative policy approaches 
that encourage the adoption of BMPs that provide 
environmental goods and services. They can address the 
challenge in making policy decisions at the watershed or 
regional level without having farm-level information. 

Economists investigated the use of these mechanisms and 
determined that their economic model provided information 
that could be used to conduct an experimental auction.

See Chapter 5 for more information on this study.
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CROSS-WATERSHED COMPARISONS
Some BMPs are being studied in two or more WEBs 
watersheds. However, their economic performance may vary 
widely across Canada due to differences in BMP design, 
climate, soil type and other agronomic variables. Costs, 
such as labour costs, may also vary across regions. As well, 
economists from different projects may have used different 
research methods to study the same BMP. For these 
reasons, any comparisons between these studies must be 
viewed with caution, and any recommendations or decisions 
regarding BMP adoption must be made using watershed-
specific information. 

Despite these differences, a comparison of the economics 
of these BMPs also reveals some similarities. These varying 
results can help economists determine the driving factors 
affecting the economic performance of BMPs.

 � Cattle exclusion fencing adjacent to riparian areas was 
studied in four watersheds (Salmon River, Lower Little 
Bow River, South Nation and Thomas Brook). Economic 
results were similar in all four watersheds and indicate that, 
although there may be some on-farm benefits in terms of 
increased cattle productivity, these benefits are unlikely to 
fully offset fence installation costs in the short term.

 � Manure/nutrient management BMPs applied in 
four watersheds were found to be unprofitable in three 
watersheds but economically feasible in the fourth. In the 
Lower Little Bow River Watershed, costs were dependent 
on the N:P ratio of manure application. In the Bras d’Henri 
Watershed, the BMP was found to be costly, but less 
so for larger crop farms than for livestock farms. In the 
Thomas Brook Watershed, results indicate that nutrient 
management reduced gross margins. In the Pipestone 
Creek Watershed, manure/nutrients were applied either 
according to forecast yield or at one-third the normal 
rate. In both cases, less fertilizer was applied when the 
previous year’s crop yield was lower than expected.  
Both versions of the BMP resulted in positive net benefits.

 � Tillage/crop residue management was studied in 
different forms in three watersheds. In the South Tobacco 
Creek Watershed, minimum tillage was found to be the 
best economic option for cereal crops. In the Bras d’Henri 
Watershed, economists observed an increased interest in 
minimum tillage, due to the practice’s net benefits. This 
finding was supported by their model. In the Souris River 
Watershed, delaying plowing until spring planting resulted 
in extra costs for both potato and soybean crops.

 � Conversion of annual cropland to perennial forage 
resulted in negative net benefits in the four watersheds 
studied. On-farm cash flow declined slightly in the Lower 
Little Bow River Watershed. While the converted land 
was still used for productive purposes in the Pipestone 
Creek Watershed, it was taken out of the more profitable 
practice of annual crop production, resulting in a net cost. 
In the South Tobacco Creek Watershed, cost savings 
from lower input costs did not offset the loss of net 

income provided by annual crops. In the Bras d’Henri 
Watershed, replacing corn acreage with hay resulted 
in negative net benefits, with average short-term costs 
increasing as more hay was included in the rotation.

 � Winter in-field cattle feeding had the potential  
for positive net benefits in two watersheds  
(Pipestone Creek and South Tobacco Creek). 

 � Buffer strips were studied in two watersheds  
(Lower Little Bow River and Black Brook) and were 
indirectly analyzed in a third. This BMP was found  
to result in negative net benefits because it removes  
land from production, thus reducing net farm income.  
The analysis conducted in Quebec found that a crop such 
as hay might be harvested from a sufficiently wide buffer 
strip for sale or use, thus partially offsetting the reduction 
in net farm income. 

 � Runoff retention ponds studied in the South Tobacco 
Creek and Thomas Brook Watersheds were found to 
result in negative net benefits due to their high initial 
investment cost.

APPLICATION OF WEBs ECONOMIC FINDINGS
The success of stewardship initiatives designed to minimize 
agriculture’s impact on water quality depends on both the 
willingness of agricultural producers to adopt BMPs and their 
capacity to pay for them over the long run. WEBs economics 
research provided producers with credible information on 
the on-farm and off-farm costs and benefits of implementing 
and maintaining BMPs. Producers can use this information 
when making decisions about BMP adoption. Governments 
and other agencies interested in sustainable agriculture can 
also use WEBs findings to determine the merit of financial, 
regulatory or other incentives to enhance BMP adoption. 

Many of the BMPs studied in WEBs were found to result in 
negative net benefits for producers who might be interested 
in adopting them. In many of the BMP studies, the degree 
of negativity was quite small, but for those BMPs requiring 
capital investments, such as holding ponds, the costs 
were large. If minimizing the impact of agriculture on the 
environment is a priority for governments, they may consider 
providing financial assistance to encourage producers to 
adopt some of the BMPs studied in WEBs. For example, 
due in part to the research conducted in WEBs, controlled 
tile drainage has been included as a BMP eligible for cost 
sharing under the Canada–Ontario Farm Stewardship 
Program. The South Nation Conservation Authority and the 
City of Ottawa (under the Rural Clean Water Program) have 
offered an incentive to producers as well.

Regulatory measures are another policy option to ensure 
that BMPs are adopted. But without financial assistance to 
producers, this approach would likely result in a decline in net 
farm incomes. 
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CONCLUSIONS 
The primary goal of economics research at the beginning  
of the WEBs program was to assess the on-farm costs  
of BMP adoption. At that time, it appeared that nearly all 
BMPs studied in WEBs had a negative effect on net farm 
income. As economists began to evaluate on-farm benefits 
that could partially offset the costs of implementing BMPs,  
it became evident that some BMPs could have positive,  
or only minimally negative, net benefits for producers. 

Some off-farm (public) benefits were also identified, and it 
was determined that some BMPs that have negative on-farm 
net benefits can actually have positive off-farm net benefits. 

WEBs economics research provided producers with credible 
information on the on-farm and off-farm costs and benefits 
of implementing and maintaining BMPs. Producers can 
use this information when making decisions about BMP 
adoption, and government and other agencies interested 
in sustainable agriculture can use it in the development of 
policies and programs.

“Estimates of on-farm and off-farm economic 
benefits were validated for several BMPs. As more 
results from WEBs biophysical monitoring became 
available, economists integrated these data into 
off-farm evaluations. This work strengthened our 
knowledge base of the economic impact of BMPs 
and identified trade-offs between the environment 
and economics to better inform decisions 
regarding BMP adoption.”

- Dr. Carlyle Ross, WEBs Economics Co-Chair

Community of practice

The nine-year WEBs program helped create a community 
of practice for agricultural economists studying the costs 
and benefits of BMPs. It is anticipated that this network will 
continue, either formally or informally. New partnerships and 
other funding sources can be explored in order to continue 
this valuable research and information exchange.

WEBs BMPs in the future

Researchers have reported that many producers who 
participated in WEBs research studies are interested in 
maintaining many of the BMPs that were implemented in their 
farming operations. For example, producers who participated 
in the Salmon River Watershed irrigation management study 
may continue to use soil moisture monitoring equipment to 
schedule irrigation on their fields. This may also hold true for 
the use of tile drainage control structures in the South Nation 
Watershed study region. In Quebec, the McGill University 
team found that producers would often choose reduced 
tillage over conventional tillage due to the associated net 
benefits. However, where BMPs such as fencing and buffer 
strips have high implementation costs, reduce production 
area and have no clear benefits to the farm enterprise, 
participants may revert to conventional practices.
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Hydrologic Modelling 
SUMMARY

Hydrologic modelling in WEBs used biophysical data collected by WEBs researchers as well  
as published literature values to assess the processes by which nutrients and sediment are  
transported by water from agricultural land to receiving streams and the impact of these  
processes on BMP performance. 

Modellers used existing computer models and/or models they developed or adapted to reflect  
local conditions or specific BMPs. The Soil and Water Assessment Tool (SWAT) was used in  
most WEBs projects.

WEBs modelling findings generally suggest a reduction in sediment and nutrient loading resulting  
from BMP implementation. Site-specific modelling results can help with land-use decision making  
at local and regional scales. 

See Chapters 8–16 for more information on the hydrologic modelling conducted in each watershed.

INTRODUCTION
A hydrologic model is computer software that simulates 
a watershed’s runoff response to precipitation and 
snowmelt. It does this by representing the watershed as 
an interconnected system of hydrologic components that 
reflect the general properties and movement of water in the 
watershed. In other words, hydrologic models are simplified, 
conceptual representations of the essential components of 
the hydrologic cycle.

Hydrologic modelling at each WEBs project site 
complemented the biophysical assessment of BMPs. 
Together they helped generate enhanced computer models 
that increased understanding of background conditions and 
watershed processes. In some watersheds, these models 
could allow information on BMP impacts to be scaled up to 
the next-level watershed. 

The hydrologic models used in WEBs calculated continuous 
simulations of the hydrology, sediment and agro-chemical 
movement and water quality in the watershed. Information 
on climate, soil properties, topography, vegetation and land-
management practices were the main inputs. 

The WEBs hydrologic modelling objectives were to: 

 � simulate watershed hydrology and contaminant transport 
under existing conditions using an accepted hydrologic 
model;

 � employ a calibrated-validated version of the model 
for evaluating BMP effectiveness in reducing negative 
impacts of agricultural runoff from the WEBs study 
watershed and the next-level watershed; and

 � provide environmental inputs into economic models.

4
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MODELS USED IN WEBs
Modellers used existing computer models and/or models 
they developed or adapted to reflect local conditions or 
specific BMPs. 

Modellers in seven of the nine WEBs watersheds used SWAT 
as a stand-alone model or in combination with other models. 
SWAT was developed by the United States Department of 
Agriculture’s (USDA) Agricultural Research Service, which  
has been developing hydrologic models for over 30 years. 
SWAT is a well-supported model that simulates hydrologic 
and water quality processes at the watershed scale. Some 
SWAT components were modified to reflect Canadian 
climatic conditions, such as snow redistribution, frozen 
soil and snowmelt, or to accommodate or better represent 
specific BMPs.

The Bras d’Henri Watershed project in Quebec employed 
the GIBSI (Gestion Intégrée des Bassins versants à l’aide 
d’un Système Informatisé) model, an integrated hydrologic–
economic modelling system having HYDROTEL as the 
hydrologic modelling component. Along with the GIBSI 
framework, the Catchment Hydrology (CATHY) coupled 
surface water/groundwater model and the MHYDAS-Erosion 
(Modélisation HYdrologique Des AgroSystèmes [Agro-
ecosystem hydrologic modelling]) model were also applied on 
the Bras d’Henri intervention (treatment) micro-watershed. 

The Souris River Watershed project in Prince Edward Island 
used coupled Leaching Estimation and Chemistry Model for 

Nitrogen (LEACHM-N) and Visual MODFLOW models  
to study the delayed tillage BMP. 

WEBs modellers modified the primary models or used 
additional models as required to reflect local conditions and 
to accommodate specific BMPs. Modifications to existing 
models were made by adding or adjusting modules to more 
accurately depict specific physical processes at the local 
(field or micro-watershed) scale. Examples include:

 � In the South Tobacco Creek Watershed, SWAT was 
adapted for Canadian conditions. The resulting model—
dubbed CanSWAT (Canadian version of SWAT)—was 
used in conjunction with imWEBs (integrated modelling for 
Watershed Evaluation of BMPs), a fully distributed field-
scale model used on the Steppler sub-watershed. 

 � The Forest Hydrology Model (ForHyM) was adapted 
for use in the Salmon River Watershed to analyze the 
hydrologic impacts of a mountain pine beetle infestation. 

 � DRAINMOD, a coupled surface water/groundwater model, 
was employed for the South Nation Watershed, while 
similar models were used on the micro-watershed scale in 
the Bras d’Henri and Thomas Brook projects. 

Table 8 lists the models used in each of the WEBs 
watersheds as well as modifications and model development.
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TABLE 8 
Hydrologic models used in WEBs

WATERSHED EXTENT/ AREA

MODELS USED

MODEL MODIFICATION AND 
DEVELOPMENT

FIRST PHASE OF 
WEBs (2004–2008)

SECOND PHASE OF 
WEBs (2009–2013)

Salmon River
1,500-km2 
Salmon River 
Watershed

SWAT

Bacterial Water 
Quality Model (BWQM)

Forest Hydrology 
Model (ForHyM)

ForHyM 

Soil Moisture 
Nutrient Crop Yield 
model

P cycling model

Groundwater model

The BWQM, crop yield model, P cycling 
model and groundwater models were 
developed during this study and 
enhancements were made to existing 
models 

Lower Little  
Bow River

26-km2  
micro-watershed

SWAT SWAT
An irrigation component was incorporated 
into SWAT 

Pipestone Creek

3,684 km2  
(gross drainage 
area)  
1,071 km2 
(effective 
drainage area)

N/A SWAT

Hydrologic equivalent watersheds 
(HEWs), a concept recently added to 
SWAT, were added to each sub-basin 
to account for the abundance of 
wetlands in the watershed and the 
effect of variable contributing areas 

South  
Tobacco Creek

75-km2 South 
Tobacco Creek 
Watershed and 
(imWEBs only) 
206-ha Steppler 
sub-watershed

SWAT
CanSWAT

imWEBs

CanSWAT: SWAT was adapted to cold 
prairie conditions and includes five 
BMP modules  

imWEBs: A cell-based, fully distributed 
hydrologic model was developed to 
evaluate BMPs at the smaller field and 
farm scales 

South Nation

Two micro-
watersheds 
(2 3 km2 and 
4 8 km2)

DeNitrification and 
DeComposition 
(DNDC)

MACRO  
(One-dimensional 
soil-water flow model)

DRAINMOD-N

NEMIS-NOE

The DNDC, MACRO, AnnAGNPS and 
SWAT models were modified to 
evaluate controlled tile drainage 

3,900-km2 South 
Nation Watershed

Annualized 
AGricultural 
Non-Point Source 
(AnnAGNPS)

SWAT
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WATERSHED EXTENT/ AREA

MODELS USED

MODEL MODIFICATION AND 
DEVELOPMENT

FIRST PHASE OF 
WEBs (2004–2008)

SECOND PHASE OF 
WEBs (2009–2013)

Bras d’Henri  
and Beaurivage

742-km2 

Beaurivage River 
Watershed, which 
includes the  
167-km2 
Bras d’Henri 
Watershed

GIBSI

GIBSI

MHYDAS-Erosion

DRAINMOD

CATHY

The GIBSI modelling package was 
updated and improved with new data, 
modules and routines, including a 
vegetated filter dimensioning model 
and an in-stream biological integrity 
model  Three additional models—an 
event-based soil erosion model 
(MHYDAS-Erosion), a drainage model 
(DRAINMOD) and a three-dimensional 
hydrologic model (CATHY)—were 
applied at the micro-watershed level 

Black Brook
14 5-km2 Black 
Brook Watershed

SWAT

SWAT

Finite Element 
subsurface FLOW 
(FEFLOW) 

Visual MODFLOW

Riparian Ecosystem 
Management Model 
(REMM)

An event-based grassed buffer zone 
and grassed waterway model was 
developed  The groundwater model 
used in the project evolved over time  
Visual MODFLOW was the final product 

Thomas Brook
7 6-km2 Thomas 
Brook Watershed

SWAT
SWAT 

DRAINMOD

Crop rotation schedules were 
incorporated into SWAT using field 
data   

An on-site wastewater treatment 
system P loading module was 
developed and linked with the Thomas 
Brook SWAT model 

The retention pond BMP was 
incorporated into the SWAT model 

DRAINMOD 6 0 was calibrated and 
validated for hydrology and N losses 
(DRAINMOD-N II), which can be used 
as a field-scale assessment tool for 
BMP performance 

Souris River
53-km2 Souris 
River Watershed

N/A
Coupled LEACHM-N 
and Visual 
MODFLOW models

Information from the nitrate leaching 
model was used to develop a nitrate 
transport/fate model  LEACHM-N was 
tuned and refined to spring and fall 
plowing practices under the prevailing 
production conditions 
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WATERSHED MODELLING PROCESS
Watershed modelling in WEBs used a five-step process to progress from inputting data to assessing BMPs (Figure 3).

STEP 1
PREPARE 

INPUT DATA

STEP 2
HYDROLOGIC 

CALIBRATION AND 
VALIDATION

STEP 3
SEDIMENTATION 

CALIBRATION

STEP 4
WATER QUALITY 

CALIBRATION

STEP 5
BMP 

ASSESSMENT

WATERSHED 
CONFIGURATION

MODEL 
ENHANCEMENTS

DATA 
ENHANCEMENT

SUB-MODELS

FIGURE 3
Schematic of WEBs modelling process

Step 1  
Data enhancement and watershed configuration 

Initially, input data were prepared by:

 � selecting the time period for modelling;

 � converting existing records to formats that could be used 
by the model;

 � selecting representative precipitation data; and 

 � defining the watershed configuration using geospatial 
data from a digital elevation model, soil data and  
land-use/management data.

A geographic information system (GIS) was used to help 
define drainage boundaries and drainage patterns and 
to delineate geographic units for hydrologic analysis. 
Watersheds were divided into sub-watersheds, reaches and 
hydrologic units that represented areas of similar hydrologic 
characteristics based on land use, soil type and topography 
(slope). In addition, land-management data were prepared  
as a special input to the model.   

Steps 2–4  
Hydrology, sediment and water quality calibration  
and validation

Calibration is an adjustment of a model’s parameters in order 
to corroborate the agreement between observed data and 
the data projected by the model. Validation is the comparison 
of model results with an independent data set (without 
additional model adjustment). 

Watershed hydrology is calibrated first. The main inputs are 
precipitation, temperature, land-management practices and 
the flow parameters that define hydrologic processes. These 
include the amount and rate of runoff, snowmelt, infiltration, 
discharge to groundwater and other processes. 

The next step is to model sediment processes. Adjustments 
are made to parameters affecting sedimentation, namely 
erosion from the land surface, erosion from within the stream 
channel and transport processes. 

The final step is to model water quality. Within WEBs, this 
generally referred to sediment and nutrient loading, although 
bacteria and pesticide transport were modelled at some sites. 
In the Bras d’Henri/Beaurivage project, the water quality 
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outputs (nitrogen [N] and phosphorus [P]) were used to 
provide indicators of biological integrity.

Calibration and validation of the hydrologic models were 
conducted at most WEBs watershed sites in order to predict 
surface runoff and sediment and nutrient exports at the 
watershed outlet, as well as at intermediate points within the 
watershed. The validated models were then used to evaluate 
BMP effect. 

Step 5  
BMP assessment 

Once calibrated and validated, the model can be used to 
estimate the impacts of BMPs on edge-of-field sediment 
and nutrient loads and on stream water quality (surface and 
baseflow) at the watershed outlet and possibly also  
at intermediate points within the watershed. 

Effective evaluation of BMPs depends on the model’s ability 
to simulate physical and biochemical processes within the 
watershed and its capacity to describe how the BMPs 
alter those processes. Information used to assess BMPs is 
derived from field data or experiments and/or by adjusting 
the parameters within the model. 

HYDROLOGIC MODELLING PROGRESS
Calibration and validation of the various models were 
successfully or partially completed for all nine WEBs 
watersheds for hydrology and for most watersheds for 
sediment and nutrient export. BMP assessments, using field 
data or literature values, were conducted with the models in 
most WEBs watersheds at the test watershed level (Table 9). 

Where available, the modellers used biophysical data 
collected from within the WEBs micro-watersheds or the 
encompassing watersheds to validate the models. Where 
sufficient data were not available when the models were 
initially being tested, literature values or simplified models 
were used. Initial modelling findings in WEBs, using literature 
values, suggested a reduction in sediment and nutrient 
loading resulting from BMP implementation.

During the course of WEBs, more site-specific post-BMP 
biophysical and economic data became available for the 
modellers to use. These data were added to some of the 
models, and model improvements were made, allowing 
literature values to be replaced in model simulations.  
These improvements reaffirmed the initial findings,  
but with greater confidence. 

The complexity and validity of the individual models varied 
among the nine WEBs watersheds, depending on agronomic 
practices, climate, land use, topography, soils and other 
watershed characteristics.

In some WEBs projects, attempts were made to scale up 
BMP effects from the field to the next-level (encompassing) 
watershed. 

Integrated hydrologic–economic models were developed 
at the South Tobacco Creek and Bras d’Henri projects. 
Economists and modellers from the Lower Little Bow River 
project regularly exchanged information and included it 
in their analyses. In the Thomas Brook Watershed, an 
economic optimization model was used in conjunction with 
the SWAT biophysical simulation model to predict BMP 
impact on farm gross margins. Results from these paired 
models were then used to evaluate on-farm management 
decisions. See Chapter 5 for more information on integrated 
modelling in WEBs.

Table 9 summarizes the status of the hydrologic modelling 
component within each watershed. 
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TABLE 9 
WEBs modelling progress

WATERSHED

MODEL CALIBRATION AND VALIDATION COMPLETED
BMP ASSESSMENTS 
CONDUCTEDHYDROLOGY SEDIMENT NUTRIENTS

Salmon River Yes Yes Yes Yes

Lower Little Bow River Yes Partially Partially No

Pipestone Creek Partially No No No

South Tobacco Creek Yes Yes Yes Yes

South Nation Yes No No Partially

Bras d’Henri and 
Beaurivage

Yes Yes Yes Yes

Black Brook Yes Yes Partially Yes

Thomas Brook Yes Yes Yes Yes

Souris River Yes No Yes Yes

MODEL PERFORMANCE
Hydrologic modellers were able to simulate hydrologic 
and environmental processes and evaluate both structural 
and non-structural BMPs in the WEBs watersheds. Many 
of the WEBs modelling studies exhibited positive results 
for predicting flows and sediment and nutrient transport. 
However, modellers were faced with several challenges.  
In time, they were able to overcome many of these 
challenges through the acquisition of appropriate local  
data and modifications to their models. 

Model evaluation 

Guidelines developed for the USDA’s Conservation Effects 
Assessment Project (CEAP) were used for evaluating the quality 
of hydrologic model calibrations and validations. By these 
criteria, many of the WEBs modelling studies exhibited ‘good’ 
to ‘very good’ results for predicting flows and acceptable 
results for predicting sediment and nutrient transport. 

WEBs modellers from the Thomas Brook Watershed drafted 
a framework to help all modellers assess their confidence 
in using their model to make watershed management or 
policy decisions. Draft criteria that could be used to evaluate 

model performance include the number of years of observed 
data available for model calibration and validation and the 
quality of observed data (frequency and accuracy of data 
measurement), among others. For example, based on the 
length of record criteria proposed in this framework, most 
WEBs watersheds would fall into the lower end of the “good” 
category (i.e. between 4 and 10 years of data). 

Confidence in modelling results

Confidence in modelling results in WEBs was found to 
depend on the availability of local field data with which to 
calibrate and validate the models, length of record, type of 
BMP, ability of the models to reflect seasonal influences,  
and watershed size.

Local field data

Local field data can greatly enhance a hydrologic model’s 
performance. During WEBs, biophysical and agronomic data 
were collected, analyzed and incorporated into the models 
at several project sites. For example, in the Salmon River 
Watershed, models were calibrated with field data and then 
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used to investigate the impacts of irrigation and fertilizer 
application on forage biomass yield and on downstream 
water quantity and quality. In the South Nation Watershed, 
the AnnAGNPS model was successfully calibrated and 
validated using local data, and the values obtained compared 
favourably to typical literature values. 

However, despite these gains in data collection through 
biophysical monitoring efforts, some WEBs projects 
continued to lack sufficient local data to effectively validate 
the models. In some watersheds, the data were collected  
but not transferred to the models. 

Length of record

The length of record is another important consideration in 
determining the level of confidence in modelling results.  
In several of the WEBs watersheds, models were calibrated 
based on only a few years of field data. Since more time 
is needed to address flow and climate variability, the level 
of confidence in the resulting modelling scenarios and 
extrapolations to date (spatially and temporally) would need  
to be qualified. 

Structural versus non-structural BMPs 

Deficiencies in the capacity of models to address local 
conditions were identified in a number of early WEBs 
modelling studies by comparing modelled to observed 
(collected) values. The models accommodated non-structural 
BMPs quite well, but SWAT was not able to adequately 
model the effect of structural BMPs, such as diversion 
terraces, which required the development of independent 
models. Modelling of riparian areas and grass buffer strips 
was also inadequate in SWAT and required improvements. 
In the Bras d’Henri project, a vegetated filter dimensioning 
model was developed at the sub-watershed level to calculate 
riparian buffer width based on aimed efficiency, contributing 
area and local slope or to calculate riparian buffer efficiency 
based on fixed width, contributing area and local slope.

Seasonal effects

A number of SWAT deficiencies were revealed when 
attempting to model flow and water quality during winter 
and spring snowmelt periods. New algorithms, including 
snow redistribution and frozen soil, were developed in the 
CanSWAT model at the South Tobacco Creek Watershed, 
and better model performance was achieved at both the 
outlet and inside monitoring stations. Summer flows were 
under-predicted for the Bras d’Henri Watershed, likely 
because of the inability to model tile drains. New routines 
were developed to address these deficiencies.

Ability to model seasonal variation in flow has been increased 
through improvements to modelling snow redistribution 
routines and soil temperature and hydrologic/chemical 
processes in frozen soil aimed at more accurately simulating 
flow during winter and snowmelt periods, and through 
adoption of tile drainage models and coupled surface water/
groundwater models, which improve summer flow estimates. 

Scale effects

The calibration of models to effectively assess BMP 
performance at a small watershed level proved challenging 
for some WEBs projects. Results were better at the larger 
watershed scale. This was evident in the initial modelling 
for the South Tobacco Creek Watershed, where the SWAT 
model provided very good simulations at the outlet of 
the watershed but was unable to simulate flows at the 
smaller Steppler sub-watershed. The modellers developed 
a cell-based fully distributed model—imWEBs—to model 
smaller watersheds and evaluate local impacts of BMPs, in 
conjunction with CanSWAT. 

In Quebec, GIBSI performed well at the Beaurivage River 
Watershed level, but high-resolution modelling tools—CATHY 
and MHYDAS-Erosion—were introduced in the Bras d’Henri 
micro-watershed to better simulate sediment connectivity 
and tile drain flow, respectively, and to address BMP impact 
at the field level. Other sites, such as the Thomas Brook 
Watershed, used a coupled surface water/groundwater 
model to simulate flow from tile-drained areas.

Conversely, in some watersheds, the models were used to 
scale up information on BMP impacts from the test sub-
watershed to the next-level (encompassing) watershed, but 
results were mixed. 

In the South Tobacco Creek Watershed, SWAT was used to 
extrapolate the biophysical findings from the sub-watershed 
to the watershed level, in order to assess BMPs at both 
scales. CanSWAT modelling results at the watershed 
outlet were very good, and results for the upstream sub-
watersheds and edge-of-field stations were acceptable. 

The SWAT model was applied to the Upper Little River and 
Little River Watersheds in New Brunswick using parameters 
developed for the Black Brook Watershed. Results for the 
Upper Little River Watershed were very poor for all outputs. 
Outputs for the larger Little River Watershed were better, but 
these findings imply that the SWAT model could not be used 
on the larger watershed without further calibration. 

The SWAT model was tested in the Upper Cornwallis 
Watershed in Nova Scotia to assess its applicability at 
larger scales. Calibrated SWAT parameters derived from the 
Thomas Brook Watershed were used to build the model and 
initiate simulations. However, the scaled-up SWAT model 
was not validated due to an insufficient amount of flow and 
water quality data available at this scale prior to the end of 
the project.
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APPLICATION OF WEBs MODELLING RESULTS
Like WEBs biophysical research findings, WEBs modelling 
results can help producers determine which BMPs are 
best suited to their operations in terms of environmental 
performance. With additional evaluation, these results may 
be considered acceptable for use in BMP design, selection 
and evaluation, or in policy and program decision making.

The calibrated and validated models could be used 
to extrapolate results in various scenarios and can be 
incorporated with economic models to provide an integrated 
decision tool (Figure 4). WEBs modelling studies have already 
made some progress in these areas.

POTENTIAL FUTURE
APPLICATIONS

DURING WEBs

INTEGRATION OF

ENVIRONMENTAL AND

ECONOMIC MODELLING

 ECONOMIC BENEFITS

 TEST/SELECT BMPs

 PROGRAM DESIGN

OTHER TIME PERIODS

RANGE OF FLOW REGIMES

LAND-USE CHANGES

OTHER WATERSHEDS
CALIBRATED/VALIDATED

WATERSHED MODEL

EXTRAPOLATION 
OF RESULTS

FIGURE 4 
Potential applications of WEBs modelling results

Modellers can benefit from the experience gained and model 
development achieved during WEBs and can apply this to 
future application of the models and to other similar research 
activities.
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FUTURE RESEARCH OPPORTUNITIES 
Even though most WEBs modelling studies have ended, 
opportunities exist for continued development of watershed 
and BMP modelling. The availability of data and work done 
on models provides an attractive starting point for additional 
research. The future of hydrologic modelling on WEBs 
watershed sites could include further calibration, validation 
and modifications with a view to extending the application 
beyond a research project. 

Some collaborative opportunities for modellers building on 
the WEBs accomplishments might include:

 � continuing development and refinement of physically-
based models to model hydrologic and biochemical 
processes at the field scale;

 � extending the snowmelt and soil temperature routines 
suitable for colder climates developed within the Thomas 
Brook, Black Brook, South Tobacco Creek and Salmon 
River Watersheds to other basins in order to make the 
models universally applicable in cold regions; or

 � further developing the model evaluation framework.

CONCLUSIONS
The hydrologic modellers were able to simulate hydrologic 
and environmental processes and evaluate both structural 
and non-structural BMPs in the WEBs watersheds. They 
used existing computer models and/or models they 
developed or adapted to reflect local conditions or specific 
BMPs. According to USDA hydrologic model evaluation 
criteria, many of the WEBs modelling studies exhibited ‘good’ 
to ‘very good’ results for predicting flows and acceptable 
results for predicting sediment and nutrient transport. 

Initially, model simulations of BMP performance were 
largely based on literature-derived information. Modelling 
results were later enhanced as models were improved and 
biophysical data collected from the studied fields were used 
in the simulations. Modellers were faced with several other 
challenges and, in time, were able to overcome many of 
them by adapting the models or adding other models.

Most WEBs modelling findings suggest reductions in 
sediment and nutrient loadings resulting from BMP 
implementation. With additional evaluation, these results may 
be considered acceptable for use in BMP design, selection 
and evaluation, or in policy and program decision making. 
Opportunities exist to build on the modelling work done in 
WEBs, thanks in part to the availability of biophysical data.
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Integrated Modelling 
SUMMARY

Integrated modelling facilitates the assessment of the benefits and costs of BMPs in agricultural 
watersheds. Integrated hydrologic–economic models incorporate environmental, economic and social 
factors into a decision framework to assess and display the environmental and economic effects of BMP 
implementation. Information from the models can help target BMP placement on the landscape and can 
help decision makers identify effective incentives to encourage producers to adopt BMPs. 

An integrated modelling framework was developed in pilot projects at two WEBs locations—the South 
Tobacco Creek Watershed in Manitoba and the Bras d’Henri and Beaurivage River Watersheds in 
Quebec. Site-specific hydrologic and economic information was incorporated into these models. 

The integrated model developed for the South Tobacco Creek Watershed can help determine the costs 
and water quality effects of various BMP implementation scenarios at different scales. Researchers at 
the Bras d’Henri Watershed project used integrated hydrologic, biophysical and economic information  
to conduct an environmental benefit/on-farm cost analysis study of various policies and BMP scenarios.

Other WEBs projects integrated hydrologic, biophysical and economic information through modelling  
or information sharing.

INTRODUCTION
The goal of the WEBs integrated modelling component was 
to incorporate hydrologic, economic and social (behavioural) 
factors into a decision framework to assess the combined 
environmental (water quality), economic (costs and benefits) 
and social (likelihood of BMP adoption) effects of BMP 
implementation. 

Integrated modelling can help extrapolate the effects of 
implementing individual BMPs or suites of BMPs at various 
locations throughout a watershed. The models can help 
target BMPs to areas where they would have the greatest 
effect, thus achieving desired water quality results at a 
lower cost. They can also help policy and program decision 
makers identify effective financial or regulatory incentives to 
encourage producers to adopt BMPs.

INTEGRATED MODELLING FRAMEWORK 
Integrated modelling in WEBs was initially conducted as 
a pilot project at two sites—the South Tobacco Creek 
Watershed in Manitoba and the Bras d’Henri Watershed  
(and its encompassing Beaurivage River Watershed) in 
Quebec. Modellers from these two sites developed an 
integrated modelling framework to guide their work at 
the watershed and regional levels (Figure 5, Table 10). 
The framework could be applied to examine trade-offs 
between on-farm costs, pollution abatement, water quality 
improvement and societal value in evaluating agricultural 
conservation programs.
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FIGURE 5 
WEBs integrated modelling framework

TABLE 10 
Local and regional application of models

MODEL
GEOGRAPHIC 
APPLICATION FUNCTION

On-farm  
economic model

Local Quantifies the economic costs to producers of adopting BMPs 

Integrated  
hydrologic–economic 
watershed model

Local Quantifies water quality and biological integrity benefits of BMPs and their spatial 
variations within micro-watersheds or fields

GIBSI provides an environmental benefit/BMP cost framework as well

Farm behaviour model Local/Regional Assesses the levels of BMP adoption given actual or hypothetical incentives 

Integrated  
hydrologic–economic 
watershed model

Regional Develops estimates of water quality benefits at the watershed level as a result of  
BMP adoption scenarios 

Non-market  
valuation model

Regional Quantifies societal value from water quality improvement within regional watersheds 
resulting from BMP adoption 
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The on-farm economic model estimates the private costs 
of BMP implementation. The cost and other economic data 
is then used in the farm behaviour model to estimate the 
BMP adoption rate and the corresponding costs of the 
policy incentives used to pay for the BMPs. The integrated 
hydrologic–economic watershed model estimates the 
abatement of non-point source pollution load to the streams 
based on BMP adoption scenarios. The trade-off between 
the economic costs of BMPs and associated pollution 
abatement is then determined. An in-stream water quality 
model estimates the water quality and biological integrity 
improvement from pollution abatement, and the trade-offs 
between on-farm costs and water quality improvements 
are obtained. Finally, the non-market valuation model 
estimates societal value from the water quality improvement. 
This process allows an examination of the trade-offs between 
private costs and policy incentives of BMP implementation 
and related societal benefits.

While not all components of the framework were completed 
by the end of the WEBs program, the modelling teams at 
both pilot project sites made significant progress in integrating 
on-farm economic information with watershed hydrologic 
information, as described below. They have also continued to 
develop their models following the end of the program.

DATA COLLECTION AND ANALYSIS
The two pilot sites in Manitoba and Quebec had a history 
of data collection and modelling at the encompassing 
watershed scale. Work on the components of the integrated 
modelling framework during WEBs was mainly focused 
on the integrated hydrologic–economic watershed models 
and the on-farm economic models. Work on integrating the 
farm behaviour component into the framework was not as 
far advanced by the end of the WEBs program. Hydrologic, 
biophysical and economic assessments provided data for 
the integrated models. 

Hydrologic and biophysical assessments 

Extensive hydrologic assessments were conducted on the 
pilot watersheds using biophysical data collected by WEBs 
researchers as well as published literature values in order to 
model the water quality benefits of the applied BMPs. 

Economic assessments 

Detailed economic assessments were conducted 
using site-specific data. These economics studies were 
initially conducted at field scale, then rolled up to a larger 
representative farm level. Economic models were used to 
estimate costs for specific BMPs or combinations of BMPs 
at the farm and watershed level. 

Farm behaviour assessments 

The intention of the farm behaviour research component was 
to develop scenarios for BMP adoption—combinations of 
possible BMP mixes and adoption incentives—and add them 
to the integrated models. 

In the South Tobacco Creek Watershed, this research 
focused on the use of conservation auctions as a policy 
incentive to encourage BMP adoption. Mathematical 
optimization models were developed to spatially target  
BMPs in the watershed. 

Economists from the Bras d’Henri Watershed investigated 
the use of market mechanisms as a means of encouraging 
producers to implement BMPs. The economic model 
provided information that could be used to conduct an 
experimental auction.

HOW IS INTEGRATION DONE?
Data exchange between the environmental and economic 
models requires that they have similar temporal and spatial 
scales. Temporal scales are easily assimilated, as data from 
the environmental models’ daily scale can be aggregated to 
produce the annual data required by the economic model. 
Spatial integration is more difficult to achieve because the 
environmental models work at the scale of a hydrologic unit, 
such as a sub-watershed, which follows natural boundaries, 
while economic models function at the farm level as defined 
by surveyed farm boundaries or political boundaries, such as 
a township, crop district or province. 

The WEBs integrated modellers devised methods to 
incorporate spatial scale. In the South Tobacco Creek project, 
a software interface was developed to convert hydrologic 
data at the scale of the Hydrologic Response Unit (HRU) to 
the field or farm scales used by the socio-economic models. 
In the Bras d’Henri/Beaurivage project, the basic spatial unit, 
the Relatively Homogeneous Hydrologic Unit (RHHU), was 
adjusted to approximate the size of farms in the region.  
A survey conducted in 2010 indicated that the number of 
farms was reduced, with a corresponding increase in farm 
size. However, the RHHUs were not changed.

SOUTH TOBACCO CREEK WATERSHED, MANITOBA
A team of researchers at the University of Guelph carried 
out the hydrologic and integrated modelling for the South 
Tobacco Creek project. A team at AAFC’s Brandon Research 
Centre led the economic evaluations, and researchers at the 
University of Alberta directed a farm behaviour study. 
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Small reservoir in the Steppler sub-watershed

Scale

The integrated modelling system is based on the CanSWAT 
(Canadian version of the Soil and Water Assessment Tool) 
hydrologic model that simulates the water quality impacts 
of BMPs and on-farm economic models that estimate BMP 
costs. CanSWAT operates at the 75-km2 South Tobacco 
Creek Watershed scale. 

A cell-based, fully distributed hydrologic model—dubbed 
imWEBs (integrated modelling for Watershed Evaluation 
of BMPs)—was developed to evaluate BMP effects at the 
smaller field and farm scale and was tested at the 206-ha 
Steppler sub-watershed. The imWEBs model was specifically 
developed to examine location-specific BMP effects using a 
fully distributed approach, in contrast to lumped approaches 
in semi-distributed hydrologic models such as CanSWAT. 
However, imWEBs was not fully integrated with the other 
models prior to the end of the WEBs program.

The parallel semi-distributed (CanSWAT) and fully distributed 
(imWEBs) modelling permitted evaluation of BMP effects at 
various spatial scales and time steps (Figure 6). 

imWEBs
(Canada)

YEARLY

MONTHLY

DAILY

HOURLY

LOCATION FIELD FARM SUB-BASIN WATERSHED REGION

CanSWAT
(Canada)

FIGURE 6 
Temporal and spatial scale of the two South Tobacco Creek hydrologic models
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Interface

A user-friendly interface—dubbed imCanSWAT—was developed to facilitate the interactive integrated assessment of BMPs 
(Figure 7). 

INFORMATION

• GEOSPATIAL DATA 
• CLIMATE DATA 
• FLOW DATA
• WATER QUALITY DATA
• MANAGEMENT DATA
• ECONOMIC DATA

SCENARIO MODEL DISPLAY

USER INTERFACE

DATABASE GIS

• SINGLE BMP
• MULTIPLE BMPS 
• FIELD LEVEL
• FARM LEVEL
• SUB-BASIN LEVEL

• SWAT
• ECONOMIC 
• INTEGRATED

• SWAT OUTPUT
   (REACH, SUB-BASIN, 
   FARM, FIELD, SPATIAL 
   DISTRIBUTION)
• ECONOMIC OUTPUT
• INTEGRATED OUTPUT

FIGURE 7 
Interface structure of the integrated hydrologic–economic modelling system for the South Tobacco Creek Watershed

With the interface, users can define various BMP scenarios—
one or more BMPs at one or more locations in the watershed. 
For structural BMPs, such as small reservoirs or holding 
ponds, users can select one or more locations. For land 
management practices, such as conservation tillage, users 
can select one or more fields or farms. Users can also select 
multiple BMPs at multiple sites/fields/farms/sub-basins for 
developing multi-BMP, multi-site scenarios. An example 
scenario is constructing small reservoirs at user-selected 
locations and applying conservation tillage to user-selected 
fields in the watershed to observe the impact on water yield/
infiltration, sediment, total nitrogen (N) and total phosphorus 
(P) at the watershed outlet.

The interface will then run CanSWAT and the on-farm 
economic models to simulate BMP costs and benefits for 
that scenario. The environmental and economic results for 

the chosen scenario, or a comparison of two scenarios,  
are then displayed on a map to assist in decision making. 
The display functions can visualize results for BMP costs, 
water quantity and quality effects (e.g. runoff, sediment, 
nutrient abatement), and cost effectiveness (i.e. water 
quantity or quality changes per $1,000). The display can 
show on-site results in maps and graphs and off-site results 
at the watershed outlet in graphs.

The model interface is designed to be user-friendly and can 
be used by watershed groups or producers. Compared to  
a manual approach for setting up and running the two 
models for BMP assessment, which can take days or weeks, 
this process takes only a few minutes using the interface. 
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Farm behaviour component 

The objective of this research was to test options for targeted 
policy by integrating BMP spatial targeting and conservation 
auction information into the hydrologic and economic models. 
There were two aspects to this project in the South Tobacco 
Creek Watershed.

First, researchers conducted mathematical programming to 
determine optimal spatial targeting of BMPs. Cost function 
information from the farm behaviour studies was combined 
with producer-level estimates of nutrients abated for each 
BMP from the hydrologic models. BMP cost and supply 
functions (i.e. the level of BMP supplied for a given cost, 
such as dollar per hectare or dollar per head) and supply 
functions for water quality (e.g. dollar per kilogram of P or 
N abated) were used to examine policy incentive options to 
induce BMP adoption. Mathematical optimization models 
were developed to spatially target BMPs in the watershed. 
Following the end of the WEBs program, adjustments were 
made to include updated environmental function data. 

The second component involved developing an agent- 
based model using bidding functions to help determine  
an individual’s bid amount in a conservation auction.  
This information, along with farm-level costs, hypothetical 
payment amounts and auction parameters, can be 
incorporated into the integrated modelling decision-support 
system framework in order to assess the level of BMP 
adoption. The researchers began developing the functions, 
but they were not yet incorporated into the integrated model 
prior to the end of the WEBs program.

If these components were incorporated into the integrated 
model, the mathematical programming model would provide 
an optimal set of BMPs and their locations and costs, given 
a particular nutrient abatement goal, while the agent-based 
model would be used to simulate how likely it is that the 
optimal BMP adoption outcomes can be achieved.

Applications 

The South Tobacco Creek integrated model uses free,  
open-source software. The developers do not charge for  
use of the model and have shared their work and findings 
with other groups. At the end of the WEBs program, 
the model developers presented and demonstrated 
the CanSWAT-based integrated modelling system and 
the imWEBs model to a large group of local producers, 
government representatives and agri-business leaders.

The CanSWAT and imWEBs models and the integrated 
modelling system have the potential, given the availability of 
appropriate data, to be scaled up to examine BMP effects 
and cost effectiveness in large regions, such as the Lake 
Winnipeg Basin, the Saskatchewan River Basin or the Great 
Lakes Basin. 

The models can be used elsewhere by changing site-specific 
model parameters as required and by calibrating and 
validating the models with site-specific land-use, agronomic 
and climate data. However, data availability could be a 
limiting factor when it comes to model performance in new 
locations. 

Calibration and validation parameters were transferred 
to other basin modelling efforts in adjacent and nearby 
watersheds. Modelling knowledge from the South Tobacco 
Creek project was transferred to the WEBs projects in British 
Columbia, Saskatchewan, Alberta and New Brunswick; 
to an Environment Canada Lake Winnipeg project; and to 
AAFC and provincial BMP assessment projects in Alberta 
and Ontario in order to support their modelling efforts. The 
University of Guelph group has continued work on integrated 
economic-hydrologic modelling in other watersheds. They 
have developed an open source GIS-based interface to 
make complex BMP assessment modelling accessible 
to agricultural conservation practitioners and have further 
developed imWEBs to examine water quantity and quality 
effects of BMPs in other locations.

See Chapter 4 and Chapter 11 for more information on 
modelling in the South Tobacco Creek Watershed.
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BRAS D’HENRI AND BEAURIVAGE WATERSHEDS, QUEBEC
The hydrologic modelling team from the National Institute 
for Scientific Research (INRS-Centre ETE) and the McGill 
University and Université Laval economics teams shared 
information derived from the GIBSI (Gestion Intégrée 
des Bassins versants à l’aide d’un Système Informatisé) 
model and the economic models in order to integrate the 
environmental and economic BMP results.

Bras d’Henri Watershed

GIBSI 

Hydrologic and water quality modelling was conducted using 
the GIBSI modelling package, which includes a geographic 
information system (GIS); a relational database management 
system; a hydrologic model (HYDROTEL); and separate 
models for the overland and in-stream transport of sediment, 
nutrients, pesticides and pathogens (fecal coliform). It also 
contains modules for defining management scenarios. The 
model’s graphical interface aids data management and the 
development of BMP scenarios. 

Auxiliary tools were developed to build the database tables 
required by the on-farm economic models. The model-
derived biophysical data were integrated into the economic 
models. However, the data were not calibrated with field data 
to determine the actual BMP effect, nor were they integrated 
into the GIBSI model prior to the end of the WEBs program.

A GIS-based interface was developed to link GIBSI with 
the economic model developed at McGill University for 
the purpose of conducting benefit-cost analysis of BMP 
implementation. This integration involved adding layers 
of GIS information (i.e. digital elevation, stream network, 
soil types and land cover), editing existing databases and 
updating input files for the various models. 

GIBSI’s economic framework was developed, based on farm 
costs and revenues, as well as the valuation of environmental 
goods and services. The framework allowed the two teams 
to jointly conduct an environmental benefit/on-farm cost 
analysis study of various policies involving implementation of 

BMP scenarios within the Bras d’Henri and Beaurivage  
River Watersheds. 

Because the hydrologic and economic models were not 
completely integrated, the GIBSI model was used to assess 
the cost-effectiveness of groups of BMPs in the Beaurivage 
River Watershed. Two approaches were used:

 � cost/benefit ratios to determine monetary trade-offs 
between on-farm costs and the social value of water 
quality improvements

 � non-market valuation techniques to estimate benefits to 
society resulting from water quality improvements

Cost estimates and social benefits valuation were 
successfully combined with simulations of hydrology, erosion 
and pollution transport in order to conduct cost-effectiveness 
and benefit-cost analysis. 

McGill University

The McGill economics team worked at both the farm and 
watershed scales to investigate policy mechanisms that 
could incent producers to adopt BMPs (see Chapter 3 
and Chapter 13). They used an inter-regional economic 
optimization model developed from environmental loading 
coefficients estimated by the GIBSI model. The optimization 
model combined the economic and environmental data sets 
to estimate the economic and environmental impacts of BMPs.  

A GIS was used to integrate spatial information from the 
hydrologic model into the economic model. Each farm  
was spatially referenced in the economic model to aid  
with producers’ decision making. Spatial identification  
of animal units was also incorporated into the economic 
model. This information was used to estimate pollution 
abatement cost curves for the watershed.  

The model was applied to farms in the Bras d’Henri 
Watershed to estimate the amount of pollutants produced, 
the maximum possible pollution reduction and the associated 
costs at the farm and watershed scales. The model assumed 
that producers would use the least costly combination 
of BMPs to reduce pollution. McGill’s model indicated 
that it is more economically efficient to reduce pollution 
at the watershed scale than at the farm scale and that 
compensation might be more cost-effective if it addressed 
the watershed as a whole. 
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Université Laval

The hydrologic modelling team provided environmental 
coefficients generated by the GIBSI model to the Laval 
economists for their study of the relationship of ‘good’ 
outputs of farm production (i.e. crops and livestock) to ‘bad’ 
outputs (i.e. water quality degradation). The Laval models 
used simulated agro-chemical runoff values generated by 
GIBSI to represent bad outputs. 

The Laval economists also shared on-farm economic data 
(costs, revenues and livestock data) and econometric data 
(environmental goods and services based on willingness-to-
pay data) with the modelling team. These data were used in 
the benefit-cost analysis.

Farm behaviour component

The McGill team conducted a literature review on the use of 
market mechanisms as a means of encouraging producers 
to implement BMPs. They determined that their model could 
generate the information needed to conduct an experimental 
auction. The preliminary experimental design was completed 
during WEBs, and model updates and modifications made 
following the end of the program provided all the input data 
required to carry out an experimental auction. 

Applications 

Auxiliary tools were developed to facilitate the application 
of GIBSI on other watersheds. These tools were integrated 
into a wizard. To facilitate the distribution of GIBSI to other 
research teams in Canada and elsewhere and to minimize 
implementation costs, the commercial components  
in GIBSI were substituted by public domain options  
(i.e. GIS and production of graphics and tables).

See Chapter 4 and Chapter 13 for more information 
on modelling in the Bras d’Henri and Beaurivage River 
Watersheds.

OTHER WEBs WATERSHEDS
Integration of economic, hydrologic and biophysical 
information was done in other WEBs watersheds.

Lower Little Bow River Watershed

While there was no formal integration of the economics and 
hydrologic models in the Lower Little Bow River project, 
economists and modellers met regularly to exchange 
information and communicate progress so that results from 
one component could be incorporated into analysis and 
discussion of the other project components.

Thomas Brook Watershed

The SWAT model was integrated with an economic farm 
optimization model to evaluate the cost-effectiveness 
and potential of selected BMPs to mitigate nitrate-N and 
sediment yields at the watershed scale and to evaluate 
management decisions based on nutrient management 
planning attributes.

CONCLUSIONS
Significant progress was made within the WEBs integrated 
modelling component towards incorporating hydrologic, 
on-farm economic and farm behavioural factors into a 
decision-support framework for assessing the combined 
environmental and economic effects of BMP implementation. 

Within the South Tobacco Creek pilot project, the integrated 
hydrologic–economic modelling system was developed 
based on on-farm economic models and the CanSWAT 
model, which had been calibrated and validated for the 
watershed. The interface facilitates the exchange of 
information between the economic and hydrologic models 
and provides a valuable tool for both researchers and 
conservation managers. 

Within the Bras d’Henri/Beaurivage pilot project, GIBSI 
modelling efforts have characterized hydrological processes, 
transport mechanisms, and the likely impact of BMPs 
on water quality and biological integrity. Model-derived 
biophysical data were transferred into available economic 
models, and an environmental benefit/on-farm cost analysis 
study of various policies involving implementation of BMP 
scenarios was conducted. This integration of BMP impacts, 
environmental benefits and non-market valuation can help 
with policy and management decision making. 

Watershed Evaluation of Beneficial Management Practices 62



BIBLIOGRAPHY - WEBs INTEGRATED MODELLING 
Amon-Armah, F., E.K. Yiridoe, N.H.M. Ahmad, D. Hebb, R. Jamieson, D. 
Burton and A. Madani. 2013. Effect of nutrient management planning 
on crop yield, nitrate leaching, and sediment loading in Thomas Brook 
Watershed. Environ Manage. 52(5):1177-1191.

Amon-Armah, F., E.K. Yiridoe, R. Jamieson and D. Hebb. 2015. 
Comparison of crop yield and pollution production response to nitrogen 
fertilization models, accounting for crop rotation effect. Agroecol Sust 
Food. 39(3):245-275.

Hafiz, M., N. Ahmad, A. Sinclair, R. Jamieson, A. Madani, D. Hebb, P. 
Havard and E.K. Yiridoe. 2011. Modeling sediment and nitrogen export 
from a rural watershed in eastern Canada using the Soil and Water 
Assessment Tool. J Environ Qual. 40(4):1182-1194.

Liu, Y.B, W. Yang, Z.Q. Yu, I. Lung, J. Yarotski, J.A. Elliott and K.H.D. 
Tiessen. 2014. Assessing effects of small dams on stream flow and water 
quality in an agricultural watershed. J Hydrol Eng. 19(10), 05014015.  

Liu, Y.B., H. Shen, W. Yang and J. Yang. 2013. Optimization of 
agricultural BMPs using a parallel computing based multi-objective 
optimization algorithm. Int J Environ Resour Res. 1(1):39-50.

Liu, Y.B., W. Yang and X. Wang. 2008. Development of a SWAT 
extension module to simulate riparian wetland hydrologic processes at a 
watershed scale. Hydrol Process. 22(16):2901-2915.

Liu, Y.B., W. Yang, B. Gharabaghi, J.Z. Liu, H. Wu and J. Yarotski. 2012. 
Characterizing snow redistribution in SWAT for simulating spatially 
distributed snowmelt runoff in cold regions. Nonlinear Science Letters C. 
2(1):1-8. 

Muma, M., S.J. Gumiere and A.N. Rousseau. 2014. Analyse de 
sensibilité du modèle CATHY aux propriétés hydrodynamiques du sol 
d’un micro-bassin agricole drainé. Hydrolog Sci J. 59(8):1606-1623.

Muma, M., S.J. Gumiere, A.N. Rousseau, C. Scudeler and C. Paniconi. 
2013. Implementation of a root water extraction module in CATHY: 
Comparison of four empirical root-density distribution models. Four 
Decades of Progress in Monitoring and Modeling of Processes in the 
Soil-Plant-Atmosphere System: Applications and Challenges. Procedia 
Environ Sci. 19(2013):57-66.

Quilbé, R. and A.N. Rousseau. 2007. GIBSI: An integrated modelling 
system for watershed management - Sample applications and current 
developments. Hydrol Earth Syst Sci. 11:1785-1795.

Rousseau, A.N., P. Lafrance, M-P Lavigne, S. Savary, B. Konan, R. 
Quilbé, P. Jiapizian and M. Amrani. 2012. A hydrological modeling 
framework for defining achievable performance standards for pesticides. 
J Environ Qual. 41(1):52-63.

Rousseau, A.N., S. Savary, D.W. Hallema, S.J. Gumiere and É. Foulon. 
2013. Modeling the effects of agricultural BMPs on sediments, nutrients, 
and water quality of the Beaurivage River watershed (Quebec, Canada). 
Can Water Resour J. 38(2):99-120.

Yang, W., A. Rousseau and P.C. Boxall. 2007. An integrated economic-
hydrologic modeling framework for the watershed evaluation of beneficial 
management practices. J Soil Water Conserv. 62(6):423-432.

Yang, W., W. Liu, Y.B. Liu, R.C. Corry and R.D. Kreutzwiser. 2014. Cost-
effective targeting of riparian buffers to achieve water quality and wildlife 
habitat benefits. Int J of River Basin Management. 12(1):43-55.

Watershed Evaluation of Beneficial Management Practices 63



WEBs Communications, Outreach  
and Scientific Publications
INTRODUCTION
Transferring information about the research being conducted 
in WEBs and the resulting knowledge of the performance 
of BMPs to internal and external stakeholders was an 
important goal of the program. Specifically, the program’s 
communications and outreach goals were to:

 � increase the scientific body of knowledge regarding 
BMPs; 

 � work with partners to understand and address barriers to 
adopting BMPs and provide information that encourages 
the adoption of appropriate BMPs;

 � inform producers, watershed groups, governments, 
academia and the scientific community about the 
research methods, progress and findings of the  
WEBs projects;

 � demonstrate how Canadian producers are working 
in partnership with governments, academia and the 
agriculture industry to contribute to a better environment 
for all Canadians; and

 � promote AAFC as a leader in supporting research to 
provide credible, science-based information and tools 
necessary to help ensure an environmentally responsive 
agriculture and agri-food industry in Canada.

HISTORY 
In the program’s early years, the focus was on informing 
stakeholders about the type of research being conducted 
in WEBs and how the resulting information could be useful. 
News releases and fact sheets were developed outlining the 
biophysical, economic and modelling work being done—
including the specific issues at each of the original seven 
watershed projects—and indicating which BMPs were being 
studied. Emphasis was on the fact that the WEBs program 
was looking at the environmental performance of BMPs at 
the watershed scale, rather than at the plot or field scale, 
that economic analysis of BMPs and hydrologic modelling 
was being conducted at all the sites, and that integrated 
hydrologic–economic modelling was being conducted at two 
pilot sites. 

By the end of the first four years of the program, as many 
studies were beginning to detect trends in BMP performance, 
the focus of communications and outreach shifted to 
sharing these preliminary findings, and as the studies 
continued, researchers began to publish their findings in 
peer-reviewed journals. Researchers attended conferences 
and authored technical reports and fact sheets. Many other 
communications and outreach products and activities 
were developed to convey information about the projects’ 
methods, progress and findings.  
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AUDIENCE TYPES
WEBs communications and outreach efforts were targeted to 
three main audiences: 

 � External – stakeholders external to AAFC who may 
have less awareness of WEBs but who may be important 
recipients of WEBs information (e.g. producers, producer 
or industry groups, watershed or other conservation 
groups, academic or government scientists, government 
policy and program decision makers and the public)

 � Internal/external – colleagues within and external to 
AAFC who work on WEBs

 � Internal – colleagues within AAFC who do not 
necessarily work directly on WEBs

The products and activities provided different levels of 
detail for different audience types. For example, after the 
first four years of WEBs, the Watershed Leads prepared 
detailed reports. The scientific detail was of interest to 
WEBs researchers in other watersheds and were helpful 
in summary reporting, but these reports were not widely 
distributed. Technical summaries, based on these detailed 
reports and on consultant reports on WEBs modelling 
and economics, were targeted towards other researchers 
conducting similar research beyond WEBs. And finally, a 
four-year WEBs summary report included less-technical 
summaries of all WEBs components and watershed projects. 
This report, of which the current report is an updated version, 
was of interest to a broader group of stakeholders, including 
producers, conservation organizations and policy makers. 
Details from these reports, as well as from articles published 
in peer-reviewed journals, also contributed to the creation of 
fact sheets and media articles. 

APPROACHES
An 11-member WEBs Communications Committee guided 
the program’s communications and outreach efforts. The 
committee consisted of AAFC staff from various units, as well 
as a communications expert from Ducks Unlimited Canada, 
an important WEBs partner. Each member provided a unique 
perspective on the best way to share information with  
stakeholders. 

Communications and outreach activities and products 
were developed by a variety of players. The WEBs program 
management team worked with the project leads and 
participants and with departmental communications and 
technology transfer staff to develop reports, fact sheets, 
newsletters, pamphlets, website content, media articles, 
signs, posters and displays. Management team members 
also gave presentations at meetings and conferences 
and organized program workshops and tours. Individual 
researchers and/or research teams published their findings 
in scientific journals, presented at scientific conferences, 
gave project site tours to various groups and gave media 
interviews. Local media often picked up on WEBs-related 

news releases or attended watershed tours or community 
meetings and published articles on the project activities  
and findings.

A range of communications and outreach techniques and 
products were used to inform the various audience groups. 
These included: 

 � Printed documents or online information developed 
by WEBs staff and/or researchers

• summary reports

• technical pamphlets

• fact sheets

• WEBs website and internal wiki sites

• signs, posters, displays

 � In-person events

• annual WEBs workshops

• watershed tours/demonstrations

• community meetings 

• scientific conferences, workshops,  
trade shows or industry meetings 

 � Media coverage

• news releases 

 º program- and project-level news releases issued by 
AAFC at the beginning of WEBs

 º project-level news releases, including a quote by a 
local Member of Parliament, issued by AAFC at the 
beginning of the second funding phase

 º partner-issued news releases on local research 
conducted under WEBs

• media pitches - picked up by local/sector media

• stories picked up by local/regional media, conservation 
or sustainable agricultural publications 

• articles submitted by AAFC to magazines such as 
Farming for Tomorrow or Ducks Unlimited Canada’s 
Conservator

 � Scientific publications

• project-specific articles in peer-reviewed journals
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PRINTED OR ONLINE CONTENT

Reports

WEBs researchers (AAFC researchers as well as partners 
receiving grants and contributions funding) reported their 
methods, progress and findings at the end of each fiscal 
year. WEBs management prepared annual summary reports, 
based on these project-level reports or on presentations 
given at annual WEBs workshops. These program-level 
summary reports were distributed to stakeholders and other 
interested parties. 

At the end of the program’s first four-year funding cycle, 
a report summarizing all components and watershed 
projects was published, printed and distributed to over 
400 stakeholders. The report’s executive summary was 
printed as a stand-alone document and over 700 copies 
were distributed. Three technical summaries (biophysical, 
economics and modelling) were also published and 
distributed to a smaller, targeted audience and were  
made available upon request. 

Watershed  Evaluation of 
Beneficial Management Practices

WEBs
Towards Enhanced Agricultural 

Landscape Planning

Four-Year Review 
(2004/5 - 2007/8) 

The WEBs program’s four-year review summary report  
was distributed to over 400 stakeholders 

Pamphlets

Detailed technical pamphlets were produced and printed for 
each of the nine watersheds. They included information on 
the watershed and study site, the specific issues guiding the 
research, the BMPs being studied, the research methods 
used, land-use information, the modelling and economics 
work being conducted, and a list of partners. 

 

Beneficial Management Practices at the Lower Little Bow River Watershed 

Five BMPs are being assessed within the Lower Little Bow River Watershed.  Buffer strips 
 

The combined effect of vegetation type and buffer width on runoff water from irrigated fields is being evaluated 
using in-field buried runoff collectors and border irrigation experiments. The effect of buffer type on leaching of 
nutrients is being examined.  

Manure management 
 

Previously, manure was applied based on the nitrogen (N) requirement of crops and,  
consequently, phosphorus (P) has accumulated in the soil.  Few studies have  
documented the effects of runoff under N versus P-based manure applications.  
A rainfall simulator is being used to evaluate the effect of this BMP on N and P in  
runoff in small research-type plots. 

Two fields under irrigated barley have been converted to 
forages. Field #1 (left) was converted to alfalfa in 2006.   
 
 
 
Field #2 (left) was converted to alfalfa in 2005. A rainfall 
simulator has been used to generate runoff before and 
after conversion. The water quality of the runoff under 
barley (pre-BMP) is being compared to that of the runoff 
under forage (post-BMP). 

The picture on the left shows a grass buffer strip  
comprised of both tame and native grass. The  
pictures below show a buffer strip comprised of  
both grasses and shrubs.  
 
A control buffer using only barley has also been  
established. Buffer strips at three widths (3, 6 and  
9 metres) are being tested for their effectiveness in  
removing contaminants from surface runoff. The  
rationale for this BMP study is that the majority of 
studies have focused on the performance of wider 
buffer strips (over 30 metres), which are a less  
attractive option to producers. 

Grass buffer strip 

Conversion of cropland to forages 

  
Manure management 

research plot 

 Field #2 

Off-stream watering with fencing 
An 800-metre reach on either side of the 
river has been fenced to eliminate cattle 
access to the riparian area, and an  
off-stream watering system has been 
installed (see map for locations). Water 
quality is monitored both upstream and  
downstream of the fenced area. Riparian 
health of the reach was evaluated before 
and after fencing. A rainfall simulator is 
used to generate runoff. 

An off-stream watering system (see picture below) was 
installed at a summer and winter pasture used by 500 head of 
cattle. River water quality has been evaluated before and after 
BMP implementation, progressing downstream within the  
affected reach. A rainfall sim-
ulator is used to generate run-
off adjacent to the river.  Cat-
tle behaviour and fecal  
pat distribution adjacent to  
the river have been evaluated 
before and after installation  
of the off-stream watering  
system.  

The illustration on the  
left shows how cattle  
exclusion fencing reduces 
fecal contaminants into 
water systems at the Low-
er Little Bow River. 

Field #1 

Off-stream watering without fencing 

Fenced riparian area 
Mixed grass/shrub detail 

Effect of off-stream fencing on water and land 

Fenced riparian 
area 

Unfenced riparian 
area 

(grazed pasture) 

Remote thermo-sink waterer 

 

 
Mixed grass/shrub buffer 

3 4 

Watershed pamphlets helped explain the BMP research during tours  
and conferences   

The pamphlets were a valuable tool used by the project 
researchers and field technicians when giving tours or 
participating in workshops or conferences.  

Fact sheets

At the beginning of the program, a series of introductory 
fact sheets was produced for the program and for each of 
the original seven watershed sites. As the program evolved, 
and once the researchers were ready to release preliminary 
findings from their studies, more fact sheets were developed 
that either provided an overview of a particular research 
component in WEBs (biophysical, economics) or explained 
the methods and findings of a particular BMP study.  
Eleven fact sheets were eventually published.

   

Studies explore benefits and reveal possible trade

Studies explore benefits and reveal possible trade--offs of these popular practices 

offs of these popular practices   

WEBs Fact Sheet #11 

Diversion Terraces and Grassed Waterways

Diversion Terraces and Grassed Waterways  
  in Hilly Potato Land 

in Hilly Potato Land   
Summary: Water runoff and runoff-induced soil erosion 

are a major concern when row crops are planted in hilly 

areas with high levels of precipitation. Researchers in 

New Brunswick’s Potato Belt have discovered that a 

combination of diversion terraces and grassed            

waterways can help to address this problem. However, 

the implementation of such beneficial management  

practices (BMPs) to solve environmental concerns may 

introduce unintended consequences. For example, due 

to their ability to reduce runoff, terraces and grassed  

waterways may induce nutrient loading to groundwater. 

And expected increases in potato yields resulting from 

the BMP might be insufficient to offset installation costs.  

 

Background BMPs are farming practices designed to minimize       

potential negative effects on the environment. Diversion 

terraces (sometimes called contour terraces) are BMPs 

that break up a long, sloping field into a series of fields 

with shorter slopes, in order to divert runoff and          

encourage infiltration. This is done to conserve water for 

plant growth and to reduce runoff-related soil erosion. 

Excess runoff drains into grassed waterways or other 

suitable outlets. Grassed waterways are another BMP 

that can be used alone or in conjunction with diversion 

terraces and are typically constructed in natural          

depressions where water would normally flow and       

collect. The reduced grade and increased surface   

roughness in grassed waterways slow down runoff,    

filter out sediment and reduce erosion.  

The Black Brook Watershed in north-western New 

Brunswick is one area where hilly terrain and heavy    

rainfall are factors in local agricultural production    

(Figure 1). The watershed encompasses 1,450 hectares 

(3,585 acres) within the much larger, 380-square-

kilometre (150-square-mile) Little River Watershed 

(Figure 2). About 65% (925 hectares, 2,285 acres) of the 

land in the Black Brook Watershed is agricultural. The 

major crop is potato, which is grown in rotation with 

grain, peas and hay for forage. About half of the         

agricultural land is annually under potato production.  

The non-agricultural land is forested, urban or rural           

residential. Typical slopes range from 2-9%, but exceed 

15% in some places. Soils in this region are coarse- to 

fine-textured and compact. The average annual          

precipitation is 1,130 millimetres (45 inches), of which 

approximately 25% falls as snow. 

Figure 1: When row crops are planted in hilly areas having high 

levels of precipitation, soil erosion and water loss due to        

excessive runoff are a concern. Diversion terraces and grassed 

waterway systems can help address this problem.  

Tillage Trade-offs in a Prairie Watershed 

Effect on both environmental and economic performance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Conservation tillage study site in south-central 

Manitoba  

Conservation tillage—including zero tillage and  
minimum tillage—aims to maximize the amount of 
crop residue remaining on the soil surface and is a 
beneficial management practice (BMP) widely  
promoted for its role in reducing soil erosion and the 
export of soil-bound nutrients into surface  
water. It can also play an important role in soil  
carbon sequestration. BMPs are farming practices 
designed to minimize potential negative impact on  
the environment. Yet most BMPs, conservation  
tillage included, have both environmental and  
economic trade-offs—side effects resulting when  
actions are taken to address a primary problem.  
 
For example, although conservation tillage  
significantly reduces soil erosion, a biophysical 
(environmental) study in the 7,500-ha (18,500-acre) 
South Tobacco Creek (STC) Watershed in  
south-central Manitoba (1993-2007) (Figure 1) has 
shown that conservation tillage can increase  
dissolved phosphorus (P) export in a cold-climate  
region, where spring snowmelt is a major portion of 
annual runoff. A separate economics study in the 
same watershed (1998-2006) also found that the  
economic performance of conservation tillage is  
generally positive for cereals but is negative for  
canola. In recent years, both studies have been  
conducted as part of the Watershed Evaluation of 
BMPs (WEBs) program—an Agriculture and  
Agri-Food Canada (AAFC) national initiative. 
 
Water quality decline caused by excess nutrients in 
surface water bodies is a growing problem in many 
agricultural regions across Canada. In Manitoba, 
there is increasing concern, for example, regarding 
the health of Lake Winnipeg. The STC Watershed is 
situated on the edge of the Manitoba Escarpment and 
is part of the Lake Winnipeg Basin.  
 
 

What is WEBs? 
A long-term research program initiated by Agriculture 
and Agri-Food Canada in 2004, WEBs evaluates the 
economic and environmental performance of BMPs at 
a small watershed scale. To gain a regional  
perspective, this information is being scaled up to  
larger watershed areas using hydrologic models. 
 
WEBs findings are helping researchers and  
agri-environmental policy and programming experts to 
understand how BMPs perform and interact with land 
and water. This knowledge will also help producers 
determine which BMPs are best for their operations 
and regions.  
 
WEBs studies are conducted at nine watershed sites 
across Canada. These outdoor living laboratories bring 
together a wide range of experts from various  
government, academic, watershed and producer 
groups. Many valuable findings have emerged and 
research continues at all sites. 

WEBs Fact Sheet #4 
 

5 

Cattle and Water Quality  

in the Salmon River Watershed  

Cattle exclusion fencing and related studies  

in British Columbia’s Southern Interior  

 
Summary: Within the Salmon River Watershed in the mountainous 

British Columbia Interior, declining river water quality has been a 

significant concern in recent years. The challenge in this watershed is 

to protect water quality and aquatic and riparian habitat, while  

managing human uses of water for agriculture, recreation and  

domestic needs. A recent study assessed the environmental and 

economic effect of cattle exclusion fencing, a BMP employed to this 

end. The study also explored other possible contributions from  

agriculture to water quality in the Salmon River. 

 
This work was conducted from 2004 to 2010 under the Watershed 

Evaluation of BMPs (WEBs), a national Agriculture and Agri-Food 

Canada (AAFC) initiative.  

 
Salmon River Watershed 

The 1,500-square-kilometre (580-square-mile) Salmon River  

Watershed drains northeast from its headwaters into Shuswap Lake, 

a popular recreational area. The watershed is more than 90%  

forested, contains a major salmon spawning river, and supports  

mining, agriculture and rural communities. Agricultural land comprises 

just over 8% of the watershed, with 325 farms located along the river 

valley. The main agricultural activities are ranching, dairy and  

irrigated forage production—a major consumer of water in the valley. 

 
The regional climate is continental, characterized by warm dry  

summers and cool winters. Long-term mean annual precipitation is 

475 millimetres (19 inches), and snowmelt contributes about 70% of 

the Salmon River’s flow, often resulting in erosion and flooding in the 

spring. Periods of low flow occur from mid-summer to fall, coinciding 

with irrigation demand and salmon migration and spawning. 

 
 

Cattle return to the Salmon River Valley in the fall, after spending 

the summer in the mountainous uplands. 

The Watershed Evaluation of Beneficial Management Practices (WEBs) program is evaluating cattle exclusion fencing at several locations 

across Canada where the practice is deemed to address local needs. Since this beneficial management practice (BMP) may perform differently 

in each landscape or climate zone, study methods and results vary at each location. 

A long-term research program initiated by Agriculture and Agri-Food  

Canada in 2004, the Watershed Evaluation of Beneficial Management  

Practices (WEBs) evaluates the economic and environmental  

performance of BMPs at a small watershed scale. To gain a regional 

perspective, this information is being scaled up to larger watershed 

areas using hydrologic models.  

 
WEBs findings are helping researchers and agri-environmental policy 

and programming experts to understand how BMPs perform and  

interact with land and water. This knowledge will also help producers 

determine which BMPs are best for their operations and regions.  

 
WEBs studies are conducted at nine watershed sites across Canada.  

These outdoor living laboratories bring together a wide range of  

experts from various government, academic, watershed and producer 

groups. Many valuable findings have emerged, and research  

continues at all sites. 
What is the Watershed Evaluation of Beneficial Management Practices? 

WEBs Fact Sheet #9 

The eleven WEBs fact sheets were a valuable resource during watershed tours, 
conferences, workshops and trade shows 
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These fact sheets were written to be of interest to a variety 
of internal and external stakeholders, including producers, 
conservation groups and policy makers. Upon release,  
the fact sheets were sent to a targeted distribution list. 
WEBs staff, researchers and other colleagues used them for 
watershed tours, conferences, workshops and trade shows. 
They are also available on the WEBs website (www.agr.gc.ca/
webs), as well as archived on the Government of Canada’s 
Publication website (www.publications.gc.ca). 

1. Watershed Evaluation of Beneficial Management 
Practices Program Overview – a brief review of the 
program’s objectives, components and watershed-scale 
study approach.

2. Study yields key insights into the performance  
of beneficial management practices – a summary 
of the main biophysical findings from the original seven 
watersheds.

3. Controlled Tile Drainage: Increasing yields and 
helping the environment – the biophysical and 
economic findings of a study into the effects of controlled 
tile drainage in the South Nation Watershed, Ontario.

4. Tillage Trade-offs in a Prairie Watershed: Effects on 
environmental and economic performance –  
the biophysical and economic findings from a long-term 
comparison of conservation tillage with conventional 
tillage in the South Tobacco Creek Watershed, Manitoba.

5. Streambank Fencing in Southern Alberta:  
An analysis of the benefits and costs – the 
biophysical and economic findings from a long-term 
evaluation of streambank fencing to exclude livestock  
in the Lower Little Bow River Watershed, Alberta.

6. Factors Affecting the Adoption of Beneficial 
Management Practices (BMPs): Quebec study 
may have national applications – the findings of a 
study, conducted within the Bras d’Henri and Fourchette 
Watersheds, Quebec, into the factors that may affect 
producers’ likelihood of adopting certain BMPs.

7. Positive Effects of Small Dams and Reservoirs: 
Water quality and quantity findings from a Prairie 
watershed – the biophysical and economic findings of 
a study into the effects of small on-farm earthen dams 
and reservoirs in the South Tobacco Creek Watershed, 
Manitoba.

8. The Economics of Beneficial Management 
Practice: Evaluating BMP performance at the 
watershed scale – the key findings and conclusions 
from the WEBs economics studies across Canada.

9. Cattle and water quality in the Salmon River 
Watershed: Cattle exclusion fencing and related 
studies in British Columbia’s Southern Interior –  
the environmental and economic impacts of installing 
cattle exclusion fencing on three farms in the Salmon 
River Watershed, British Columbia.

10. Effect of Multiple BMPs on Water Quality and 
Runoff: Substantial nutrient loss reductions 
achieved in a small Prairie watershed – findings from 
a long-term study on the cumulative effects of multiple 
BMPs within the South Tobacco Creek Watershed, 
Manitoba.

11. Diversion Terraces and Grassed Waterways in Hilly 
Potato Land: Studies explore benefits and reveal 
possible trade-offs of these popular practices – 
the environmental and economic impacts of installing 
diversion terraces and grassed waterways within the 
Black Brook Watershed, located in northwestern  
New Brunswick’s potato belt.

Other written communication products 

 � WEBs Updates – newsletter-style publications on various 
topics, distributed electronically to a targeted internal and 
external audience.

 � Technical information bulletins – internal or targeted 
information pieces on a variety of topics. For example,  
a one-page bulletin on integrated modelling at the  
South Tobacco Creek Watershed was circulated to a 
small group of internal and external technical modelling 
and GIS specialists. 

 � Watershed-specific communications –  
Each watershed project team communicated with its 
participating producers and other local stakeholders.  
For example, the Souris and Area Wildlife Branch circulated 
a community newsletter on watershed activities and news 
several times a year and maintained a website. Each issue 
included an update on the Souris River WEBs project. 

The WEBs program is assessing the environmental and economic performance of agricultural beneficial  
management practices (BMPs) at nine small watershed sites across Canada.  Each watershed addresses   
agri-environmental issues through the implementation and evaluation of regionally-specific BMPs. The WEBs 
watershed projects within the Western, Central and Atlantic regions of Canada benefit from frequent national 
and regional networking and communication. This update takes a look at a few of the initiatives ongoing in 
Atlantic Canada. 
 
The three WEBs watersheds in Atlantic Canada are: Black Brook Watershed (NB), Thomas Brook Watershed 
(NS) and Souris River Watershed (PE).  

W atershed Evaluation of Beneficial Management Practices (WEBs) 

WEBs Update #20—Focus on Atlantic Canada

Fall /Winter 2011 

WEBs Update Fall/Winter 2011—Issue 20: Focus on Atlantic Canada  

New Watershed Lead for Black Brook WEBs Project, NB 

After seven years as a Watershed Lead for the Black Brook WEBs 
project, Dr. Lien Chow (photo at left, second from the right,  
standing) will be retiring at the end of 2011.  Dr. Chow joined AAFC 
as research scientist in 1978, after four years with the Canadian 
Forestry Service.  Taking over for Dr. Chow in Black Brook is Dr. 
Sheng Li (standing, far left of photo), who is a new research  
scientist with AAFC’s Potato Research Centre in Fredericton, NB.  
Dr. Li’s research interests include soil-water biophysical process 
quantification and modelling, evaluating practices to enhance  
agri-environmental sustainability, as well as the use of geomatics 
and isotope techniques to support field investigations.  Prior to his 
move to Fredericton, Dr. Li was a post-doctoral fellow with the 
WEBs watershed team in Manitoba, measuring the impact of  
various BMPs in reducing sediment and nutrient losses from  
agricultural land to downstream water bodies in the South Tobacco 
Creek Watershed.  A warm welcome to Dr. Li! 1

In this issue 

New Watershed Lead for Black Brook, NB 

Black Brook and Thomas Brook team up to examine variable riparian buffer 

widths using the REMM model  

Conducting Adaptive Watershed Research to Address Nitrogen Leaching

         in Souris, PEI 

Hydrologic-Economic Analysis for Optimizing Retention Pond Management in 

Thomas Brook, NS 

Recent WEBs outreach  

WEBs Partnerships 

Profile: Terra Jamieson, WEBs Watershed Liaison—Atlantic Canada 

Souris 
River 

Thomas 
Brook Black 

Brook 

Locations of the three WEBs project 
sites in Atlantic Canada. 

WEBs tour of the Black Brook Watershed, NB. 

Standing (L-R): Sheng Li, Thomas Ochuodho, 
Chengfu Zhang, John Li, Zisheng Xing, Herb Rees, 
Junyu Qi, Lien Chow, Jérôme Damboise.   

Kneeling (L-R): Sylvie Lavoie, Terra Jamieson,  
Brook Harker, Lisa Therrien. 

•

•

•

•

•

•

•

WEBs Updates were newsletter-style publications,  
distributed electronically to a targeted audience 
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WEBs website and internal wiki site

A WEBs program website,7 located on AAFC Online, includes 
a clickable map linking to pages with information on the BMP 
studies in each of the nine watershed projects. Information is 
provided in both official languages. WEBs program wiki sites 
provided additional information for AAFC or Government of 
Canada employees. 

Signs, posters and displays 

Large signs in most WEBs watersheds displayed the project 
name and participant logos. As well, over 40 producers have 
displayed farm gate signs identifying them as participants in 
their local WEBs project.

WEBs project signs displayed the project name and participant logos  

7 www agr gc ca/webs

Over 40 producers displayed farm gate signs identifying them as participants 
in their local WEBs project 

Posters and displays were also designed, printed and used 
for conferences and workshops.

WEBs displays were used at conferences and workshops 
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IN-PERSON EVENTS

WEBs workshops 

Annual WEBs workshops were held towards the end of each 
fiscal year as a means to discuss the progress and findings 
of each project and component and to discuss future plans 
and priorities. Presentations and discussions also focused  
on how WEBs research findings might be applied within  
a broader policy and programming context.

WEBs management, AAFC and partner researchers 
(including students and post-doctoral fellows), senior 
managers and other interested colleagues attended 
these facilitated workshops. Separate WEBs economics 
and modelling meetings were also often held, either in 
conjunction with the annual workshop or at a different time. 
They provided a venue for the practitioners in those fields to 
discuss their work in more technical detail. A summary report 
was published following each workshop and distributed to 
participants and other interested individuals. 

Watershed tours and demonstrations

Tours of the watershed project sites were an effective means 
of showcasing the research being conducted and the 
complexity involved in watershed-scale studies. Some WEBs 
watersheds hosted large-scale one-day tours with AAFC 
managers, researchers from other WEBs watershed projects, 
and local producers and partners. For example, over 50 
people from across Canada, as well as a representative of 
the United States Department of Agriculture’s Conservation 
Effects Assessment Project (CEAP), toured the Bras d’Henri 
and Fourchette projects in 2007. Ducks Unlimited Canada’s 
Conservator magazine ran an article about the tour. And in 
2012, local producers as well as AAFC and provincial staff 
and managers attended a field day at the Pipestone Creek 
Watershed project. Producers were enticed to attend the 
event through the following questions posed on the tour 
invitation: Have you wondered how various BMPs affect 
water quality? Do you wonder if BMP projects can save your 
farm money? Do you want to learn more about how these 
are measured by science? 

Tours of the watershed project sites were an effective means of showcasing 
the research being conducted and the complexity involved in watershed-scale 
studies 

WEBs watershed projects were also popular destinations 
for senior managers and for visiting delegations hosted 
by departmental staff. For example, a Brazilian delegation, 
visiting the Ottawa area as part of the Canada-Brazil 
Consultative Committee on Agriculture, toured the South 
Nation Watershed project site in 2010. 

Each WEBs watershed project team hosted several tours 
and demonstrations each year to groups of students, 
journalists, producers and other interested parties. For 
example, the Canadian Farm Writers Federation 2006 
national conference included a tour of the South Tobacco 
Creek Watershed. And in 2013, the WEBs modelling team 
from the University of Guelph demonstrated the integrated 
model developed for the South Tobacco Creek Watershed  
to local producers and other land-use decision makers. 

As well, community meetings were held at several WEBs 
watersheds to discuss the project with local producers and 
residents. For example, about 20 producers from the Salmon 
River Watershed attended an irrigation workshop in 2011. 
Presentations by federal and provincial staff from agriculture 
and environment departments informed participants about 
irrigation efficiency and profitable forage operations, weather 
forecasting, groundwater, and wildlife damage to crops. Also 
in 2011, the Eastern Canada Soil and Water Conservation 
Centre hosted an outreach workshop in the Black Brook 
Watershed to update local producers and residents on the 
WEBs project. A panel discussion was held at that session to 
gather stakeholder input and to get feedback on the project.

The local watershed conservation group at each site provided 
great support in organizing and conducting these tours, 
demonstrations and meetings, which made the events even 
more successful for all participants. 
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Conferences and other scientific or industry events

WEBs researchers and management staff have participated 
in regional, national and international conferences, 
workshops, industry meetings and trade shows. These 
events provided a forum to share the research being 
conducted in WEBs watersheds and provided an opportunity 
for WEBs researchers to learn from similar work being 
conducted elsewhere. These events often gave rise to 
additional collaborative opportunities for WEBs researchers.

National or international conferences frequently attended 
by WEBs participants include those held by the following 
organizations:

 � Canadian Water Resources Association (CWRA)

 � International Water Association (IWA)

 � Canadian Soil Science Society (CSSS)

 � Soil and Water Conservation Society (SWCS)

 � Canadian Agricultural Economics Society (CAES)

Some of these events included special WEBs sessions.  
A few examples are provided below. 

 � The WEBs project management team was involved 
in planning an SWCS workshop, entitled Managing 
Agricultural Landscapes for Environmental Quality – 
Strengthening the Science Base, held in Kansas City 
in 2006. WEBs participants gave oral and poster 
presentations, helped chair concurrent sessions and  
co-authored three plenary keynote papers. WEBs 
research was also well represented at a follow-up 
conference in 2010, entitled Managing Agricultural 
Landscapes for Environmental Quality II: Achieving 
More Effective Conservation. An article about the WEBs 
program was published in the conference proceedings.

 � Two well-attended WEBs economics sessions were 
held in conjunction with the joint annual meeting of the 
Canadian Agricultural Economics Society and Northeast 
Agricultural and Resource Economics Association in 
Quebec City in 2008. During the symposium, WEBs-
related economists summarized their findings to date, 
including work towards incentive-to-adopt mechanisms, 
theoretical economic relationships and net BMP effect. 
Individual analyses were tailored to the specific challenges 
and data sets available for each watershed. Both sessions 
were moderated by Emmanuel Yiridoe of Dalhousie 
University Agricultural Campus, the WEBs site economist 
for the Thomas Brook Watershed. 

 � The CWRA Saskatchewan Branch and WEBs co-hosted  
a joint meeting entitled Integrating Agriculture, 
Environment, and Economics at a Watershed Scale: 
Prairie WEBs Projects, held in Saskatoon in 2012.  
The meeting focused on biophysical, economic and 
modelling findings from the three Prairie-based WEBs 
watershed sites.

The above is a small sample of the many conferences 
that included WEBs presentations or WEBs-themed 
sessions. WEBs researchers also participated in local 
or regional events, such as industry meetings. For 
example, representatives of the Deerwood Soil and Water 
Management Association regularly attended the annual 
general meeting of the Manitoba Conservation Districts 
Association and set up the WEBs South Tobacco Creek 
Watershed display. Members of the Lower Little Bow River 
WEBs project frequently attended and presented at the 
Alberta Soil Science Society annual workshops. And staff 
from the South Nation Watershed attended local events, 
such as farm shows, crop days, and drainage contractor 
meetings, to promote and demonstrate the controlled tile 
drainage structures.

WEBs publications were regularly on display at industry 
events, such as the Western Canadian Agribition and 
Canada’s Farm Progress Show.

MEDIA COVERAGE

News releases

At the beginning of the program, AAFC issued eight 
introductory news releases—one for the national WEBs 
program and one for each of the original seven watershed 
projects. 

In 2011, the Minister’s Office issued a series of news releases 
announcing Growing Forward funding of $14 million for the 
WEBs program. Each release—entitled The Government 
of Canada Helps Farmers Improve Water Management 
Practices—featured a quote from a local Member of 
Parliament and information about the studies underway 
at a particular WEBs watershed site. The news releases 
garnered much positive media attention, with at least five 
local or online newspaper articles and at least six radio 
announcements. The media coverage highlighted the 
amount of funding going to each site, the type of BMPs 
being studied, and how the research can help producers 
maintain high agricultural productivity while minimizing the 
impacts of farming on the environment. As well, WEBs staff 
and researchers responded directly to phone interviews and 
inquiries stemming from these news releases.

In 2012, the Minister’s Office also issued a news release 
announcing the Growing Forward funding for integrated 
modelling being conducted by the National Institute for 
Scientific Research (INRS-Centre ETE) in Quebec. 
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Newspaper, magazine and online articles

Local or regional media, conservation publications and 
sustainable agriculture publications across the country have 
reported on local WEBs projects, both in print and online.  
In some cases, media initiated these articles (e.g. following 
a news release or tour), while in other cases, WEBs staff or 
partners submitted an article to the publication. 

Articles on WEBs projects have appeared in such farmer-
friendly or technical publications as Ducks Unlimited 
Canada’s Conservator, Farm Focus of Atlantic Canada, 
Farming for Tomorrow, Western Producer, Manitoba  
Co-operator, CWRA Water News, and Drainage Contractor. 

The Ducks Unlimited Conservator magazine featured an article about a WEBs 
watershed tour 

For example, Farming for Tomorrow magazine targets 
the farming population of Alberta, Saskatchewan and 
Manitoba, highlighting the latest news and research related 
to sustainable agriculture issues. An AAFC committee 
develops and submits articles for publication, providing 
topical and timely information on a wide variety of issues 
related to sustainable production agriculture. The magazine 
is published three times per year and is distributed to over 
100,000 farm households across the Prairies. Five WEBs 
articles were published in this magazine: 

 � Living laboratories provide answers about the  
true value of beneficial management practices  
(Fall/Winter 2010/11 issue)

 � Watershed evaluation studies yield key insights  
into BMP performance [biophysical findings]  
(January/February 2012 issue)

 � Tillage trade-offs in a Prairie watershed: The effects 
on environmental and economic performance 
(January/February 2012 issue)

 � Streambank fencing in southern Alberta: Keeping 
cattle out has environmental benefits, can be costly 
for producers (January/February 2012 issue)

 � Effect of multiple BMPs on water quality and runoff: 
Substantial nutrient loss reductions achieved in a 
small Prairie watershed (February/March 2013 issue)

Five WEBs stories have been published in the Farming for Tomorrow magazine 

Other media coverage

An episode of David Suzuki’s The Nature of Things entitled 
Save My Lake, which aired in 2011, included footage of some 
of the BMP work in the South Tobacco Creek Watershed, 
particularly the network of small dams and the contribution of 
the BMPs towards improving water quality in Lake Winnipeg. 
While the show did not mention WEBs, some WEBs partners 
were interviewed—Ducks Unlimited Canada, the Deerwood 
Soil and Water Management Association and a University 
of Manitoba scientist who conducts research for the South 
Tobacco Creek WEBs project. 

SCIENTIFIC PUBLICATIONS
WEBs research has led to the publication of over 135 articles 
in peer-reviewed scientific journals since 2007 (Figure 8), and 
WEBs findings continued to be published after the program 
ended. As some former WEBs projects have continued, the 
number of published papers stemming from WEBs research 
will continue to increase.

See the Bibliography for a complete list of WEBs  
journal articles.
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FIGURE 8 
Cumulative number of papers based on WEBs research published in peer-reviewed scientific journals since 2007

WEBs-related research findings have been  
published in such journals as:

 � Journal of Environmental Quality

 � Canadian Journal of Soil Science

 � Water Research

 � Applied and Environmental Microbiology

 � Journal of Soil and Water Conservation

 � Agricultural Water Management

 � Water Quality Research Journal of Canada

 � Water, Air and Soil Pollution

Over 135 WEBs research findings have been published in peer-reviewed 
journals such as the Journal of Environmental Quality and the Canadian 
Journal of Soil Science 
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Partnerships and Collaboration
WEBs was a multidisciplinary and interdisciplinary program, 
comprised of a diverse group of experts working together 
on watershed-scale research. Interaction and information 
sharing between partners and other collaborators created 
learning opportunities and increased knowledge across and 
within disciplines.

PARTNERSHIPS
Interdisciplinary studies in WEBs were conducted by  
AAFC scientists in partnership with such organizations as:

 � Canadian and international universities and colleges

 � conservation groups and other non-governmental 
organizations

 � the United States Department of Agriculture

 � provincial and municipal government departments

 � other federal departments

See Table 11 for a list of partners in each WEBs watershed. 
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TABLE 11 
WEBs partners by watershed

WEBs WATERSHED

PARTNERS THAT HAD 
A CONTRIBUTION 
AGREEMENT WITH AAFC OTHER PARTNERS

Salmon River  � Salmon River  
Watershed Roundtable

 � Fraser Basin Council 
Society

 � University of Victoria

 � Westwold Livestock Association -  
a local association of the British Columbia Cattlemen’s Association

 � BC Agriculture Council

 � Canadian Wheat Board

 � Okanagan College (Salmon Arm Campus)

 � Thompson Rivers University

 � BC Hydro

 � British Columbia Ministry of Agriculture

 � British Columbia Ministry of Environment

 � Environment Canada 

Lower Little  
Bow River

 � County of Lethbridge

 � University of Alberta

 � Ducks Unlimited Canada

 � Alberta Agriculture and Rural Development 

 � Alberta Environment and Sustainable Resource Development

 � Environment Canada

 � Fisheries and Oceans Canada 

 � Health Canada

 � Public Health Agency of Canada

Pipestone Creek 
Watershed

 � Lower Souris  
Watershed Committee 

 � University of Alberta

 � University of Regina

 � Saskatchewan Water 
Security Agency 

 � University of Saskatchewan

 � Environment Canada

South Tobacco Creek  � Deerwood Soil and Water 
Management Association 

 � University of Guelph 

 � University of Alberta

 � Ducks Unlimited Canada

 � University of Manitoba

 � Manitoba Agriculture, Food and Rural Development

 � Manitoba Conservation and Water Stewardship

 � Environment Canada 

 � Fisheries and Oceans Canada 
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WEBs WATERSHED

PARTNERS THAT HAD 
A CONTRIBUTION 
AGREEMENT WITH AAFC OTHER PARTNERS

South Nation  � South Nation 
Conservation Authority 

 � Ontario Federation of Agriculture 

 � Ontario Soil and Crop Improvement Association

 � Eastern Ontario Water Resources Committee

 � University of Waterloo

 � University of Guelph

 � University of Ottawa

 � University of Calgary

 � University of Alberta

 � City of Ottawa

 � Ontario Ministry of Agriculture, Food and Rural Affairs

 � Ontario Ministry of the Environment and Climate Change

 � Environment Canada 

 � Health Canada

 � Public Health Agency of Canada

 � United States Department of Agriculture

 � French National Institute for Agricultural Research  
(Institut national de la recherche agronomique – INRA)

 � University of Burgundy (Université de Bourgogne), France

 � Swedish University of Agricultural Sciences

 � Eawag: Swiss Federal Institute of Aquatic Science and Technology   

 � North Carolina State University

 � Lincoln University – New Zealand

 � University of Minnesota 

 � Lapointe Drainage 

 � Agri-Drain USA

Bras d’Henri  
and Fourchette

 � Club de fertilisation  
de la Beauce (CFB) 

 � Research and 
Development Institute 
for the Agri-Environment 
(Institut de recherche 
et de développement 
en agroenvironnement 
[IRDA]) 

 � National Institute for 
Scientific Research 
(Institut national de la 
recherche scientifique-
Centre Eau Terre 
Environnement  
[INRS-Centre ETE])

 � McGill University

 � Université Laval

 � Fédération de l’UPA de la Côte-du-Sud  
(Federated Union of Agricultural Producers, Côte-du-Sud region)

 � Ministère de l’Agriculture, des Pêcheries  
et de l’Alimentation Québec (MAPAQ)

 � Ministère du Développement durable,  
de l’Environnement et des Parcs Québec

 � Environment Canada

 � Natural Resources Canada

 � Canadian Space Agency 
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WEBs WATERSHED

PARTNERS THAT HAD 
A CONTRIBUTION 
AGREEMENT WITH AAFC OTHER PARTNERS

Black Brook  � Eastern Canada Soil 
and Water Conservation 
Centre

 � University of  
New Brunswick

 � Potatoes New Brunswick

 � Research and Development Institute for the Agri-Environment  
(Institut de recherche et de développement en agroenvironnement [IRDA])

 � New Brunswick Department of Agriculture, Aquaculture and Fisheries

 � New Brunswick Department of Environment and Local Government 

 � Environment  Canada

 � Fisheries and Oceans Canada 

 � Health Canada

 � United States Department of Agriculture

Thomas Brook  � Cornwallis Headwaters 
Society 

 � Nova Scotia Federation 
of Agriculture 

 � Nova Scotia Agricultural 
College/Dalhousie 
University Agricultural 
Campus 

 � Dalhousie University

 � Canadian Water Network 

 � Applied Geomatics Research Group of the Centre of Geographic 
Sciences

 � Acadia Centre for Estuarine Research, Acadia University

 � Perennia (formerly AgraPoint International)

 � Nova Scotia Department of Agriculture

 � Nova Scotia Department of Natural Resources

 � Natural Resources Canada

Souris River  � Prince Edward Island 
Wildlife Federation

 � Nova Scotia Agricultural 
College/Dalhousie 
University Agricultural 
Campus 

 � PEI Department  
of Environment,  
Labour and Justice 

 � Canadian Rivers Institute

 � University of PEI 

 � Dalhousie University

 � PEI Department of Agriculture and Forestry

 � Natural Resources Canada

Schematics were prepared for several WEBs watershed 
projects that visually depict the projects’ research 
components, partnerships and outcomes. These diagrams 
demonstrate the complexities of the WEBs projects and 
show how each project acts as an umbrella for a wide range 
of complementary research activities. 

Project teams used these diagrams during presentations and 
when planning for future project activities and collaborations. 
Figure 9 is a research and collaboration template that depicts 
the research components, partnerships and outcomes at a 
typical WEBs watershed. Figure 10 shows a portion of the 
schematic for the Lower Little Bow River Watershed project, 
showing some of the biophysical research components.  
The coloured dots represent specific partner organizations.
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FIGURE 10 
A partial WEBs research and collaboration template schematic for the Lower Little Bow River WEBs project,  
focusing on the biophysical component. (The coloured diamonds depict the partner organizations.)
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OTHER COLLABORATIONS
The WEBs program also collaborated with other initiatives through data sharing. Research under these initiatives was 
conducted on WEBs watershed sites. See Table 12 for a list of other initiatives collaborating with WEBs research. 

TABLE 12 
Other initiatives collaborating with WEBs

ORGANIZATION INITIATIVE DESCRIPTION

AAFC

Sustainable 
Agriculture 
Environmental 
Systems (SAGES)

The SAGES initiative provided producers and policy makers with information on 
new and improved agricultural practices that address environmental challenges, 
such as climate variability and crop, livestock and water management, in an 
economically sustainable manner  SAGES projects were conducted in several 
WEBs watersheds  Examples include: 

 � A SAGES project investigating water and air quality risks associated with the 
use of organic fertilizers conducted water sampling in the South Nation and 
Bras d’Henri Watersheds  

 � Data from the Black Brook Watershed were used in a SAGES project that 
developed ecological performance standards for sediments, nutrients and 
pesticides in streams 

AAFC
Customized Soil Data 
and Information for 
WEBs sites

Soil maps were developed for the South Tobacco Creek and Bras d’Henri projects 
with new methods based on a combination of digital elevation, landform analysis, 
and other properties, such as soil texture  The maps were used in conjunction with 
landform analysis to locate baseline samples for future assessments of the impact 
of BMPs, topography and soil properties on water quality  For other WEBs sites, 
thematic data required for predictive soil mapping were compiled and conditioned  
Detailed soil surveys were conducted in the South Nation, Souris River and Black 
Brook Watersheds 

Canadian Water 
Network8 (CWN)

Various initiatives 
in several WEBs 
watersheds

The CWN funded several different studies in WEBs watersheds  Examples include:

 � WEBs provided data from the South Tobacco Creek Watershed to run  
a hydrologic model in the larger Tobacco Creek Watershed 

 � Aquatic indicators were developed to diagnose cumulative effects within  
the Tobacco Creek Model Watershed  

 � On-site wastewater impacts on water quality were quantified in the  
Thomas Brook Watershed 

 � A regional monitoring framework for cumulative impacts assessment in the 
Northumberland Strait linked land-use stressor loads and nearshore biological 
integrity in the Souris River Watershed  

Natural Sciences and 
Engineering Research 
Council of Canada9 
(NSERC)

Sediment 
fingerprinting

An NSERC study led by Dr  David Lobb of the University of Manitoba in partnership 
with AAFC developed sediment fingerprinting techniques to identify the sources 
of sediments and associated phosphorus in fields and watercourses within 
agricultural watersheds across Canada  This study took place in four WEBs 
watersheds (Alberta, Manitoba, Quebec and New Brunswick) 

8 http://www cwn-rce ca/

9 http://www nserc-crsng gc ca/index_eng asp
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United States 
Department of 
Agriculture (USDA)

Conservation Effects 
Assessment Project10 
(CEAP)

CEAP quantifies the environmental effects of conservation practices and programs 
and develops the science base for managing the agricultural landscape for 
environmental quality  Project findings will be used to guide USDA conservation 
policy and program development and help conservationists, farmers and ranchers 
make more informed conservation decisions  WEBs and CEAP researchers and 
program managers have collaborated by sharing approaches and findings  

AAFC/ 
Environment Canada

National  
Agri-Environmental 
Standards Initiative11 

(NAESI)

NAESI, which ran from 2004 to 2009, studied relationships between agriculture 
and the environment and developed a suite of science-based agri-environmental 
performance standards for water, air, biodiversity and pesticides  

Under the NAESI water theme, pathogen studies took place within the Lower 
Little Bow River, South Nation, and Bras d’Henri Watersheds  Water sampling for 
nutrients and sediment also occurred in the South Tobacco Creek, South Nation 
and Black Brook Watersheds  Under the NAESI pesticides theme, water sampling 
was conducted within the Salmon River, South Nation and Bras d’Henri Watersheds  

AAFC

National Agri-
Environmental 
Health Analysis and 
Reporting Program 
(NAHARP)

Experiments were conducted in some WEBs watersheds to evaluate agri-
environmental indicators under NAHARP  For example, a researcher from the 
University of Manitoba conducted experiments in the South Tobacco Creek 
Watershed for the development of a tillage erosion indicator  Within the Bras 
d’Henri WEBs site, water quality data contributed to the evaluation of microbial 
pathogen indicators  Also, an economic valuation study was conducted along 
the Thomas Brook and throughout the Cornwallis River Watershed to estimate 
the value that residents place on water quality changes resulting from the 
implementation of BMPs 

Health Canada/ 
Environment Canada/ 
AAFC

National Water 
Quality Surveillance 
Program12

The Microbial Source Tracking in Aquatic Ecosystems study occurred within three 
encompassing watersheds (Black Brook, South Nation, and Alberta’s Oldman River 
Watershed), which include the smaller WEBs study sites  The study’s findings 
helped clarify the potential effect on water quality of reducing microbial loading 
from agricultural sources 

 

10 http://www nrcs usda gov/wps/portal/nrcs/main/national/technical/nra/ceap/

11 https://www ec gc ca/doc/ae-ve/2008-09/979/index_e htm

12 http://www ec gc ca/inre-nwri/default asp?lang=En&n=D575CDF5-1
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Salmon River Watershed,  
British Columbia
Watershed Leads: Klaas Broersma and Bruce Roddan (AAFC)  
Site Economist: Terry Peterson (contractor)  
Site Hydrologic Modeller: Zhanxue (John) Zhu (University of Victoria)

HIGHLIGHTS
 � Cattle exclusion fencing – This study showed 
significantly reduced E. coli and fine sediment 
contamination of the river water and positive impact 
on riparian vegetation and aquatic invertebrate health 
resulting from the BMP. However, researchers were 
unable to detect a significant reduction in nutrient 
concentrations. These findings highlight the importance  
of examining multiple variables, as not all variables studied 
will yield significant results.

 � Bacterial source tracking – This study revealed some 
interesting and surprising results. Contrary to what might 
be expected, wildlife contributed over 60% of the E. coli 
bacteria in the river, with domestic livestock sources 
contributing just 20%. Canine, human and other sources 
made up the remainder. 

 � Irrigation management – Soil moisture sensor data 
demonstrated that irrigators in the study area were not 
maintaining water storage in excess of crop requirements, 
and their irrigation practices did not contribute to leaching 
of nutrients into the groundwater. In fact, irrigation 
monitoring indicated that, on average, the irrigators  
were under-irrigating, not over-irrigating.

 � Economics – The WEBs site economist worked directly 
with local ranchers to develop a ‘typical ranch’ model for 
the watershed. This representative farm model approach 
was used to determine the BMPs’ economic costs 
and benefits. The model found that the cattle exclusion 
fencing BMP was not cost effective, while the irrigation 
management BMP was more affordable, yet would likely 
still require adoption incentives.

 � Modelling – This project included a unique hydrologic 
modelling aspect, namely the environmental impacts 
of the mountain pine beetle epidemic. Model results 
predicted that the infestation resulted in increased 
streamflow, earlier spring runoff and earlier onset of low 
river conditions in late summer and fall. These changes 
could negatively affect water supply for irrigation and 
natural processes. 
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FIGURE 11 
Salmon River Watershed

BACKGROUND AND ISSUES
The 1,500-km2 Salmon River Watershed (Figure 11) in British 
Columbia’s mountainous Interior drains northeast from its 
headwaters into Shuswap Lake, a popular recreational area. 
The watershed is more than 90% forested; contains a major 
salmon spawning river; and supports mining, agriculture 
and rural communities. Agricultural land comprises just over 
8% of the watershed, with 325 farms located along the river 
valley. The main agricultural activities are ranching, dairy and 
irrigated forage production, a major consumer of water in the 
valley. These land-use activities all affect and are affected by 
the quality and availability of water.

Beef production in this region involves seasonal cattle 
movement into and out of the valley bottom. In the summer, 
cattle are away from the river, grazing in the forested uplands. 
They spend the rest of the year in the river valley. 

Declining river water quality has been a significant concern 
in the watershed in recent years. The challenge is to protect 
water quality and aquatic and riparian habitat, while managing 
human use of water for agriculture, recreation and domestic 

needs. Water quality concerns in the watershed include 
sediment loading, fecal bacteria and nutrients such as 
nitrogen (N) and phosphorus (P). Surface runoff, groundwater 
seepage, streambank erosion, in-stream sedimentation and 
direct cattle access to the river are all causes of contamination. 

Another concern in this region is the lack of water storage 
dams. The abundant water flow and supply in the Salmon 
River in June is not retained for use later in the growing 
season. Low summer and fall water flows coincide with 
irrigation demand and with salmon migration and spawning. 
The federal government periodically asks licenced irrigators to 
stop diverting water from the Salmon River when flows may 
become too low for aquatic life. Beef and dairy producers rely 
on irrigation water to grow forage for winter feeding, and crop 
water needs are greatest during the late summer. 
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BIOPHYSICAL COMPONENT
Between 2004 and 2008, the biophysical component of the 
study focused on evaluating the environmental performance of 
cattle exclusion fencing and off-stream watering. From 2009 
to 2013, the study focused on an irrigation management BMP. 

BMP description and results

Cattle exclusion fencing and off-stream watering

Fencing cattle out of rivers and riparian areas is often 
promoted as a BMP to help producers minimize negative 
impacts on the environment. The WEBs study area from 
2004 to 2008 comprised three beef farms along the Salmon 
River. A riparian fencing BMP was installed at all three farms 
to restrict cattle access to the river. For the first two years 
of the WEBs study, the upstream portion of each farm was 
fenced, while the downstream portion was left accessible 
to cattle. The upstream and downstream reaches were 
compared in terms of riparian health and several water 
quality parameters. Eventually, all farms were fully fenced, 
and off-stream watering or controlled points of river access 
were provided. 

Findings from the cattle exclusion fencing BMP highlight the importance of 
examining multiple variables, as not all variables studied will yield significant 
results 

The cattle exclusion fencing significantly reduced E. coli and 
fine sediment contamination of the river water and had a 
positive impact on riparian vegetation and aquatic invertebrate 
health. However, monitoring within this watershed was unable 
to show a reduction in nutrient concentrations in the river 
resulting from cattle exclusion fencing. 

Additional biophysical studies

Since it was expected that water quality changes might 
be difficult to detect, particularly in the short term, several 
research methods were employed during the study of the 
cattle exclusion fencing BMP. These methods quantified the 
effect of the BMP on water quality and other biophysical 
parameters and increased knowledge of the effect of various 
factors on BMP performance. 

 � Aquatic insect monitoring – Monitoring of aquatic 
(macroinvertebrate) insect communities was conducted 
at 20 sites with varying agricultural intensity along the 
Salmon River to determine how agriculture and riparian 
health influence these organisms. Results were compared 
with those at reference sites having minimal forestry 
activity and no upstream agricultural land use. Agricultural 
sites with the healthiest riparian areas had insect 
communities most similar in species and abundance to 
the non-agricultural reference sites. These results suggest 
that fencing, which enhances riparian vegetation due to 
reduced cattle activity, is likely to promote the health of 
the adjacent aquatic insect community. 

 � Bacterial source tracking – Monthly water samples 
taken at five representative locations along the Salmon 
River were analyzed by source tracking to determine the 
origin of E. coli bacteria in the watershed. Study findings 
revealed that wildlife contribute over 60% of the E. coli 
bacteria in the river. Wild avian (bird) sources, such as 
songbirds, ducks and geese, contribute 52%, while 8% is 
from large wildlife, such as moose, deer, cougar and bear. 
Other E. coli contributions are 5% canine, 7% unknown 
and 8% human. Domestic livestock sources contribute 
just 20% of the E. coli entering the river.

 � Field nutrient study – The risk of water quality 
impairment caused by leaching or runoff of nutrients  
from agricultural soils depends on soil nutrient levels.  
To assess the risk of field nutrients entering the adjacent 
river in this watershed, soil sampling was conducted on 
15 farms, representing 32,000 ha. Except for high-density 
paddocks for confined livestock (occurring mostly on 
hobby farms), fields adjacent to the river generally do 
not have high soil nutrient levels. Over 75% of the fields 
tested were deficient in N, and only 1% had excess N. P 
levels were deficient on 11% of the fields tested, marginal 
on 20% and optimum on 67%. Excess P was found on 
only 2% of the fields tested (the high-density paddocks). 
Therefore, potential for water quality impacts due to 
excessive soil nutrient levels alone is unlikely from all but  
a small portion of the watershed.
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Water quality samples were collected and sent to a laboratory for analysis 

Irrigation management

In 2009, the study area was moved upstream to nine 
irrigated hay farms that rely on groundwater pumps for 
irrigation because the riverbed is dry during the growing 
season. An irrigation management BMP was implemented 
at each of these farms, and the effect on soil and water 
resources and farm economics was studied. The practice 
of irrigation scheduling can contribute to the protection of 
groundwater and surface water resources and can reduce 
costs to the producer.

Irrigation scheduling can contribute to the protection of groundwater and 
surface water resources and can reduce costs to the producer 

The BMP involved irrigating according to field-specific 
soil moisture readings transmitted from the field to farm 
office computers at three-second intervals. Soil moisture 
transmitters were located at two locations and at four depths 
within each study field. A customized computer interface 
displayed the current weather, soil moisture and temperature 
to help irrigators decide when, where and how much to 
irrigate. A program embedded in the software recorded the 
frequency and duration of user visits to obtain the weather 
and soil moisture information. This information on software 
use, in conjunction with irrigation system monitoring and 
annual producer interviews, was used to determine the 
degree of BMP adoption and the influence of this technology 
on irrigation scheduling.

Findings showed that the participating irrigators viewed 
the computer interfaces on average three to four days per 
week when making irrigation decisions. The use of this BMP 
technology remained relatively steady over the three years 
and none of the systems were abandoned. The weather data 

were viewed more frequently than the soil moisture data. 
Most of the nine participating irrigators viewed the computer 
interfaces to confirm that their existing scheduling practices 
were reflected in the data, but two of them said that they 
depended on the data exclusively to schedule irrigation 
events at the beginning and end of the season and to restart 
irrigation after cropping. On average, the soil moisture and 
rainfall data were incorporated into the irrigation scheduling 
decisions, but were not the sole decision factors. The BMP 
augmented and assisted existing management techniques. 

Irrigation timing and water volumes were compared between 
2011 and 2012 to look for a trend in changed scheduling 
attributed to the BMP. No significant difference in irrigation 
volumes was detected because most irrigators did not 
change their irrigation practices as a result of the BMP. 
Findings indicate that, on average, irrigators are satisfied 
with their existing schedules. They resist changing their 
schedules because of the irrigation subsidies they receive, 
the climatic necessity to irrigate, the investment in the 
irrigation equipment and the inflexibility of wheel line systems. 
The irrigators also stated that they would not irrigate less 
if electricity pricing for irrigation went up, even though they 
were concerned about the impact of increasing electricity 
prices on their operation. While the BMP was found to 
change irrigation scheduling on some individual farms,  
it could not be determined whether the BMP significantly 
changed irrigation scheduling averaged over all farms. 

Analysis of soil moisture sensor data indicated that the 
irrigators were not maintaining water storage in excess of 
crop requirements and that their irrigation practices did not 
contribute to leaching of nutrients into the groundwater. On 
average, the irrigators were very efficient in the use of water 
to maintain maximum crop yields and quality hay production. 

Findings from the weather stations, soil moisture stations 
and soil investigations indicate that irrigation is necessary for 
forage production in this region because of a large seasonal 
moisture deficit. Rainfall events are generally ineffective, and 
scheduling should be based on evapotranspiration only 
when calculating irrigation requirements. Irrigation monitoring 
indicated that, on average, the irrigators were under-irrigating, 
not over-irrigating.

Soil nitrate levels ranged from deficient to optimum across 
all fields. The soil and forage chemistry values indicate 
that the fields are managed for optimum production. Well 
water analysis results indicated that none of the measured 
parameters exceeded provincial drinking water standards. 
There were low concentrations of N, P and potassium in 
groundwater compared to provincial drinking or irrigation 
standards. With under-irrigation and average soil drying 
trends throughout the growing season, there is little potential 
for nutrient leaching to the groundwater.

Watershed Evaluation of Beneficial Management Practices 84



ECONOMICS COMPONENT
The economic analysis in the Salmon River WEBs project 
included two BMP studies—the potential for local ranchers 
to afford cattle exclusion fencing and a willingness-to-pay 
study of weather and soil moisture monitoring systems.  
A representative farm model was used in both studies.

Cattle exclusion fencing

Many ranchers in the Salmon River Watershed have said that 
they strongly support the concept of using cattle exclusion 
fencing and off-stream watering, likely because of its impact 
on riparian health or water quality. Yet WEBs on-farm 
economics studies found that adopting the BMP would be 
cost-prohibitive for a ranching industry that was struggling 
with fluctuating commodity prices and increasing input costs 
during the study period.

In discussions with local ranchers, WEBs economists 
developed a representative farm model (typical farm size 
and type) for the watershed and determined that, in 2007 for 
example, the typical ranch was facing a net loss of $17,000 
before BMP adoption was considered. Further economic 
analysis determined that it would cost the typical ranch about 
$19,000 to fence off the riparian areas and another $6,000 
to provide an off-stream water source. 

Ranchers implementing this BMP would also face additional 
maintenance costs, such as labour and materials to repair 
fence damage caused by cattle, vegetation, flooding or 
weather conditions. Additional cross fencing may also be 
required to prevent cattle from moving along a stream and 
entering unfenced areas. The local ranchers told the WEBs 
economists that they did not expect fencing to produce any 
economic benefits in terms of herd health improvement.  
A financial incentive would likely be required to encourage 
adoption of this BMP.  

However, fencing may provide some on-farm economic 
benefits that could partially offset the costs. Fencing 
that results in recovered riparian vegetation may stabilize 
streambanks, thereby reducing slumping (collapse) of soils 
along the riverbank. This soil loss can add up to larger losses 
of agricultural land over time. Other research studies14F

13 have 
suggested that even though source water quality might 
not pose a health hazard, provision of an off-stream water 
source may result in increased cattle weight gains due to an 
increase in water consumption.

Since sport fishing, recreation and domestic water use are 
highly valued in this area of British Columbia, significant off-
farm benefits from adopting BMPs that improve water quality 
and riparian and aquatic health might be expected, but were 
not evaluated in this study.

13 Lardner, H A , B D  Kirychuk, L  Braul, W D  Willms and J  Yarotski  2005   
The effect of water quality on cattle performance on pasture   
Australian Journal of Agricultural Research  56:97-104   
Willms, W D , O R  Kenzie, T A  McAllister, D  Colwell, D  Veira, J F  Wilmshurst,  
T  Entz and M E  Olson  2002  Effects of water quality on cattle performance  
Journal of Range Management  55(5):452-460 

Irrigation management 

In consultation with participating producers, another 
representative farm model was created. Detailed forage 
production and irrigation revenues and costs were generated 
for this typical farm for 2010 and 2012. This analysis revealed 
that while costs and returns vary between the individual 
farms, the typical farm is marginally profitable and thus may 
be capable of affording the approximately $5,000 cost of the 
weather and soil moisture monitoring systems. 

Economists studied producers’ willingness to pay for the irrigation 
management technology 

However, 2010 survey results showed that the average 
amount producers were willing to pay for the equipment was 
only $1,587. This increased to $1,656 in 2011. While the 
producers’ willingness to pay for the technology increased, 
they would likely still require a subsidy to implement this 
technology. On-farm benefits of this BMP may include 
irrigation efficiency and increased forage yield.
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MODELLING COMPONENT

Cattle exclusion fencing study

Three models were used to predict water quantity and quality 
changes in response to current and future BMP scenarios 
and to climate change.

Soil and Water Assessment Tool (SWAT)

The SWAT model was used to evaluate nutrient (N and P) 
export rates from different land-use types to the stream and the 
impacts of chemical fertilizer and manure application on stream 
nutrient loading. The SWAT-simulated monthly streamflow 
and nutrient loading matched the field data fairly well at each 
sub-watershed outlet. The model predicted that livestock 
farms in the watershed export the largest amount of organic N 
to the stream and that land under hay production exports the 
highest amount of nitrate to the stream. The manure deposited 
by grazing cows from spring to fall increases stream nutrient 
loadings. Converting forested lands to agriculture was found to 
increase nutrient export to the streams. 

Bacterial Water Quality Model (BWQM)

The BWQM was developed to evaluate impacts of livestock 
operations (and other sources) and climate change on 
fecal coliform bacteria levels in the watershed. The model 
accurately simulated the observed field data and predicted 
that 70%–80% of fecal coliform bacteria are transferred to 
the river through snowmelt runoff. The model also found that 
the stream fecal coliform concentration is sensitive to the 
livestock population and the distance of the livestock farm to 
the river. Riparian buffer strips were found to reduce stream 
fecal coliform concentration. The model also predicted that 
a 1°C increase in daily air temperature might result in a slight 
decrease of fecal coliform concentrations in summer, but a 
slight increase in spring, fall and winter. The study drew no 
conclusions as to the probable long-term implications of 
such a modest change. 

Forest Hydrology Model (ForHyM)

The ForHyM was used to analyze the hydrologic impacts 
of a mountain pine beetle infestation. This modelling 
was conducted during both phases of the Salmon River 
Watershed project and is described in more detail below.

Irrigation management study

Three new models were developed for this study—a crop 
yield model, a P cycling model and a groundwater model—
and enhancements were made to existing models. These 
models were calibrated with field data and then used to 
investigate the impacts of irrigation and fertilizer application 
on forage biomass yield and on downstream water quantity 
and quality. 

Forage yield was found to increase by approximately  
4 t/ha per year if irrigation was done to soil field capacity and 
by 2.5 t/ha per year if 100 kg/ha of N fertilizer was added. 
Model simulations of fertilizer timing impacts on water quality 
using different BMP scenarios found that applying N or P 
fertilizer once in the spring was found to increase nutrient 
loading to the stream by a greater amount than spreading 
the application over three periods in spring and summer. In 
addition, the amount of fertilizer application was found to 
increase nutrient loading to the stream. Model simulations 
also found that groundwater supplies increase from spring to 
early summer and then decrease in the summer because of 
low recharge and evaporative losses.

Mountain pine beetle infestation 

Forest cover makes up 90% of this watershed. A mountain 
pine beetle infestation has caused significant defoliation and 
tree mortality in recent years in some of the sub-watersheds. 
The ForHyM model analysis of the hydrologic impacts of 
the infestation predicted an increased streamflow due to 
reduced forest canopy interception and evapotranspiration. 
However, the model also predicted that the infestation 
results in earlier spring runoff and earlier onset of low river 
conditions in late summer and fall, which would negatively 
affect the water supply for irrigation and natural processes, 
such as fish spawning. 

Hydrologic modelling was conducted to determine the hydrologic impact of the 
mountain pine beetle epidemic in the watershed 
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CONCLUSIONS 
Cattle exclusion fencing and irrigation management BMPs 
were studied in the Salmon River Watershed. 

Biophysical results for the fencing BMP were mixed. 
While riparian vegetation and the health of aquatic insect 
communities were improved and in-stream sediment 
contamination and E. coli counts were reduced, nutrient 
levels in the river did not appear to be affected. 

Participating producers regularly used the soil moisture and 
weather sensing technology provided as part of the irrigation 
management study. Results suggest that producers are 
using the information in making business decisions regarding 
irrigation water consumption, thus allowing them to manage 
their irrigation more efficiently.

Economic analysis, using representative farm models, 
determined that financial or regulatory incentives would likely 
be required to encourage adoption of both BMPs.

During the cattle exclusion fencing study, models were used 
to predict water quantity and quality changes in response 
to BMP scenarios and climate change. During the irrigation 
management study, three new models were developed to 
investigate the impacts of irrigation and fertilizer application 
on forage biomass yield and on downstream water quantity 
and quality. The hydrologic impact of the mountain pine 
beetle infestation was also modelled for this watershed. 

The Salmon River project has ended.
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The Salmon River Watershed project took 
a holistic approach to BMP research. 

PARTNER TESTIMONIAL 

Mike Simpson 
Fraser Basin Council 
Kamloops, British Columbia

WEBs project provides a holistic perspective

Fraser Basin Council has a sustainability mandate, defined as 
integrating and balancing economic, environmental and social 
considerations in decision making. According to Mike Simpson, the 
Council’s Senior Regional Manager for the Thompson Regional Office, 
“Rarely do funding sources or research projects come along that 
attempt to integrate this holistic perspective into their objectives.” 
Mr. Simpson noted that the WEBs program looked at the environmental 
effects of BMPs, as well as their economic impact on agricultural 
producers’ bottom lines. The Salmon River project looked at individual 
farm-level practices, as well as watershed-wide impacts on water. 

He added that “it was a pleasure to work with Agriculture and Agri-
Food Canada, agricultural producers in the Westwold area, the Salmon 
River Watershed Roundtable and other partners in the delivery of this 
multi-faceted research project from 2009 through 2013.”
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Lower Little Bow River  
Watershed, Alberta
Watershed Lead: Jim Miller (AAFC)  
Site Economists: Carlyle Ross and Elwin Smith (AAFC), Scott Jeffrey and Jim Unterschultz (University of Alberta)  
Site Hydrologic Modellers: Michel Rahbeh and David Chanasyk (University of Alberta)

HIGHLIGHTS 

 � Streambank fencing – Streambank fencing has many 
environmental benefits but is costly to producers. This 
BMP should likely be targeted at severely degraded 
stream reaches that need rehabilitation. Managed grazing 
of riparian pastures and off-stream watering systems may 
be the most suitable BMP for most other stream reaches.   

 � Off-stream watering – Off-stream watering without 
fencing is less costly than streambank fencing and 
may result in on-farm benefits, such as increased calf 
productivity or improved pasture utilization, in which 
case only minimal added incentive would be required to 
encourage adoption. 

 � Economics – Cattle manure and nutrient management 
planning BMPs were found to generate positive net 
benefits for the representative farm.

 � Hydrologic modelling – Hydrologic modelling predicted 
that more water and nutrient/contaminant reached the 
Lower Little Bow River through groundwater discharge 
than through surface runoff. Since both surface runoff 
and groundwater flow may be important pathways 
for water to the river, BMPs should be focused on 
the pathway that is most relevant for transport of the 
contaminant of greatest concern. 
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FIGURE 12 
Lower Little Bow River Watershed 

BACKGROUND AND ISSUES
The 557-km2 Lower Little Bow River Watershed (Figure 12) 
is located within the larger Oldman River Basin, about 
35 km northeast of Lethbridge, in southern Alberta. The 
watershed is unique because flow in the river is regulated 
by on-stream irrigation reservoirs and because the local 
climate is dominated by strong Chinook winds. Land use in 
the encompassing, larger watershed is a mixture of irrigated 
crops, dryland crops, and cattle grazing on native rangeland. 
The WEBs studies were conducted on a 2,565-ha  
micro-watershed.

Since 1999, the Lower Little Bow River Watershed has been 
studied as part of the Oldman River Basin Water Quality 
Initiative. Results from this and other studies indicate that 
nutrients from manure and fertilizers and bacteria from 
manure may be affecting water quality in the river. The major 
water quality contaminants are bacteria, phosphorus (P) and, 
to a lesser extent, nitrogen (N).  

Monitoring Sites

Lower Little Bow River Watershed

WEBs study site
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BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental performance of the following 
five BMPs:

 � streambank fencing with a cattle crossing

 � off-stream watering without fencing

 � conversion to perennial cover

 � manure management

 � buffer strips

BMP description and results

Streambank fencing with a cattle crossing

An 800-m reach on either side of the river was fenced to 
keep cattle from entering and defecating in the river and 
eroding the streambank. A cattle crossing and off-stream 
watering troughs were provided. 

Water quality was monitored both upstream and downstream 
of the fenced area. A portable rainfall simulator was used to 
generate runoff for this and the four other BMPs tested. 

Streambank fencing was found to prevent pollution of the 
fenced reach, indicating a beneficial influence on river  
water quality. 

Six vegetation factors and five soil and hydrology factors 
were used to assess riparian health before and after BMP 
implementation. The riparian area was then classified into 
one of three categories: healthy, healthy but with problems, 
and unhealthy. The riparian health of the fenced reach was 
dramatically improved (by 16%) after four years of fencing, 
but it declined slightly (by 7%) after eight years due to invasive 
plants and the inability of preferred shrubs (those with root 
systems that can stabilize banks and shorelines, and that 
uptake nutrients that could otherwise degrade water quality) 
to establish in the riparian area.  

Rangeland health was assessed within the cattle-excluded 
riparian pasture. Six years of streambank fencing was 
found to improve rangeland health of the cattle-excluded 
upland pasture from 55% to 72%. This increase was due 
to improvements in ecosystem status, plant (or ecological) 
community structure and abundance of plant (or crop) litter. 

According to results of a study conducted in June and 
October of 2012, protection from grazing by streambank 
fencing may decrease or increase densities of soil mesofauna 
(invertebrates between 0.1 and 2 mm in size that live in 
the soil) in riparian and upland pastures, depending on the 
species. This protection was also found to increase species 
diversity and richness, which could influence decomposition 
and nutrient turnover in soil and thus its resiliency to 
anthropogenic disturbance. Location (upland versus riparian 
pastures) and season (spring versus fall) were also found to 
affect soil mesofauna distribution, density, and community 
attributes. These invertebrates play an important role in 

cycling organic matter and nutrients in soil, and certain 
species may be useful indicators for grazing management. 

Unrestricted cattle access was found to have a negative 
influence on certain benthic macroinvertebrate species, 
according to results of an unpublished study. Streambank 
fencing was found to prevent or mitigate this negative effect 
due to the relatively wide (80-m) riparian buffer, prevention 
of water pollution, and improved riparian health. Densities 
of certain aquatic invertebrates (insects) were also related 
to certain water quality parameters. A two-year fish survey 
found that the fenced reach had the highest fish species 
diversity, evenness and richness compared to the unfenced 
reaches downstream in 2009 but not in 2012, suggesting 
that the beneficial impact of streambank fencing on fish 
ecology was dependent on sampling time.  

A three-year study found that soil properties were influenced 
by grazing, cattle access and distance from the riverbank and 
were dependent on interactions among these factors. All soil 
properties with the exception of soil water content supported 
the hypothesis of greater soil compaction and nutrient 
enrichment for unfenced compared to fenced reaches, as 
well as for cattle-access compared to control locations.  

Results from an unpublished four-year (2009–2012) study of 
streambank erosion found that bank erosion was two-fold 
to threefold lower for the fenced reach compared to two 
unfenced reaches.  

Off-stream watering without fencing

Off-stream watering without fencing was studied to 
determine if water quality problems caused by livestock 
grazing could be minimized without the expense and 
maintenance requirements of cattle exclusion fencing.  
River water quality was evaluated upstream and downstream 
of the river reach with off-stream watering. 

Off-stream watering slightly improved riparian health, 
prevented river pollution by cattle, and improved certain 
vegetation (canopy cover, total basal area, mulch, bare 
soil) and soil properties (nitrate-N). However, this BMP did 
not improve other vegetation and soil properties, nor did it 
improve runoff quality near the river. 
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The off-stream watering BMP had mixed results in terms of water quality  
and soil and vegetation properties  (Photo credit: Dwayne Rogness,  
County of Lethbridge)

Cattle behaviour was observed and fecal pats were counted 
along the river, both before and after BMP implementation. 
The number of cattle on the streambank, in the stream, or 
drinking from the stream did not significantly decrease after 
BMP implementation. However, potential BMP effects may 
have been masked by differences in precipitation levels 
during the pre-BMP and post-BMP phases. Although it 
cannot be statistically proven that the positive benefits of off-
stream watering on certain environmental variables is due to 
reduced cattle activity, the non-significant reductions in cattle 
activity suggest this may be a possibility.

Greater enrichment of soil test P and nitrate-N at the off-
stream watering troughs compared to cattle watering sites 
adjacent to the river suggest that this BMP is effective in 
shifting nutrient distribution away from the river. A subsequent 
study compared nine different soil chemical (total P, soil test P, 
total N, NO3-N, NH4-N, total carbon, total C:total N ratio, 
chloride) and physical (soil bulk density) properties as possible 
indicators of cattle activity at artificial and natural watering 
sites. This study found that soil test P was the best indicator 
of cattle activity. Certain soil properties were also influenced 
by distance from watering site, stocking rate, precipitation 
and age of water trough.

Conversion to perennial cover 

Runoff quantity and quality in two fields with a barley 
(annual crop) and alfalfa (perennial cover) crop rotation were 
measured to determine whether conversion to perennial 
cover reduced runoff quantity and contaminants in runoff. 

Conversion to alfalfa did not improve runoff water quality. 
However, many agronomic and environmental factors may 
have contributed to these results. For example, there is 
greater surface residue (mulch) under barley than under 
alfalfa. As well, unexpected seeding of winter triticale in the 
barley stubble in one field may have prevented significant 
water quality improvements. Other factors such as year, time 
of rainfall simulations, canopy cover or grazing may have also 
been contributing factors. 

Manure management

A three-year (2005–2007) field study was conducted to 
evaluate a P-based manure application system. Previously, 
manure was applied based on the N requirement of crops. 
This resulted in P being applied at a rate that allowed 
accumulation in the soil. This BMP evaluation compared 
three treatments of manure application based on the annual 
N uptake of crop, the annual P uptake of crop, and P crop 
uptake requirements for three years (triennial P).  

Annual or triennial P-based application resulted in significantly 
lower (by 50%–94%) concentrations or loads of mainly 
dissolved P fractions in runoff for some years compared 
with annual N-based application. This finding was related to 
lower application rates of annual manure P. In contrast, other 
P fractions in runoff were unaffected by annual P-based 
application. The study did not detect any environmental 
benefit of annual P-based application over triennial P-based 
application with respect to P and N in runoff. However, 
triennial P application sometimes caused a spike in total P 
in runoff in the year of application. Similar concentrations 
and loads of N fractions in runoff for the P- and N-based 
applications indicate that shifting to a P-based application 
would not significantly influence N in runoff.
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Buffer strips

Three separate buffer strip studies were conducted.  

In the first three-year study (2005–2007), the effect of 
planting a vegetative riparian buffer on surface water quality 
from natural field runoff and rainfall simulations was evaluated. 
Buffer combinations consisted of native grass, tame grass 
and alfalfa, barley (control), and a mixed grass-shrub buffer. 
Experiments were conducted on three buffer widths (3, 6 and 
9 m). Due to minimal sheet runoff (from snowmelt or rainfall), 
results suggest that buffer strips are generally not required 
in this watershed. However, during extreme rainfall events, 
results indicate that a 6-m buffer may reduce sediment and 
N loss from fertilized cropland. 

Due to minimal sheet runoff, buffer strips may not be required in this 
watershed  However, during extreme rainfall events, a 6-m buffer may reduce 
sediment and nitrogen loss from fertilized cropland 

In a second two-year study (2011–2012), runoff quality 
(sediment, nutrients and bacteria) of narrow (1.5, 3 or 6 m) 
native grass buffers was compared for two management 
scenarios (mowed and unmowed). Preliminary results suggest 
that narrow native grass buffers do not significantly reduce 
contaminants in runoff.  

In a third two-year unpublished study (2011–2012), the 
effectiveness of grass channel buffers in filtering N and P 
from runoff was examined. There was evidence of significant 
enrichment of nutrients and sediment inside compared to 
outside the grass channel. Preliminary P results suggest that 
grassing erosion channels at the field-edge of annual cropland 
for a minimum distance of at least 50 m may be effective.

Additional biophysical studies 

Since it was expected that water quality changes might 
be difficult to detect, particularly in the short term, several 
research methods were employed. These methods quantified 
the effect of BMPs on water quality and other biophysical 
parameters and increased knowledge of the effect of various 
factors on BMP performance. 

 � Spatial analysis – Spatial analysis of land use, 
topography and hydrology in the watershed was 
conducted using a geographic information system (GIS). 
The resulting information proved useful in understanding 
the hydrology and nutrient distribution within the 
watershed and in refining hydrologic modelling.    

 � Nutrient balance – An N and P budget conducted on 
the watershed using agronomic information provided by 
producers indicated a nutrient surplus, resulting mainly 
from manure and fertilizer. This information can help  
target BMPs in order to manage the nutrient surplus,  
thus protecting water quality.

 � River flux – Water fluxes (volume per area per unit 
of time) were measured at the river bottom-sediment 
interface for two years (2010–2011). Water fluxes were 
generally positive for the majority of sites, indicating 
groundwater discharge into the river. This was consistent 
with hydrologic modelling results.   

 � Sediment fingerprinting – Development of effective 
BMPs to minimize adverse impacts on water quality 
requires a sound understanding of the sources 
of sediments and associated P within agricultural 
ecosystems. Beginning in 2012, sediment source tracking 
was conducted using suspended sediment samplers 
installed in the river and soil samples collected from 
possible source areas. Preliminary findings of sediment 
sources using the radioactive isotope Cesium 137 
suggest that the majority of sediment moving through 
the watershed is derived from streambank erosion rather 
than from runoff from agricultural fields. Similar work was 
also conducted in the South Tobacco Creek Watershed 
in Manitoba, with similar results. Studies underway in the 
WEBs watersheds in Quebec and New Brunswick are 
also expected to reveal that in-stream processes are  
a major contributor of sediment. 

 � Water quality and biotic indices – Water quality data 
in the river (2004–2007) were used to evaluate Canadian 
Water Quality Index (CWQI) scores for two scenarios: 
seasonal versus annual index and total versus sub-
index (i.e. biological, chemical, physical). The findings 
suggest that both seasonal and sub-index methods 
are recommended in micro-watershed studies as they 
produce wider score ranges than the standard CWQI 
(unpublished). Of the five study reaches, the one where 
cattle were excluded by fencing contained the greatest 
numbers of the dominant fish species. 
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River water quality sampling was conducted to help determine  
BMP performance 

ECONOMICS COMPONENT
The economic analysis in the Lower Little Bow River WEBs 
project included various analyses to determine the impact 
of BMPs on cash flow as well as a willingness-to-accept-
compensation and transferability analysis.

BMP impact on farm cash flow

A representative cow-calf model and representative feedlot 
were developed based on typical farms for the region and 
were used to conduct economic analysis of the BMPs. 
These benchmark operations were profitable before BMP 
adoption. Models were used to assess the economic 
feasibility of implementing the BMPs. A modified gross 
margin or cash flow (i.e. the return over cash expenses) was 
the financial indicator employed in this analysis. The cow-
calf farm model indicated that BMP implementation could 
significantly reduce farm cash flow, depending on the relative 
level of water quality protection provided by, for example, 
varying riparian buffer width.  

A representative cow-calf model and representative feedlot based on typical 
farms for the region were used to conduct economic analysis of the BMPs 

Off-stream watering and buffer strips

A financial incentive would likely be required to encourage 
adoption of off-stream watering and buffer strips. However, 
off-stream watering without fencing is less costly than 
streambank fencing and may result in on-farm benefits, such 
as increased calf productivity or improved pasture utilization, 
in which case only minimal added incentive would be 
required to encourage adoption. 

Conversion to perennial cover

Conversion from barley cropping to perennial cover (alfalfa) 
resulted in a slight reduction in farm cash flow. Minimal 
financial or regulatory incentive would likely be required to 
encourage adoption of this practice.

Vegetative buffers and fencing

Previous analysis had indicated a significant negative impact 
on farm cash flow when land in production is replaced by 
9.1 m of vegetative buffers and fencing. Given the relatively 
low precipitation in the study area, a sensitivity analysis was 
undertaken to assess the effects of variable buffer widths 
(2 to 10 m) on farm cash flow for the representative cow-calf 
farm. The four BMPs examined were vegetative buffers with 
fencing, vegetative buffers without fencing, vegetative buffers 
and permanent cover with fencing, and vegetative buffers 
and permanent cover without fencing.  

All of the BMPs reduced farm profit relative to the baseline 
case (no BMP). Creating a vegetative buffer by taking cropland 
out of production to improve water quality was found to have 
a high opportunity cost or loss of income to the producer. 
The negative effect increased when the loss of cropland was 
coupled with the costly practice of cattle exclusion fencing. 
Considering the negative impacts on farm income and the fact 
that most of the water quality benefits accrued off the farm, 
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incentives may be necessary to encourage voluntary adoption 
of these BMPs in southern Alberta.  

Alternative BMPs 

A farm-level irrigation model was developed and used to 
assess performance of alternative BMPs against three 
baseline crop rotations with no BMP. The five BMPs were: 

 � adding alfalfa to the rotation

 � using green manure crops

 � incorporating cattle manure in the soil

 � crop residue management

 � nutrient management planning

The simulation analysis indicates that the cattle manure and 
nutrient management planning BMPs generate positive net 
benefits for the representative farm, while adoption of the 
other three BMPs are a net cost to the farms.

Manure application

A non-linear programming model of manure transportation 
and crop production looked at the costs of applying manure 
based on crop N requirements, P requirements, and three 
times the P rate applied every third year. Costs were found 
to be dependent on the N:P ratio of manure application. 
Applying manure targeted to meet crop P requirements was 
much costlier in terms of transportation costs and reduced 
crop yield. However, applying manure at triple the P rate 
every third year reduced costs somewhat.

Transferability analysis

Economists examined the degree to which financial costs of 
BMP adoption represent accurate estimates of producers’ 

“true” costs of adoption, as measured by estimates of their 
willingness to accept compensation. This study, done 
in conjunction with the Pipestone Creek Watershed in 
Saskatchewan WEBs project, also examined the ability 
to transfer cost values spatially between locations. This 
research continues through other funding sources.

MODELLING COMPONENT
Hydrologic modelling in the Lower Little Bow River WEBs 
watershed was conducted using the Soil and Water 
Assessment Tool (SWAT). Most modelling studies of typical 
pear-shaped watersheds calibrate and validate the model for 
surface flow at the watershed outlet. In contrast, this study 
modelled the net difference in river discharge along the river 
reach that had an inlet and outlet. The first SWAT modelling 
component in this study focused on one-way and two-way 
calibration methods and the influence of wet and dry years on 
calibration and validation. The second component focused on 
modelling the influence of irrigation on watershed hydrology.   

Three scenarios for calibration and validation were compared 
for a short hydrologic record (2004–2007) in the watershed. 
Scenario 1 involved calibration on 2004 and 2005 data 
and validation on 2006 and 2007 data. Scenario 2 was the 
reverse of Scenario 1. Scenario 3 used 2004 and 2006 data 
for calibration and 2007 data for validation. The two-way 
calibration consisted of Scenarios 1 and 2, and the traditional 
one-way calibration was Scenario 3. The calibration was 
satisfactory for Scenarios 1 and 3. The calibration of Scenario 2 
and validation results for all three scenarios were unsatisfactory.  

A major finding from this study was that the SWAT calibration 
results were only satisfactory for 2005, the only year in 
the observed record with above-average precipitation. 
Calibration and validation were satisfactory when variability in 
precipitation was lower. Therefore, SWAT model calibration 
on a mixed record of wet and dry conditions will reflect the 
hydrologic processes dominant during wet conditions rather 
than dry conditions. The inability to validate the SWAT model 
may have been due to extreme climatic variation between 
2004 and 2007, the short (four-year) period of record, 
difficulty in modelling net difference in river flow rather than 
at one watershed outlet, regulation of the river reach for 
irrigation, lack of accurate information on intensive irrigation 
in the watershed (including withdrawal from the river), and 
unaccounted-for discharge into the river.

The SWAT model was also used to study the effect of 
irrigation on hydrology in the watershed. Irrigation was 
found to increase runoff depth, but the differences between 
irrigated and non-irrigated areas were not statistically 
significant. Irrigation did not change water partitioning 
among the existing hydrologic pathways. However, it did 
have temporal effects on the magnitudes of runoff and, 
more importantly, on deep percolation and subsequent 
groundwater discharge in the main reach. 

The SWAT model was used to study the effect of irrigation on hydrology  
in the watershed 
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The model predicted that groundwater discharge was a more 
dominant mode of water and nutrient/contaminant input 
into the Lower Little Bow River than surface runoff. BMPs 
should be focused on the pathway that is most relevant 
for contaminant transport—groundwater or surface water. 
Modelling also predicted that runoff contribution of water 
and contaminants was minimal. The only apparent runoff 
occurred after a major rainfall event with cumulative depth of 
more than 200 mm. 

While there was no formal integration of the economics and 
hydrologic models in the Lower Little Bow River project, 
economists and modellers met regularly to exchange 
information and communicate progress so that results from 
one component could be incorporated into analysis and 
discussion of the other project components.

CONCLUSIONS 
Results were mixed for the BMPs studied in the Lower Little 
Bow River Watershed. Streambank fencing had the most 
beneficial effects on water quality and other environmental 
indicators, followed by off-stream watering without 
fencing. Annual or triennial P-based application reduced 
concentrations or loads of mainly dissolved P fractions 
in runoff for some years compared with annual N-based 
application. Converting annual cropland to alfalfa did not 
improve runoff water quality. Due to minimal sheet runoff, 
results suggest that buffer strips are generally not required  
in this watershed.

Many factors may have complicated the water quality 
findings for these BMPs, such as lack of natural runoff, the 
river’s regulated nature, irrigation return flows into the river, 
contamination of the river by wildlife or other groundwater 
sources, or the limited number of years of post-BMP 
evaluation. Riparian health was found to be a more sensitive 
environmental indicator than river water quality for evaluating 
cattle exclusion fencing and off-stream watering. 

Economic analysis found that all of the BMPs would likely 
require a financial incentive to encourage adoption, although 
for the off-stream watering without fencing and conversion to 
perennial cover BMPs, the level of incentive required may not 
be as high as for the others due to potential on-farm benefits 
or lower implementation costs.

This SWAT modelling study using one-way and two-way 
calibration methods had varying results. In the study of the 
influence of wet and dry years on calibration and validation, 
SWAT performed better in wetter than normal years. The 
influence of irrigation on hydrology was also investigated 
using the calibrated and validated model. Modelling results 
also suggest that BMPs should be focused on the pathway 
(surface water versus groundwater) that is most relevant for 
contaminant transport.  

FUTURE RESEARCH DIRECTION
BMP research has continued in the Lower Little Bow River 
Watershed through approved funding under Growing 
Forward 2, with several WEBs BMP assessments nearing 
completion. The extensive monitoring network and historical 
data available for the various fields will continue to be 
invaluable for future studies.
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The Lower Little Bow River project  
was a team effort.

PARTNER TESTIMONIAL 

Dr. David Chanasyk 
University of Alberta 
Edmonton, Alberta

WEBs project a team effort

Hydrology professor Dr. David Chanasyk says working on the 
Lower Little Bow River WEBs project was one of the most positive 
experiences he has ever had as a researcher.

“The project was fabulous,” he says. “The teamwork of all the partners 
involved made it work. We certainly could not have accomplished what 
we did without the WEBs project.” Dr. Chanasyk noted that researchers 
often do not find out how complex a project is until they are immersed 
in it. “The contribution of resources and knowledge from everyone on 
the team was definitely a positive. It was a dream come true!” 
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Pipestone Creek  
Watershed, Saskatchewan
Watershed Lead: Barbara Cade-Menun (AAFC)  
Site Economists: Jim Unterschultz and Scott Jeffrey (University of Alberta) and Ken Belcher (University of Saskatchewan) 
Site Hydrologic Modeller: Kangsheng Wu (Saskatchewan Water Security Agency)

HIGHLIGHTS
 � Nutrient export from annual cropland and perennial 
forage fields – Preliminary results showed that, while 
nutrients were lost from both annual cropland and 
perennial pastures during snowmelt runoff, the physical 
and chemical forms of these exported nutrients varied 
with the cropping systems, indicating that BMPs specific  
to the cropping system may be required to control nutrient 
loss during spring snowmelt. 

 � Economics – Economic analysis found that nutrient 
management planning and bale grazing may result 
in on-farm net benefits for a mixed farming operation. 
Conversely, land-use changes such as conversion of 
cropland to perennial forage or wetland restoration 
may be less likely to result in net benefits because of 
opportunity costs associated with taking land out of its 
most profitable use.

 � Hydrologic modelling – The use of hydrologic equivalent 
watersheds as a means of accounting for wetlands and 
variability in contributing area, typical of prairie streams, 
has made a significant contribution to modelling streams 
in pothole landscapes.
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FIGURE 13 
Pipestone Creek Watershed

BACKGROUND AND ISSUES 
The Pipestone Creek Watershed is part of the Prairie Pothole 
Region, which extends from north-central Iowa to central 
Alberta. The landscape is characterized by depressional 
wetlands—or potholes—created by the retreat of glaciers 
about 12,000 years ago. Mostly seasonal in nature, these 
are often referred to as ‘fill and spill’ wetlands. In drier years, 
the wetlands will not fill. They fill, spill and contribute to 
streamflow only in wetter years. Permanent wetlands are also 
found throughout the landscape.

Pipestone Creek is a low gradient stream that drains 
3,684 km2 of aspen parkland in the southeastern corner of 
Saskatchewan (Figure 13). Two dams on the creek have 
formed Pipestone Lake and Moosomin Lake. Moosomin 
Lake experiences high algal growth and sometimes has algal 
blooms during the open water season. This may be partially 
attributed to high phosphorus (P) concentrations. High 
ammonium concentrations and high turbidity have also been 
reported in the lake. 

About 90% of the watershed’s land use is agricultural, 
with about 52% in annual crop production and 31% 
under perennial forage and native grasslands. The region 
experiences long winters of four to six months. Spring 
snowmelt is the predominant source of runoff from land  
into streams. 

Up to 40 years of environmental data, collected by 
several federal agencies, are available for this watershed. 
Environment Canada operates five hydrologic stations along 
Pipestone Creek and there are eight meteorological stations 
in the area.

Fourteen small sub-watersheds, about 1 to 3 ha in size, were 
identified as study locations. Some of these sub-watersheds 
were BMP test sites and the others were used as control sites.

Environment Canada hydrologic stations
WEBs project locations
Pipestone Creek Watershed boundary

Farm F

Farm M
Farm B
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BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental performance of the following 
four BMPs:

 � conversion of annual cropland to perennial forage

 � nutrient management on annual cropland

 � wetland restoration

 � in-field winter bale grazing

BMP description and results 

The BMP studies were implemented on three farms within 
the Pipestone Creek Watershed. Local producers provided 
land and field management in co-operation with the WEBs 
research team. Due to the short duration of the studies 
at this site (two to three years of data), any results to date 
are considered preliminary and, for the most part, have 
not been discussed below. However, study of these BMPs 
is continuing under new program funding and results are 
forthcoming.

Conversion of annual cropland to perennial forage

Converting annual cropland to perennial forage provides 
year-round soil protection against wind and water erosion 
while allowing for grazing or hay production. Stand maturity 
and effective management influence how these sites perform. 
Converting low-quality cropland (e.g. salt-affected sites) to 
forage eliminates the need for fertilization, thus minimizing 
fertilizer loss in runoff.

Within an annually cropped field, two sub-watersheds were 
managed under the farm’s usual zero tillage annual cropping 
practices. The other two, known to have high salinity, were 
seeded to perennial forage. A soil salinity investigation was 
conducted after the 2009 harvest to determine the levels and 
variability of salinity across the field. Subsequently, a salt-
tolerant grass/alfalfa mix was planted. During the 2010 spring 
snowmelt, nutrient and sediment runoff were compared 
by sampling runoff from the annual cropland and perennial 
forage portions of the field. 

The study of nutrient export from annual cropland and perennial forage fields 
indicates that management practices specific to the cropping system may be 
required to control nutrient loss during spring snowmelt 

Preliminary results showed that nutrients were lost from 
both the annual cropland and the perennial pastures during 
snowmelt runoff, often in concentrations exceeding water 
quality guidelines. However, the physical and chemical forms 
of these exported nutrients varied with the cropping systems, 
indicating that BMPs specific to the cropping system may 
be required to control nutrient loss during spring snowmelt. 
These results show that BMPs designed to control erosion 
and particulate movement are unlikely to be effective 
for controlling nutrient loss from agricultural fields during 
snowmelt runoff. On the other hand, care must be taken 
to ensure that BMPs aimed at mitigating nutrient loss in 
snowmelt runoff do not increase nutrient loss at other times 
of the year. 

These results reflect a single year’s snowmelt runoff, and 
there may be substantial annual differences, depending on 
autumn moisture conditions, snowfall and wind redistribution 
of snow. More research is required into hydrologic processes, 
mechanisms and pathways of nutrient transport during 
snowmelt runoff events in order to develop regionally 
appropriate BMPs.

This study is continuing under new program funding.
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Nutrient management on annual cropland

Traditionally, growers apply fertilizer to crops before seeding 
or, more frequently, during seeding. Fertilizer application  
rates are often based on reasonably high yield expectations, 
with the same rate applied throughout the entire field.  
A tailored nutrient management approach was employed  
on the same annually cropped field used in the crop 
conversion BMP. Fertilizer rates were based on soil nutrient 
test results and assumed optimum growth conditions and a 
high yield. In two sub-watersheds at the annual cropland site, 
fertilizer application rates were reduced by one-third,  
on the assumption that conditions may not always be 
optimal. Results were compared to two control sub-
watersheds that had traditional fertilizer management. 

All four locations were under a two-year spring cereal (wheat) 
and oilseed (canola) rotation. Since optimal conditions 
requiring full fertilization are likely to be infrequent, yield would 
rarely be affected by reducing fertilizer application. However, 
reduced fertilizer rates may result in lower nutrient loads in 
snowmelt and rainfall runoff.

Fertilizer reduction was implemented in the spring of 2010 
and again in 2012, but no crop was seeded in the spring 
of 2011 due to extremely wet conditions. Sample collection 
and data analysis are continuing under new program funding. 
Results have not yet been published. 

Wetland restoration

Agricultural producers have drained wetlands to cultivate 
additional land and increase efficiency of cropping operations. 
However, the nutrient and sediment retention functions 
of natural wetlands are lost in this process. Moreover, it is 
suspected that additional sediment and nutrient loss can 
occur when drainage ditches are not properly designed  
and developed. 

This study compared two previously drained (former wetland) 
sites to two restored wetlands, constructed during the 2010 
growing season. An earthen ditch plug was constructed 
with sufficient elevation to retain surface runoff. One restored 
wetland was reduced in size in 2011 at the producer’s 
request. Two beef farms were involved in this evaluation of 
nutrient and sediment transport, with one restored wetland 
and one former wetland within each farm operation. All sites 
were surrounded by grazed perennial cover. 

Researchers compared two previously drained wetland sites to two restored 
wetlands 

Sample collection and data analysis are continuing under 
new program funding. Results have not yet been published.

In-field winter bale grazing

Extensive in-field winter feeding systems aim to spread feed, 
cattle and manure uniformly across a field, with the expected 
benefits of increased soil fertility, organic matter and crop 
or pasture yields. Resulting reductions in use of fuels and 
synthetic fertilizers may reduce greenhouse gas emissions. 

Although there may be soil fertility benefits to implementing 
this practice, there are also environmental concerns. There 
is a high risk of nutrient or bacteria loss in snowmelt runoff to 
nearby water bodies when bales, feces and urine are applied 
to fields when the soil is frozen and when nutrient infiltration 
is therefore greatly restricted. 

The potential soil fertility benefits and water quality risks of winter in-field 
cattle feeding systems were studied in this watershed 
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Beginning in the winter of 2010/11, runoff water quality 
(forms and concentrations of nutrients and bacteria) on 
two sub-watersheds with in-field winter bale grazing was 
compared to two different control pastures. The first control 
site was a summer-grazed pasture. The second control site 
had corral manure applied in the fall at a rate matching the 
P applied each year from the in-field winter bale-grazing site. 
Samples of manure and bale hay were also analyzed. 

Because little is known about the survival, fate and 
transport of pathogenic bacteria such as E. coli from fresh 
feces deposited during winter, a study was conducted 
that compared the impact of wintering cattle in-field on 
the loading of dung-based fecal coliforms in snowmelt 
runoff between control fields where no winter grazing took 
place and control fields with fall-spread manure. The study 
examined the release and survival of fecal coliform as cow 
pats age under extreme weather conditions. Preliminary 
results from spring sampling indicate extremely high rates of 
survival and transport of live E. coli in snowmelt runoff. 

Sample collection and data analysis are continuing under 
new program funding. Results have not yet been published.

Additional biophysical study

The effects of freeze-thaw cycles and soil water content on 
infiltration rate of three Saskatchewan soils (a clay, a loam 
and a loamy sand) were studied. Frequent freeze-thaw 
cycles can change soil physical properties and affect water 
movement in the landscape. The rate of water infiltrating the 
soil surface determines the amount of water entering the root 
zone and the amount that will run off. Many soil and climatic 
conditions can affect infiltration rate.

Results indicate that soil texture and initial water content 
have a significant effect on infiltration rates and that freeze-
thaw cycles either maintain or lower infiltration rates, possibly 
due to increased water viscosity as temperatures approach 
freezing or ice forming in soil pores. This study shows that 
soil texture and pore size distribution are important indicators 
of potential ice formation, pore clogging and low infiltration 
rates after frequent freeze-thaw cycles. With current 
predictions for increased frequency of freeze-thaw cycles 
at higher latitudes and elevations, Saskatchewan soils will 
likely incur additional soil porosity and structural changes. 
Understanding and monitoring such changes can improve 
our knowledge of the hydrology and the environmental 
impact of agricultural and other practices.

ECONOMICS COMPONENT 
The economic analysis in the Pipestone Creek WEBs project 
began in 2009 and included two components—farm-level 
analysis and willingness-to-accept-compensation analysis.

Farm-level analysis and simulation models were used to 
assess the on-farm costs and benefits of the BMPs at two 
representative farms—a cropping operation and a mixed 
(cropping and cow-calf) operation, both located in the 
Pipestone Creek Watershed. The results suggest that some 
of the BMPs might provide net farm benefits. In particular, 
nutrient management planning and bale grazing (for the 
mixed farm) are most likely to result in on-farm net benefits. 
Conversely, BMP scenarios involving land-use changes 
(i.e. conversion of cropland to perennial forage or wetland 
restoration) were less likely to result in net benefits to the 
representative farm. This is largely due to opportunity costs 
associated with taking land out of its most profitable use.

Economists examined the degree to which financial costs of 
BMP adoption represent accurate estimates of producers’ 

“true” costs of adoption, as measured by estimates of their 
willingness to accept compensation. This study, done in 
conjunction with the Lower Little Bow River Watershed 
WEBs project, also examined the ability to transfer cost 
values spatially between locations. This research continues 
through other funding sources.

BMP economic results

Conversion of annual cropland to perennial forage 

For both representative farms, adoption of this BMP resulted 
in a net cost. The annual cost per hectare converted to 
forage was $225.85 for the cropping operation and $163.06 
for the mixed operation. While the converted land was still 
used for productive purposes, it was taken out of the more 
profitable practice of annual crop production, resulting in an 
opportunity cost. 

Nutrient management on annual cropland

Effective use of nutrient management planning can result in 
reduced fertilizer use while still maintaining soil productivity 
and crop yield. Three versions of nutrient management 
planning were modelled in the economic analysis for both 
representative farms:

 � Version 1 – Applying fertilizer at a rate equal to the 
difference between crop demand based on target yield 
and available nutrient supply from the soil and adjusting 
fertilizer application rates in the subsequent year 
according to nutrient carryover

 � Version 2 – Reducing fertilizer use by one third from 
the baseline farm scenario, under the assumption that 
nitrogen (N) was the only limiting nutrient

 � Version 3 – Applying spring top-dressing of N according 
to the yield-based decision rule from the first version

Watershed Evaluation of Beneficial Management Practices 101



This BMP was found to result in changes to fertilizer 
application patterns for the representative farms. Less 
fertilizer was applied when the previous year’s crop had a 
lower-than-target yield. Therefore, there were fertilizer cost 
savings associated with this BMP, and the only expenditure 
was soil testing (in Version 1). 

All versions of the BMP resulted in positive net benefits for both 
representative farms. Version 1 generated annual net benefits 
of $3.78/ha for the cropping farm and $3.08/ha for the mixed 
farm. This benefit is due to the reduction in fertilizer applied 
in years where there is a carryover. For Version 2, the net 
benefits were $26.71/ha and $21.49/ha for the cropping and 
mixed farms, respectively. In practice, this version of the BMP 
assumed that the producer substituted excess soil nutrients 
in exchange for reduced application of chemical fertilizer. The 
net benefits were also positive for version 3, at $7.91/ha and 
$6.03/ha for the cropping farm and mixed farm, respectively. 

In tailoring fertilizer application rates more closely to the 
needs of the crops, taking into account nutrient carryover, 
crop costs are reduced with no reduction in expected returns. 
Thus, this BMP is economically feasible as well as potentially 
environmentally beneficial.

Nutrient management planning and bale grazing may result in on-farm net 
benefits for a mixed farming operation 

Wetland restoration

While this BMP was implemented only on grazed pasture 
for the biophysical and hydrologic research, the economic 
analysis was done for both representative farms. The BMP 
was found to result in a net cost on both farms. For the 
cropping operation, wetland restoration resulted in an annual 
cost of $120.56/ha affected by the restoration. For the mixed 
operation, the net costs were $37.20/ha and $101.37/ha 
affected for cropped area and pasture area, respectively. 
Analysis of these results is continuing. Cash costs associated 
with implementing this BMP included construction and 
administrative project fees. In the case of restored wetlands 
on cropped land, there was a nuisance cost factor related to 
navigating farm equipment around the wetland. However, the 
largest cost component was the opportunity cost of having 
land taken out of production. Financial or regulatory incentives 
are likely required to encourage adoption of this BMP. 

In-field winter bale grazing

For the purposes of the economic analysis, winter bale 
grazing was compared to corral systems where cattle are 
housed and fed during the winter. Adopting this BMP reduces 
corral cleaning and manure hauling costs, but there is an 
increase in winter feed transportation costs as well as costs 
for implementing fencing, watering systems and windbreaks. 
This BMP was found to result in positive on-farm net benefits. 
The annualized net benefit was $33.59 per beef cow.

MODELLING COMPONENT 
Modellers in the Pipestone Creek Watershed used the Soil 
and Water Assessment Tool (SWAT), which has the capacity 
to model hydrologic, water quality and sediment processes 
within the watershed.

The objectives were to calibrate and validate the model at 
daily and monthly time steps at the watershed scale and to 
represent the geographical characteristics of the watershed 
(i.e. the watershed’s internal storage and the variable 
contributing area). 

The modellers first assembled the required input data for 
modelling hydrology in SWAT, including meteorological and 
hydrometric data from Environment Canada and SWAT re-
analysis data. A digital elevation model was developed to 
interpret the watershed’s physical properties, land use and 
soil classification data. The watershed was divided into 25 
sub-basins and 1,611 Hydrologic Response Units (HRUs). 

Each sub-basin contained several wetlands and a large 
area that did not normally contribute flow to the stream. 
Water originating in this non-contributing area flows into 
depressions or wetlands and only spills into the main stream 
when the depressional areas are filled. Prairie hydrologists 
refer to the area that contributes on an average year as 
the effective drainage area and the total area within the 
topographic divide as the gross drainage area.

Hydrologic equivalent watersheds (HEWs), a concept 
recently added to SWAT, were added to each sub-basin to 
account for the abundance of wetlands in the watershed 
and the effect of variable contributing areas. The surface 
area was obtained from published data and the volume of 
water stored was calculated based on formulas available in 
literature. The drainage area to the HEWs was equivalent to 
the difference between the gross and effective drainage area.
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SWAT modelling in this watershed incorporated hydrologic equivalent 
watersheds to account for the abundance of wetlands and the effect  
of variable contributing areas 

The SWAT model was calibrated and validated for both 
daily and monthly flows over the period 1997–2005, with 
calibration and validation performed for the 1997–2001 
and 2002–2005 periods respectively. Daily and monthly 
calibrations had very good evaluation results. While the 
results for the validation period for daily and monthly 
flows were less than the calibration metrics, they are still 
considered good. Nevertheless, there were significant 
differences between modelled and observed hydrographs  
on several occasions, which warrants further investigation.    

CONCLUSIONS 
The Pipestone Creek WEBs project was one of the two 
projects that joined the WEBs network in 2009. 

While analysis of many of the BMPs was not completed 
at the end of the WEBs program, great strides were made 
towards greater understanding of the role of BMPs in this 
unique Prairie Pothole landscape. The study results highlight 
the need to tailor BMPs to the cropping system and to take 
into consideration the time of year when runoff is greatest in 
order to maximize nutrient loss reduction.

Economists looked at the on-farm costs and benefits of the 
BMPs and found varying effects on farm income, depending 
on the BMP and farm type. A study of the “true” costs of 
adopting BMPs continues.

Hydrologic modelling results provide a basis for moving 
forward with efforts to model water quality and sediment 
processes within the watershed. The use of HEWs as a means 
of accounting for wetlands and variability in contributing area, 
typical of prairie streams, has made a significant contribution 
to modelling streams in pothole landscapes. 

FUTURE RESEARCH DIRECTION
Collection of data on water quality and other environmental 
impacts of these BMPs continued in the Pipestone Creek 
Watershed through approved funding under Growing 
Forward 2. The extensive monitoring network and historical 
data available for the various fields will continue to be 
invaluable for future studies. Yield data will continue to be 
collected and will be combined with economic results from 
the WEBs phase of the project to determine costs and 
benefits of the BMPs. Once the current phase of the project 
has ended, similar research may continue, closer to  
Swift Current, Saskatchewan.
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Findings from WEBs studies such as the 
investigation of E. coli survival in Prairie 
winters can have considerable economic 
and environmental implications.

PARTNER TESTIMONIAL 

Dr. Dena McMartin and Dr. Kyle Hodder 
University of Regina 
Regina Saskatchewan

Planting the seeds of discovery and innovation

From the legacy of WEBs, Dr. Dena McMartin and Dr. Kyle Hodder 
and their University of Regina research team have established 
collaborations and new research techniques, created valuable 
information about water safety and contaminant transport, and 
supported demonstration of potential economic impacts of the BMPs 
investigated. Dr. McMartin feels that “we are planting the seeds 
of discovery and innovation with producers and industries at local, 
national and global scales.”

One high profile project investigated the survivability of potentially 
dangerous E. coli bacteria from cattle manure in very cold prairie 
temperatures. The use of the University’s roof as an outdoor laboratory 
allowed for an undisturbed environment, as well as access to hourly 
weather data from one of the University’s meteorological stations. 
Focusing particularly on bale grazing and manure-spreading activities, 
University of Regina research has also shown astonishingly high 
rates of survival and transport of live E. coli in snowmelt runoff during 
spring sample collection. 

“Our research is working to better understand survivability and 
environmental conditions that promote E. coli survival and identify 
enhanced control measures for bacteria transport in non-point source 
runoff (like agricultural fields),” says Dr. McMartin. The work has 
considerable economic and environmental implications for producers, 
communities and governments.

Applied research projects like WEBs offer significant benefits 
to universities and agricultural producers since the results are 
focused on real-world challenges that need serious thought and 
considerable evaluation. Dr. McMartin emphasizes that “WEBs was 
a world-class research endeavor serving as an economic driver and 
innovation incubator.”
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South Tobacco Creek  
Watershed, Manitoba
Watershed Lead: Jim Yarotski (AAFC) 
Site Economists: Mohammad Khakbazan (AAFC) and Peter Boxall (University of Alberta) 
Site Hydrologic and Integrated Modellers: Wanhong Yang and Yongbo Liu (University of Guelph) 

HIGHLIGHTS
 � Conservation tillage – Conservation tillage in this 
watershed resulted in a significant reduction in sediment 
and nitrogen (N) export, as compared to conventional 
tillage. However, the opposite trend was found for 
dissolved phosphorus (P), which increased significantly 
in this snowmelt-dominated watershed, likely due to the 
accumulation of P near the soil surface and the release of 
soluble P from plant residues during freeze-thaw cycles. 

 � Holding ponds – Holding ponds located downstream 
of cattle feedlots were highly effective at capturing runoff 
with high nutrient concentrations and E. coli counts. 

 � Small dams – Small on-farm earthen dams can reduce 
downstream peak flow and associated flooding in 
agricultural watersheds and can significantly reduce 
sediment, N and P loadings in the stream. 

 � Sediment fingerprinting – Sediment fingerprinting 
revealed that the majority of sediments in this watershed 
result from in-stream erosion processes and not from 
agricultural field erosion. This type of finding is particularly 
useful for the design of effective BMPs.

 � Cumulative effect of multiple BMPs – The BMPs 
implemented in this watershed cumulatively reduced  
total N and P exports by 41% and 38%, respectively.  
The holding pond and nutrient management appear to 
provide the largest proportion of nutrient reduction.

 � Economics – A study of the economics of various tillage 
levels detected a trend toward higher financial benefit to 
producers running a typical cereal–oilseed rotation under 
a minimum tillage system.  

 � Integrated modelling – Using local data, a hydrologic 
model was specifically adapted to cold prairie conditions 
in order to model the BMPs in this watershed. This model 
was integrated with an economic model to assess the 
environmental and economic effects of BMPs at the 
watershed scale. A cell-based, fully distributed hydrologic 
model was developed to evaluate BMP effects at the 
smaller field and farm scale.
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BACKGROUND AND ISSUES 
The 206-ha Steppler micro-watershed is located within 
the 75-km2 South Tobacco Creek Watershed, southwest 
of Winnipeg, Manitoba, near the town of Miami (Figure 14). 
Land use within the larger South Tobacco Creek Watershed 
is agricultural, with 71% of the land under annual crop 
production. Wheat and canola are the two dominant crops in 
the area with noticeable increases in oats, canola, and forage 
production in recent years. 

The South Tobacco Creek drains into the Morris River and 
eventually into the Red River, which then flows north into 
Lake Winnipeg. Nutrient loading from the South Tobacco 
Creek Watershed and other similar upstream watersheds can 
potentially contribute to cumulative nutrient loads in the larger 
Red River and Lake Winnipeg ecosystems.

The Government of Manitoba has committed to reducing the 
amount of N and P entering Lake Winnipeg to pre-1970s 
levels.14 Much of this reduction must come from upstream 
non-point sources.   

Effective BMP validation may have a significant impact on 
where and how efforts to reduce this loading should be 
focused. Accordingly, the selection of BMPs for this study was 
based on their suitability within the local landscape and on 
whether producers would be likely to accept and adopt them.  

The South Tobacco Creek Watershed has been the focus 
of scientific studies for more than 20 years, resulting in 
a valuable set of baseline agronomic and environmental 
data. The Steppler farm was the focus of the BMP research 
conducted in the watershed. Researchers monitored 
the BMPs implemented on the farm to assess their 
environmental and economic performance. Monitoring of the 
entire watershed enabled the extrapolation of the biophysical 
and economic information from the farm to the watershed 
level using an integrated hydrologic–economic model.  

BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental performance of the following  
six BMPs:

 � conversion of annual cropland to forage  

 � holding ponds (cattle feedlot runoff capture) 

 � small reservoirs 

 � conservation tillage 

 � winter in-field cattle feeding

 � improved riparian area with mechanical forage harvesting 

14 Lake Winnipeg Action Plan (2003)  
http://www gov mb ca/waterstewardship/water_quality/ 
lake_winnipeg/action_plan html 

BMP description and results

Conversion of annual cropland to forage 

The impact on water quantity and quality from converting 
annual cropland to forage was assessed for two pairs of 
sub-watersheds. Two fields were left in annual cultivation and 
two fields were converted to forage (grass/alfalfa mix). After 
an initial three-year period, the forage fields were returned 
to annual crop and the annual crop fields were seeded to 
forage, and the study continued for another three years.

Throughout the study period, more than 80% of runoff from 
the sub-watersheds was due to snowmelt. During snowmelt, 
particulate nutrients and sediments in runoff were the same 
for the forage and annual crop fields. Concentrations of 
total N and total dissolved N were higher in runoff from 
the annual crop fields than the forage fields, but there was 
no difference in N export (dissolved, total or particulate) 
between the fields because higher runoff from the forage 
field offset the concentration difference. Concentrations and 
loads of nitrate were greater on the annual crop fields but 
concentrations and loads of ammonia were greater on the 
perennial forage fields. Export and concentrations of total P 
and total dissolved P in the runoff water were greater from 
the forage fields than the annual crop fields. The greater P 
losses from the perennial forage were attributed to nutrient 
release from forage residue due to freezing.

Holding ponds 

Runoff and nutrient export from cattle feeding/containment 
areas on two farms in the South Tobacco Creek Watershed 
were monitored. A small holding pond was constructed 
downstream of each of the cattle areas to intercept the flow 
and prevent the nutrient-rich runoff from entering the stream. 
The captured runoff was managed through irrigation at one 
pond and treated through a filtration system at the other.    

The holding ponds were highly effective at capturing runoff 
with high nutrient concentrations and E. coli counts from the 
cattle feedlot, thus helping prevent these contaminants from 
draining into the stream. Prior to holding pond construction, 
natural processes caused bacteria levels to decline rapidly as 
they moved downstream. However, net nutrient reductions 
were significant and E. coli counts were further reduced 
following holding pond construction. The evaluation results 
are based on the initial analysis of the data.
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Holding ponds located downstream of cattle feedlots were highly effective at 
capturing runoff with high nutrient concentrations and E. coli counts  

In a separate study of the cumulative impact of various BMPs 
in the Steppler sub-watershed, the holding pond was found 
to be associated with, at maximum, 26% of the reduction in 
the total P and, at maximum, 22% of the total N.

Small reservoirs

Twenty-six small dams were built in the South Tobacco Creek 
Watershed in the 1980s and early 1990s, resulting in nearly 
30% of the watershed’s total drainage area managed for 
peak flow reduction. Two of the in-stream reservoirs were 
monitored for their effectiveness in reducing downstream 
nutrient and sediment loading and flood peaks. As the outlet 
for the Steppler sub-watershed, the Steppler reservoir also 
provided a downstream point for monitoring farm runoff and 
nutrient output, as well as for monitoring the cumulative 
impact of all of the BMPs in this study, except for the 
conservation tillage BMP. In an adjacent sub-watershed, the 
Madill reservoir was monitored to provide additional data on 
the performance of this practice.

Construction of the dams and associated reservoirs was 
found to significantly reduce downstream nutrient and 
sediment loading, while mitigating the risk of downstream 
flooding. The reservoirs were found to decrease the average 
annual downstream export of total P, total N and sediment  
by 11%, 17% and 70%, respectively. 

Small on-farm earthen dams can reduce downstream peak flow and flooding 
in agricultural watersheds and can significantly reduce sediment, N and P 
loadings in the stream 

The two dams successfully reduced peak flow as runoff was 
routed through their reservoirs. As intended, little of the runoff 
volume was retained in the reservoirs. Previous research has 
estimated that the entire network of dams reduced peak 
flow due to snowmelt by 9%–19% and rainfall runoff by 
13%–25%.

Conservation tillage 

A pair of small adjacent agricultural watersheds was 
used to compare the effects of conservation tillage15 and 
conventional tillage (at least one tillage pass in the spring 
and one in the fall) under a cereal–canola rotation. To provide 
a basis for comparing the two watersheds, both were 
monitored under conventional tillage for the first four years. 
After one watershed was converted to conservation tillage 
and given a period of stabilization, data on sediment and 
nutrient transport due to snowmelt and rainfall runoff were 
compared for the two watersheds. 

No significant difference was found in the amount of annual 
runoff between the two fields. However, conservation 
tillage was highly effective in reducing annual sediment 
export (average reduction of 65%) and total N export 
(average reduction of 69%) as compared to conventional 
tillage. However, contrary to conventional wisdom, the data 
suggest that in snowmelt-dominated climates, such as 
western Canada, reduced tillage systems are actually more 
susceptible to export of total P. The export of total P in this 
watershed was 12% greater under conservation tillage, 

15 The term conservation tillage can be applied to practices ranging from minimum 
tillage to zero tillage—as was the case in the South Tobacco Creek economic 
analysis  In the South Tobacco Creek biophysical (twin watershed) study, 
conservation tillage referred to a field treatment that approached zero tillage   
It received no heavy-duty tillage in the fall, yet soil disturbance sometimes 
occurred prior to spring seeding when ammonia fertilizer was injected in a 
separate field operation or when harrowing was used to break up the straw cover 
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largely due to an increase in the export of dissolved  
P during snowmelt runoff. 

To address increased dissolved P export due to build-up 
of P in residues and surface soil under conservation tillage, 
intermittent tillage (tillage in the fall of every second year) 
was assessed beginning in 2008. Intermittent tillage was 
successful in reducing the P export but did increase export 
of N and carbon. Nutrient export (N and P) from intermittent 
tillage was not significantly different from that from 
conventional tillage.  

Winter in-field cattle feeding

The impact on water quantity and quality (sediment and 
nutrient export and E. coli) of winter in-field cattle feeding 
was assessed using a paired watershed approach, beginning 
in 2008. One field was used as a control and the other as a 
test site. 

Sixty-two adult animals were placed on the test field for 
30 days in November and/or December every second year. 
The animals were fed forage that was shredded and placed 
in windrows. Water and wind shelters were provided on site. 
An electric fence restricted the cattle to the test field. Cattle 
were brought into the confined feedlot in the yard site by 
January to start calving. 

Analysis of runoff, soil and residue samples was conducted 
to determine the impacts of this practice on water quality. 
There are no available findings from this study, as much 
of the collected data have not yet been analyzed, but the 
researchers hope that the work will provide guidance and 
recommendations on this practice and shed some light 
on the behaviour of nutrients and pathogens during the 
snowmelt runoff season. This study is continuing under new 
program funding.

Improved riparian area with  
mechanical forage harvesting

Runoff and nutrient loading from differently managed riparian 
areas in two sub-watersheds were compared. One riparian 
area had a rotational grazing plan, with the cattle kept out of 
the sub-watershed after mid-August. The other had no cattle 
access and was widened and seeded to forage, which was 
mechanically harvested.  

This study was discontinued after two years because the 
system was found to be more complex than anticipated. 
Time and resource constraints prevented the modifications 
to the experimental design required to determine the BMP’s 
performance.  

Specific biophysical methods

In addition to monitoring runoff, researchers employed 
various sampling and analytical methods to help them 
evaluate BMP performance and understand the nutrient 
cycle and the processes that may contribute nutrients to  
the runoff. 

 � Residue sampling – Residue sampling was carried 
out on several fields to assess the potential impact that 
surface material may have on runoff after undergoing a 
freeze-thaw process. Results confirmed that freeze-thaw 
cycles during prairie winters and springs could favour the 
release of soluble P from plant residues. This soluble P 
can remain on the soil surface, leach into the soil column 
or be picked up by the surface runoff. This may lead to 
substantial nutrient loadings to runoff from practices such 
as zero tillage.

 � Soil sampling – Soil sampling was carried out on 
the various fields to track changes in the fertility levels 
resulting from the introduction of BMPs. For example, 
the conservation-tilled field showed increased P levels, 
especially in the top layer. Further testing indicated the  
P was in dissolved form.

 � Snow sampling – Snow sampling and surveys were 
carried out for several fields. The results indicate that less 
than 10% of the nutrient loading found in the runoff can 
be attributed to snow.

 � Climate data – A limited amount of enhanced climate 
data (including rainfall and air temperature at five-minute 
intervals) was collected. This information helped improve 
understanding of the hydrologic cycle and its impact on 
nutrient runoff.

Additional biophysical studies

Other studies were conducted using the South Tobacco 
Creek data set, in conjunction with WEBs research. These 
studies quantified the effect of BMPs on water quality and 
increased knowledge of the effect of various factors on  
BMP performance. 

 � Cumulative effect of multiple BMPs – Water quality 
and runoff at the outlet of the Steppler sub-watershed 
were compared to measurements at the outlet of a 
control sub-watershed where no BMPs were applied. 
Two BMPs applied in the Steppler sub-watershed 
were monitored individually—the holding pond and the 
conversion of annual cropland to forage. The collective 
impact of three other BMPs—riparian area and grassed 
waterway management, grazing management and 
nutrient management—was monitored at the watershed 
outlet. Both watershed outlets were also monitored for 
water quality and runoff prior to BMP implementation.  
The BMPs reduced total N and P exports by 41% and 
38%, respectively. Of the BMPs implemented, the holding 
pond and nutrient management appear to provide the 
largest proportion of nutrient reduction.
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 � Factors affecting field-scale nutrient export in 
spring runoff – Researchers assessed the driving factors 
in N and P exports from a small sub-watershed. Results 
indicate that the most important factors controlling 
nutrient concentrations and loads are those associated 
with runoff volume (snow water equivalent, flow rate and 
runoff duration).  

 � Sediment fingerprinting – Development of effective 
BMPs to minimize adverse impacts on water quality 
requires a sound understanding of the sources 
of sediments and associated P within agricultural 
ecosystems. Sediment samples collected from the stream 
were compared with those from streambank profiles and 
the surface soil of farm fields and riparian areas in order to 
identify the sources of sediment and P. Findings indicate 
that about 80% of sediments in the watershed result from 
in-stream erosion processes and not from agricultural field 
erosion. Similar work was also conducted in the Lower 
Little Bow River Watershed in Alberta, with similar results. 
Studies underway in the WEBs watersheds in Quebec 
and New Brunswick are also expected to reveal that  
in-stream processes are a major contributor of sediment.

 � Customized soil data and information for WEBs 
sites – Maps of soil organic carbon and soil test N 
and P were developed with new methods based on a 
combination of digital elevation, landform analysis and 
other properties, such as soil texture. Soil series in the 
Steppler sub-watershed were mapped and used in 
conjunction with landform analysis to locate baseline 
samples for future assessments of the impact of BMPs, 
topography and soil properties on water quality.

Sediment fingerprinting revealed that the majority of sediments in this 
watershed result from in-stream erosion processes and not from agricultural 
field erosion  This type of finding is useful for the design of effective BMPs 

ECONOMICS COMPONENT
Enterprise budgets, yield and cost functions and simulation 
models were developed for the South Tobacco Creek 
Watershed in order to conduct economic analysis of the 
BMPs. A newer technique from the field of experimental 
economics was employed to assess producers’ willingness 
to accept compensation for adopting a BMP. This technique 
is described in the socio-economics section below.

Enterprise budgets, yield and cost functions and simulation models were 
developed for the South Tobacco Creek Watershed in order to conduct 
economic analysis of the BMPs 

Conversion of annual cropland to forage 

A forage simulation model was developed to generate 
different scenarios for this BMP using the local data set. 
Findings suggest that including forage in the crop rotation 
results in significantly lower average annual net income as 
compared to a wheat–canola or other similar rotation. The 
inclusion of forage into the wheat–canola rotation did result 
in a reduction in some annual average costs. Tillage costs 
decreased by about 42%, fuel costs by 17%, chemical costs 
by almost 50%, and fertilizer costs by around 30% through 
the use of N-fixing crops. However, these cost savings were 
not enough to offset the loss of net income from annual 
crops. The annual net loss from adopting this BMP could 
range from $64–$160/ha depending on the annual crop 
rotation used. 

Financial or regulatory incentives may be required to 
encourage adoption of this BMP. However, if forage demand 
and prices increase, it could become economically beneficial 
to include forage in the crop rotation. 
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Holding ponds 

Economic analysis of this BMP compared average fixed 
costs and annual maintenance costs (e.g. annual pump-
out, fence maintenance if applicable, and sludge removal) 
with the size of the operation in terms of number of cattle 
wintered in the feedlot. Based on cost alone, smaller 
operations (less than 40 head) have average fixed costs of 
more than $450 per animal (or about $19 per animal per 
year, assuming the holding pond has a 25-year lifespan), 
with annual average maintenance costs of about $5 per 
animal. Fixed costs for operations with 40–140 animals were 
between $125 and $145 per animal (or about $5 per animal 
per year) and annual maintenance costs were $2.50 per 
animal. For larger operations, fixed costs were between  
$45 and $85 per animal (or $2.80 per animal per year)  
and annual maintenance costs were $2 per animal. 

Adoption of this BMP for smaller operations would be too 
costly, even when accounting for water quality improvements. 
Larger operations may be able to justify such expenditures 
and are therefore more likely to implement this BMP. 

While water from the holding pond could be used for 
irrigating adjacent fields, provincial regulations on the 
application and use of captured water limit this opportunity. 
Pumping out the holding pond must occur shortly after 
the water has been captured to ensure room for the next 
runoff event. Simulation modelling results showed that the 
application of the stored water could increase forage/alfalfa 
yields by 10% under current conditions. 

Small reservoirs 

Economic analysis of this BMP included estimating costs and 
conducting a valuation of some of the theoretical benefits of 
these small dams and reservoirs.

The estimated cost of individual dams ranges from $11,000–
$64,000 depending on dam size, with an average of $23,000. 
The current replacement value of the 26 dams constructed 
in the South Tobacco Creek Watershed was estimated at 
$600,000. The value of the dams’ benefits is not included in 
this calculation.  

Several potential benefits of the small dams and reservoirs 
were evaluated in this study using literature values from other 
similar watersheds. They include:

 � Source of irrigation water – Based on 2012 crop 
prices, the potential increase in gross income per 
millimetre of available water for irrigation is $3.50/ha 
for wheat, $7.80/ha for canola and $3.38/ha for oats. 
Assuming an average crop water deficit of 80 mm, gross 
income of irrigation could be $280/ha and $624/ha for 
wheat and canola, respectively. A reasonable assumption 
would be that 50% of the dam capacity could be used for 
irrigation. However, additional costs related to irrigation 
would have to be much less than these values to justify 
the potential irrigation benefit. In reality, the reservoirs in 
this watershed are not used for irrigation, and many of 
them were not designed to store water for that purpose. 

 � Flood reduction – It was estimated that the value of the 
dams’ flood reduction could result in a financial payback 
period of approximately 35 years, based on an assumed 
flood damage value of $25/ha (literature value from a 
similar watershed in North Dakota). This value is largely 
based on hay and marginal cropland but would be higher 
if more annual cropland was assumed. 

 � Sediment reduction – The value of small dams can 
be partly attributed to the cost savings of not having 
to remove sediment from drainage ditches. However, 
approximately 80% of the sediment in this watershed 
results from in-stream erosion processes and not from 
agricultural field erosion. Researchers did not find large 
amounts of sediment in the reservoir bottom in this 
watershed. In locations where such dams do remove 
significant amounts of sediment, the literature value of this 
benefit is an estimated $1.85/ha. 

 � Recreational activity – Social benefits of the small 
dam network may exist but are difficult to quantify. These 
may include a range of wildlife, educational, recreational, 
aesthetic, spiritual and quality of life values. The estimated 
value for wildlife habitat for similar wetlands within the Red 
River Watershed ranges from $8–$18/ha per year. This 
value could go up to $30/ha per year depending on the 
size and function of the dams.
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Conservation tillage 

Three methods were used to examine the economics of 
changing the tillage level: analysis of reported agronomic 
practices, development of yield and cost functions related to 
tillage levels, and the creation of a crop-growth economics 
simulation model that simultaneously examined the effects of 
tillage over a 50-year period for three crop rotations. Model 
results suggest a trend toward higher financial benefit to 
producers running a typical cereal–oilseed rotation under 
a minimum tillage system (one tillage pass in the spring or 
fall). Most producers in the watershed practise conventional 
or minimum tillage, largely due to higher machinery costs 
associated with zero tillage. Few local producers consistently 
practise zero tillage. Higher net income under minimum 
tillage has provided an incentive for producers in this 
watershed to adopt this tillage method.

Modelling results show an increase in soil organic matter 
and a decrease in soil erosion under minimum tillage as 
compared to conventional tillage. Soil-based emissions of 
carbon dioxide were found to be lower under reduced tillage 
as compared to conventional tillage. Also, in addition to 
significantly lower oil and fuel usage under minimum tillage,  
a change from conventional tillage to minimum or zero tillage 
has the potential to reduce greenhouse gases related to 
annual crop production.

Nutrient export

The economics of N and P export were evaluated at three 
levels: a pair of twin sub-watersheds, the Steppler sub-
watershed and the South Tobacco Creek Watershed. 
Nutrient export was found to be related to application 
rates, tillage and flow. With the exception of N application, 
all variables were found to be significant. An increase in P 
applied in the watershed and a move towards zero tillage 
both resulted in an increase in the level of P export. While 
total N applied did not have a significant effect, tillage also 
was positively related to N export.

The value of nutrient loss was determined as the nutrient 
replacement value through the purchase of additional fertilizer. 
In reality, nutrient loss cannot be entirely avoided, even 
with BMPs. Nevertheless, this measurement provides an 
indication of the opportunity cost of nutrient loss. Estimates 
of the value of nutrient loss were based on 2009 fertilizer 
prices in Manitoba. The replacement value of the nutrients 
that left the South Tobacco Creek Watershed over 10 years 
averaged to about $7/ha per year, about 90% of which 
was related to N losses. This would represent an average 
of $37,000 of nutrients leaving the entire watershed every 
year. It should be noted that the replacement value does 
not include application costs and underestimates the actual 
cost of nutrient loss because it does not consider the costs 
to society in terms of environmental damage. The effect of 
tillage on replacement value was estimated through data for 
the twin watersheds. The annual average value of nutrient 
loss or replacement cost was about $5/ha for conventional 
tillage and $3/ha for minimum tillage.  

Winter in-field cattle feeding

To estimate the net benefit of a winter bale-grazing or swath-
grazing system versus wintering in the livestock yard or dry 
lot, economists applied literature-derived values of feed 
costs and animal weight gain to cow breeding numbers 
in the South Tobacco Creek Watershed. According to the 
literature, returns (based on body weight and reproductive 
capacity) from both systems are assumed to be similar, and 
the estimated net cost saving of bale grazing compared to a 
dry lot system is $0.38–$0.49 per cow per day. In the South 
Tobacco Creek Watershed, approximately 965 breeding 
cows could potentially be bale-grazed for about 100 days in 
winter. Applying the literature-derived cost saving to the cow 
breeding numbers in the watershed shows that bale grazing 
could generate a net benefit of approximately $36,670–
$47,285 per year (or between $38–$49 per animal per year) 
for cow-calf producers. More data are required to complete 
the evaluation of this BMP.  

Riparian management 

The cost of fencing the riparian area was estimated for the 
fields adjacent to the waterway that had grazing. The high 
cost of fencing, watering systems, additional management 
and the loss of farmland for buffer strips could be 
impediments to BMP adoption. Riparian management can 
generate on-farm benefits, such as improved cattle health 
or increased cattle weight gains, and off-farm benefits, such 
as reduction in erosion and nutrients entering the stream. 
Financial or regulatory incentives would likely be required to 
encourage adoption of this BMP. 

Simulation modelling was initiated to examine the efficiency 
of riparian buffers based on buffer width and properties of the 
adjacent landscape, including soil type and the length and 
slope of the terrain. The model aimed to optimize buffer width 
and then apply economic variables to determine the on-farm 
costs and benefits. However, the modelling exercise was 
terminated when the study of this BMP was discontinued.

Socio-economics  

A farm behavioural study explored conservation auctions 
(also referred to as reverse auctions) as a policy tool to 
encourage producers to adopt BMPs in order to meet water 
quality goals. Researchers assessed producers’ financial 
capacity to adopt BMPs and the behavioural characteristics 
that influence their decisions regarding BMP adoption. 

Different auction methods were tested in this experimental 
economics study. Researchers experimented with budget-
constrained auctions calibrated to the South Tobacco Creek 
Watershed. They also used a wetlands restoration case study 
to examine a target constraint that must be met by bidders, 
rather than a budget constraint. The research compared 
various levels of budget and target approaches.

In one experiment, students acting as producers in the South 
Tobacco Creek Watershed were provided with information 
about the holding pond BMP. The fictional budget for paying 
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for BMP adoption in the experiment was $56,232.  
Results indicated that the successful bidders determined 
that the average annual costs for P abatement ranged from 
$150–$315/kg.

This study is described in more detail in Chapter 3 and 
Chapter 5.

MODELLING COMPONENT

Hydrologic modelling

The Soil and Water Assessment Tool (SWAT) was used to 
extrapolate the biophysical findings from the sub-watershed 
to the watershed level to provide a broader perspective of 
BMP impact. The modellers made numerous changes to 
adapt the model to cold prairie conditions and to improve its 
capabilities in modelling the BMPs studied in this watershed. 
This enhanced version of the SWAT model is dubbed 
CanSWAT and includes improved algorithms for snow 
redistribution, frozen soil conditions and snowmelt. CanSWAT 
also includes modules for five of the BMPs studied in the 
watershed—small dams, holding ponds, conservation tillage, 
forage conversion and riparian grazing management. Long-
term local agronomic and environmental data (flow, sediment 
and nutrient data) were used to calibrate and validate the 
CanSWAT model for the watershed. 

The CanSWAT model simulated streamflow and sediment 
and nutrient loads at the watershed outlet. The results 
of model calibration and validation demonstrate that the 
CanSWAT model can represent the hydrologic processes 
in the watershed and can reproduce the flow and pollutant 
loading at both the sub-watershed and watershed levels. 
When comparing results to monitoring data, CanSWAT 
modelling results at the watershed outlet were very good, 
and results for the upstream sub-watersheds and edge-of-
field stations were acceptable. The CanSWAT model was 
capable of conducting BMP assessment at both the larger 
watershed scale and the sub-watershed scale. 

As well, a cell-based, fully distributed hydrologic model 
dubbed imWEBs (integrated modelling for Watershed 
Evaluation of BMPs) was developed to evaluate BMP effects 
at the smaller field and farm scale. imWEBs modelling was 
tested for the Steppler sub-watershed (at an hourly time step). 
Limitations on hourly data (precipitation and temperature) 
posed a significant constraint for improving modelling 
performance. The modelling results were reasonable at the 
outlet but poor for some inside monitoring stations.

The CanSWAT and imWEBs models are complementary to 
each other, giving the advantage of characterizing detailed 
site conditions while also having the potential to scale up to 
simulate BMP effects in large-scale watersheds.

Integrated hydrologic–economic modelling

Integrated hydrologic–economic modelling with a geographic 
information system (GIS) interface was developed and 
applied to the South Tobacco Creek Watershed to 
interactively examine the costs and benefits of BMP 
implementation scenarios. An on-farm economic model 
was integrated with CanSWAT to enable users to assess 
the environmental and economic effects of BMPs at the 
watershed scale. 

The SWAT hydrologic model was adapted to cold prairie conditions and was 
integrated with an economic model to assess the environmental and economic 
effects of BMPs in this watershed 

This decision-support tool can help identify which 
combination of BMPs can provide the greatest water 
quality improvement for the lowest cost, both on-farm 
and downstream. Producers and the local watershed 
conservation group may benefit from using this free, open-
source modelling tool for BMP management and decision 
making. As well, some researchers have begun to adapt this 
model for local conditions in other watersheds in Manitoba.

Integrated modelling in this watershed is described in more 
detail in Chapter 5.
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CONCLUSIONS 
The South Tobacco Creek Watershed project has contributed 
valuable knowledge regarding environmental and economic 
performance of BMPs. Several BMPs, as well as the 
cumulative effects of multiple BMPs, were found to have 
significant environmental benefits in terms of reduced nutrient 
and sediment loading.  

Economic analysis in the watershed found that conservation 
tillage, small reservoirs and winter bale grazing BMPs may 
provide greater benefits than their implementation costs. 
Other BMPs would likely require financial or regulatory 
incentives to encourage producers to adopt them. 

Hydrologic modelling was successfully conducted in the 
watershed and benefitted from local long-term agronomic 
and environmental data and modifications to reflect cold 
prairie conditions. An integrated hydrologic–economic 
modelling tool was developed to examine the costs and 
water quality effects of various BMP implementation 
scenarios at different scales. 

FUTURE RESEARCH DIRECTION
BMP research has continued in the South Tobacco Creek 
Watershed through approved funding under Growing 
Forward 2, with several WEBs BMP assessments nearing 
completion. The extensive monitoring network and historical 
data available for the various fields will continue to be 
invaluable for future studies.

The South Tobacco Creek  
project has benefited from  
high-quality long-term data.

PARTNER TESTIMONIAL 

Dr. Jane Elliott 
Environment Canada 
Saskatoon, Saskatchewan

Long-term data expands research possibilities

Dr. Jane Elliott is enthusiastic about the collaborations and long-term 
data that have resulted from the South Tobacco Creek WEBs project. 

“Getting involved in this project was a great benefit to my research 
program,” says Dr. Elliott. “As part of the multidisciplinary team, I have 
broadened my knowledge and learned to look at the system as a whole 
rather than just the small part where my work is focused.”

Dr. Elliott thinks that the high-quality long-term data collected in the 
South Tobacco Creek Watershed are a wonderful resource for the 
research community. In addition to the BMP evaluations, the research 
team has been able to use the historical data as a platform to research 
the processes controlling nutrient loss. Complementary research 
projects have included an investigation of the role of vegetation and 
crop residues in contributing nutrients to snowmelt runoff and an 
assessment of the factors controlling nutrient loss in snowmelt. 

Researchers from outside the core project are also using the data as 
background for their studies and to test hydrologic and water quality 
models. “The more people who use the data, the more we will learn 
about how the system works and that will help us identify farming 
practices that will be beneficial for water quality,” says Dr. Elliott.
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South Nation 
Watershed, Ontario
Watershed Lead: David Lapen (AAFC) 
Site Economist: Philippe Crabbé (University of Ottawa) 
Site Hydrologic Modeller: David Lapen (AAFC)

HIGHLIGHTS

 � Controlled tile drainage – Controlled tile drainage led 
to improved surface water quality through significant 
reductions in ammonium, nitrate and total phosphorus 
(P) loading to the stream. Profits from increased crop 
yields could result in the control structures paying for 
themselves in as little as three or four years. With both 
environmental benefits and economic gains, this BMP  
is a true example of win-win.

 � Restricted cattle access – Cattle exclusion fencing 
yielded significant reductions in nutrient and bacteria 
loads in the stream, as well as improved riparian 
vegetation growth, wildlife habitat and stream morphology. 
However, increased pathogen loading was detected, likely 
a result of increased muskrat presence in the restricted 
area. This is an example of the type of confounding 
effects that can occur in the natural environment.  
Despite environmental benefits, cattle exclusion fencing 
proved costly, and adoption would likely require incentives 
or regulations. 
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South Nation Watershed

Blanchard Municipal Drain

Bisaillon Municipal Drain

FIGURE 15 
South Nation Watershed

BACKGROUND AND ISSUES
Eastern Ontario’s South Nation River drains approximately 
3,900 km2 of land from its headwaters just north of the 
St. Lawrence River near the city of Brockville, northward 
to where it joins the Ottawa River near the community of 

Plantagenet. The South Nation Watershed (Figure 15) is a 
highly productive agricultural region. Approximately 60% of 
the watershed is farmed, with a mix of livestock and cash 
crop production, much on flat, tile-drained fields. 
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Nutrient and bacterial contamination of the South Nation 
River and its tributaries has been linked to agricultural 
activities.

Within the South Nation Watershed, two adjacent paired 
micro-watersheds (the 480-ha Blanchard and the 230-ha 
Bisaillon municipal drains) were employed to evaluate the 
effectiveness of two BMPs. 

BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental performance of the following 
two BMPs:

 � controlled tile drainage

 � cattle exclusion fencing (and off-stream watering)

BMP description and results

Controlled tile drainage

Most fields in eastern Ontario have tile drainage, which is  
a network of perforated pipes installed below ground that 
drain groundwater to prevent the soil from being too wet 
for crop growth. Controlled tile drainage features control 
structures that raise the outlet height, thus increasing 
retention of groundwater and nutrients in the field to benefit 
crop growth while preventing excess nutrients from flowing  
into adjacent watercourses.

The effects of controlled tile drainage were monitored using 
a paired watershed approach in the two adjacent micro-
watersheds. Over 90 controlled tile drainage structures were 
installed within the 480-ha test watershed (Blanchard) over 
a four-year period, effectively regulating approximately 80% 
of its drainage. The control watershed (Bisaillon) maintained 
uncontrolled drainage. 

In early spring, the control structures on the tile outlets were 
lowered to permit free drainage and allow for improved soil 
aeration until after field operations (i.e. planting) or until after 
crops were adequately established. The control structures 
within the test watershed were then raised to restrict drainage. 

The water quality and quantity effects of controlled drainage 
were studied between 2006 and 2011, primarily through 
assessment of nitrogen (N) and P loading, crop performance 
and groundwater hydrology. The impact on surface water 
quality was monitored both at the edge-of-field (tile outlet)  
as well as along the stream, including at the micro-watershed 
outlet. 

Nutrient loss

This BMP was found to significantly reduce nutrient loss  
from tile drain outlets during the growing season.  
Ammonium, nitrate and total P loads for fields under 
controlled tile drainage were reduced on average by  
56%, 59% and 37% for corn and 72%, 46% and 51%  
for soybean, relative to conventionally drained fields under 
similar cropping management. 

Crop performance 

Yield estimates from eight fields in the test watershed were 
obtained between 2005 and 2009 (five years for corn and 
three years for soybeans). A range of climate conditions was 
experienced during this period. Modest yield increases of 
around 5% for corn and 3% for soybeans were found in the 
test fields, relative to the control fields, presumably because 
of increased nutrient uptake by the plants resulting when the 
control structures kept nutrient-rich water in the field. 

Satellite remote sensing was also used to evaluate corn  
and soybean crop responsiveness to controlled tile drainage 
from 2005 to 2008. Findings suggest a more uniform 
crop growth and potentially greater biomass on the fields 
with controlled tile drainage fields than on fields under 
uncontrolled tile drainage. 

In-stream monitoring and crop yield monitoring were conducted to determine 
the effects of controlled tile drainage 
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Groundwater hydrology

Total growing season groundwater losses from controlled tile 
drainage fields were compared to those from uncontrolled 
fields. The study results showed that controlling drainage 
substantially reduced sub-surface (tile) drainage and nutrient 
(N and P) export with drain flow, compared with conventional 
drainage. However, controlled tile drainage also has the 
potential to increase N losses via other pathways, such as 
gaseous emissions and groundwater seepage. Both lateral 
groundwater N seepage to drainage seepage fronts (ditches) 
and vertical groundwater N seepage increased significantly  
in controlled tile drainage fields. 

Cattle exclusion fencing (and off-stream watering)

Unrestricted cattle access to streams can have a negative 
impact on water quality through increases in nutrients, 
sediment and bacteria. The physical impact of cattle can 
affect watershed hydrology, streambed morphology, soil 
compaction, vegetation growth, stream ecological function 
and habitats for aquatic biota. BMPs that keep cattle directly 
out of surface water, such as fencing, may improve water 
quality or prevent further water quality degradation. Such 
practices reduce direct fecal inputs to the stream and can 
reduce contaminant loading to the stream from surface 
runoff from adjacent lands. Understanding the impact of 
unrestricted cattle access to streams on water quality is 
necessary to better manage water quality.

From 2005 to 2009, an upstream/downstream experimental 
design was used to compare nutrient and microbial water 
quality of a 356-m upstream fenced reach and a 348-m 
downstream unfenced reach of an intermittent stream 
running through a small pasture (approximately 2.5 animals 
per hectare). Fencing excluded cattle to within 3–5 m of 
the stream. Cattle had unrestricted access to the unfenced 
reach. A small bridge allowed cattle access to pasture on the 
north and south sides of the stream, and off-stream watering 
was provided.

Installing cattle exclusion fencing was found to improve water quality,  
riparian vegetation, wildlife habitat and stream morphology, but may  
result in an increase in wildlife-related pathogens 

Water quality samples taken from both reaches were 
compared, and their differences were analyzed in terms 
of nutrients and fecal micro-organisms. Microbial source 
tracking was conducted to verify fecal sources of bacterial 
contamination.

This study found significant reductions in nutrient and 
bacteria loads in the fenced reach as compared to the 
unfenced reach, along with improved riparian vegetation, 
wildlife habitat and stream morphology. However, the study 
revealed an increase in wildlife-related fecal material in the 
fenced reach as compared to the unfenced reach, likely due 
to increased wildlife presence in the restricted area. 
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Additional biophysical studies

Since it was expected that water quality changes might 
be difficult to detect, particularly in the short term, several 
research methods were employed. These methods quantified 
the effect of BMPs on water quality and other biophysical 
parameters and increased knowledge of the effect of various 
factors on BMP performance. 

 � Greenhouse gases – Controlled tile drainage can boost 
crop yields and improve water quality, but it also has the 
potential to increase greenhouse gas emissions. This 
study compared soil methane, nitrous oxide and carbon 
dioxide fluxes for silt loam soil under corn and soybean 
crops with both controlled and uncontrolled tile drainage. 
Soils were primarily a sink for methane, but soils in fields 
under controlled tile drainage were sometimes a source 
of methane. A model was also used to predict soil N 
fluxes derived from denitrification and nitrification. Findings 
show significantly greater gaseous N emissions in fields 
under controlled relative to conventional tile drainage, 
suggesting that soil physical factors, such as water-filled 
pore space, imposed by controlled drainage can impact 
N fluxes. Carbon fluxes were also found to be higher 
under controlled tile drainage, possibly due to a shallower 
water table. 

 � Nitrogen isotopic signatures – Isotopic signatures 
were examined to evaluate N recycling in fields with 
controlled or uncontrolled tile drainage. N was found to 
reside longer in the groundwater in controlled tile drainage 
fields indicating that the BMP reduced nitrate export to 
surface water.  

 � Microbial monitoring – The impact of tile drainage 
management practices on microbial water quality was 
studied to better understand the public health risks 
associated with the bacterial species that causes human 
campylobacteriosis, a common gastrointestinal illness 
that can be transmitted from environmental sources. 
Higher mean concentrations of the bacteria were found 
in the controlled tile drainage watershed relative to the 
uncontrolled tile drainage watershed, following two years 
of microbial monitoring. This may be the result of reduced 
stream flushing and dilution. However, Campylobacter 
loads were found to be lower in the controlled tile drainage 
watershed, but the results were not statistically significant. 

The impact of tile drainage management practices on microbial water quality 
was studied to better understand public health risks 

ECONOMICS COMPONENT 
The on-farm economic analysis used enterprise budgets and 
provincial budgets to assess the pre-BMP financial position 
of producers in the study area and the on-farm costs of 
BMP implementation. A survey of local landowners was 
conducted to obtain on-farm financial information. These 
tools determined whether the farming operation could bear 
the cost of implementing the BMPs. 

Economists also studied the watershed-wide benefits of 
implementing controlled tile drainage, and an investigation 
was conducted into the factors influencing adoption of 
controlled tile drainage.

Controlled tile drainage

Over the study period (2005–2009), modest yield increases 
on 14 fields with controlled tile drainage averaged 3% for 
corn and 4% for soybeans. The yearly average net revenue 
was $48/ha for corn and $18/ha for soybeans. The annual 
cost of this practice was estimated at $30/ha. In most 
years, yield increases were more than enough to cover the 
installation and operating costs of the control structures 
within a few years of installation. Economists estimated 
that the payback period was as little as three to four years, 
assuming producers did not receive a cost-sharing incentive. 

Economists estimated the BMP’s net present value, 
assuming it is implemented on all suitable cropland within 
the entire South Nation Watershed. They then used an 
output multiplier to estimate that the BMP could generate 
over $4 million per year (2006 dollars) of economic activity 
in Ontario. As well, an estimate of $0.44 million per year in 
off-farm benefits was determined on the basis of willingness 
to pay for freshwater quality. Examples of off-farm benefits 
include improved water quality for domestic consumption 
and recreational uses and increased aquatic biodiversity.
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While controlled tile drainage has documented economic and 
environmental benefits, the practice is not widely adopted. 
An interview/survey-based study investigated the motivations 
and barriers influencing adoption of this BMP in the South 
Nation Watershed. Results indicate that producers would be 
willing to adopt the BMP if a demonstrated and consistent 
yield increase or nutrient retention benefit could be achieved. 
If a moderate capital return could be demonstrated in the 
shorter term, producers would adopt controlled tile drainage 
without incentives or regulations. Drainage contractors 
recommended more local research showing the practice’s 
suitability and guidelines for designing tile drainage systems.

In addition to on-farm economic analysis, economists also studied the 
watershed-wide benefits of implementing controlled tile drainage 

Cattle exclusion fencing

Cattle exclusion fencing was found to be costly to install 
(ranging from $9–$25/m, depending on the type of fencing). 
Installation and maintenance costs of off-stream watering 
systems are relatively low.

Provincial information indicated that beef cattle farms were 
struggling and, therefore, not likely to adopt this BMP. Mixed 
farms in the region were also found to have low financial 
returns. Although dairy farms were more profitable, they did 
not often perceive the need to exclude cattle from riparian 
areas. Thus, financial or regulatory incentives would likely be 
required to encourage adoption of this BMP. In many cases, 
partial cattle exclusion of sensitive areas might suffice, rather 
than complete exclusion.

MODELLING COMPONENT
Modelling of the controlled tile drainage BMP in the South 
Nation Watershed was originally conducted using modified 
one-dimensional soil-water flow models to characterize tile 
flow processes and the impact of tile drainage management 
and to model tile drain pesticide loads and concentrations. 
Tests were conducted both in Sweden, where the model was 
developed, and in Ontario, using Swedish data. One notable 
result of this modelling exercise was a rapid decline of drain 
flow after a rain event. 

Two models were later used to determine how much water 
quality improvement could result from controlled tile drainage 
implemented over the entire South Nation Watershed. The 
Annualized AGricultural Non-Point Source (AnnAGNPS) 
watershed model was successfully calibrated and validated 
using local data, and the values obtained compared 
favourably to typical literature values. The Soil and Water 
Assessment Tool (SWAT) was also modified to account for 
tile drainage management effects.

Modelling results indicate that controlling tile drainage can significantly 
improve surface water quality and can reduce runoff and sediment 

Results indicate that controlling tile drainage during the 
cropping year can significantly improve surface water quality 
by reducing N losses from crop fields to streams. Reductions 
in runoff and sediment were also detected.

As well, the hydrology of the study site was simulated using 
the DRAINMOD-N model to study the importance of lateral 
and vertical seepage as factors affecting the reduction in 
drain flow resulting from controlled tile drainage. Lastly, the 
NEMIS-NOE model was used in the greenhouse gas study  
to predict soil nitrous oxide fluxes. 

The cattle exclusion fencing BMP was not modelled for  
this study.
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CONCLUSIONS 
The South Nation project examined the environmental and 
economic performance of two BMPs to address local water 
quality issues. 

Controlled tile drainage was found to improve water quality 
and crop performance. However, the reduced tile flow 
resulting from the practice also has the potential to increase N 
losses via gaseous emissions or groundwater seepage and to 
increase concentrations of some micro-organisms. The BMP 
was found to be cost-effective on-farm and may also result in 
increased off-farm economic activity in the province. 

On the strength of the WEBs research, the South Nation 
Conservation Authority and the City of Ottawa have included 
controlled tile drainage as a BMP eligible for cost sharing 
in their clean water programs. In addition, the Ontario 
government has added the practice to its list of approved 
BMPs, confirming that such findings are relevant and valued.

Installing cattle exclusion fencing was found to improve 
water quality, riparian vegetation, wildlife habitat and stream 
morphology, but may result in an increase in wildlife-related 
pathogens. This is an example of the type of confounding 
effect that can occur in the natural environment. However, 
this BMP is expensive and may require a financial or 
regulatory incentive to ensure its adoption. 

Modelling of controlled tile drainage revealed that the BMP 
can significantly improve surface water quality and reduce 
runoff and sediment.

FUTURE RESEARCH DIRECTION
Research into and modelling of the water quality and other 
environmental impacts of these BMPs has continued in the 
South Nation Watershed through approved funding under 
Growing Forward 2. The extensive monitoring network and 
historical data available for the various fields will continue to 
be invaluable for future studies.
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PARTICIPATING PRODUCER TESTIMONIAL

Christian Laflèche 
Dairy producer 
St-Albert, Ontario

BMP a win-win

“We’ve used this system in our field for a few years now and it 
seems to work great,” says Christian Laflèche, a dairy producer  
from St-Albert, Ontario, whose operation has been part of the  
South Nation WEBs project from the outset. “We’ve also seen  
our corn yield increase slightly, so the installation cost of the  
control structures will probably pay for itself in a few years,”  
he says. “This is really a win-win situation for our farm and  
the surrounding area.”

Control tile drainage structures were found 
to be economically beneficial to producers 
due to crop yield increases.
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Bras d’Henri and Fourchette  
Watersheds, Quebec
Bras d’Henri Watershed Leads: Eric van Bochove and Georges Thériault (AAFC)  
Fourchette Watershed Lead: Aubert Michaud (IRDA) 
Site Economists: Paul Thomassin (McGill University) and Bruno Larue (Université Laval) 
Site Hydrologic and Integrated Modeller: Alain N. Rousseau (INRS-Centre ETE)

HIGHLIGHTS

 � Landscape factors – The key finding of this study is 
that landscape factors such as soil type, hydrology and 
climate all influence BMP effectiveness. Researchers  
have found that BMPs can perform differently from  
one study site to another, and even across a single site,  
as a result of interactions with soil type, landscape and 
other environmental factors.

 � Runoff and erosion control BMPs – A significant 
reduction in sediment loading and nitrate concentration 
was documented for the Fourchette intervention micro-
watershed following the implementation of buffer strips 
and structural runoff controls along all streambank 
reaches.

 � Spatial tool kit – A user-friendly tool kit developed for 
extension staff and landowners can be used to simulate 
BMP effect, helping recommend site-specific BMPs and 
their optimal placement.

 � Factors affecting BMP adoption – The factors found 
to have an impact on the adoption of the BMPs being 
studied include education, age, gender, farm residence, 
farm size, organic certification, membership in a 
watershed-based conservation group and price of labour.

 � Economics – An economic model found that it is more 
economically efficient to reduce pollution at the watershed 
scale than at the farm scale.

 � Integrated modelling – A combination of models  
was used to conduct modelling at various scales.  
The GIBSI (Gestion Intégrée des Bassins versants à l’aide 
d’un Système Informatisé) model was used to model 
the Bras d’Henri Watershed and the encompassing 
Beaurivage River Watershed, while sophisticated 
precision models were used at the micro-watershed 
scale. GIBSI’s economic framework was used to conduct 
an environmental benefit/on-farm cost analysis of BMP 
implementation policies.
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BACKGROUND AND ISSUES
This study comprises two sets of twin micro-watersheds 
(approximately 300 ha each)—one pair in the Bras d’Henri 
Watershed and the second pair in the Fourchette Watershed 
(Figure 16). 

The 167-km2 Bras d’Henri Watershed is drained by  
the Bras d’Henri River, which originates in the foothills  
of the Appalachian Mountains and flows through the  
fertile St. Lawrence Lowlands in the Beaurivage River 
Watershed. This sub-watershed supports one of the  
highest concentrations of livestock production in  
Quebec, and nearly two-thirds of the area is cultivated.

The 120-km2 Fourchette Watershed is drained by the 
Fourchette Brook. It makes up part of the Le Bras Watershed, 
which drains into the Etchemin River. Water quality in the 
Etchemin River Watershed ranks as one of the poorest in 
Quebec in terms of phosphorus (P) load. 

Intensive hog production in the area generates large volumes 
of manure that is used to fertilize crops. Since 1997, the 
Quebec government has attempted to improve manure 
management by implementing agri-environmental fertilization 
plans based on the amounts of nitrogen (N) and P needed for 
plant growth, and considering the P already present in soil. 

With the increasing intensity of hog production in recent 
decades, a large proportion of previous pasture and forage 
lands have been converted to annual crop production for 
animal feed such as grain corn, silage corn, soybean and 
cereals. This has contributed to an increase in non-point 
source pollution of surface water through herbicide and 
fertilizer application. Intensive fertilization with solid and liquid 
manure has also contributed to increased levels of nutrients 
and enteric pathogens. 

BMPs are needed that can reduce the pollutant loading to 
agricultural lands and their transport to nearby streams.

Historical data for water quality, soil quality and agricultural 
management practices are available for both watersheds. 
The selection of the Bras d’Henri intervention and control 
micro-watersheds was based on a comparison of available 
hydrological and geophysical parameters, including 
topography, land use and soil properties.

The Fourchette twin watersheds study, administered by  
the Research and Development Institute for the Agri-
Environment (Institut de recherche et de développement  
en agroenvironnement [IRDA]), has been underway since 
2001. Because it was an established watershed study with  
a mandate similar to that of the Bras d’Henri WEBs project, 
the two studies were linked under the WEBs umbrella.  
AAFC managed the Bras d’Henri project and IRDA  
managed the Fourchette project.

BIOPHYSICAL COMPONENT 
The Fourchette and the Bras d’Henri study sites each 
consisted of two micro-watersheds—a control site and 
an intervention site where BMPs were applied. Installation 
and calibration of monitoring equipment and collection of 
baseline flow and water quality data was carried out at the 
Bras d’Henri site from 2004 to 2007, and evaluation of BMPs 
began there in 2008. As the Fourchette study was already 
well established, BMP evaluation commenced there in 2004.

The biophysical component of the study was focused  
on evaluating the environmental performance of the  
following BMPs:

 � surface runoff control

 � switchgrass buffer

 � hog slurry management  
(post-emergence precision application)

 � reduced herbicide use

 � perennial cover (crop rotation)
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BMP description and results

Runoff and erosion control BMPs  
and conservation practices 

A number of erosion and surface runoff measures were 
implemented and evaluated in the Bras d’Henri and 
Fourchette intervention micro-watersheds to reduce 
sediment and contaminant transport from agricultural soils 
to ditches and streams. These included riparian buffer strips, 
side slope reduction of stream and ditch banks, stabilizing 
tile drain outlets, and establishing grassed waterways and 
filter trenches. Conservation tillage was also studied in the 
Fourchette Watershed.

Fourchette twin watershed study

Terrestrial and aquatic ecosystem monitoring conducted 
in the Fourchette twin micro-watersheds led to increased 
knowledge of the contaminant transfer processes from the 
landscape to the stream and of the effectiveness of structural 
runoff control BMPs and conservation practices in reducing 
sediment and nutrient exports at the watershed outlets. 

A significant reduction in sediment loading and nitrate 
concentration was documented for the Fourchette 
intervention micro-watershed following the implementation 
of buffer strips and structural runoff controls along all 
streambank reaches. However, P exports did not follow the 
same trend. Presumably, the BMPs reduced streambank 
erosion, but had a marginal effect on P-rich sediment 
loadings exported from the fields. 

As well, conservation tillage on annual cropland within the 
intervention micro-watershed from 2008 to 2012 did not 
reduce P loading, possibly because of a P stratification 
effect within the upper topsoil resulting from unincorporated 
manure. The high animal density in the study area, which 
receives two manure applications per year on most cultivated 
areas, supports this hypothesis. 

An eroded tile drain outlet (left) was stabilized (right) 
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All water quality parameters were shown to be highly 
dependent on the season.

This study demonstrated the importance of combining land 
development, cropping and nutrient management BMPs 
to obtain significant P loading reduction from agricultural 
watersheds. Important factors include the control of soil P 
levels and prevention of ephemeral P losses into surface 
runoff through manure incorporation. Conservation cropping 
systems, including conservation tillage, cover cropping and 
perennial forages, remain key lines of defence in reducing 
sediment yield. Structural runoff controls and buffers play a 
significant, complementary role in breaking the hydrologic 
connectivity between the fields and the stream.

Bras d’Henri and Beaurivage River Watersheds

Soil and water data collected since the BMPs were 
implemented in 2007 were submitted to the modelling team 
to assess the impact of riparian buffers and crop conversion 
on surface runoff loads and in-stream loads and their effect 
on the probability of exceeding water quality guidelines. The 
modelling study suggests that riparian buffer strips are the 
most effective of the evaluated BMPs in terms of reduction in 
N, P and suspended sediment loads at the watershed outlet. 
However, even with a significant loading reduction, none of the 
BMPs significantly reduced the probability of exceeding water 
quality guidelines in the Beaurivage River. 

The modelling team also assessed the impact of riparian 
buffers and nutrient management on water quality in the Bras 
d’Henri intervention micro-watershed. A temporal comparison 
of concentrations and loads before (2005–2006) and after 
(2008–2012) the establishment of riparian buffer strips 
showed a significant reduction in concentrations and loads of 
total N, total P, particulate P and nitrate. In addition, loads of 
ammonium, nitrite-N and total suspended solids also showed 
a significant decrease after the BMP was implemented.  
A spatial comparison using the ratio of total loads to annual 
nutrient balance was able to integrate information on 
agricultural inputs applied to the fields. The results showed a 
significant decrease in the ratio downstream from the riparian 
buffer strips in 2009 (for total N and total P) compared to 
the results at the outlet. The efficiency rates of the riparian 
buffer strip associated with these decreases were a 25.4% 
reduction in the flux of total N and a 10.7% reduction in the 
flux of total P. In addition, the study showed that riparian 
buffer strips were less effective in capturing contaminants in 
the spring and during intense rain events.

Switchgrass buffer

A switchgrass buffer was planted in 2011. Since it was the 
first of its kind in the Chaudière-Appalaches region, it served 
as a demonstration site. The purpose of the buffer was to 
trap nutrients and sediment moving off the adjacent field and 
to export nutrients by supplying the producer with biomass 
(straw) for animal bedding. 

A protocol was developed to evaluate the buffer strip’s ability 
to intercept sediment and nutrients. However, heavy rains in 

the summer of 2011 caused erosion of the fields and sub-
optimal planting conditions. As a result, there was no crop in 
the spring of 2012. Replanting was attempted on a small plot 
in July 2012, but evaluation of BMP performance was not 
completed by the end of the project.

Hog slurry management

In high-density hog operations, N losses to the atmosphere 
from manure and from runoff can be excessive. In order to 
reduce these losses, hog slurry was applied to forage and corn 
crops with a spreader equipped with trailing pipes or hoses, 
shortly followed by shallow cultivation in corn crops. Slurry 
was also applied to post-emergent crops, to optimize P and N 
uptake and further reduce the risk of water and air pollution.

This BMP was found to consistently reduce N and fecal 
coliform contamination of the stream. It was also found 
to reduce N and P losses from surface runoff in some 
years. However, residual soil P was increased by this 
practice. The mixed results for this BMP indicate the need 
to better address nutrient reduction at the source, using 
such techniques as precision animal feeding or slurry tank 
management to separate nutrient phases. 

While not quantified, odour reduction was an observed by-
product of manure application by trailing hose. This BMP has 
yet to be adapted to a wide range of soil and slope conditions.

This BMP study was discontinued after 2007 because the 
required machinery was no longer available. Nonetheless,  
the producers have continued with multiple applications 
versus a single massive application at seeding. This method 
optimizes nutrient uptake by annual crops. However, during 
wet years or years when storm events follow closely the 
applications, this BMP has less impact on nutrient losses. 

Reduced herbicide use

The reduced herbicide use BMP targeted corn and soybean 
crops. Weed control in these wide-spaced row crops 
is intensive and herbicide use is widespread. Several 
approaches were investigated. The first approach consisted 
of testing an AAFC-developed herbicide reduction decision-
support system. After two years of testing, it became 
apparent that the AAFC-based decision-support system was 
not suitable for the study area due to high weed pressure 
on the crops and the difficulty in recommending reduced 
herbicide application rates. Consequently, this approach was 
abandoned for this study. Other approaches included sprayer 
calibration, mechanical versus chemical weed control, and 
weed surveys coupled with a web tool (developed by the 
provincial government) that allowed for a recommended 
herbicide application package projected at having a lower 
environmental impact.

Sprayer calibration and the recommended herbicide application 
package were implemented in 2007 but more time is required 
to measure their effect. Since the transition to mechanical 
weeding requires a major change in producer operations, 
this BMP has not yet been implemented. Some producers 
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are considering adopting this practice in the future. The 
recommendation proposed to producers after the first weed 
survey was to occasionally integrate Roundup Ready® crops 
into their rotation practices. The producers have thereafter 
systematically used these crops, which initially helped 
minimize water quality impacts. However, resistance eventually 
redeveloped, requiring the same initial suite of herbicides.

In a separate four-year study, surface runoff and stream 
water samples were collected and analyzed during three 
consecutive storm events that followed herbicide application 
in order to evaluate whether herbicide abatement (reduction) 
occurred after surface runoff through grassed waterways and 
buffer strips. Preliminary results indicated that glyphosate 
concentrations were variable but significantly lower after each 
rain event. Herbicide abatement was observed only under 
certain conditions. Despite a high variability in the results, the 
grassed waterway was found to be slightly more efficient 
than the riparian buffer strip in reducing herbicide losses in 
runoff. Preferential pathways forming through or under the 
buffer strip reduced its efficiency.

Crop rotation

Long-term corn rotations can have negative impacts on 
water quality due to soil erosion, compaction and soil P 
enrichment. The inclusion of perennials, such as alfalfa, in the 
crop rotation can protect surface soils and enhance nutrient 
uptake, thereby improving water quality. Harvested alfalfa 
can export as much as twice the volume of nitrates as corn 
for the same amount of dry matter removed. Also, the use of 
annual crops in rotation with corn can help break pest cycles. 

The crop rotation BMP was implemented in both the Bras 
d’Henri and Fourchette intervention micro-watersheds, in 
addition to rotations already included in the participating 
farms’ plans. The target of this BMP was to find alternative 
crops to minimize the negative environmental impacts of long 
corn rotations. 

Monitoring was conducted to compare water quality results 
of annual and perennial crop areas at the micro-watershed 
scale. However, because the producers’ crop rotation 
strategies covered their entire farming operation, which for 
some producers extended beyond the project watershed 
boundaries, monitoring was not conducted at the farm scale. 
Therefore, it was impossible to statistically interpret these 
results on a crop rotation basis and results are only relevant 
at the micro-watershed scale. 

Additional biophysical studies

Since it was expected that water quality changes might 
be more difficult to detect for some BMPs than for others, 
particularly in the short term, several research methods were 
employed. These methods quantified the effect of BMPs 
on water quality and other biophysical parameters and 
increased knowledge of the effect of various factors on  
BMP performance. 

 � Site soil characterization – Four existing soil surveys 
(1:50 000 to 1:63 360 scale) were used to identify the 
twin micro-watersheds for the WEBs Bras d’Henri 
study and to help identify and implement appropriate 
BMPs. However, when more detailed soil surveys 
(1:20 000 scale) were conducted after the BMPs had 
been implemented, they revealed far greater differences 
in soil characteristics and agronomic potential between 
the micro-watersheds than initially believed. This new 
information better explains how site soil conditions and 
their impact on nutrient transport to streams can influence 
BMP performance.

 � Snowmelt effects characterization – Both watersheds 
were also studied to characterize how snow cover 
interacts with frozen soils and areas at risk for soil 
erosion during snowmelt. Results demonstrated that the 
timing of nutrient and sediment transport was related to 
seasonal climate and hydrology and that snowmelt was 
a significant contributor to nutrient loading. BMPs mainly 
target nutrient losses during the crop season, but suites 
of BMPs should be structured to be effective during 
the most critical hydrological periods of the year (i.e. 
snowmelt runoff).

 � Sediment fingerprinting – Sediment source tracking 
studies conducted in the WEBs watersheds in Alberta 
and Manitoba found that a majority of sediment moving 
through the watershed was derived from streambank 
erosion rather than from runoff from agricultural fields.  
The study is continuing in the Bras d’Henri Watershed  
and the WEBs watershed in New Brunswick. These 
studies are also expected to reveal that in-stream 
processes are a major contributor of sediment.

 � Nutrient mass balance – Nutrient mass balances were 
calculated from 2004 to 2012 at the farm level and at the 
level of the Bras d’Henri intervention and control micro-
watersheds. A method was developed to calculate the 
actual balances on the three farms participating in the 
project, using the farms’ yield data. The results provided 
a clear picture of the amount of nutrients imported 
and exported by agricultural production in the micro-
watersheds and will likely serve to explain some of the 
water quality results and the inter-annual variation in 
nutrient balances. These data were transferred to the 
integrated modelling team.
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 � Customized soil data and information for WEBs 
sites – Soil maps were developed for the Bras d’Henri 
project with new methods based on a combination of 
digital elevation, landform analysis and other properties, 
such as soil texture. The maps were used in conjunction 
with landform analysis to locate baseline samples for 
future assessments of the impact of BMPs, topography 
and soil properties on water quality.

A key finding of this study is that landscape factors such as soil type, 
hydrology and climate all influence BMP effectiveness 

BMP scenarios

In recognition of the fact that BMP effectiveness may vary 
from one farm to another, three farms in the Bras d’Henri 
Watershed were characterized in terms of topography, crop 
type, cultivation practices and other factors. Three BMP 
scenarios were then developed for these farms: an actual 
scenario (BMPs that the producers had already adopted 
prior to or during WEBs); a projected scenario (BMPs known 
to be practised in the region or on a small scale at the farm 
level, such as green-manure cropping and crop residue 
management); and an optimal scenario (runoff and erosion 
control practices and BMPs to decrease contaminants at 
the source). The scenarios were intended for use by the 
economics and hydrologic modelling teams, using data 
collected by the biophysical team. By the end of the WEBs 
project, the farm characterizations were completed and the 
recommended scenarios were almost ready to operate. The 
BMPs included in these scenarios address conservation 
practices, contaminant reduction at the source, and runoff 
and erosion control: 

 � Conservation practices

• post-emergence precision application of hog slurry

• crop rotations

• green-manure cropping

• crop residue management

 � Contaminant reduction at the source (nutrients, 
herbicides)

• precision nutrition for pigs

• use of less toxic herbicides

 � Runoff and erosion control

• drop inlets, rock chutes at drain outlets, bank grading

• riparian buffer strips (shrubs and trees, switchgrass)

• grassed waterways

Critical source area identification

A spatial tool kit—known as GéODEP—was developed for 
the Bras d’Henri and Fourchette Watersheds using remote 
sensing data and terrestrial and aquatic monitoring data 
collected at the micro-watershed scale to identify areas 
at risk of non-point source contamination of surface water 
(known as critical source areas [CSAs]). The tool can simulate 
the effects of multiple BMPs on sediment, nutrient and 
pathogen transfer to surface water, helping to recommend 
site-specific BMPs and to determine their optimal placement. 
BMP evaluation was conducted at the farm, micro-
watershed and watershed scale. The tool kit consists of a 
user-friendly electronic atlas, free software and user manuals 
for extension staff and landowners. GéODEP can be applied 
to any other Canadian region having the appropriate spatial 
data in a similar format. The Chaudière River Watershed 
group (Comité de bassin de la rivière Chaudière - COBARIC) 
used the tool kit in 2013 and 2014 during the implementation 
of an integrated water management project in the Bras 
d’Henri River basin. 

A spatial tool kit—known as GéODEP—was developed using remote sensing 
monitoring data collected at the micro-watershed scale to identify critical 
source areas of non-point source contamination of surface water 
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ECONOMICS COMPONENT 
Results of several economics studies conducted by two 
university teams within the Bras d’Henri Watershed can help 
policy makers determine incentives to encourage producers 
to implement BMPs. 

Université Laval

Factors affecting BMP adoption

A team from Université Laval surveyed producers to 
investigate the factors affecting their decisions regarding 
BMP adoption. An econometric analysis of the survey results 
found that education, age, gender, farm residence, farm 
size, organic certification, membership in a watershed-based 
conservation group and price of labour have an impact on 
the adoption of the BMPs being studied. A higher level of 
education was found to be associated with a significantly 
increased probability of adoption of most of the BMPs. As 
producers get older, they are more likely to implement 
crop rotation and riparian buffer strips. Female producers, 
producers living on the farm and certified organic producers 
are more likely to adopt solid and liquid manure management 
practices. It was also found that larger farms were more likely 
to adopt BMPs. Therefore, if water quality impacts correlate 
with large farm size, water quality may show significant 
improvement even though the number of producers 
adopting the BMP is low. Participation in a watershed-based 
conservation group increases the likelihood that producers 
will adopt most of the surveyed BMPs, although the effect 
was found to vary across BMPs.

Good and bad outputs

The Laval team used a cost function approach to look 
at the relationship of ‘good’ outputs of farm production 
(i.e. crops and livestock) to ‘bad’ outputs (i.e. water quality 
degradation). Using simulated agro-chemical runoff values 
generated by the integrated model to represent bad outputs, 
results suggest that they are costly to reduce. Larger crop-
producing farms tend to have lower pollution abatement 
costs, while the opposite was found for larger livestock farms. 

Technical and environmental efficiency

Technical and environmental efficiency were analyzed at 
several farms within the watershed. A farm’s technical 
efficiency score reflects how much it can get from its inputs 
in producing crops and livestock relative to the most efficient 
farm in the sample. Environmental efficiency measures how 
much crop and livestock production must be foregone if a 
bad output (e.g. phosphorus runoff) is reduced. Findings 
indicate that farms that are technically inefficient are likely 
to be environmentally inefficient as well. Targeted extension 
services could help these farms become more technically 
and environmentally efficient. 

Willingness to pay for water quality improvements 

The Laval team conducted two surveys with producers and 
non-farm rural residents to determine their willingness to 
pay for improvements to water quality. The results indicate 
that the willingness of producers to pay for water quality 
decreases with age. Non-farm rural residents with children 
still living at home tended to be more willing to pay for 
water quality. The respondents’ perception of benefits from 
improved water quality increased with their level of education. 
Because younger producers tend to require less financial 
incentive than older producers do, it should become easier 
over time to encourage BMP adoption.  

Water quality and health

Farm households concerned about the effect of poor water 
quality on their health might invest in defensive measures such 
as a water treatment system or bottled water. They may also 
invest in BMPs as part of a comprehensive strategy to secure 
health and environmental benefits. A producer survey explored 
the causality between investment in defensive measures and 
BMPs and the number of days with self-reported symptoms of 
water-related sickness. Investment in both defensive measures 
and BMPs could be seen as complementary, and a positive 
correlation between expenditures on both options might be 
expected. However, since water treatment systems and BMPs 
can be costly, household budget constraints may result in 
a substitution effect where increased expenditure on one of 
these options would translate into decreased expenditure on 
the other. The results showed no link between the adoption of 
defensive measures and the adoption of BMPs, but found that 
the adoption of BMPs reduced the number of sick days. 

McGill University

The McGill University team worked at both the farm and 
watershed scales, using an inter-regional economic 
optimization model developed from environmental loading 
coefficients estimated by the integrated model. The model 
was applied to 66 farms in the Bras d’Henri Watershed 
to estimate the amount of pollutants produced by the 
farms and the watershed, the maximum possible pollution 
reduction, and the associated costs at both scales. The 
model assumed that producers would use the least costly 
combination of BMPs to reduce pollution.

In terms of costs, McGill’s model indicates that P is the most 
costly pollutant to reduce at the farm scale, followed by 
sediment, E. coli and N. The average cost per percentage 
point of pollution reduction to reduce P by 80% was $14,086, 
which translates into an average cost of $17,074 per farm. 
The cost of reducing a pollutant increases as the rate of 
reduction increases. At the watershed scale, the most costly 
pollutant to reduce was E. coli, followed by P (average cost 
of $7,690 per percentage point of pollution reduction to 
reduce pollution by 80%, which is $9,321 per farm). 

Watershed Evaluation of Beneficial Management Practices 132



McGill’s model indicated that it would be more economically 
efficient to reduce pollution at the watershed scale than at 
the farm scale and that compensation might be more cost-
effective if it addressed the watershed as a whole. Producers 
could then allocate the compensation among themselves. 
Some farming operations may be able to reduce pollution by 
more than the required amount and thus cover for those farms 
that find it hard to meet higher pollution abatement standards. 

While available literature indicates that land stabilization and 
improved surface water control may increase crop yields, 
these potential yield increases have yet to be modelled.  
All BMPs from this study likely require financial or regulatory 
incentives to encourage adoption.

Economic modelling found that it is more economically efficient to reduce 
pollution at the watershed scale than at the farm scale 

MODELLING COMPONENT

Hydrologic modelling

The Bras d’Henri and the Beaurivage River Watersheds are 
part of the Chaudière River Basin, which has been modelled 
extensively over almost two decades. In WEBs, modelling 
was conducted at the 167-km2 Bras d’Henri Watershed and 
the encompassing 742-km2 Beaurivage River Watershed, 
and more precise modelling was conducted at the 
intervention micro-watershed using specific precision models. 
In this study, which builds on the previous studies, the Bras 
d’Henri was first modelled as a separate sub-basin and then 
modelled as part of the Beaurivage River Watershed.

Hydrologic and water quality modelling was conducted 
using the GIBSI modelling package. This package includes 
a geographic information system (GIS), a relational database 
management system, a hydrologic model (HYDROTEL), and 
separate models for overland and in-stream transport of 
sediment, nutrients, pesticides and pathogens (fecal coliform). 

GIBSI was initially calibrated using available data sets 
including streamflow and water quality data as well as 
literature values or regression equations. The biophysical 
results used in the prototype GIBSI model were initially based 
on literature values or simplified models, and eventually from 
local field data. The models have been continually updated 
and improved with new data, modules and routines to 
increase GIBSI’s capacity to model environmental processes 
and to evaluate BMPs. High-resolution and more specific 
models were also used in combination with GIBSI. These 
enhancements and specific precision models include:

 � A vegetated filter dimensioning model calculates the 
optimum sizing of riparian buffers based on targeted 
efficiency, contributing area and local slope. The model 
also calculates riparian buffer efficiency based on fixed 
width, contributing area and local slope.

 � An in-stream biological integrity model based on N and 
P concentrations allows for BMP assessment beyond 
standard water quality parameters.

 � An event-based soil erosion model—MHYDAS-Erosion 
(Modélisation HYdrologique Des AgroSystèmes  
[Agro-ecosystem hydrologic modelling])—assesses 
the impact of the spatial organization of BMPs on the 
sedimentological connectivity at the watershed scale. 

 � A three-dimensional hydrologic model—Catchment 
Hydrology (CATHY)—helps understand the complex 
interactions between groundwater and surface water,  
with a special emphasis on the role of soil properties and 
tile drains on watershed hydrology. A root water extraction 
module was added to CATHY to assess nutrient cycling. 

Use of the MHYDAS-Erosion and CATHY models increased 
understanding of hydrology and sediments at a more 
refined scale. These sophisticated models enable in-depth 
investigation into the hot spots identified by GIBSI. These 
models also allow for BMP assessment at the farm-
management (field-level) scale.

Auxiliary tools were developed to facilitate the application 
of GIBSI on other watersheds. These tools were integrated 
in a wizard. To facilitate the distribution of GIBSI to other 
research teams in Canada and elsewhere and to minimize 
implementation costs, the commercial components in GIBSI 
were replaced with public domain options (i.e. GIS and 
production of graphics and tables).

Based on statistical metrics and visual observations, the 
modellers were more confident in model estimates for the 
larger Beaurivage River Watershed than for the Bras d’Henri 
Watershed. In all cases, sediment and water quality were 
more difficult to calibrate than hydrology (i.e. streamflow). 
Nevertheless, the simulated concentration and load values at 
the monthly, instead of daily, scale for streamflow were deemed 
satisfactory enough to develop various BMP scenarios. 
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Modelling results from the Beaurivage River Watershed 
suggest that nutrient management may be the most 
effective way to decrease nutrient contamination in streams, 
but riparian buffers proved to be the most cost-effective 
approach to achieving reasonable environmental targets for 
sediments and nutrients. 

The model projected that in-field loading reductions due to 
BMP implementation may not always translate into equivalent 
in-stream loading reductions. It also indicated that while 
BMP-related reductions in contaminant concentrations 
were achieved, their absolute values were insufficient to 
consistently meet Canadian Council of Ministers of the 
Environment (CCME) water quality guidelines.

Integrated modelling

Integrated hydrologic–economic modelling was conducted in 
the Bras d’Henri and Beaurivage River Watersheds to enable 
analysis of the costs and benefits of BMP implementation 
scenarios. 

Biophysical data derived from the GIBSI integrated model 
were transferred to McGill University and Université Laval  
for use in their economic models. 

A GIS-based interface was developed to link GIBSI with 
the economic model developed at McGill University for 
the purpose of conducting benefit-cost analysis of BMP 
implementation. While the linkage was not fully completed 
before the end of the WEBs program, GIBSI’s economic 
framework allowed the two teams to jointly conduct an 
environmental benefit/on-farm cost analysis of policies 
involving implementation of various BMP scenarios within  
the Bras d’Henri and Beaurivage River Watersheds. 

Hydrologic modelling in the Bras d’Henri and Beaurivage River Watersheds 
benefitted from local long-term agronomic and environmental data and 
modifications to the GIBSI integrated modelling package 

Integrated modelling in this watershed is described in more 
detail in Chapter 5. 

CONCLUSIONS 
A key finding of the Bras d’Henri Watershed study was the 
influence that landscape factors such as soil type, hydrology 
and climate have on the effectiveness of BMPs. Researchers 
found that BMP performance can differ from one study 
site to another, and even across a single site, as a result of 
interactions with these factors. 

Research into the BMPs implemented in the Fourchette 
intervention micro-watershed prior to the start of WEBs 
found significant improvement in water quality parameters. 

A user-friendly tool kit was developed for extension staff and 
landowners to simulate BMP effect, to recommend site-
specific BMPs and to determine their optimal placement.

Economic analysis found that most of the BMPs studied 
had negative net benefits and would likely require a financial 
or regulatory incentive to encourage adoption. The surface 
runoff control BMP likely has the additional on-farm benefits 
of land stabilization and increased yields, and minimum tillage 
had greater net benefits than conventional tillage. 

The Université Laval team investigated the factors affecting 
producers’ decisions regarding BMP adoption, pollution 
abatement costs for different farm types and sizes, technical 
and environmental efficiency of farms within the watershed, 
and willingness to pay for improvements to water quality. 
McGill University used modelling to compare the economic 
efficiency of pollution abatement at the watershed and farm 
scales. These economics studies will help policy makers 
determine incentives that might encourage producers to 
implement BMPs. 

Hydrologic modelling in the Bras d’Henri and Beaurivage 
River Watersheds benefitted from local long-term agronomic 
and environmental data and modifications to the GIBSI 
integrated modelling package. GIBSI modelling efforts 
have characterized hydrological processes, transport 
mechanisms and the likely impact of BMPs on water quality. 
Model-derived biophysical data were transferred into 
available economic models, and an environmental benefit/
on-farm cost analysis study of various policies involving 
implementation of BMP scenarios was conducted.

FUTURE RESEARCH DIRECTION 
Several new studies have continued in the Bras d’Henri 
Watershed through approved funding under Growing 
Forward 2. The extensive monitoring network and historical 
data available for the various fields will continue to be 
invaluable for future studies.
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PARTNER TESTIMONIAL

Dr. Alain N. Rousseau 
National Institute for Scientific Research (Institut national de la 
recherche scientifique, Centre Eau, Terre et Environnement [INRS-ETE]) 
Quebec City, Quebec

When the previous WEBs summary report was published, Dr. Alain N. 
Rousseau, a professor of hydrologic modelling, acknowledged the 
program’s capacity to foster strong collaborations with colleagues 
at other Canadian universities. He has since seen positive outcomes 
for students and other researchers working under his guidance. 
Dr. Rousseau and his team conducted hydrologic and integrated 
modelling to evaluate the impact of various BMP scenarios in the Bras 
d’Henri and Beaurivage River Watersheds.

“The WEBs research program has provided a stepping stone to some of 
my highly qualified former students,” says Dr. Rousseau. “For example, 
one of them is now a faculty member at Université Laval and another 
has become a research hydrologist with the USDA. One of my former 
master’s degree students works as a hydrogeologist for a consulting 
firm specializing in water resources, while another has elected to 
undertake a PhD program.”

Dr. Rousseau acknowledges that the core science work conducted in 
WEBs has provided fertile ground to pursue basic research on related 
subjects such as the design of riparian vegetated filters. “Needless 
to say, the WEBs program has provided the seeds for continuing 
and potential research in the years to come. I am sure that most of 
our Canadian colleagues involved in WEBs would provide similar 
testimonials.”

Streamflow was measured  
for model calibration.
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Black Brook Watershed,  
New Brunswick
Watershed Leads: Lien Chow, Herb Rees and Sheng Li (AAFC) 
Site Economists: Jérôme Damboise (Eastern Canada Soil and Water Conservation Centre)  
and Van Lantz (University of New Brunswick) 
Site Hydrologic Modeller: Fanrui Meng (University of New Brunswick)

HIGHLIGHTS

 � Mixed biophysical results – The mixed BMP results 
within the Black Brook Watershed are a prime example 
of watershed complexity and the need for a systems 
approach. Within this watershed, diversion terraces and 
grassed waterways were effective at reducing surface 
runoff, soil erosion and pesticide concentrations in 
waterways. However, they were less effective under 
extreme rainfall events and appeared to contribute to 
nutrient loading of groundwater.

 � Economics – Diversion terraces and grassed waterways 
proved costly for producers to implement. However, when 
public benefits such as improved water quality were 
considered, the net economic benefits were positive. 
These findings can help with policy and program design.

 � Hydrologic modelling – Hydrologic modelling found that 
over a third of the annual discharge and sediment loads in 
this watershed resulted from spring snowmelt. It was also 
estimated that diversion terraces and grassed waterways 
play a major role in reducing runoff and sediment loads 
and in conserving water for plant growth. 
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BACKGROUND AND ISSUES
The 14.5-km2 Black Brook Watershed (Figure 17) is located 
north of Grand Falls, New Brunswick, in the province’s 
potato belt. It is part of the 380-km2 Little River Watershed. 
Topography is rolling, with slopes generally ranging from 
2%–9%, but with some slope segments in excess of 15%. 

Agricultural land within the Black Brook Watershed 
constitutes approximately 65% of the land base, with the 
remainder either forested or under urban and residential 
development. The major crop is potato in rotation with grain 
and hay for forage. In any given year, half of the agricultural 
land is under potato production. 

Since the region is characterized by rolling topography, 
stony soil and high precipitation, there is a high risk of 
water erosion. Potato production involves significant soil 
disturbance, resulting in substantial tillage erosion and 
water erosion. This soil erosion may contribute excessive 
amounts of sediment and nutrients to the region’s surface 
water and groundwater systems where appropriate soil and 
water conservation practices have not been implemented. 
Groundwater in this area is also vulnerable to nitrates from 
fertilizers, due to the high permeability of the underlying 
fractured bedrock. 

The Black Brook Watershed was established as an 
experimental watershed in the early 1990s to study the 
impacts of intensive potato production on water quality.  
A wealth of background data on soils, topography, climate, 
land use, streamflow and water quality were collected for 
several years prior to WEBs.

BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental performance of the following 
two BMPs:

 � diversion terraces and grassed waterways

 � grassed riparian buffer zones 

BMP description and results

Diversion terraces and grassed waterways

Diversion terraces and grassed waterways are part of a 
systems approach to reducing soil erosion and water losses 
from steeply sloping land. Diversion terraces break up 
long field slopes into a series of shorter ones. Each terrace 
intercepts runoff from the area within it and diverts it into a 
grassed waterway. 

Grassed waterways are permanently vegetated channels 
designed to move surface water across farmland, thereby 
reducing erosion. The waterways are typically constructed 
in natural flow paths in the field where water would normally 
collect and flow. The grass in the channel slows the water 
flow, filters sediment in runoff, and protects the channel from 
erosion. 

Two connecting sub-watersheds within the Black Brook 
Watershed, with a combined area of 300 ha, were selected 
for the study. Both sub-watersheds contained diversion 
terraces and grassed waterways that were installed prior 
to WEBs, and improvements were made to these systems 
during WEBs. Water quality was monitored at the outlet of 
the lower of the two sub-watersheds, combining the flow 
from the two sub-watersheds, as well as at the outlet of the 
much smaller upper sub-watershed. Historic pre-BMP data 
were compared to the monitoring results collected during 
WEBs (2005–2007). 

Diversion terraces and grassed waterways were found to protect soils from 
water erosion, but may lead to increases in nutrient loading to groundwater 
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Research results indicate that diversion terraces and 
grassed waterways reduce surface runoff, sediment 
and particle-bound contaminants, such as phosphate. 
However, local variability—such as BMP location, weather 
or landscape characteristics—was found to influence the 
results. Results from the upper sub-watershed were not 
always consistent with those from the combined flow from 
the two sub-watersheds. Sediment loading and discharge 
varied considerably from year to year depending on weather 
conditions, and the BMP was less effective during high 
volume rainfall events.

Sampling of domestic and monitoring wells and tile drains 
detected an increase in soluble nutrient (nitrogen [N] and 
phosphorus [P]) leaching to groundwater, possibly due to 
greater water infiltration following BMP implementation.

A study using environmental isotopes (water isotopes 
and stable nitrate isotopes) looked at the mechanisms of 
streamflow generation and the sources and pathways of 
solute transport. Results indicate that even during peak 
event streamflow, the baseflow component has a significant 
contribution to discharge. Nitrate-N concentrations exceeded 
the Health Canada drinking water guideline (10 mg/l) 
in 19% of the wells sampled, with 82% exceeding the 
Canadian Council of Ministers of the Environment (CCME) 
guideline for aquatic health (3.0 mg/l). There was evidence 
of denitrification in the deep aquifer. N isotope signatures 
showed that most of the nitrate that reached groundwater 
originated from fertilizers or was produced in soils. In 
some locations, there was evidence that groundwater was 
impacted by organic wastes, such as leaky septic systems 
or improperly sealed cattle barns. This led researchers to 
believe that the groundwater was being impacted by both 
point and nonpoint sources.

Grassed riparian buffer zones

Grassed riparian buffer zones were established in 2005 in a 
sub-watershed where little conservation work had previously 
occurred. They bordered both sides of an upgraded grassed 
channel and newly established grassed waterways. Buffer 
effectiveness in reducing sediment and nutrients from 
entering drainage channel water was evaluated through 
monitoring at the edge-of-field and sub-basin levels.  

Grassed riparian buffer zones reduce runoff and sediment, but the degree of 
reduction varies considerably from year to year 

This BMP performed like the diversion terraces and grassed 
waterways in reducing runoff and sediment, but results 
for nutrients were inconclusive. Again, depending on the 
amount, intensity and temporal distribution of precipitation, 
the degree of reduction in discharge and sediment loading 
varies considerably from year to year. 

Similarly, grassed riparian buffer zones were less effective 
at reducing loadings from high-intensity rainfall events. 
However, when sited below contour cultivation with a 
reasonable slope length, such buffers received very little 
runoff during light rainfalls. 

Additional biophysical studies

While most of the research concentrated on evaluating the 
two main BMPs, other practices were implemented and 
evaluated in the Black Brook WEBs project. These included 
tile drainage, contour plowing/cropping, chisel plowing and 
residue management. Preliminary findings from monitoring 
four tile systems under a grain–potato rotation indicated 
that nitrate concentrations were higher from drainage 
water compared to the water sampled from stream and 
groundwater monitoring locations.
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Complementary studies

Other collaborative studies were conducted, in conjunction 
with WEBs research, using the Black Brook Watershed’s 
extensive monitoring network and data sets. These studies  
quantified the effect of BMPs on water quality and  
increased knowledge of the effect of various factors  
on BMP performance. 

 � Ecological performance standards – Black Brook and 
several other watersheds in the Little River and Salmon 
River systems in New Brunswick were monitored to 
develop ecological and biological indicators of sediment 
and nutrient impacts across a gradient of agricultural 
intensity. The study looked at how the interaction of 
multiple stressors (sediments, nutrients, insecticides) in 
agricultural landscapes affects biotic communities and 
the interpretation of standards. This project, a follow-up 
to the National Agri-Environmental Standards Initiative 
(NAESI) Water Theme research program, was a joint effort 
between AAFC, Environment Canada and the University 
of New Brunswick and was funded by AAFC’s Sustainable 
Agriculture Environmental Systems (SAGES) program.

 � Sediment fingerprinting – Sediment source tracking 
studies conducted in the WEBs watersheds in Alberta 
and Manitoba found that a majority of sediment moving 
through the watershed was derived from streambank 
erosion rather than from runoff from agricultural fields.  
The study is continuing in the Black Brook Watershed and 
the WEBs watershed in Quebec. These studies are also 
expected to reveal that in-stream processes are a major 
contributor of sediment. 

 � Microbial source tracking – Beginning in 2007, a number 
of wells in the Black Brook Watershed were continuously 
sampled and measured for microbial activities in this joint 
AAFC–Health Canada initiative. High counts of coliforms, 
E. coli and other bacteria were found in many samples, 
especially during peak flow periods. These high counts  
may be attributed to a nearby sewage lagoon and/or  
wildlife activity.

 � Pesticide residues – From 2003 to 2007, water samples 
at various locations in the watershed were analyzed to 
determine the presence and concentration of pesticides 
in order to assess potential risks to surface water in areas 
dominated by intensive potato production. The information 
gained from this joint AAFC–Environment Canada initiative 
can be helpful for developing pesticide mitigation BMPs. 
Diversion terraces and grassed waterways were found 
to decrease the concentration of any given pesticide 
by almost half compared to a sampling site without this 
conservation system. 

A sediment sampler was installed in the Black Brook Watershed to identify the 
sources of sediments in the water 

ECONOMICS COMPONENT
The Black Brook economic analysis assessed the level of 
BMP adoption and the BMPs’ on-farm costs, yield impacts 
and public benefits. 

Historic on-farm data 

Since 1988, on-farm soil and crop management data have 
been collected in the Black Brook Watershed. Analysis of the 
data set revealed that progress has been made to reduce 
runoff and contamination of surface water and groundwater. 
The most significant improvements have been a reduction in 
potato crop intensity and construction of soil conservation 
structures. In 1988, only 39 ha in the watershed were 
protected by diversion terraces, representing 4% of the 
agricultural land base. In 2011, 505 ha were protected by 
diversion terraces, representing 52% of the agricultural land 
base. Diversion terraces are still being built, but at a slower rate. 

Potato yield and quality surveys

On-farm surveys carried out during five years between 2006 
and 2012 compared the yield and quality of Russet Burbank 
potatoes cultivated using one of two methods—up-and-
down slope and contour cultivation (with or without diversion 
terraces). While all years surveyed had excellent yield and 
quality, the surveys found no differences between the two 
cultivation methods. However, despite that finding, producers 
continue to implement soil conservation structures when 
feasible. They do so to maintain the long-term productivity of 
their land base more than for short-term economic gains.
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BMP impact on potato yields

The historic data set and the yield and quality survey data 
were used to conduct a series of studies on the impact of 
BMPs on potato yields. In contrast to the yield and quality 
surveys, the results of these studies implied that diversion 
terraces did increase mean potato yields. 

One study on 267 fields in the watershed found that soil and 
water conservation structures had mixed effects on potato 
yield. While spring tillage and diversion terraces increased 
mean potato yield, other practices such as grassed waterways, 
drainage and chisel plowing had the opposite effect. 

Another study looked at how BMPs influence climate change 
impact on potato production. Climatic variables were found 
to have the greatest impact on mean potato yield, with 
projections of increased temperatures in the future being 
expected to lead to increased yields. Regression results were 
used in combination with three climate change scenarios and 
four general circulation model predictions over three 30-year 
time periods (2011–2100) to estimate a range of potato yield 
projections. Results showed that accounting for soil and 
water conservation practices in climate-yield relationships 
increased the estimated impacts of climate change on potato 
yield by up to 50% by the 2071–2100 period. These results 
provide evidence that adoption of soil and water conservation 
practices can help boost potato production in a changing 
Canadian climate.

A third study used data from 282 sample plot points to 
assess the impacts of BMPs on potato yields from 2006 to 
2010. Again, the BMPs were found to have mixed effects 
on potato yield, with diversion terraces and chisel plowing 
increasing mean potato yield and rock management and 
grassed waterways reducing yield.

On-farm costs and benefits of diversion terraces

Economists estimated the annual on-farm costs of diversion 
terraces at approximately $360/ha. While mean potato 
yields were found to improve with diversion terraces, the 
costs outweighed the estimated yield increase. Financial or 
regulatory incentives would likely be required to encourage 
adoption and maintenance of these BMPs.

Public benefits of diversion terraces

While private (on-farm) benefits were calculated through yield 
gains and average potato prices, economists also examined 
public (i.e. non-landowner) benefits. Public benefits were 
aggregated by linking water quality increases with the extent 
of BMP implementation. Public benefits were estimated 
in dollar-value by conducting choice experiment surveys 
that linked public willingness to pay (via property taxes) to 
environmental stewardship and water quality improvements. 
The study concluded that, when incorporating private 
costs, private benefits and public benefits, protecting 80% 
of the land in the Black Brook Watershed with diversion 
terraces would result in a net benefit of $2,624 and 100% of 
protection would result in a net benefit of $2,683. 

When public benefits, such as improved water quality, were considered in the 
economic analysis of diversion terraces and grassed waterways, the net 
economic benefits were positive 

Grassed riparian buffer zones

The buffer zone BMP was found to be costly to install and to 
have a negative impact on crop yield, resulting in a negative 
net benefit of approximately $131/ha.

Spring versus fall tillage

The economics of spring versus fall tillage in potato production 
systems were also evaluated, with the assumption that 
delaying tillage reduces soil erosion and over-winter N loss. 
In fact, spring tillage resulted in positive net benefits where 
yields were positively impacted by this BMP. Depending on 
the weather conditions, up to 80% of the fields in the Black 
Brook Watershed are tilled in the fall with a mouldboard or 
chisel plow. When comparing fall versus spring tillage at two 
farm sites in 2011, no significant differences in yield or quality 
were noted for Russet Burbank potatoes, but declines in 
marketable yield were noted for Russet Norkotah potatoes 
due to rot and hollow heart disease. It was suspected that the 
fields under spring plow held too much moisture during the 
very wet 2011 growing season.
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MODELLING COMPONENT
Hydrologic modelling of the BMPs in this study was 
conducted using the Soil and Water Assessment Tool  
(SWAT) in conjunction with other BMP-specific modules.  
The model was calibrated and validated for hydrology,  
N, P and sediment predictions, using field data. SWAT did  
well at validating hydrology, nutrient and sediment loads.

Model assessments found that diversion terraces and 
grassed waterways play a major role in reducing yearly runoff 
and sediment loads and in conserving water for plant growth. 
The models predicted that diversion terraces could reduce 
sediment by 60% at the watershed level. 

An event-based grassed buffer zone and grassed waterway 
model indicated that the efficacy of grassed buffer zones 
improved as widths increased from 15 to 35 m, depending 
on storm intensity. Best results occurred when the model 
simulations included a reduction in fertilizer application rates 
and growing potatoes in rotation with pasturing.

Hydrologic modelling found that diversion terraces and grassed waterways 
play a major role in reducing runoff and sediment loads and in conserving 
water for plant growth 

SWAT model refinements

A digital elevation model developed from high-resolution 
LiDAR was used to redefine SWAT parameters for the 
watershed, resulting in improvements to the model’s 
predictive capacity with respect to water quality parameters. 
Additional improvements were made through developing 
and testing modules and procedures for estimating baseflow, 
modelling groundwater movement and calculating winter soil 
temperature and water quality. Other modelling refinements 
included determining optimal methods for elevation and 
slope representation and adapting the Riparian Ecosystem 
Management Model (REMM) for variable-width buffers under 
Atlantic Canada conditions.

Baseflow and groundwater

A groundwater model (Finite Element subsurface FLOW 
system - FEFLOW) was calibrated for the Black Brook 
Watershed and surrounding area, and a new method was 
developed to estimate baseflow and groundwater recharge 
using stream conductivity measurements. The groundwater 
model used in the project evolved over time, and Visual 
MODFLOW was the final product.

Soil temperature module 

A new module was also integrated to calculate soil 
temperatures under snow cover to improve predictions 
on water infiltration, groundwater recharge, as well as N 
transformation and leaching processes. It was found that 
over a third of the annual discharge and sediment loads 
occurred during the month of April due to snowmelt. 

Riparian Ecosystem Management Model 

The effectiveness of riparian buffers at the watershed level 
was modelled by coupling REMM with SWAT. The model 
predictions were found to vary with scale, but an acceptable 
sub-watershed area was found and REMM was applied to 
the Black Brook Watershed. Modelling results indicate that 
the riparian buffer BMP could reduce surface runoff by 7%, 
sediment loading by 55%, and N and P loading by 40%. 
However, the results varied considerably among the eight 
sub-watersheds modelled.

Scaling up

The SWAT model was applied to the Upper Little River and 
the encompassing Little River Watersheds using parameters 
developed for the Black Brook Watershed. Existing data 
from the Little River Watershed were supplemented with 
high-precision soil maps. Results for the Upper Little River 
Watershed were very poor for all outputs (hydrology, water 
quality and sediment transport). Outputs for the larger Little 
River Watershed were better, with fair to good results for 
sediment loading, baseflow and water yield. These findings 
imply that the SWAT model cannot be used on the larger 
watershed without further calibration. 

Decision-support system 

A spatial decision-support system framework was developed 
for the Black Brook and Little River Watersheds to assess 
how land use and BMPs impact soil erosion and surface 
water quality. The framework was designed to combine 
SWAT model simulations, field measurements and 
literature review findings. The resulting product would be 
a user-friendly tool to help decision makers develop agri-
environmental policies and optimal BMP plans.
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CONCLUSIONS 
A key finding of the Black Brook Watershed study was that 
BMPs designed to mitigate specific environmental issues 
can sometimes be the cause of other problems. Diversion 
terraces and grassed waterways were found to protect 
soils from water erosion, but may lead to increases in 
nutrient loading to groundwater. Therefore, BMPs need to 
be designed to account for targets and priorities and must 
be considered as part of a holistic approach in concert with 
other BMPs or conservation measures. 

As well, researchers found that BMP performance in this 
watershed was reduced during extreme rainfall events. 
The BMPs were sometimes damaged by storms and 
needed repairs. Maintenance of BMPs is critical to avoid 
performance failure over the long term.

Economic analysis concluded that soil and water 
conservation practices can be effective farm management 
tools for maintaining soil fertility and enhancing potato yields. 
However, there are no one-size-fits-all prescriptions to 
enhance potato yield. Because BMP costs would offset any 
yield benefit, financial or regulatory incentives would likely be 
required to encourage adoption and maintenance of terracing 
BMPs. However, when public benefits are accounted for, the 
net economic benefits of this practice are positive. 

The SWAT model was successfully calibrated and validated 
for the Black Brook Watershed. SWAT parameters were 
redefined and new modules were integrated into SWAT to 
improve the model’s predictive capacity in this watershed. 
Additional models were used to evaluate groundwater 
hydrology and buffer zone effectiveness.

SWAT was applied to an adjacent watershed with limited 
success and with slightly better results at the next-level 
watershed scale. Further calibration would be required to 
obtain better scaling-up results.

FUTURE RESEARCH DIRECTION
BMP research has continued in the Black Brook Watershed 
through approved funding under Growing Forward 2, 
with an increased emphasis on BMP performance during 
extreme rainfall events. The extensive monitoring network 
and historical data available for the various fields will 
continue to be invaluable for future studies.
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PARTICIPATING PRODUCER TESTIMONIAL 

Alyre Poitras 
Potato producer 
St. Andre, New Brunswick

Slowing down soil loss 

When the soil is washing off your farm fields by the truckload, you 
know you have to find a better way to stop soil erosion. That is the 
position Alyre Poitras was in several years ago when he became 
involved with the Black Brook WEBs project. Mr. Poitras volunteered 
his St. Andre potato farm as a test site for researchers. To keep more 
of his soil out of nearby streams, he terraced his fields and grassed 
the waterways on his farm. It worked. “I used to pick up four or five 
loads of topsoil a year that had washed off the fields,” Mr. Poitras says. 

“Now it’s less than a load every five years.” 

Environmental upgrades on the farm can be expensive. Mr. Poitras 
welcomes research that includes solid data on the costs and benefits 
of particular environmental strategies. In his own case, controlling soil 
erosion meant taking some of his farmland out of production to build 
the terraces that slow down runoff water. “I’ve gained a lot in the long 
term, especially with the big thundershowers we’ve been seeing lately,” 
Mr. Poitras says. “We’re not losing as much soil.”

Grassed waterways have helped reduce 
soil erosion at the farm in the Black Brook 
Watershed.
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Thomas Brook Watershed,  
Nova Scotia
Watershed Lead: Dale Hebb (AAFC)  
Site Economist: Emmanuel Yiridoe (Dalhousie University Agricultural Campus)  
Site Hydrologic Modeller: Rob Jamieson (Dalhousie University)

HIGHLIGHTS

 � Ecosystem complexity – As a result of several complex 
factors, it may take several years to detect ecosystem 
response to nutrient application adjustments in this 
watershed.

 � Farmyard runoff diversion – Farmyard runoff diversion 
was found to result in reduced downstream bacteria and 
total phosphorus (P) concentrations.

 � Economics – An economic model was used in 
conjunction with a hydrologic model to predict the 
impact of BMP implementation on farm gross margins. 
Results indicate that all of the BMPs studied reduce 
gross margins, suggesting that financial incentives or 
regulatory systems would be required to encourage 
producers to adopt them. However, gross margin 
reductions associated with the cattle exclusion fencing 
BMP could be minimized if cleaner drinking water resulted 
in increased milk yields. 

 � Hydrologic modelling – The hydrologic model 
demonstrated the potential to be used as a decision-
support tool for agricultural watershed management in 
Nova Scotia, with some improvements. The Soil and 
Water Assessment Tool (SWAT) was deemed very good 
for predicting hydrology, good for simulating nitrate export, 
and satisfactory for simulating sediment and total nitrogen 
(N) export from the watershed.
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FIGURE 18 
Thomas Brook Watershed

BACKGROUND AND ISSUES
The 7.6-km2 Thomas Brook Watershed is located within 
Annapolis Valley’s Cornwallis Watershed, which flows into the 
Bay of Fundy (Figure 18). The Annapolis Valley encompasses 
approximately 20% of the farmland in Nova Scotia and is 
responsible for close to half of the provincial farm receipts, 
making it a major agricultural region in Atlantic Canada. 
The Thomas Brook Watershed exhibits a complex mix of 
landscape attributes typical of the region. The primarily 
forested upper watershed is characterized by steep slopes 
and clay soils, with light-textured soils in the flatter, more 
intensively cropped areas in the lower reaches.

Agricultural production within the watershed is diverse and 
includes beef, dairy and high-value fruit and vegetable crops. 
Agriculture accounts for 57% of the land use within the 
Thomas Brook Watershed, while 30% is forested. There are 
approximately 90 rural residences within the watershed. 

Concentrations of nutrients, sediment and bacteria in the 
watershed often exceed Canadian Council of Ministers of the 
Environment (CCME) water quality guidelines for recreation, 
irrigation and maintenance of aquatic health. Mixed land 
use in the watershed presents challenges for identifying 

contamination sources and determining agricultural impacts 
on water quality. Considering the level of water quality 
impairment and the significant agricultural land use within 
the watershed, the use of BMPs is considered important for 
water quality improvements. Improved understanding of the 
larger-scale impact of agriculture in a mixed ecosystem was 
an underlying goal of the Thomas Brook project.

The Thomas Brook project began in 2001 when the former 
Nova Scotia Agricultural College (now Dalhousie University 
Agricultural Campus) conducted surface water monitoring. 
In 2004, AAFC began implementing and evaluating BMPs 
under the WEBs program. Water quality and streamflow 
monitoring initially occurred during the growing season 
(May-October). By 2007, all-season sampling was occurring 
at seven permanent monitoring stations located along 
Thomas Brook and adjacent tributaries. Water quality was 
regularly monitored for nutrients, sediment and E. coli. 
Sampling sites in the upper reaches of the watershed were 
located in predominantly forested and permanent pasture 
areas to provide benchmark information on water quality 
conditions. Sampling stations immediately downstream of 
the BMPs examined residential and agricultural contributions. 

Annapolis 
Watershed
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Monitoring was also conducted at the watershed outlet to 
measure the cumulative downstream effects of all BMPs. 

A comprehensive geodatabase was developed to provide 
a geographical representation of biophysical observations 
from WEBs research. This tool was used for hydrologic and 
economic modelling, statistical analysis and future planning. 
Field maps created from this database were provided to local 
producers as an agronomic planning tool that allowed them 
to visualize their cropping practices, P levels, etc. The maps 
were also used in presentations and fact sheets.  

This project was instrumental in the creation of a watershed 
stakeholder group made up of interested area residents 
and producers. The Cornwallis Headwaters Society was 
established in 2007 to support watershed research, water 
quality awareness, and education and conservation activities.

BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental performance of the following 
four BMPs:

 � nutrient management plans 

 � farmyard runoff diversion  

 � cattle exclusion fencing 

 � retention pond renovation to capture runoff and store 
water for supplementary irrigation

BMP description and results

Nutrient management planning

The goal of this BMP was to reduce excess nutrient leaching 
by managing nutrient applications. At the beginning of the 
WEBs project, certified nutrient management professionals 
developed three-year nutrient management plans for six 
commercial farms with land within the Thomas Brook 
Watershed. The plans were renewed as required, following 
existing guidelines. WEBs researchers collected detailed data 
on cropping, fertilizer application and yield and conducted 
benchmark soil sampling to track field nutrient trends. 
Stream water sampling tracked water quality trends in the 
watershed and its sub-basins. 

As a result of several natural and agronomic factors, it may take several  
years to detect ecosystem response to nutrient application adjustments 

Water quality changes were not detected during a basic 
comparison of pre- to post-BMP data. Excessive P 
concentrations were detected in the stream, but also at 
times in the headwaters where no nutrients were applied. 
Factors such as buffering provided by the mature riparian 
zones, the soil’s P-holding capacity and natural variability 
in weather conditions masked any actual water quality 
impacts. As well, other agronomic factors may have affected 
the BMP’s performance. For example, some producers 
expanded production, while others reduced production.  
As a result of these factors, it may take several years 
to detect ecosystem response to nutrient application 
adjustments.

Farmyard runoff diversion and cattle exclusion fencing 

A system to collect rainwater runoff from barn roofs was 
installed at a 160-head dairy farm in 2004. Tile drains 
diverted this relatively clean water beyond the manure 
handling and farmyard traffic zones to a riparian area.  
This was a targeted BMP to reduce contaminated runoff from 
entering the stream and to improve working yard conditions. 

In 2005, electric fencing and an off-stream watering system 
were installed to reduce direct cattle traffic in the stream and 
to minimize streambank disturbance.  

Results indicated reduced concentrations of bacteria 
downstream of the farm, and high-flow-event-driven total 
P was found to decline by over 50% compared to pre-BMP 
event-flow concentrations. The decline in P was mainly 
attributed to the farmyard runoff diversion.  

There was only limited impact observed from the cattle 
exclusion fencing and off-stream watering BMP because 
of changes to the farm operation. Only a small fenced 
reach was used, and pastured livestock numbers were 
reduced. This is an example of how farm activities react to 
other factors beyond environmental concerns, introducing 
complexity into BMP evaluation.  
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It was also observed that when extensive farm construction 
was undertaken in 2008, high loads of sediment were 
observed directly below the farm, although the outlet 
reflected little of this loading. This mature meandering  
stream appears to buffer this sediment movement within 
both in-stream deposits and erosion. 

Retention pond renovation

An existing farm pond was upgraded in 2010 to more than 
double its water-holding capacity by adding higher berms 
and an engineered outflow control structure. The plan was 
for the pond to provide multiple benefits, including reduced 
transport of sediment and P into the Thomas Brook from 
farm fields in a 146-ha sub-basin and to provide water 
storage for frost protection and dry season irrigation for  
21 ha of nearby strawberry fields.  

An existing farm pond was upgraded to more than double its water-holding 
capacity  Modelling results suggest reduced downstream sediment and 
nutrient loading 

SWAT modelling and analysis indicated that under the 
current conditions, the reservoir would contain enough 
water to not only meet the current demands of strawberry 
production, but also increase the irrigated area by as much 
as 30%. It is estimated that the reservoir would reduce 
average downstream sediment loads by approximately 36%, 
with more modest nutrient trapping ranging from 6–8% for 
N and P. Water sampling results showed that the reservoir 
had lower P and E. coli levels than the nearby Thomas Brook. 
This combination of using a small reservoir for withholding 
sediment and P and supplying irrigation water for high values 
crops should be developed further.  

Additional biophysical studies  

The Thomas Brook Watershed’s mixed land use and 
complicated landscape characteristics present challenges 
for evaluating BMP performance based solely on water 
quality changes. Researchers investigated other innovative 
approaches to provide insight into BMP performance.

 � Riparian health assessment – About one tenth of the 
watershed is classified as riparian. Of this, only 10% is 
considered unhealthy (typically pasture land). Because 
nutrients tend to be retained for longer periods of time 
within these riparian zones, field-based BMP impacts are 
often muted, minimizing stream water impacts.   

 � Nitrate and enteric bacteria – Nitrate transport 
through groundwater and tile systems was studied. 
Preliminary findings indicate that a forested riparian zone 
attenuates groundwater nitrate loading. A one-year field 
and laboratory study of the persistence and transport of 
enteric (intestinal) bacteria was conducted in 2008. E. coli 
was detected in both groundwater and tile drain effluent 
at concentrations exceeding irrigation and recreational 
water quality guidelines. Results suggest that a consistent 
source of E. coli exists within the field, which may include 
‘‘naturalized’’ strains of E. coli. 

 � Dissolved oxygen – Weekly measurements of dissolved 
oxygen, one of the best indicators of stream health, 
were taken on the Thomas Brook over a four-year 
period. Results indicate that the brook is within the 
CCME guidelines for dissolved oxygen concentrations 
in freshwater systems. The brook’s turbulent hydrology 
facilitates aeration, enabling it to better mitigate the effects 
of incoming pollution. 

 � Benthic invertebrates – Benthic invertebrate sampling 
was conducted as a way of assessing the health of 
aquatic life, an indicator of water quality. Water quality 
at the monitoring station immediately downstream from 
where the storm water diversion BMP was implemented 
was ‘fair’ to ‘very good’ and was found to be remaining 
steady or even improving over time. Water quality at a 
monitoring station farther downstream was found to be 
‘fair’ to ‘fairly poor’ yet still remaining steady or improving 
over time.

 � E. coli monitoring – Intensive monitoring has determined 
that the majority of bacterial loading in this watershed 
occurs during storm events. However, “naturalized” 
E. coli population strains have been found in soils, 
groundwater and tile drains. This suggests that E. coli 
concentrations, traditionally used as an indicator of recent 
fecal bacteria contamination, may not be entirely related 
to recent manure or sewage inputs. A new bacterial 
marker (Bacteroidales) technique used to investigate the 
sources of fecal bacterial inputs was found to be useful for 
detecting recent manure inputs from livestock. Livestock 
fecal bacteria detection was associated with increased 
runoff due to precipitation in areas with cattle farms. 
Combined measurements of alternative and conventional 
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fecal indicators may therefore yield a better understanding 
of the sources and severity of fecal contamination events. 
These findings could have important implications for 
monitoring and managing water systems that are located 
near agricultural fields subject to manure application 
and may improve the ability to protect public health and 
maintain healthy aquatic ecosystems. 

 � Correlation between agricultural practices and 
water quality – A multi-year statistical investigation of 
water quality change factors looked at cropping, land use, 
and fertilizer and manure applications in all sub-basins 
of the Thomas Brook Watershed. For all agricultural 
practices, such as manure application, no correlation with 
water quality was found. This observation demonstrates 
that the robust ecosystem of this watershed is not readily 
influenced by changes in normal agricultural practices.  

Researchers studied several water quality indicators such as nitrate and 
enteric bacteria, dissolved oxygen, benthic invertebrates and E. coli 

ECONOMICS COMPONENT 
Economists used representative farm modelling to investigate 
BMP impact on gross margins and to evaluate various 
cropping systems. 

BMP impact on farm gross margins

Data on the economics of the BMPs and on the factors 
affecting BMP adoption were collected and used in the 
development of an optimization model for a representative 
farm. This was used in conjunction with the SWAT 
biophysical simulation model to predict the impact of BMP 
implementation on farm gross margins (estimated in terms  
of farm revenue less variable costs of production). 

Results indicate that the cattle exclusion fencing, farmyard 
runoff diversion and nutrient management planning BMPs 
reduce gross margins, suggesting that financial incentives 
or regulatory systems would be required to encourage 
producers to adopt them. However, gross margin reductions 
associated with cattle exclusion fencing could be minimized  
if cleaner drinking water resulted in increased milk yields. 

The retention pond renovation was also found to 
have a net cost, as benefits associated with the BMP 
(i.e. supplementary strawberry irrigation) were insufficient  
to cover the capital cost of the renovation (over $40,000). 

Cattle exclusion fencing, farmyard runoff diversion and nutrient management 
planning were found to reduce gross margins in this watershed, suggesting 
that financial incentives or regulatory systems would be required to encourage 
producers to adopt them 

Cropping system evaluation

The models were also used to evaluate the effect of crop 
type, rotation sequence, tillage system and N fertilization level 
in terms of crop yields, sediment and nutrient loss and cost 
effectiveness. Two grain-corn-based cropping systems, two 
potato-based cropping systems and a vegetable-horticulture 
system were simulated under conventional tillage and no-till. 

In general, no-till systems were predicted to significantly 
reduce sediment loads, but did not have a significant effect 
on crop yields or nitrate leaching, which were influenced by 
N fertilization levels. However, the modelling results suggest 
that the recommended N-fertilization rates could be reduced 
by 10%–25%, depending on the crop, to significantly lower 
nitrate leaching without negatively impacting crop yields.

The most cost-effective potato-based cropping system 
that met the Health Canada maximum contaminant limit on 
nitrate-N (i.e. 10 mg/l) was a potato–barley–winter wheat–
potato–corn rotation under no-till. This rotation generated 
the highest gross margin ($6,973/ha) and lowest N reduction 
abatement cost ($395/ha). 

Similarly, among the vegetable–horticulture cropping systems, 
potato–winter wheat–carrot–corn rotation under conventional 
tillage generated the highest gross margin and lowest on-
farm N abatement cost ($680/ha). However, as the restriction 
on nitrate-N pollution was relaxed (i.e. less stringent N 
pollution constraints), the most cost-effective corn-based 
cropping system shifted from a rotation involving corn–corn–
alfalfa–alfalfa under conventional tillage to the same rotation 
under no-till.
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MODELLING COMPONENT
Hydrologic modelling in the Thomas Brook Watershed was 
conducted using the SWAT watershed-scale model and the 
DRAINMOD-N-II field-scale model to simulate hydrologic 
processes and water quality. 

SWAT

SWAT was used to model sediment and N loads from the 
watershed. Crop rotation schedules were incorporated 
into the model using field data collected from the WEBs 
project. Soil, land-use and other data were converted to 
SWAT-compatible formats. Model calibration (2004–2006) 
and validation (2007–2008) were performed on a monthly 
basis using continuous streamflow, sediment and N 
export measurements. Calibration for local conditions was 
conducted to predict daily flows, erosion, sediment transport 
and water quality at the watershed outlet.

Performance 

The SWAT model has demonstrated the potential to be 
used as a decision-support tool for agricultural watershed 
management in Nova Scotia with respect to mitigating 
sediment and N losses. Based on United States Department 
of Agriculture’s criteria for evaluating model output, the 
SWAT model was very good for predicting hydrology, good 
for simulating nitrate export, and satisfactory for simulating 
sediment and total N export from the watershed (on a monthly 
basis). At the same time, criteria used in a draft evaluation 
framework developed in WEBs, using such measures as 
length and quality of record, spatial validation, and capacity 
to evaluate a variety of BMPs, identifies some weaknesses, 
which suggests that further improvement is required. 

Hydrologic model development and refinement in this watershed resulted in 
tools with the potential to aid in agricultural watershed management decision 
making in Nova Scotia 

Scaling up

The SWAT model was tested using remote sensing data in the 
37-km2 Upper Cornwallis Watershed, which encompasses 
the Thomas Brook Watershed, to assess its applicability at 
larger scales. Calibrated SWAT parameters derived from the 
Thomas Brook Watershed were used to build the model and 
initiate simulations. However, the scaled-up SWAT model for 
the Upper Cornwallis Watershed was not validated due to an 
insufficient amount of flow and water quality data available at 
this scale prior to the end of the project. 

On-site wastewater systems

SWAT is not designed to address pollutant contributions 
from residential on-site wastewater treatment systems (e.g. 
septic systems) into neighbouring surface water. In Nova 
Scotia, an abundance of shallow, low permeability soils and 
high water tables can cause improper functioning of these 
systems. Since the Thomas Brook Watershed possesses 
a mix of agricultural and rural residential land use, an on-
site wastewater treatment system P loading module was 
developed and linked with the Thomas Brook SWAT model 
to adequately represent these rural residential contributions 
within the watershed. The addition of this model improved 
the predictive capacity of SWAT, especially within sub-basins 
with significant residential development.

Retention pond 

The retention pond BMP was incorporated into the SWAT 
model, using available watershed-specific spatial and 
temporal data. Modelling results suggest that irrigation for 
strawberry frost protection results in a higher reduction in 
reservoir water volume (23%) than the 3% reduction due to 
supplemental irrigation to crops during drought periods. Model 
results show that the enlarged retention pond is capable of 
removing significant amounts of sediment and associated 
pollutants, such as P, from runoff originating from upstream 
cropped fields. Pollutant trapping efficiencies were found to 
be influenced by irrigation water withdrawal regimes. 
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DRAINMOD

A field-scale modelling approach was conducted to simulate 
the effects of nutrient management BMPs on N losses within 
tile-drained fields. 

The DRAINMOD 6.0 model was calibrated and validated 
for hydrology and N losses (DRAINMOD-N II) in the 
Thomas Brook Watershed using data collected from three 
tile-drained plots. Statistical analysis generally showed 
good agreement between observed and model-simulated 
monthly and daily drain outflows for all three drain tiles. But 
while the model shows potential for simulation of nitrate-N 
losses from tile-drained fields, the simulations were not yet 
satisfactory. Longer data sets are required to improve model 
N performance.

The modellers initially intended to link DRAINMOD with 
SWAT, but obtaining the data necessary to parameterize 
DRAINMOD for the entire watershed would have been 
impractical. However, the developed model can be used  
as a field-scale assessment tool for BMP performance.  

CONCLUSIONS
BMP research in the Thomas Brook Watershed was focused 
on addressing the environmental challenges resulting from 
agricultural intensification combined with rural residential 
development. Given that water quality concerns in this 
watershed have been linked to specific portions of the 
landscape and to storm events, the runoff diversion and 
retention pond BMPs are examples of how targeted 
management practices can have a marked impact on  
water quality. 

However, on-farm economic returns have not been found 
to offset the cost of implementing these BMPs. There may 
be potential for off-farm public benefits (e.g. water quality 
or riparian zone improvements) that have not yet been 
determined. 

Hydrologic model development and refinement in this 
watershed resulted in tools with the potential to aid in 
agricultural watershed management decision making in 
Nova Scotia.

The Thomas Brook Watershed project has ended.
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PARTICIPATING PRODUCER TESTIMONIAL 

James Kinsman 
Dairy producer 
Berwick, Nova Scotia

Doing the “right thing” on the farm

A participating producer in the Thomas Brook WEBs project,  
James Kinsman has always been keen on protecting the environment. 
And the steps the young dairy farmer has taken to protect water 
quality provides evidence of that.

“We have always tried to do the right thing,” he says, “and the WEBs 
program has encouraged us to do more.”

The “right thing” includes fencing the brook and providing off-stream 
watering for his herd. Manure is applied to his fields as part of a 
nutrient management plan. Most recently, Mr. Kinsman has undertaken 
major capital improvements to more effectively manage manure 
storage. This has included the installation of bunker silos, a new 
milking barn and a full containment manure storage system.

With the recent improvements that Mr. Kinsman has made to his farm, 
he was one of the finalists for the Nova Scotia Farm Stewardship 
Award in 2012, and he and his wife, Amanda, were named the 
Outstanding Young Farmers for the Atlantic Region in 2013.

Mr. Kinsman recognizes the value of these actions, but feels there is 
still work to be done in other areas to protect water quality. “There are 
more sources of nutrients into the brook than from cattle,” he says.

A local producer has implemented BMPs on 
his farm to help protect water quality.
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Souris River Watershed,  
Prince Edward Island
Watershed Leads: Rollin Andrew, Terra Jamieson and Yefang Jiang (AAFC)  
Site Economist: Steven Russell (Dalhousie University Agricultural Campus)  
Site Hydrologic Modeller: Yefang Jiang (AAFC)

HIGHLIGHTS

 � Reduced nitrate concentrations – Reductions were 
observed in nitrate concentrations in tile drainage and 
groundwater associated with spring-plowed fields as 
compared to fields plowed in the fall.

 � Economics – Delaying plowing until spring planting 
resulted in extra costs to the producer for both potato 
and soybean crops. 

 � Hydrologic modelling – Initial modelling results indicate 
that delaying tillage until spring may reduce subsequent 
over-winter nitrate leaching by as much as 25%–50%.
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Souris River Watershed

FIGURE 19 
Souris River Watershed

BACKGROUND AND ISSUES
Prince Edward Island (PEI) produces approximately 25% of 
Canada’s potatoes, despite being the smallest province in 
the country. Under provincial legislation, potato production 
in PEI must be part of a three-year rotation and usually 
alternates with grain and forage. Potatoes require heavy 
fertilization rates but are generally inefficient at nitrogen (N) 
uptake, which can lead to excess nitrate losses due to 
the sandy, well-drained soils in the region. Nitrate levels in 
streams and groundwater have been steadily increasing 
over the past several decades, a cause for concern for both 
drinking water quality and the health of aquatic ecosystems 
in PEI. As a result, provincial focus for agricultural 
management has included nutrient management practices, 
as well as mandatory crop rotations and buffer zones.

Located in eastern PEI’s Kings County, the Souris River 
Watershed encompasses 53 km2 and drains into Colville Bay 
(Figure 19). Land use within the watershed is approximately 
54% agricultural and 37% forested. The primary production 

crop is potatoes, and the region also supports a thriving 
fishing and shellfish industry. 

The Souris River WEBs project began in 2009. Research 
was focused on a 500-ha sub-basin in the northern section 
of the watershed and also included Norris Pond, a small 
adjacent watershed.
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BIOPHYSICAL COMPONENT 
The biophysical component of the study focused on 
evaluating the environmental effect of delayed tillage  
on groundwater and tile drainage water quality. 

BMP description and results

Delayed tillage

Researchers evaluated the effectiveness of delaying tillage 
of forage crops from fall to spring, prior to crop planting. 
Recent research in PEI suggests that nitrate leaching occurs 
primarily during late fall, winter and early spring when crop 
uptake diminishes and elevated nitrate concentrations 
coexist with water movement from the root zone. The timing 
of nitrate leaching generally corresponds with major recharge 
events. Local researchers have theorized that delaying 
plowing forage crops until spring may reduce over-winter N 
release from the incorporated plant residues and soil organic 
matter, thus reducing nitrate loading to groundwater and 
associated surface water. 

Reductions were observed in nitrate concentrations in tile drainage and 
groundwater associated with spring-plowed fields as compared to fields 
plowed in the fall 

The delayed tillage BMP was implemented in the fall of 2010 
and the spring of 2011. Paired fields (one plowed in spring, 
one plowed in fall) were compared on two commercial 
farms in the watershed to determine the environmental 
and economic benefits of fall versus spring tillage. These 
farms generally operate on a three-year hay–potato–grain 
rotation, but one of the farms grew soybeans during the 
potato year (2011) due to unforeseen market circumstances. 
Groundwater samples were collected on a monthly basis 
from monitoring wells. 

The results to date should be considered preliminary since 
the outcomes are based on a short time frame and are 
subject to uncertainties. Data from multiple cycles of potato 
rotation would be required to perform improved assessments 

and form more rigorous conclusions. However, insights 
gained from the findings include:

 � At one farm, nitrate leaching from the fields where forage 
crops (mix of red clover and timothy or rye) were fall 
plowed was elevated compared to the fields where 
plowing operations were delayed until spring. The 
researchers predict that nitrate leaching can be reduced 
by as much as 25%–50% by delaying forage plowing until 
the spring prior to potato or soybean planting.

 � Nitrate losses via tile drainage were reduced from 
38 kg N/ha from the fall-plowed field to 20 kg N/ha  
from the spring-plowed field at this same farm.

 � At the other farm, leaching losses to groundwater were 
estimated in the range of 40–71 and 30–38 kg N/ha 
from the fall- and spring-plowed fields, respectively. 
These ranges reflect the uncertainty in calculations since 
this farm was not tile drained and assumptions had to 
be made regarding the site’s sub-surface infiltration 
characteristics.

Other factors that may have led to differences in leached 
nitrate between the fields include herbicidal treatment of 
the forages prior to plowing and sub-surface inflow dilution 
losses. These findings imply that spring plowing forages is a 
promising BMP for nitrate mitigation in PEI. However, longer-
term research is needed to develop recommendations that 
are more robust.

Additional biophysical studies

Additional biophysical studies were conducted in the 
watershed to provide increased knowledge of the effects of 
agricultural practices on water quality and to provide further 
insight on BMP functioning and performance. 

 � Stable isotopes – Stable isotope analyses were 
conducted to provide independent information on 
processes involved in the transfer of N from soils to 
groundwater in order to support the conclusions of the 
delayed tillage assessment. Seasonal water samples were 
collected from local domestic water wells, monitoring 
wells and tile drains to identify local N sources and to 
understand the nature and timing of the processes 
controlling the movement of N from agricultural soils to 
groundwater. The results confirm the important role of soil 
processes (mineralization and nitrification of soil organic 
matter, including crop residues) during the non-growing 
season in mediating the transfer of N from agricultural 
soils to groundwater and are consistent with results of 
other studies. A comparison of results for fall versus spring 
plowing treatments supports the conclusions drawn from 
the measurement of nitrate concentrations in tile drain 
and monitoring well samples. That is, delaying the timing 
of tillage from fall until spring substantially reduces the 
magnitude of over-winter N leaching losses during the 
forage crop phase of a typical potato crop rotation.
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 � Winter catch crop – Cover crops, referred to as “catch 
crops” when grown to sequester available N, can reduce 
soil erosion, improve soil properties and increase uptake 
of soluble nutrients that would otherwise migrate to 
receiving water bodies. A winter barley cover crop was 
seeded in late October 2011 during potato harvest on two 
fields where monitoring wells had been installed to track N 
leaching. Abnormal weather conditions (cool spring, warm 
fall) resulted in a late potato harvest and poor cover crop 
establishment in both fields. The effects of this BMP could 
therefore not be quantitatively assessed. This BMP may 
be infeasible for varietals with late harvest dates. More 
research is needed to determine the feasibility of growing 
catch crops under PEI growing conditions and their ability 
to reduce nitrate leaching following potato harvest, taking 
timing and crop selection into consideration.

 � Spring-water ecosystem characterizations –  
PEI streams are predominantly spring-fed. Agricultural 
impacts on cool springs were examined within the 
Souris River and adjoining watersheds between 2010 
and 2012 by comparing water quality and invertebrate 
community structure in forested and agricultural areas. 
Physical characteristics (e.g. temperature, water chemistry, 
hydrology and vegetation) were monitored in 20 cool-
spring pools (10 each in agricultural and forested sites) and 
invertebrate sampling and habitat surveys were carried out 
in a sub-set of springs (four forested and five agricultural) 
to assess impacts on biodiversity. Land use was found to 
influence the types of plants present in spring-water pools 
and, in turn, the diversity and abundance of freshwater 
invertebrates. Springs in sites surrounded by agriculture 
had higher N concentrations and open canopies, resulting 
in aquatic plant communities dominated by vascular plants 
(plants with a system of vessels that carry water and food 
throughout the plant). In contrast, forested sites had closed 
canopies, low nutrient levels, clean gravel substrates, 
and plant cover dominated by bryophytes (non-vascular 
plants). Invertebrate diversity and abundance were highest 
in forested springs, and invertebrate community structure 
differed between agricultural and forested sites. Agricultural 
activity affected invertebrate patterns in the springs 
studied, but appeared to result in indirect changes in the 
aquatic plant community, rather than direct changes to the 
invertebrates themselves. 

Stable isotope analyses confirm the important role of soil processes during the 
non-growing season in mediating the transfer of N from agricultural soils to 
groundwater 

More research is needed to determine the feasibility of growing catch crops 
under PEI growing conditions and their ability to reduce nitrate leaching 
following potato harvest 
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Land use was found to influence the types of plants present in spring-water 
pools and, in turn, the diversity and abundance of freshwater invertebrates  

ECONOMICS COMPONENT 
Economists for the Souris River Watershed conducted 
detailed interviews, observed on-farm practices, collected 
physical and economic data on specific crop operations and 
assigned economic value to the N management regimes. 

Benefit-cost analysis

Economists conducted a benefit-cost analysis based 
on differential costing, where benefits or costs that differ 
between farming practices are measured. This approach 
focused on actual production costs, avoiding the problems 
associated with allocating fixed and overhead costs on a per 
unit basis. 

Producers on the first farm grew soybeans in place of a potato 
crop in 2011 due to unforeseen marketing circumstances.  
It was reported that two extra harrow passes were required  
for spring plowing, and planting operations took twice as 
long due to lumpy soil conditions. An additional $64/ha was 
required for fuel and wear on harrow points; all other costs 
were considered equal among fall and spring operations.  
The producers also reported a reduced yield on the spring-
plowed field amounting to lost revenue of $202/ha. The 
producers felt that lower yields might have been attributable  
to pods lost during harvest caused by the lumpy soil  
conditions. In summary, based on two years of production,  
a cost increase (estimated at up to $266/ha) occurred in the 
first year after plowing down hay, but no differences in further 
costs were detected during the subsequent year.

Producers grew potatoes on the second farm in 2011.  
At this site, one extra pass with the harrow (additional cost 
of $62) on the spring-plowed field was required to smooth 
the lumps in the field. However, differences in yield estimates 
due to plowing delays were uncertain. Pre-harvest estimates 
performed by the biophysical researchers indicated that 
harvest yields could be approximately 4 t/ha lower from the 
spring-plowed field. However, the producers reported no 
discernible difference in yields between the two fields, but 
did not confirm this finding with harvest measurements. Thus, 
the extra cost of spring plowing was estimated to range from 
$62–$1,646/ha. As with the first farm, there were no further 
differences in production costs in the following year.

Preliminary economic analysis indicates that there is a net cost to producers 
associated with spring plowing due to additional field preparation and 
reductions in yields 

Producer interviews

Several producers were interviewed about spring versus 
fall plowing. They indicated several disadvantages to spring 
plowing, such as less time, less available labour, the time 
required for herbicides to break down sod, and the time 
needed for soil to dry after plowing. They stated that if fall is 
too wet for plowing, then spring is the fallback option, but 
there is no fallback for spring plowing. These comments, 
although difficult to value, lend support to the continuance of 
fall plowing as a preferred practice over spring plowing.
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MODELLING COMPONENT
Hydrologic modelling in the Souris River Watershed 
consisted of coupled Leaching Estimation and Chemistry 
Model for Nitrogen (LEACHM-N) and Visual MODFLOW 
models. LEACHM-N simulates soil–plant–water N dynamics, 
models the effect of soil management and climate on nitrate 
leaching, and helps define nitrate loads to groundwater. With 
nitrate leaching from LEACHM-N as input, Visual MODFLOW 
(MT3D99) simulates nitrate fate and transport in groundwater 
and predicts the timing and magnitude of nitrate delivery 
to the estuaries. The models can also demonstrate what 
land-use changes will achieve water quality targets for 
groundwater and estuaries. The Province of PEI is using 
these coupled models to guide watershed planning for water 
quality restoration.

Hydrologic models used in this watershed can demonstrate which land-use 
changes will achieve water quality targets for groundwater and estuaries 

Data used in the model included soil properties, soil 
hydraulic properties, crop data, nutrient applications, 
cultivation, weather data, land use, aquifer hydraulic 
properties, groundwater transport properties and surface 
water properties. Information from the nitrate leaching 
model was used to develop a nitrate transport/fate model 
for evaluation of impacts of land use and management on 
surface water and groundwater quality. Results from these 
two models may be extrapolated to other high nitrate areas 
in PEI with similar biophysical conditions.

LEACHM-N was tuned and refined to spring and fall 
plowing practices under the prevailing production 
conditions. The simulated soil nitrate contents and soil 
water nitrate levels were compared to the measurements 
for calibration and verification purposes. The calibrated 
and validated model can be used to examine how spring 
plowing changes the N transformation constants in the soil 
and the timing and magnitude of nitrate leaching. 

CONCLUSIONS 
As a new addition to the WEBs program in 2009, BMP 
implementation in the Souris River project was evaluated 
over one three-year production rotation. Preliminary results 
indicate that delayed tillage practices show good promise for 
the mitigation of over-winter N leaching losses. Barley catch 
crop BMP implementation was hindered by the late harvest 
date under Russet Burbank potato production.  

Initial modelling results indicate that delaying tillage practices 
until spring may reduce subsequent over-winter nitrate 
leaching by as much as 25%–50%. However, preliminary 
economic analysis indicates that there is a net cost to 
producers associated with spring plowing due to additional 
field preparation and reductions in yields.

FUTURE RESEARCH DIRECTION
Additional development and technology transfer to producers 
of the benefits of the delayed tillage BMP for improving water 
quality and economic resiliency of potato production has 
continued in the Souris River Watershed through approved 
funding under Growing Forward 2. 
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Summary and Conclusions

When it concluded in 2013, the WEBs program had earned 
a national and international reputation for high-quality 
watershed-scale research into the environmental and 
economic performance of agricultural BMPs. The seven 
original WEBs projects completed nine years of research, 
and the two newer sites completed four years of research, 
resulting in valuable knowledge that can be applied to 
decision making regarding BMP adoption and related funding 
policies and programs. Some of these key findings are 
summarized below.

RESEARCH COMPONENT FINDINGS

Biophysical research

WEBs biophysical researchers used various scientific methods 
to measure the impact of locally selected BMPs on water 
quality and other environmental parameters. Research was 
conducted on working farms and at the watershed scale. 
WEBs biophysical research findings can help producers 
determine which BMPs are the best for their operations  
and regions.  

Most of the BMPs assessed in WEBs demonstrated a 
reduction in nutrient or sediment loading to surface water 
or improvements in other environmental indicators. For 
example, a holding pond downstream of a cattle feedlot in 
the South Tobacco Creek Watershed in Manitoba was highly 
effective at capturing runoff with high nutrient concentrations 
and E. coli counts. In the Fourchette Watershed in Quebec, 
surface runoff control measures significantly reduced 
sediment loading and nitrate concentration. 

Some BMP findings were mixed. Certain water chemistry 
or other environmental indicators were found to be 
improving as a result of the BMP, while no change was 
detected for other variables. For example, in the Lower 
Little Bow River Watershed in Alberta, providing off-stream 
watering to pastured cattle, without installing fencing to 

restrict their access to the river, slightly improved riparian 
health, prevented river pollution by cattle and improved 
certain vegetation and soil properties. However, this BMP 
did not improve other vegetation and soil properties, nor 
did it improve runoff quality near the river. Grassed riparian 
buffer zones, studied in the Black Brook Watershed in New 
Brunswick, reduced runoff and sediment, but results for 
nutrients were inconclusive. The BMP was also found to be 
less effective at reducing loadings from high-intensity rainfall 
events than from less-intense rainfall events.

Water quality was monitored and analyzed using a minimum set of standard 
and physical parameters and pathogens 

The implementation of BMPs to address specific 
environmental issues may also introduce unintended 
consequences, whereby improvements in one indicator may 
come at the expense of degradation of another. For example, 
diversion terraces and grassed waterways implemented 
in the Black Brook Watershed were effective at reducing 
surface runoff, soil erosion and pesticide concentrations in 
waterways under average conditions, but may contribute to 
an increase in nutrient leaching to groundwater.
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See Chapter 2 for more information on the methods and 
findings from the WEBs biophysical component.

Economics research

WEBs economists used a variety of budgeting tools and 
economic models to determine the on-farm economic costs 
and to identify and assess on-farm and off-farm benefits 
of applying the selected BMPs. Socio-economic studies 
investigated the attitudes and behaviour of producers or 
non-farm rural residents regarding BMP adoption. In a farm 
behaviour study, conservation auctions were studied as a 
method of paying producers to adopt BMPs. 

Most of the BMPs evaluated have high implementation and/
or maintenance costs. Structural BMPs such as fencing, 
off-stream livestock watering, holding ponds to capture runoff 
from a cattle containment area or diversion terraces typically 
involve large upfront investments. Non-structural BMPs such 
as nutrient management and crop rotations may also have 
annual operational and regulatory costs.

However, most BMPs studied were also found to provide 
some on-farm benefits that may partially or completely 
offset these costs in the short- or long-term. For example, 
cattle exclusion fencing with off-stream watering may result in 
improved pasture utilization and increased cattle weight gain. 
Also, converting from annual cropland to perennial forage 
was found to reduce costs of inputs, such as fertilizer.

Nine of the 38 BMPs evaluated in the economics component 
of WEBs were found to generate positive on-farm net 
benefits. For example, the study of controlled tile drainage 
in the South Nation Watershed showed that profits from 
increased crop yields could result in control structures paying 
for themselves in as little as three or four years. Winter in-field 
cattle feeding in the Pipestone Creek and South Tobacco 
Creek Watersheds was also found to have positive on-farm 
net benefits.

It can be assumed that BMPs generating negative on-farm  
net benefits would likely require a financial incentive to 
encourage adoption. However, of these, several would 
result in only slightly negative net benefits and would 
therefore require only a minimal amount of financial support 
to encourage adoption. For example, off-stream watering 
without fencing and conversion to perennial cover were 
found to have only a slight reduction in farm cash flow in the 
Lower Little Bow River Watershed.

Some off-farm (public) benefits were identified in WEBs 
BMP studies. Examples include improved downstream water 
quality, erosion control, carbon sequestration, biodiversity, 
and recreation opportunities. Reduction in contaminant 
loading to downstream surface water is a public benefit 
found to result from most of the BMPs studied in WEBs.  
In some cases, such as the diversion terraces BMP in the 
Black Brook Watershed in New Brunswick, small on-farm 
negative net benefits might become positive when public 
values are considered in the analysis.

Socio-economic studies shed light on producer attitudes 
and behaviour regarding BMP adoption. For example,  
a study in the Bras d’Henri Watershed found that some of 
the main factors affecting BMP adoption include education, 
age, gender, farm residence and farm size. And the study of 
conservation auctions as a method of paying producers to 
adopt BMPs in the South Tobacco Creek Watershed helped 
predict producers’ BMP adoption tendencies by examining 
social variables such as co-operation among auction bidders.

WEBs economics research resulted in credible information 
about the on-farm and off-farm costs and benefits of 
implementing and maintaining BMPs. Producers can use  
this information when making decisions about BMP adoption, 
and governments and other agencies can use it when 
developing policies and programs that promote and support 
sustainable agriculture.

See Chapter 3 for more information on the methods and 
findings from the WEBs economics component.
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Hydrologic modelling 

Hydrologic modelling in WEBs used data from the 
biophysical component to assess the processes by which 
nutrients and sediment are transported by water from 
agricultural land to receiving streams and the impact of these 
processes on BMP performance. 

Hydrologic models in WEBs helped increase understanding 
of background conditions and watershed processes. 
Modellers used existing computer models and/or models 
they developed or adapted to reflect local conditions or 
specific BMPs. The Soil and Water Assessment Tool (SWAT) 
was used in most WEBs projects.

WEBs modellers were able to simulate hydrologic and 
environmental processes and to evaluate both structural and 
non-structural BMPs. Many of the WEBs modelling studies 
exhibited positive results for predicting flows as well as 
sediment and nutrient transport. 

However, modellers were faced with several challenges, 
such as lack of sufficient local data, short length of record, 
the models’ inability to model the effect of structural BMPs, 
and seasonal and scale effects. In time, they were able to 
overcome many of these challenges by acquiring appropriate 
local data and modifying their models. 

In some watersheds, these models allowed information on 
BMP impacts to be scaled up to the next-level watershed, 
but results were mixed.

WEBs modelling findings generally suggest a reduction 
in sediment and nutrient loading resulting from BMP 
implementation. With additional modelling work, these results 
may be considered useful for BMP design, selection and 
evaluation, or in policy and program decision making.

See Chapter 4 for more information on the methods and 
findings from the WEBs hydrologic modelling component.

Integrated modelling 

Integrated modelling facilitates the assessment of the 
benefits and costs of BMPs in agricultural watersheds.  
The goal of the WEBs integrated modelling component was 
to incorporate hydrologic, economic and social (behavioural) 
factors into a decision framework to assess and display the 
combined environmental (water quality), economic (costs and 
benefits) and social (likelihood of BMP adoption) effects of 
BMP implementation. 

Information from the models can help extrapolate the effects 
of implementing individual BMPs or suites (combinations)  
of BMPs at various locations throughout a watershed.  
The models can help target BMPs to areas where they 
would have the greatest effect, thus achieving desired water 
quality results at a lower cost. They can also help policy 
and program decision makers identify effective financial or 
regulatory incentives in the appropriate geographic regions  
to encourage producers to adopt BMPs.

An integrated modelling framework was developed in pilot 
projects at two WEBs locations—the South Tobacco Creek 
Watershed in Manitoba and the Bras d’Henri and Beaurivage 
River Watersheds in Quebec. Site-specific hydrologic and 
economic information was incorporated into these models. 

Within the South Tobacco Creek pilot project, the integrated 
hydrologic–economic modelling system was developed 
based on on-farm economic models and the CanSWAT 
model—the version of the SWAT hydrologic model adapted 
to Canadian conditions and calibrated and validated for 
the watershed. The interface facilitates the exchange of 
information between the economic and hydrologic models 
and provides a valuable tool for both researchers and 
conservation managers. 

Within the Bras d’Henri/Beaurivage pilot project, modelling 
efforts using the GIBSI (Gestion Intégrée des Bassins 
versants à l’aide d’un Système Informatisé) model 
have characterized hydrological processes, transport 
mechanisms, and the likely impact of BMPs on water 
quality. Model-derived biophysical data were transferred into 
available economic models, and an environmental benefit/
on-farm cost analysis study of various policies involving 
implementation of BMP scenarios was conducted.

See Chapter 5 for more information on the methods and 
findings from the WEBs integrated modelling component.
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WATERSHED HIGHLIGHTS
See Chapters 8–16 for complete results from each of 
the nine WEBs watersheds. Presented below are unique 
conclusions and insights gleaned from the nine years of 
interdisciplinary watershed-scale research.

Balancing aquatic needs with agricultural water use 
(Salmon River Watershed, British Columbia)

Because the Salmon River often experiences low flow during 
summer and fall when water is needed for both salmon 
spawning and irrigation, researchers in this watershed 
investigated water quality and quantity issues. Fencing of 
riparian areas to exclude cattle was found to have a positive 
impact on some water quality variables, aquatic insects and 
riparian vegetation. WEBs researchers also investigated 
efficient irrigation management with respect to profitable 
forage production and sustainable water use. Improving 
irrigation efficiency will help address the river’s water 
supply for both irrigators and aquatic species. Producers 
were provided with computer software that transmitted 
weather and soil information from their fields in order to help 
them decide when, where and how much to irrigate. See 
Chapter 8 for more information. 

Salmon River Watershed

Groundwater versus surface water BMPs  
(Lower Little Bow River Watershed, Alberta)

While most of the BMPs studied in WEBs focus on surface 
water quality, implementing both surface water and 
groundwater-focused BMPs might be the best approach in 
some locations. For example, WEBs hydrologic modelling 
research in this watershed predicted that groundwater 
discharge was a more dominant mode of water and nutrient/
contaminant input into the river than surface runoff. Therefore, 
since both surface runoff and groundwater flow may be 
important pathways for water to the river, BMPs should be 
focused on the pathway that is most relevant for transport 
of the contaminant of greatest concern. For example, BMPs 
aimed at surface runoff would likely be more effective for 
addressing sediment and phosphorus (P) loading, while 
BMPs aimed at groundwater would likely be more effective 
for nitrate leaching. See Chapter 9 for more information.     

Lower Little Bow River Watershed 
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Tailoring BMPs to specific cropping systems  
(Pipestone Creek Watershed, Saskatchewan)

Sometimes, WEBs research determines that BMPs may 
need to be tailored to a specific cropping system. Preliminary 
results of a study comparing nutrient export from annual 
cropland and perennial forage fields showed that the 
nutrients’ physical and chemical forms varied with cropping 
system, indicating that BMPs specific to the cropping 
system may be required to control nutrient loss during spring 
snowmelt runoff. See Chapter 10 for more information.

Pipestone Creek Watershed

Value of historic data sets  
(South Tobacco Creek Watershed, Manitoba)

Observation of a wide variety of environmental conditions, 
including climate variability, is necessary to understand the 
effect of BMPs. Long-term data sets (pre and post-BMP) 
allow for the observation of environmental processes and 
the identification of other confounding factors that may 
influence BMP performance. For example, the changes in 
soil structure resulting from a practice such as conservation 
tillage may take a long time to occur. Biophysical impacts 
are easier to assess in a watershed such as this, where there 
are more than 20 years of land-use and water quality data 
and where BMPs, such as small on-stream reservoirs and 
conservation tillage, have long been in place. See Chapter 11 
for more information.

South Tobacco Creek Watershed
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Study of an emerging BMP  
(South Nation Watershed, Ontario)

WEBs researchers in this watershed chose to study an 
emerging BMP—controlled tile drainage to retain water and 
nutrients in the field during the growing season. Research 
findings indicate that the practice reduces nutrient losses 
to surface water, while providing producers with a modest 
economic gain. See Chapter 12 for more information.

South Nation Watershed

Soil and landscape factors affecting BMP performance 
(Bras d’Henri and Fourchette Watersheds, Quebec)

By studying two paired micro-watersheds, researchers have 
found that BMPs can perform differently from one study site 
to another because of interactions with soil type, landscape 
and other environmental factors. These micro-watersheds 
were chosen after a comparison of available hydrology, soils 
and land-use information. A detailed soil survey conducted 
during WEBs later determined that the soils of these ‘twin’ 
watersheds were actually very different. The selection of 
individual BMPs or suites of BMP must therefore be tailored 
to address these site-specific factors. For example, the 
higher leaching potential and nitrogen (N) concentrations in 
the Bras d’Henri intervention (treatment) site call for BMPs 
adapted to control N balance and drainage. Conversely, 
lower soil P holding capacity and higher soil P saturation of 
soils in the nearby control site calls for BMPs that mitigate P 
loss in surface runoff and drainage water. See Chapter 13 for 
more information.

Bras d’Henri and Fourchette Watersheds

 

Bras d’HenriIntervention

Gleysol Brunisol Podzol Organic Unclassified

Control
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BMP performance during extreme weather events 
(Black Brook Watershed, New Brunswick)

Some BMPs may perform well under normal precipitation 
levels, but fail to be effective during extreme rainfall events. 
The combined diversion terraces and grassed waterways 
BMP and the grassed riparian buffer zones BMP studied in 
this watershed were not able to reduce loadings from high-
volume rainfall events. As well, these BMPs were sometimes 
damaged by storms and needed repairs. The possible 
increase of extreme weather events will be an important 
consideration when designing and implementing BMPs to 
help producers adapt to climate change. See Chapter 14 for 
more information.

Black Brook Watershed

Optimal timing of farm decision making  
(Thomas Brook Watershed, Nova Scotia)

A BMP’s performance may be affected by the timing of  
its implementation in relation to on-farm decision making.  
For example, a study in this watershed determined that 
nutrient management planning needs to be conducted at  
the same frequency as farm operational planning and 
decision making in order to be effective. Producers in the 
watershed reported that while the nutrient management 
plans are conducted on a three-year cycle, decisions on 
cropping practices are often made on an annual basis, 
in response to market prices and other shorter-term 
factors. This means that many of the longer-term nutrient 
management recommendations may not be carried out.  
A potential solution to this problem is to conduct annual 
nutrient management planning. See Chapter 15 for more 
information.

Thomas Brook Watershed
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Nitrate issues at an agriculture/marine interface  
(Souris River Watershed, Prince Edward Island)

Prince Edward Island is prone to the environmental effects 
of intensive row crop production due to its small geographic 
area. Increases in groundwater nitrate levels in recent 
decades have resulted in legislated crop rotations, nutrient 
management practices and buffer zones in many parts of the 
province. The BMPs studied in the Souris River Watershed 
were selected to reduce N losses to shallow groundwater 
and surface water. Preliminary results indicate that delaying 
tillage until the spring shows good promise for the mitigation 
of over-winter N leaching losses. The effects of BMPs in this 
region will have implications on drinking water, estuarine 
water quality, recreational fishing and the aquaculture 
industry. See Chapter 16 for more information.

Souris River Watershed

CROSS-WATERSHED COMPARISONS
Although WEBs was not designed to compare BMP 
performance across different watershed conditions, some 
BMPs have been studied in more than one watershed.  
Since BMPs may perform differently in different landscapes or 
climate zones, study methods and biophysical results vary at 
each location. The economic performance of BMPs may also 
vary widely across Canada due to differences in BMP design, 
climate, soil type, and other agronomic variables. Input 
costs, such as labour, and commodity market prices may 
also vary across regions. As well, economists from different 
project sites may have used different research methods to 
study the same BMP. For these reasons, any comparisons 
between these studies must be viewed with caution, and 
any recommendations or decisions regarding BMP adoption 
must be made using watershed-specific information.

The following examples illustrate how BMP performance may 
be similar or may vary according to location, research methods 
and other environmental, agronomic or economic factors. 
See Chapter 2 and Chapter 3 for more information on these 
comparisons in the biophysical and economics components. 

 � Cattle exclusion/streambank fencing (4 sites) – 
Biophysical findings at four sites across Canada generally 
point to improved riparian health. However, effects on 
water quality varied, because of such factors as stream 
size and cattle numbers, further highlighting the need 
to tailor BMPs to specific situations for greatest effect. 
Economic findings indicate that, although there may 
be some on-farm benefits in terms of increased cattle 
productivity, these benefits are unlikely to fully offset fence 
installation costs in the short term. 

 � Manure/nutrient management (4 sites) – This BMP 
was implemented at four very different sites across 
Canada. Two of these studies resulted in decreased 
loadings to the stream for some nutrient components. 
Findings for the other two studies are inconclusive or not 
yet available. The practice was found to be unprofitable in 
three watersheds but economically feasible in the fourth, 
where less fertilizer was used and the only expenditure 
was soil testing. 

 � Tillage/crop residue management (3 sites) – Various 
forms of tillage or crop residue management were studied 
at three sites. Because the tillage practices were not 
necessarily the same among the three sites, the water 
quality and economic results also varied.

 � Conversion to perennial forage (4 sites) – In the three 
Prairie watersheds, this practice resulted in varying water 
quality results, with some variables improving and others 
remaining unchanged or worsening. In the Bras d’Henri 
Watershed, water quality improvements were detected  
at the farm scale, but results were inconclusive at the 
micro-watershed scale. The BMP resulted in negative  
net benefits in the four watersheds studied.

 � Winter in-field cattle feeding (2 sites) – Studies of this 
practice are incomplete in the two Prairie watersheds 
where it was studied, but biophysical research is ongoing 
under new program funding. The practice was found 
to have the potential for positive net benefits in both 
watersheds.

 � Buffer strips (3 sites) – Sediment loss was detected 
in all three watersheds. Nutrient results varied. Buffer 
performance likely depends on local topography, soil 
type and precipitation. This BMP was found to result in 
negative on-farm net benefits because it removes land 
from production, thus reducing net farm income. 

RESEARCH HIGHLIGHTS 
Over the nine years of interdisciplinary research conducted 
in nine WEBs watersheds, considerable information has 
emerged regarding the challenges faced and lessons 
learned by the researchers. This information can benefit 
future watershed-scale studies. See the component-specific 
chapters (Chapters 2–5) and the watershed chapters 
(Chapters 8–16) for more information on WEBs research 
methods and findings.
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Regionally specific BMPs

WEBs studies have confirmed that BMPs may perform 
differently in different regions and need to be designed 
for the contaminant transport and other issues specific to 
that region. For example, studies in Saskatchewan and 
Manitoba found that BMPs developed in the United States 
or parts of Canada with significant summer storm runoff can 
be less effective in cold, dry regions where nutrient export 
is primarily snowmelt driven and in the dissolved form. In 
these situations, it may be more appropriate to implement 
management practices that reduce the accumulation of 
nutrients in crop residues and surface soil. Conversely, BMPs 
in the Atlantic region need to be designed for storm events, 
which are the primary hydrologic drivers in nutrient and 
sediment transport. And researchers in the Thomas Brook 
Watershed identified a need for more regionally specific 
science-based nutrient management guidelines, as current 
recommendations tend to be based on information obtained 
from other regions in Canada.

Field research challenges 

Conducting research in an outdoor setting can prove 
challenging. For example, in the Lower Little Bow River 
Watershed, a lack of natural runoff necessitated the use of a 
portable rainfall simulator when conducting the BMP studies. 
Conversely, sampling in the Pipestone Creek Watershed in 
early 2011 was complicated by record snowfall followed by 
12 days of runoff that resulted in flumes and berms being 
washed out and local roads flooded. And in the winter in-field 
cattle feeding study in the South Tobacco Creek Watershed, 
extreme snowpack in the winter of 2012/13 resulted in 
runoff from the control field flowing into the test field, thus 
compromising the results from both fields. These challenges 
reflect how the variability of weather can complicate BMP 
research, making a landscape-scale long-term research 
program like WEBs essential for effective evaluation of BMPs 
in the real world.

A rainfall simulator was used in the Lower Little Bow River Watershed project 

Factors affecting detection of BMP effect 

While many factors in addition to agricultural activity can 
affect BMP performance at the field or watershed scale, 
some watersheds have more diverse land use and complex 
landscape factors than others, thus complicating the 
detection of water quality changes resulting from BMPs. 

The Thomas Brook Watershed has a complex mixture 
of various agricultural systems, forested areas and rural 
residential development, and contains small fragmented land 
parcels interlaced with small streams. Forest systems, wildlife 
activity or household septic systems can compromise results 
by contributing nutrients and bacteria to receiving water. 

Similarly, in the Lower Little Bow River, these factors include 
a lack of natural runoff, irrigation withdrawals or return flows, 
and contamination by wildlife or other groundwater sources. 
Riparian health was found to be a more sensitive indicator 
than river water quality for evaluating cattle exclusion fencing 
and off-stream watering BMPs.

It is also important to examine multiple variables when 
studying the water quality impact of BMPs, as not all 
variables studied will yield significant results. A study of cattle 
exclusion fencing in the Salmon River Watershed was unable 
to demonstrate a significant reduction in nutrient levels in the 
river resulting from the BMP. However, research into other 
parameters showed significantly reduced E. coli and fine 
sediment contamination of the river water and improvements 
to riparian vegetation and aquatic invertebrate health. 
However, monitoring within this watershed has been unable 
to show a reduction in nutrient levels in the river, resulting 
from cattle exclusion fencing.

The confounding influence of these factors can affect BMP 
performance and make it difficult to identify contaminant 
sources and the impact of the BMPs on water quality. 
Research in these types of complex ecosystems can 
contribute scientific information used to develop sound 
economic and policy tools for sustainable land use and 
management.

Unexpected or interesting results 

Because watersheds are complex and dynamic systems, 
watershed-scale research can reveal some surprising 
results. For example, a bacterial source tracking study in 
the Salmon River Watershed revealed that, contrary to what 
might be expected, wildlife contributed over 60% of the 
E. coli bacteria in the river, with domestic livestock sources 
contributing just 20%. Canine, human and other sources 
made up the remainder. 

Similarly, cattle exclusion fencing in the South Nation 
Watershed yielded significant reductions in nutrient and 
bacteria loads in the stream. However, wildlife-related fecal 
material rose significantly in the fenced reach as compared to 
the unfenced reach, likely due to increased wildlife presence 
in the restricted area. This is an example of the type of 
confounding effects that can occur in the natural environment 
and that can impact BMP performance.
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Conservation tillage is known to be a successful BMP in 
many regions for reducing soil erosion. However, contrary 
to conventional wisdom, data from the South Tobacco 
Creek Watershed suggest that in snowmelt-dominated 
climates, such as western Canada, reduced tillage systems 
are actually more susceptible to losses of total P. The 
export of total P in this watershed was 12% greater under 
conservation tillage, largely due to an increase in the export 
of dissolved P during snowmelt runoff.

Preliminary results from the spring of 2011 in the Pipestone 
Creek Watershed showed that glyphosate and its breakdown 
product were unexpectedly present in snowmelt runoff. It is 
unknown if this is a common occurrence or if it was due to 
the high volume of runoff that spring. The specific source 
of these compounds in runoff (e.g. soil, crop residues) is 
unknown. Additional testing is ongoing.

Sampling sites were instrumented to measure snowmelt runoff in the 
Pipestone Creek Watershed 

Adaptive research 

In WEBs, BMPs and research methods were selected to 
address local and regional landscapes, climates, agricultural 
practices, and socio-economic and agri-environmental 
issues. However, even when a research project is based 
on sound scientific principles, researchers may need to 
be flexible in their approach, especially when conducting 
ecosystem-based research or research on operating farms. 
WEBs research teams continually assessed which BMPs 
should be studied in their watersheds and how the BMP 
research should be conducted. 

Some BMP studies were modified or discontinued and new 
BMPs were added throughout the course of the projects. 
For example, in the South Tobacco Creek Watershed, 
researchers began to assess a modified, intermittent tillage 
practice in an attempt to address increased dissolved 
P export under conservation tillage, which was the 
original focus of the study. In the Souris River Watershed, 
researchers were forced to abandon a winter catch crop 
study when abnormal weather conditions prevented the  
crop from establishing. In the Thomas Brook Watershed,  
a new BMP study was added in 2010 when an existing farm 
pond was upgraded to more than double its water-holding 
capacity in order to reduce transport of sediment and P into 
the stream from farm fields and to provide water storage  
for irrigation.  

A retention pond in the Thomas Brook Watershed was renovated to increase 
water storage capacity and to help reduce transport of sediment and P from 
farm fields  

The interdisciplinary nature of WEBs research and the 
strength brought to the teams by the multiple partnerships 
and collaborations contributed to the projects’ ability to 
adapt to changing circumstances and priorities. 
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POLICY AND PROGRAMMING IMPLICATIONS 
WEBs research has also contributed valuable knowledge  
of the benefits and costs of BMPs and of producer attitudes 
and behaviour regarding BMPs. This information can  
help decision makers develop policies and programs  
that encourage the adoption of effective BMPs. 

Factors affecting BMP adoption 

In order for governments and other funding organizations to 
develop policies and design programs that will encourage 
BMP adoption, it is necessary to gain a more complete 
understanding of the factors that affect producers’ decisions 
regarding BMP adoption. Economists surveyed producers 
in the Chaudière region of southern Quebec to determine 
the impact of certain variables on their likelihood of adopting 
BMPs designed to address water quality problems. The 
factors found to have an impact on the adoption of the BMPs 
studied include education, age, gender, farm residence, farm 
size, organic certification, membership in a watershed-based 
conservation group and price of labour. Awareness of these 
factors may be useful when developing BMP-related policies 
and cost-sharing programs and targeting them appropriately 
to address these factors. 

Need for financial incentives

For most of the BMPs studied in WEBs, installation 
and maintenance costs outweigh any on-farm benefits. 
Producers may incur a financial loss if they do not receive  
a financial incentive to help pay for these BMPs. 

BMPs providing largely off-farm benefits would also likely 
require an incentive since their environmental benefits might 
only be enjoyed by the public, while the producers would 
bear the costs. For example, diversion terraces proved costly 
for producers to implement in the Black Brook Watershed. 
However, when public benefits, such as improved water 
quality, were considered in the benefit-cost analysis, the 
net economic benefits were positive. This finding lends 
support to the notion that it is in the public’s interest to see 
terraces implemented on agricultural land, and since such 
implementation is not profitable on-farm, governments or 
non-governmental organizations may have a role in helping 
to cover the costs of these structures.

Provinces and other funding agencies have developed  
cost-sharing programs to help producers adopt BMPs.  
For example, the South Nation Conservation Authority and the 
City of Ottawa have included controlled tile drainage as a BMP 
eligible for cost sharing in their clean water programs. However, 
because cost-sharing programs require producers to still bear 
much of the cost of BMP adoption, they may not provide 
enough financial incentive to induce significant levels of BMP 
adoption. Other policy tools should be explored to provide 
adequate incentive for environmental improvements under  
a specific budget. One such tool—conservation auctions as  
a cost-effective method of paying producers to adopt BMPs—
was studied in the South Tobacco Creek Watershed. Study 
results determined that conservation auctions can encourage 

producers to reveal their true costs of implementing BMPs, 
thereby ensuring that water quality objectives are achieved  
at a minimum cost to the funding agency.

The choice of scale for environmental policy—watershed 
versus farm level—is another consideration when providing 
incentives for producers to adopt various BMPs. Results 
from an economic modelling study in the Bras d’Henri 
Watershed show that a policy option requiring that a specific 
pollution reduction target be met across an entire watershed, 
rather than on individual farms, would be the least costly 
option for producers (and therefore least costly for the 
agency providing financial incentives to alleviate these costs). 
While watershed-level pollution reduction policies could allow 
producers within a watershed to trade abatement among 
themselves, this approach may be more difficult to monitor.

Conversely, nine of the 38 BMPs evaluated in the economics 
component of WEBs were found to be economically 
viable at the farm level. Additional BMPs might also be 
economically viable, but their on-farm or off-farm benefits 
have yet to be quantified. Once producers understand the 
on-farm benefits of such BMPs, they may not require a 
financial incentive to adoption. 

Need to target BMPs 

When a BMP has environmental benefits but is costly to 
implement, it may be best to target its placement in the 
landscape. For example, cattle exclusion fencing can be 
targeted to more ecologically sensitive or severely degraded 
stream reaches, while managed grazing of riparian pastures 
and off-stream watering systems may be a more suitable 
BMP for other, less critical stream reaches. 

Integrated models and other tools developed in WEBs 
may help target BMPs to areas where they would have the 
greatest effect, thus achieving desired water quality results 
at a lower cost. For example, in the Bras d’Henri Watershed, 
a geospatial tool was developed to identify critical source 
areas to help determine optimal BMP placement. In addition, 
an economics study in this same watershed found that 
targeting BMPs to specific areas of a watershed to achieve 
desired water quality results may prove more cost-effective 
than a farm-by-farm approach. 
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Impact of WEBs on BMP continuation or adoption 

It may be difficult to determine the impact of WEBs research 
and participation on producers’ behaviour regarding BMP 
adoption because of a lack of data on uptake and because 
of the many variables that influence producers’ decision 
making. However, some WEBs researchers have reported 
that many producers who participated in WEBs studies are 
expected to continue with the BMPs that were implemented 
in their farming operations. Examples include:

 � Producers who participated in the Salmon River 
Watershed irrigation management study may continue 
to use soil moisture monitoring equipment to schedule 
irrigation on their fields. Although the equipment was 
found to be slightly more expensive than the producers 
valued it at, they all expressed interest in the continued 
use of the technology due to its on-farm benefits.

 � Managers of a farming operation in the Lower Little 
Bow River Watershed who participated in the off-stream 
watering study were so impressed with the BMP that they 
installed additional off-stream watering systems at their 
own expense. 

 � Producers with controlled tile drainage structures installed 
in the South Nation Watershed project are expected to 
continue using them due to the resulting yield increase. 

Soil moisture monitoring equipment was used in the irrigation management 
study in the Salmon River Watershed 

However, where BMPs such as fencing and buffer strips 
have high implementation and maintenance costs that are 
not offset by any on-farm benefits, WEBs participating 
producers may revert to conventional practices. 

ACHIEVEMENTS
The interdisciplinary research, development, and technology 
and knowledge transfer conducted at the watershed scale 
in WEBs was frequently hailed by senior managers, partners 
and other collaborators as a model of effective collaboration. 
The program’s scientific accomplishments were numerous.  
A number of tools were developed or initiated to help 
decision makers use WEBs-derived knowledge when 
making BMP-related decisions, and WEBs findings were 
communicated to stakeholders in many formats. 

Interdisciplinary collaboration 

WEBs was a multidisciplinary program, comprised of 
experts in agricultural, biophysical and watershed research; 
economics; hydrology and modelling. Expertise came from 
over 70 organizations including Canadian and international 
universities and colleges, conservation groups and other non-
governmental organizations, the United States Department of 
Agriculture, provincial and municipal government departments, 
and AAFC and other federal departments. 

The diversity of skills resulting from this community of 
practice was one of the program’s greatest strengths. 
Interaction and information sharing between partners created 
learning opportunities for all parties, increased knowledge 
across and within disciplines, and resulted in high-quality 
interdisciplinary collaboration. 
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Ducks Unlimited Canada and WEBs 

Ducks Unlimited Canada (DUC) played a key role in the initiation 
and early success of the WEBs program. The national conservation 
organization’s interest, foresight and willingness to contribute funding 
and expertise helped turn an idea into a functioning and successful 
program. DUC staff provided valuable expertise and guidance through 
their participation on the various WEBs program committees  
(National Steering, Technical, Communications, Modelling and  
various local steering committees). 

DUC’s two main interests were the use of modelling to understand 
BMP impacts at larger scales and develop decision-support tools  
and the contribution of WEBs research results towards BMP-related 
policy development. 

DUC’s significant contributions helped kick-start and maintain WEBs 
modelling efforts. This is particularly true of the substantial integrated 
hydrologic–economic modelling conducted at the South Tobacco Creek 
Watershed in Manitoba and the Bras d’Henri Watershed in Quebec.  
See Chapter 5 for more information on integrated modelling in these 
two watersheds. 

 
The outstanding support and co-operation of local producers 
was another key to the success of WEBs. Involvement of 
producers and local conservation groups were particularly 
important, since these partners knew the history of the land 
and brought practical knowledge to the project. 

Ducks Unlimited Canada made significant 
contributions to the WEBs program.

Participating producers 

Local producers were instrumental to the success of the WEBs 
program. The WEBs research teams greatly valued the working 
relationships they had with these producers. In addition to 
implementing BMPs and permitting the use of their land for BMP 
experiments, participating producers provided researchers with the 
land-use, agronomic and economic information needed to understand 
BMP performance. 

WEBs research was conducted  
on working farms.

Watershed Evaluation of Beneficial Management Practices 173



Watershed groups

All WEBs projects benefitted from a partnership with a local 
conservation organization that worked alongside producers and 
scientists to provide on-the-ground support for WEBs research. 
These groups acted as a liaison between researchers and producers 
and often conducted field work, such as BMP implementation, 
maintenance and monitoring.

Each WEBs project collaborated with a local 
watershed conservation organization.

 
The WEBs program also collaborated with other initiatives 
through data sharing. For example, the Canadian Water 
Network has benefited from using WEBs data from 
the South Tobacco Creek Watershed in its community-
led Tobacco Creek Model Watershed study of BMP 
effectiveness. In British Columbia, WEBs was instrumental 
in establishing a partnership between the Canadian Wheat 
Board and the BC Farmwest weather network to integrate 
Weather Farm (an on-farm irrigation decision-support 
system) with the BC Irrigation Calendar. In addition, WEBs 
data sets and reports from the Salmon River Watershed 
were shared with the Cohen Commission Inquiry into the 
Decline of Sockeye Salmon in the Fraser River.

The WEBs program also maintained a close working 
relationship with the United States Department of 
Agriculture’s Conservation Effects Assessment (CEAP) 
initiative. The two initiatives had similar objectives and shared 
information. Representatives from both initiatives were invited 
to present at the United Nations Commission on Sustainable 
Development meetings in New York City in 2009. This gave 
both initiatives the opportunity to share lessons learned in 
agricultural soil and water conservation with a non-technical 
international audience.

See Chapter 7 for more information on WEBs partnerships 
and collaborations.

Scientific impact (Research)

Research conducted in WEBs by over 25 AAFC researchers 
and over 25 researchers from Canadian and international 
universities and other research organizations resulted in 
new knowledge in several disciplines. This research has 
led to the publication of over 135 articles in peer-reviewed 
scientific journals since 2007 (Figure 8 in Chapter 6), and 
WEBs findings continue to be published after the end of 
the program. WEBs researchers have also presented their 
work and findings at countless national and international 
conferences. Given that some of the former WEBs projects 
have continued, the number of published papers and 
conference presentations stemming from WEBs research will 
continue to increase.

One example that illustrates the impact of WEBs science is 
a request from the California Water Board for permission to 
have a journal article on the WEBs streambank fencing BMP 
study in the Lower Little Bow River Watershed (published in 
the Agricultural Water Management Journal) added to their 
riparian protection practices database. 

Bibliometric analysis

In 2012, a bibliometric review was conducted to assess the 
WEBs program’s scientific impact. Analysts matched WEBs-
related publications in peer-reviewed scientific journals with 
a bibliometric database to measure the scientific impact of 
work funded by WEBs and to trace the resulting network 
of collaborations. The results, which are based on WEBs 
publications up to 2010, indicate that the scientific impact  
of WEBs publications appears to be equal to or better  
than that of publications produced outside the program. 
Results also lent support to the notion that the WEBs 
program fosters the development of collaborative 
relationships among Canadian institutions.

As well, the WEBs-related publications of 30 government 
and university scientists were compared to the body of work 
produced by the same researchers participating in other research 
projects to determine how their WEBs publications compared 
to their entire body of publications in terms of collaboration 
and scientific impact. The analysis found that publications 
related to WEBs accounted for a significant part of participating 
researchers’ work, particularly for AAFC researchers. 

See Chapter 6 and the Bibliography for more information  
on WEBs peer-reviewed publications.
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Training the scientists of the future

The WEBs program has played a pivotal role in training 
university students in disciplines such as soil science, 
hydrology and economics. Several post-doctoral students 
have worked full-time on WEBs, and several students have 
done their Master’s or PhD thesis in WEBs watersheds, 
thus adding to the body of knowledge resulting from WEBs 
research. Undergraduate students have also benefited by 
learning about the research conducted on WEBs sites in the 
classroom and through field trips to the project sites. 

Outdoor laboratory

The University of Manitoba’s Dr. David Lobb has been using the South 
Tobacco Creek Watershed as a training ground for his students for 
many years. “The watershed has served as an excellent teaching 
and training resource—an outdoor laboratory—for students, many of 
whom who have gone on to careers where they will have a positive 
effect on our agricultural industry and our environment into the 
future,” says Dr. Lobb. “For many of these students, their experience 
in the South Tobacco Creek Watershed has been their only practical 
academic experience with agricultural ecosystems.” 

University students toured or conducted 
research at WEBs project sites.

Decision-support tools (Development)

WEBs biophysical, economic and modelling research 
has produced information that can be used to develop 
decision-support tools for land management or by 
governments for development of BMP-related policies and 
programs. AAFC researchers and partner organizations 
have already initiated the development of some useful 
tools. Examples include:

 � Integrated models – The integrated model developed 
for the South Tobacco Creek Watershed can help 
determine the costs and water quality effects of various 
BMP implementation scenarios at different scales. 
Producers and the local watershed conservation group 
may eventually use this free, open-source model for 
local decision making. As well, some researchers 
have begun to adapt this model for local conditions 
in other watersheds in Manitoba. Researchers with the 
Bras d’Henri Watershed project also used integrated 
hydrologic, biophysical and economic information to 
conduct an environmental benefit/on-farm cost analysis 
study of various policies and BMP scenarios. 

 � Spatial decision-support system – In New 
Brunswick, modellers initiated development of a 
simplified model based on SWAT model predictions 
and field measurements from the Black Brook and Little 
River Watersheds. This spatial decision-support system 
is designed to be a user-friendly tool for BMP planning.

 � GéODEP – The GéODEP spatial tool kit developed 
for the Bras d’Henri and Fourchette Watersheds 
uses remote sensing data and terrestrial and aquatic 
monitoring data collected at the micro-watershed 
scale to help producers and extension staff identify 
critical surface runoff-prone zones. The tool can be 
used to simulate the effects of multiple BMPs on water, 
sediment and P yields, helping determine optimal 
BMP placement. GéODEP can be applied to any other 
Canadian region having the appropriate spatial data in  
a similar format.

 � Nutrient reduction planning guide – In Prince Edward 
Island, the provincial government and local watershed 
groups used published results from a modelling study of 
groundwater flow and nitrate leaching in the Souris River 
Watershed to guide nutrient reduction planning activities.
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In some watersheds, information generated from these 
tools was provided to local producers to aid in decision 
making for their operations. 

 � Equipment guide and annual reports – In the Salmon 
River Watershed, in-field soil and weather monitoring 
equipment was installed on the participating farms, and 
information was transmitted to farm office computers. 
This information helped the producers decide when, 
where and how much to irrigate. To assist the producers 
in using this tool, each participating farm was given a 
guide to understanding and using the data presented 
on the computer interface. In addition, annual reports 
provided detailed farm-specific information as well as 
aggregated information from all of the participating farms.  

 � Geodatabase – A comprehensive geodatabase was 
developed for the Thomas Brook Watershed to provide  
a geographical representation of biophysical observations 
from WEBs research. In addition to use by researchers 
for modelling, statistical analysis and planning activities, 
field maps created from this database were given to local 
producers as an agronomic planning tool.

Outreach and knowledge transfer

In addition to information dissemination within the scientific 
community, several methods were used in WEBs to share 
information with other internal and external stakeholders. 
These included: 

 � Printed documents or online information 

• summary reports

• technical pamphlets

• fact sheets

• website 

 � In-person events

• annual WEBs workshops

• watershed tours/demonstrations

 � Media coverage

• AAFC or partner-issued news releases

• stories picked up by local/regional media, conservation 
or sustainable agricultural publications 

• AAFC-submitted articles to magazines such as Farming 
for Tomorrow or Ducks Unlimited Canada’s Conservator

These products and activities gave producers, conservation 
interests, policy makers and the general public a greater 
understanding of BMP considerations and the factors driving 
their performance or adoption. Stakeholders were then able 
to use this information in their decision making. 

For example, a watershed stewardship coordinator in Ontario 
requested additional copies of a WEBs fact sheet on factors 
affecting BMP adoption to share with colleagues. These 
watershed and conservation specialists were interested 
in the finding that participation in a watershed-based 
conservation group increases the likelihood that producers 
will adopt most of the BMPs mentioned in the survey 
questions.  

In order to determine the impact of WEBs communications 
and outreach efforts, a strategic communications consultant 
identified what the key external audiences were absorbing 
from the information available to them and how they were 
using that information. In conducting case studies with 
external audiences in four WEBs watersheds, the consultant 
found that stakeholders were happy to see relevant and 
regular information about the BMP research and findings 
in their local area, and that the federal government is a 
trusted source of agriculture information. Recommendations 
included in the report were used to support future planning 
and targeted outreach efforts in WEBs. 

See Chapter 6 for more information on WEBs 
communications and outreach efforts.
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THE FUTURE OF WATERSHED-SCALE BMP RESEARCH 

Future need for this type of research

As a result of complex landscape, climatic and agronomic 
factors, it may take several years to detect ecosystem 
response to BMPs. Therefore, long-term research of the kind 
conducted in WEBs is necessary to fully understand BMP 
performance. 

Fortunately, the infrastructure and partnerships in place 
during WEBs have facilitated the continuation of WEBs-
like research at many of the project sites and in other 
watersheds under Growing Forward 2 AgriInnovation 
programming or other funding sources. For example, in the 
South Tobacco Creek Watershed, studies of some existing 
BMPs are continuing, a new BMP study has been added, 
and AAFC and partner researchers are increasingly focused 
on other landscape processes such as greenhouse gas 
emissions, contaminant transport and soil health. And BMP 
research in the Black Brook Watershed is continuing, with an 
emphasis on addressing the effects of extreme storm events 
on BMP performance. And integrated water management 
research in the Bras d’Henri Watershed is being led by the 
Chaudière River Watershed organization (COBARIC) in 
partnership with AAFC and Quebec Agricultural, Fisheries 
and Food Ministry (MAPAQ). The project is financed by the 
Prime-Vert program, which is part of the Growing Forward 
Federal-Provincial Agreement.

Further development and transfer of WEBs findings

The information from the WEBs program continues to be 
relevant and important. There are still opportunities to continue 
to communicate and benefit from the program’s findings. 
Research findings from the former WEBs project sites will 
continue to be published in peer-reviewed journals and through 
other communications and outreach vehicles. The WEBs 
website at www.agr.gc.ca/webs remains a historic record of the 
projects. Through the communities of practice and collaborative 
research networks created in WEBs, the knowledge gained to 
date and research findings from continuing WEBs-like studies 
will contribute to the agriculture industry’s ability to operate in a 
productive and sustainable manner. 

Research findings from the former WEBs project sites will continue to be 
published in peer-reviewed journals and through other communications and 
outreach vehicles  
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GLOSSARY
A

Agricultural Policy 
Framework

A federal-provincial-territorial agreement in place 
from 2003 to 2008 that aimed to establish 
Canada as the world leader in food safety 
and quality, innovation and environmentally 
responsible food production.

Agronomic data Information collected on land use and  
cropping practices. 

Ammonia (NH3) A compound of nitrogen and hydrogen (NH3) 
formed naturally when bacteria decompose 
nitrogen-containing compounds, especially urea 
and uric acid, in manures. A component of some 
fertilizers and an important plant nutrient.

Ammonium (NH4
+) A positively charged ion containing nitrogen.

B

Bacteria Micro-organisms present in most of the Earth’s 
habitats, including soil and water. Can have a 
symbiotic or parasitic relationship with plants and 
animals. Bacteria are vital in recycling nutrients, 
with many of the stages in nutrient cycles 
dependent on these organisms. If bacteria form 
a parasitic association with other organisms, they 
are classed as pathogens.

Bale grazing A winter cattle-feeding system that gives livestock 
access to bales placed on a field or wintering site.

Baseflow The portion of streamflow that does not come 
from rainfall or snowmelt runoff. Results from 
seepage of water from the ground into a channel 
slowly over time. The primary source of running 
water in a stream during dry weather.

Benchmark An initial condition (baseline) against which 
environmental or economic changes can be 
compared. For example, BMP evaluation involves 
comparing pre-BMP and post-BMP water quality.

Beneficial 
management 
practices (BMPs)

Farming methods designed to minimize negative 
impacts on the environment.

Bibliometrics Statistical analysis of written publications, such as 
books or articles.

Biodiversity The variety of life forms on earth and the 
natural processes that link and maintain them. 
Biodiversity has three components: ecosystem 
diversity, species diversity and genetic diversity. 
Also called biological diversity.

Biomass The total quantity or mass of organic material  
that is produced by or derived from living or 
recently living organisms in a particular area at  
a given time.

Biophysical 
evaluation

An evaluation, using various scientific methods,  
of the environmental effect of BMPs in terms  
of water chemistry, biological impacts and 
physical impacts.

Biotic Pertaining to life or living matter. Biotic factors are 
influences in the environment that emanate from 
the activities of living organisms.

Buffer strip/zone Strip of land between cultivated areas and natural 
habitat to limit the effects of farming on that 
habitat. See Riparian buffer.

C

Calibration An adjustment of a model’s parameters in order 
to improve the agreement between observed 
data and the data projected by the model. 

Canadian Water 
Quality Index (CWQI)

A means to provide consistent procedures for 
Canadian jurisdictions to report water quality 
information to both management and the public. 
A sub-committee established under the Canadian 
Council of Ministers of the Environment (CCME) 
Water Quality Guidelines Task Group was 
responsible for its development.

Carbon (C) A non-metallic element (C) present in all materials 
of biological origin. Soil organic carbon is the 
main source of energy for soil micro-organisms.

Carbon dioxide (CO2) Carbon dioxide (CO2) is a major greenhouse gas 
produced through the decomposition of organic 
matter in soils under oxidizing conditions or by 
the burning of fossil fuels.

Carbon sequestration The removal of carbon from the atmosphere and 
storage in carbon sinks (such as oceans, forests 
or soils) through physical or biological processes, 
such as photosynthesis.

Concentration The amount of the material dissolved in a unit 
volume of a solution.

Conductivity A measure of the ability of water to pass an 
electrical current. 

Conservation auctions A market-based instrument that uses competitive 
bidding to pay providers of environmental 
services (e.g. paying producers to adopt BMPs) 
in a cost-effective way. Also referred to as reverse 
auctions.
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Conservation tillage Any tillage or planting system designed to 
minimize or reduce the loss of soil and water. Can 
be applied to practices ranging from minimum 
tillage to zero tillage (also referred to as no-till). 
See Intermittent tillage. 

Contaminant A substance that will render water unfit for its 
intended use. May include excess nutrients, 
sediment and bacteria such as E. coli.

Contour cultivation Cultivation on the contour of the land, rather 
than up-and-down slope, to reduce soil erosion, 
protect soil fertility and use water more efficiently.

Contributing area Areas of land that contribute water runoff to lakes, 
rivers and streams. 

Contribution 
agreement

A written agreement between AAFC and a 
partner agency receiving a monetary payment in 
exchange for performance of specified conditions. 
Describes the obligations of each party and the 
terms and conditions for payment.

Control site A site (typically a watershed or sub-watershed) 
where no BMPs have been implemented. Used 
to make comparisons against a site where BMPs 
are being tested (referred to as a test, treatment 
or intervention site). See Paired (twin) watershed.

Controlled tile 
drainage 

A system of control structures installed at tile 
drain headers to adjust water table height and 
thus retain or release water in a field’s soil. See 
Tile drainage.

Conventional tillage Tillage operations normally performed in preparing 
a seedbed, usually leaving less than 30% crop 
residue cover on the soil surface. At least one 
tillage pass in the spring and one in the fall.

Cover crop Secondary crop grown after harvest or between 
rows of the primary crop to provide a protective 
soil cover that will minimize soil erosion and 
leaching of nutrients.

Crop residue Plant material left in a field after the crop has 
been harvested, including leaves, stalks and 
roots. They may be baled and removed or be 
burned, left to decompose or plowed into the soil. 

Crop rotation Changing the type of crop grown on the same 
land from year to year or periodically to control 
weeds, insects and disease and to replenish soil 
nutrients or reduce erosion.

Crop yield Quality and quantity of a crop harvested.

D

Decision-support tool A computer-based data-processing tool or 
system that supports decision-making activities.

Denitrification A chemical process in which nitrates in the soil 
are reduced to molecular nitrogen, which is 
released to the atmosphere.

Digital elevation 
model

A three-dimensional representation in digital 
format of the topography of the Earth, created 
from terrain elevation data. Often used in 
geographic information systems.

Discharge Volume of water flowing through a cross-section 
of a waterway per unit time. Can describe a 
variety of flows such as from a pipe to a stream  
or from a stream to a lake or ocean.

Dissolved oxygen A measure of the amount of oxygen available for 
biochemical activity in a water body. An indicator 
of the quality of that water.

Diversion terrace Step-like surface topography that breaks the 
continuity of a slope. A device for controlling  
soil erosion.

Drainage Procedure carried out to improve the productivity 
of agricultural land by enhancing the removal of 
excess water from the soil by means of ditches, 
drainage wells and sub-surface tiles. See Tile 
drainage.

E

E. coli Escherichia coli (E. coli) is one of the most 
common coliform bacteria types. Its detection 
is evidence of fecal pollution. Sometimes 
pathogenic, E. coli contamination of food can 
result can result in serious illness.

Ecosystem A community of living organisms (plants, animals 
and microbes) in conjunction with the nonliving 
components of their environment (e.g. air, water 
and mineral soil) and the processes linking them. 
An aquatic ecosystem is an ecosystem in a body 
of water.

Enteric bacteria Bacteria that normally reside in the guts of many 
animals, including humans. One of the best-
known members of the family is E. coli.

Environmental goods 
and services

Benefits arising from the ecological functions of 
healthy ecosystems, such as downstream water 
quality or increased biodiversity resulting from 
agricultural BMP implementation. 

Environmental 
parameter/indicator

A variable, measurable determinant of the health 
of a system. Water quality parameters include 
temperature, pH, and bacteria and nutrient 
concentrations. 

Erosion The action of exogenic processes (such as water 
flow or wind) which remove soil and rock from 
one location on the Earth’s crust, then transport 
it to another location where it is deposited. In 
agriculture, soil erosion refers to the wearing away 
of a field’s topsoil by the natural physical forces of 
water and wind or through forces associated with 
farming activities such as tillage.
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Estuary A body of water formed where freshwater from 
rivers and streams flows into the ocean, mixing 
with the seawater. Estuaries and the lands 
surrounding them are places of transition from 
land to sea, and from freshwater to saltwater.

Experimental 
watershed

A watershed designated and instrumented for 
scientific research. For example, the Black Brook 
Watershed was established as an experimental 
watershed in the early 1990s to study the 
impacts of intensive potato production on water 
quality.

F

Farm behaviour 
economics

An experimental economics field of study that 
examines the reasons why producers do or do 
not adopt certain practices and investigates 
policy options for encouraging BMP adoption. 

Fate Where in the environment a contaminant will  
end up.

Fecal coliform Bacterial organisms associated with the digestive 
tract. A commonly used indicator of pathogen 
presence.

Fertilizer Any organic or inorganic material, either natural 
or synthetic, used to supply elements (such as 
nitrogen, phosphorus and potassium) essential 
for plant growth.

Flow The quantitative rate of water discharged from a 
source, or passing by a given point, expressed as 
volume per unit of time.

Flux Flux or water flux is typically expressed as volume 
per area per unit of time. For example, the 
magnitude of a river’s current, i.e. the amount of 
water that flows through a cross-section of the 
river each second. And in studies of greenhouse 
gases, the fluxes of these gases to and from the 
atmosphere are measured.

Forage Grass and legume plant species grown for 
livestock feed. Perennial forages are grasses 
and legumes that re-grow each spring from the 
rootstock of plants from the previous growing 
season. Forages may be stored dry as hay or 
under moist conditions as silage, plowed into the 
soil as green manure, or grazed.

G

Geographic 
information system 
(GIS)

A computerized system that integrates 
hardware, software, and data for capturing, 
managing, analyzing, and displaying all forms of 
geographically referenced information. 

Geospatial data Data and information that refer to a location on 
the surface of the earth, with accurate scientific 
information (e.g. topographic maps, aerial photos, 
satellite images, and terrestrial and hydrological 
surveys).

Glyphosate A broad-spectrum systemic herbicide used to 
kill weeds, especially annual broadleaf weeds 
and grasses known to compete with commercial 
crops.

Grassed waterway Grassed strip of land that serves as a channel for 
surface runoff, designed to filter sediment and 
slow the flow of the runoff, thereby controlling 
erosion.

Green manure crops Young green plants, such as buckwheat and red 
clover, incorporated into the soil to improve fertility. 
Usually grown only to improve the soil.

Greenhouse gas A gas that contributes to the greenhouse effect 
by absorbing infrared radiation and trapping 
heat in the atmosphere. Some occur naturally in 
the atmosphere, while others result from human 
activities. The primary greenhouse gases in the 
Earth’s atmosphere are water vapour, carbon 
dioxide, methane, nitrous oxide, and ozone.

Gross margin Gross income divided by net sales, expressed as 
a percentage. Gross margins reveal how much 
a farm earns taking into consideration the costs 
that it incurs for production.

Groundwater Water that flows below the ground surface 
through saturated soil, glacial deposits, or rock. 
The upper surface of groundwater forms the 
water table.

Growing Forward A federal-provincial-territorial agreement in 
place from 2009 to 2013 whose vision was a 
profitable and innovative agriculture, agri-food 
and agri-based products industry that seizes 
opportunities in responding to market demands 
and contributes to the health and well-being of 
Canadians. 

H

Headwaters The source and upper reaches of a stream or river.

Holding pond A small basin or pond designed to hold sediment-
laden or contaminated water until it can be 
treated to meet water quality standards or be 
used in some other way such as irrigation. Also 
called a retention pond.

Hydrologic model Computer software that simulates a watershed’s 
runoff response to precipitation and snowmelt. 
Simplified, conceptual representations of the 
essential components of the hydrologic cycle.

Watershed Evaluation of Beneficial Management Practices 185



Hydrologic response 
unit (HRU)

Homogeneous units within a watershed model, 
delineated on the basis of characteristics such 
as slope, elevation, vegetation or soil type, and 
distribution of precipitation. Also referred to as 
Relatively Homogenous Hydrologic Units (RHHU).

Hydrology The science of the distribution, properties and 
circulation of water across the landscape, in the 
soil and underlying rocks, and in the atmosphere.

I

Infiltration The process or rate at which water percolates 
from the surface into the ground.

Input Something put into, or added to, a farming 
system, such as feed, fertilizers, crop chemicals, 
and seed.

Integrated model In WEBs, a hydrologic model that has been 
coupled with an economic model in order to 
predict the combined hydrologic–economic 
impact of a BMP.

Interdisciplinary Individuals from several disciplines work together 
in an integrated way on a common problem.

Intermittent tillage Tillage in the fall of every second year. Also 
referred to as rotational tillage.

Intervention site A site (typically a watershed or sub-watershed) 
where BMPs have been implemented. Results 
can be compared to those from the control site. 
Also referred to as a test or treatment site. See 
Paired (twin) watershed.

Invertebrates Animals without backbones. Aquatic invertebrates 
are aquatic animals without an internal skeletal 
structure such as insects, molluscs and 
crayfish. Macroinvertebrates are large enough 
to be seen without magnification. Benthic 
macroinvertebrates are small invertebrates 
that live on or in bottom substrates of aquatic 
ecosystems during all or part of their life cycle.

Irrigation scheduling Deciding when, where and how much to irrigate.

Isotopes Atoms of the same element having different 
numbers of neutrons. Stable and radioactive 
environmental isotopes are used to study 
hydrologic systems, particularly groundwater 
systems. 

Isotopic signature The relative abundance of isotopes of a given 
element in a particular sample.

L

Leaching The process by which soluble materials in the soil, 
such as nutrients or pesticides are dissolved and 
washed into lower soil layers and carried away 
by water.

LiDAR Light Detection and Ranging—a remote sensing 
method used to examine the Earth’s surface.

Load Total quantity of a substance (i.e. contaminant 
such as nutrients, sediment or bacteria) that 
is carried or received by a water body over a 
specified period.

M

Manure Organic matter, mostly derived from animal feces, 
except in the case of green manure. Used as 
organic fertilizer in agriculture. Manures contribute 
to the soil fertility by adding organic matter and 
nutrients, such as nitrogen, that are trapped by 
bacteria in the soil.

Micro-watershed For the purposes of WEBs, a sub-watershed 
generally less than 2,500 ha.

Minimum tillage Minimum use of tillage necessary to meet crop 
production requirements under existing soil and 
climatic conditions, usually resulting in fewer 
tillage operations than for conventional tillage. 
Often one tillage pass in the spring or fall.

Multidisciplinary Researchers from various disciplines 
independently conducting their own type of 
research while working towards a common 
purpose.

N

Net benefits Total benefit (e.g. increased crop yield or cattle 
weight gain resulting from BMP implementation) 
minus total cost. Can be positive or negative. 

Net present value The difference between the present value of the 
future cash flows from an investment and the 
amount of investment.

Nitrate (NO3) A water-soluble compound containing nitrogen 
which, when not used by plants, can leach 
through the soil and into the groundwater. Excess 
nitrate-nitrogen (NO3-N) in drinking water can be 
hazardous to human health.

Nitrification The process by which ammonia is converted to 
nitrates by specialized bacteria.

Nitrite (NO2-) Nitrite (NO2-) is produced naturally as part of the 
process of converting ammonium into nitrate. It 
seldom accumulates in the soil. Nitrite moves 
much like nitrate in the soil and groundwater 
zones. Excess nitrite can be hazardous to human 
and aquatic health.

Nitrogen (N) Chemical element in most natural organic 
substances. A nutrient essential for plant growth. 
Available in different forms including ammonia, 
nitrate, nitrite and nitrogen gas. Total nitrogen 
includes all forms of nitrogen.
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Non-market valuation An economic technique for the societal valuation 
of non-market resources, such as environmental 
preservation. Also referred to as contingent 
valuation. May include willingness-to-pay or 
willingness-to-accept-compensation surveys.

Non-point source Diffuse (non-point) contamination that does 
not originate from a single discrete source. 
Often the cumulative effect of small amounts 
of contaminants gathered from a large area. A 
common example is the leaching out of nitrogen 
compounds from fertilized agricultural lands. 
Nutrient runoff in storm water from “sheet flow” 
over an agricultural field or a forest are also cited 
as examples of non-point source pollution.

No-till Procedure by which a crop is planted directly into 
the soil using a special planter, with no tillage after 
harvest. Also referred to as zero tillage.

Nutrient A substance, element or compound necessary 
for the growth, development and reproduction of 
plants and animals. Nitrogen (N), phosphorus (P) 
and potassium (K) are key crop nutrients.

Nutrient balance A comparison of nutrient inputs to outputs in 
a farm system. Can help identify production 
or environmental issues arising from nutrient 
excesses or deficits. Also referred to as nutrient 
budget.

Nutrient export The movement of nutrients from a field to surface 
water. Can take place though crops being 
harvested or by other processes such as soil 
erosion or leaching. Also referred to as loss.

Nutrient management 
plan

A detailed plan for applying nutrients to crops 
for maximum economic benefit and minimum 
environmental risk. Nutrients applied to a field can 
include both manure and commercial fertilizer. 
Soil testing determines the nutrient requirements 
on land; manure testing determines the level of 
nutrients in the manure.

O

Off-stream watering A supply of water available to livestock as an 
alternative to direct access to a water body.

Opportunity cost The loss of potential gain from other alternatives 
when one alternative is chosen. For example, 
converting land to perennial forage or creating a 
riparian buffer strip can have an opportunity cost 
associated with taking the land out of a more 
profitable use.

Output multiplier A representation of the total value of new sales 
that will be stimulated in the economy for each 
dollar increase in final demand for the output 
of a given industry. Provides a measure of the 
interdependence between an industry and the 
rest of the economy.

Outreach Sharing information with targeted audience 
groups. The purpose may be to build awareness 
or to change behaviour.

P

Paired (twin) 
watershed

An experimental design whereby two similar 
watersheds are separated into a control 
watershed and a test/treatment/intervention 
watershed. Comparisons are made between the 
two sites. See Control site and Intervention site.

Particulate Consisting of many small undissolved individual 
particles.

Pathogen An agent (virus, micro-organism or other 
substance) capable of producing disease in a 
susceptible plant or animal, including humans.

Peak flow The maximum water level in a stream reached 
during a precipitation event.

Perennial cover A perennial crop that provides vegetative 
protection to the soil throughout the year. A soil 
conservation measure primarily targeted towards 
keeping erosion-prone soils under pasture or 
forage production. Also referred to as permanent 
cover or perennial forage.

Pesticide Substances meant for attracting, seducing, and 
then destroying or mitigating any pest, such as 
weeds, plant diseases or insects.

pH A quantitative expression for the acidity or 
alkalinity of a solution. 

Phosphorus (P) Chemical element essential for all living organism 
and a key nutrient essential for plant growth. 
Available in soluble and in particulate form. Total 
phosphorus includes all forms of phosphorus.

Pollution abatement The reduction in degree or intensity of pollution.

R

Rainfall simulation Use of a device to simulate rainfall, primarily for 
use in determining runoff or infiltration on small 
areas. 

Reach A length of stream with relatively homogenous 
characteristics.

Relational database A database that groups data using common 
attributes found in the data set. Links common 
attributes stored in different tables.

Remote sensing Using sensors on airplanes or satellites to 
collect data in the form of images that can be 
manipulated and analyzed.

Representative farm 
model

A depiction of a typical farm, in terms of size 
and type, for a given area. Used to study BMPs’ 
economic costs and benefits.
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Riparian area Land bordering a watercourse or water body.

Riparian buffer A narrow vegetated area bordering a stream, 
lake or wetland that can protect the water body 
from contaminated runoff and can provide bank 
stabilization and aquatic and wildlife habitat. See 
Buffer strip/zone.

Riparian health 
assessment

An assessment of the health of a riparian area. 
Typically includes vegetation and streambank 
health.

Runoff Precipitation and snowmelt that reaches streams 
by flowing over or through the shallow ground 
surface instead of infiltrating the ground. See 
Surface runoff.

S

Scaling up The application of a model to extrapolate findings 
to a larger area, typically the next-level watershed. 

Sediment A naturally occurring material that is broken down 
by processes of weathering and erosion, and is 
subsequently transported by the action of wind, 
water or ice and/or by the force of gravity acting 
on the particles. Suspended sediment is soil 
particles held in suspension in water.

Snow redistribution Movement of blowing snow across the landscape. 
Windblown snow provides an important source 
of runoff and controls streamflow peak and 
duration. Affected by topography and land cover 
roughness.

Snow water 
equivalent

The measurement of how much water is present 
within a snowpack.

Soil fertility The capacity of soil to support plant growth and 
the many beneficial processes that occur in soil.

Soil mesofauna Invertebrates between 0.1 and 2 mm in size that 
live in the soil. Play an important role in cycling 
organic matter and nutrients in soil.

Soil test phosphorus The amount of phosphorus in soil that is available 
for plant use, as measured through soil testing. 

Soluble nutrient A dissolved nutrient that can be used in plant 
growth. Excess soluble nutrients may leach into 
groundwater or be released in surface runoff. 

Source tracking A method to determine the source of a 
contaminant. Microbial source tracking (also 
referred to as bacterial source tracking or fecal 
source identification) is the science of matching 
microbes from a polluted site with an animal 
source to suggest the origin of fecal pollution. 
Sediment fingerprinting techniques are used to 
identify the sources of sediments and associated 
phosphorus in fields and watercourses within 
agricultural watersheds.

Species diversity The number of different species that are 
represented in a given community (a data set), 
taking into account both species richness and 
species evenness. Healthy diverse communities 
generally have all the niches filled and are 
less likely to be invaded by opportunistic and 
introduced species. 

Species evenness Relative abundance of the different species 
making up the richness of an area. Compares 
the similarity of the population size of each of the 
species present. A sample with a similar number 
of species will have more evenness than a 
sample that has a dissimilar number of species.

Species richness  The total number of species in a community or 
sample. The more species, the richer the sample. 

Stream morphology The form of the stream channel (the shape, depth, 
pattern and location), the form of its valley, and 
how these characteristics change over time.

Sub-watershed A smaller watershed that is part of a larger 
watershed. Also referred to as a sub-basin. 

Surface runoff The flow of water (from rain, snowmelt or other 
sources) over the land surface into a water body. 
It is part of the water cycle.

Surface water Water that flows across the land surface in 
channels, or water contained in depressions on 
the land surface (e.g. runoff, ponds, lakes, rivers 
and streams).

Sustainable 
agriculture

Agricultural production systems that protect or 
enhance the environment, meet society’s needs 
and maintain the farming operation’s economic 
viability. Enables the production of food and other 
agri-based products without compromising future 
generations’ ability to do the same.

T

Tile drainage System of underground perforated pipes that 
carry excess soil water to an outlet ditch or 
stream. See Controlled tile drainage.

Tillage Mechanical manipulation of soil to provide a 
favourable environment for seed germination and 
crop growth, to control weeds, and to maintain 
infiltration capacity and soil aeration.

Transport The mechanism by which contaminants such as 
nutrients, sediment, bacteria or pesticides move 
from one place to another in the landscape. 

Turbidity A measure of water clarity. How much the 
material suspended in water decreases the 
passage of light through the water.
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V

Validation The comparison of model results with an 
independent data set that was not used to 
calibrate the model. 

W

Water table The upper level of an underground surface in 
which the soil or rocks are permanently saturated 
with water. See Groundwater.

Watershed A geographic area of land from which 
precipitation drains to a specific body of water, 
such as a stream, river, pond, lake, wetland or 
ocean. Large watersheds contain many smaller 
sub-watersheds. Also referred to as a drainage 
basin.

Wetland Any area that holds water either temporarily 
or permanently. Productive ecosystems that 
provide many environmental services. Under 
the Canadian Wetland Classification System, 
wetlands are divided into five classes: bogs,  
fens, marshes, swamps and shallow waters.

Z

Zero tillage Procedure by which a crop is planted directly into 
the soil using a special planter, with no tillage after 
harvest. Also referred to as no-till. 
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LIST OF ABBREVIATIONS AND ACRONYMS
AAFC Agriculture and Agri-Food Canada

AB Alberta

AnnAGNPS Annualized AGricultural Non-Point Source (model)

APF Agricultural Policy Framework 

BC British Columbia

BMP Beneficial management practice

BWQM Bacterial Water Quality Model

CanSWAT Canadian version of the Soil and Water 
Assessment Tool

CATHY Catchment Hydrology (model)

CCME Canadian Council of Ministers of the Environment

CEAP Conservation Effects Assessment Project

CFB Club de fertilisation de la Beauce 

COBARIC Comité de bassin de la rivière Chaudière 

CSA Critical source area

CWN Canadian Water Network

CWQI Canadian Water Quality Index 

CWRA Canadian Water Resources Association 

DNDC DeNitrification and DeComposition model

DUC Ducks Unlimited Canada

E. coli Escherichia coli

FEFLOW Finite Element subsurface FLOW system

ForHyM Forest Hydrology Model 

GIBSI Gestion Intégrée des Bassins versants à l’aide 
d’un Système Informatisé

GIS Geographic information system

ha Hectare

HEW Hydrologic equivalent watershed

HRU Hydrologic response unit

ImWEBs Integrated modelling for the Watershed 
Evaluation of Beneficial Management Practices

INRS-Centre ETE National Institute for Scientific Research / Institut 
national de la recherche scientifique-Centre Eau 
Terre Environnement

IRDA Research and Development Institute for the 
Agri-Environment / Institut de recherche et de 
développement en agroenvironnement

kg Kilogram

km Kilometre

km2 Square kilometre

LEACHM-N Leaching Estimation and Chemistry Model for 
Nitrogen

LiDAR Light Detection and Ranging

m Metre

MAPAQ Ministère de l’Agriculture, des Pêcheries et de 
l’Alimentation du Québec (Quebec Department of 
Agriculture, Fisheries and Agri-Food)

MHYDAS Modélisation HYdrologique Des AgroSystèmes 
(Agro-ecosystem hydrologic modelling)

MB Manitoba

mg/l Milligrams per litre

mm Millimetre

N Nitrogen

NAESI National Agri-Environmental Standards Initiative

NAHARP National Agri-Environmental Health Analysis and 
Reporting Program

NB New Brunswick

NS Nova Scotia

NSERC Natural Sciences and Engineering Research 
Council of Canada

ON Ontario

P Phosphorus

PEI Prince Edward Island

QC Quebec

REMM Riparian Ecosystem Management Model

RHHU Relatively Homogeneous Hydrologic Unit

SAGES Sustainable Agriculture Environmental Systems

SK Saskatchewan

SWAT Soil and Water Assessment Tool

SWCS Soil and Water Conservation Society 

t Tonne

USDA United States Department of Agriculture 

WEBs Watershed Evaluation of Beneficial Management 
Practices 
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to make this research program a success. 

Watershed research teams
The AAFC Watershed Leads for the nine WEBs projects led 
teams of researchers from multiple disciplines. Table 13 lists 
the Watershed Leads, Site Economists and Site Modellers for 
each project. In addition to these research leads, many other 
colleagues and students were involved in the WEBs projects. 
Several of these are named in the watershed-specific 
chapters (Chapters 8–16).

TABLE 13 
WEBs core research teams

WATERSHED WATERSHED LEADS SITE ECONOMISTS SITE MODELLERS

Salmon River
Dr  Klaas Broersma and 
Bruce Roddan

Terry Peterson (private consultant)
Dr  Zhanxue (John) Zhu 
(University of Victoria)

Lower Little Bow River Dr  Jim Miller

Dr  Carlyle Ross and  
Dr  Elwin Smith (AAFC)

Dr  Scott Jeffrey and  
Dr  Jim Unterschultz  
(University of Alberta)

Dr  David Chanasyk 
and Dr  Michel Rahbeh 
(University of Alberta)

Pipestone Creek Dr  Barbara Cade-Menun

Dr  Scott Jeffrey and Dr  Jim 
Unterschultz (University of Alberta)

Dr  Ken Belcher  
(University of Saskatchewan)

Dr  Kangsheng Wu 
(Saskatchewan Water 
Security Agency)

South Tobacco Creek Jim Yarotski
Dr  Mohammad Khakbazan (AAFC)

Dr  Peter Boxall (University of Alberta)

Dr  Wanhong Yang and 
Dr  Yongbo Liu (University 
of Guelph)

South Nation Dr  David Lapen
Dr  Philippe Crabbé  
(University of Ottawa)

Dr  David Lapen (AAFC)

Bras d’Henri and 
Fourchette

Dr  Eric van Bochove and Georges 
Thériault (Bras d’Henri) 

Dr  Aubert Michaud (Fourchette)

Dr  Bruno Larue (Université Laval)

Dr  Paul Thomassin and Dr  Laurie Baker 
(McGill University)

Dr  Alain Rousseau  
(INRS-Centre ETE)

Black Brook
Dr  Lien Chow,   
Herb Rees and Dr  Sheng Li

Jérôme Damboise (Eastern Canada  
Soil and Water Conservation Centre)

Dr  Van Lantz  
(University of New Brunswick)

Dr  Fanrui Meng 
(University of  
New Brunswick)

Thomas Brook Dale Hebb
Dr  Emmanuel Yiridoe (Dalhousie 
University Agricultural Campus)

Dr  Rob Jamieson 
(Dalhousie University)

Souris River
Rollin Andrew, Dr  Terra Jamieson 
and Dr  Yefang Jiang

Dr  Steven Russell (Dalhousie  
University Agricultural Campus)

Dr  Yefang Jiang (AAFC)
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Producers
The many producers in each WEBs watershed deserve 
a special thank you. Their willingness to work with WEBs 
researchers was a major factor in making this research 
program possible. 

Partners
Recognition is also due to the many partners (see Chapter 7) 
for their hard work and commitment to the WEBs projects, 
which were truly interdisciplinary. The watershed-specific 
chapters (Chapters 8–16) also acknowledge important 
partner organizations and individuals. 

A special acknowledgement goes to Ducks Unlimited 
Canada, whose funding contributions and technical insight 
during the first four years of WEBs contributed to the 
program’s success. 

Thanks also go to Dr. Laurie Baker for his summary reports of 
the WEBs economics studies and to Brian Abrahamson for 
his summary reports of the WEBs modelling studies.  

WEBs program management team

 � WEBs management – Brook Harker, Terrie Hoppe and 
Irene Hanuta

 � Economics – Carlyle Ross and Merle Boyle

 � Hydrologic and integrated modelling – Dave Kiely

 � Watershed liaisons – Karen Benjaminson (West),  
Mark Sunohara (Central) and Terra Jamieson (Atlantic)

 � Outreach and reporting – Valerie Stuart and  
Lucy Clearwater

For more information, contact webs@agr.gc.ca or  
visit the WEBs website at www.agr.gc.ca/webs.
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