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EXECUTIVE SUMMARY 

The Manitoba Government commissioned a study for Provincial Planning on Adaptation to Excessive 

Moisture in the Interlake Region of Manitoba.  Previous studies (Swanson et al., 2007; Swanson et al., 

2009) on the effects and adaptive capability of the agriculture industry in Manitoba have identified the 

Interlake Region as having the lowest adaptive capacity rates to climate change in Manitoba. Low 

adaptive capacity puts the agricultural industry in the Interlake Region at risk of not being able to 

respond adequately to flooding and other water related issues such as drought.  

This study aims to make recommendations for the development of a provincial-level strategy to increase 

the adaptive capacity of the agricultural sector, in the context of reducing risk and vulnerability to 

excessive moisture.  Three components of the study informed the final recommendations:  

 Background research, identifying the state of agriculture in Manitoba, as well as existing programs 

and policies aimed at agricultural producers. 

 Hydrological modeling, using a sub-watershed case study to determine the possible impact of climate 

change on streamflow events.  

 Stakeholder consultation (including agricultural producers, environmental NGOs, municipal 

councilors, etc.), to understand the situation on the ground. 

By addressing the issues of the region with the lowest adaptive capacity, the hope is that we generate 

strategies and techniques that could address the needs of other areas within the Province.  

Final recommendations of the study include recommendations for short-, medium- and long-term 

implementation. The recommendations focus on: 

 Promoting the use of particular farm-based practices (for water management and crop 

diversification). 

 Development of programs, policies and legislation that are both flexible and supportive of farmers’ 

needs. 

 The development of province-led strategies and plans, in coordination with municipalities and 

conservation authorities.  

The recommendations include: 

 Improved maintenance schedule to better manage the existing drainage system. The maintenance 

schedule should be part of a rolling multi-year plan by provincial and municipal governments. 

 The Province should consider reviewing the Conservation District Act to ensure that it is still meeting 

its intended purpose.  

 A review of all legislation dealing with water management should be undertaken to ensure the 

framework is up-to-date and effective. 

 Municipalities should be required to develop five-year water management plans, as part of 

longer-term planning. 

 The Province should create a high-level integrated provincial drainage strategy. 
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1.0  INTRODUCTION 

The Climate Change Branch of the Department of Manitoba Conservation (now Conservation and Water 

Stewardship) commissioned a study for “Provincial Planning on Adaptation for Excessive Moisture in the 

Interlake Region of Manitoba”. The Prairies Regional Adaptation Collaborative (PRAC) supports the 

need for policy and planning to deal with increasingly frequent and more severe periods of excess 

moisture, generally resulting from the effects of extreme weather, likely tied to climate change.  In 

Manitoba, the agricultural industry has been affected by excessive moisture, particularly in the Interlake 

Region, where adaptive capacity is low. The Government of Manitoba recognized that the development 

of a provincial strategy to address the management of excess moisture was needed, and that the most 

effective provincial strategy would address areas with the lowest adaptive capacity. To that end, a case 

study approach based on the needs of the agricultural community was determined to be the best 

approach for developing recommendations for a provincial strategy This Report is the result of the 

combined efforts of the project Steering Committee (composed of members representing various 

provincial departments), and the consultant team from MMM Group Limited, hired to develop 

recommendations towards the creation of a provincial strategy. 

The project Steering Committee chose the Interlake Region because of its lower adaptive capacity. 

More specifically, the Icelandic River watershed was chosen to conduct the watershed modeling, as it is 

representative general agricultural activities and land use composition in the Interlake. Weather 

conditions that are the primary stress to the agricultural industry in this region (and generally Manitoba 

as a province) are drought and excessive moisture. Excessive moisture results in increased recurrence 

of flooding and higher volumes of runoff.  These events are projected to increase in frequency under 

current climate change scenarios.  

The intent of this study is to provide recommendations for the development of a provincial-level strategy 

to increase the adaptive capacity of the agricultural sector in Manitoba, in the context of reducing risk 

and vulnerability to extremes of moisture.   

1.1  Need for a Provincial Strategy 

In Manitoba the most significant water-related stressors on the agricultural industry are drought and 

excessive moisture (often the result of extreme weather events).  These are projected to increase under 

climate change scenarios. The result will likely be increased regularity and recurrence of flooding, as 

area watercourses and constructed drainage systems are unable to convey the increased runoff 

volumes from extreme weather events. 
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1.2 Components of the Study 

To generate recommendations for a provincial-led strategy to increase the adaptive capacity to deal with 

excess moisture, four main components were identified as necessary: 

 Literature Review – to understand the context and identify best practices, particularly in the 

fields of agriculture policy and practices, climate change policy and adaptation practices, and 

water management policy and practices. 

 Hydrological Modeling – to generate a range of potential hydrological scenarios, based on 

climate change modeling. This quantifies both the range and timing of possible excessive 

moisture scenarios. 

 Stakeholder Engagement – to understand the issues and problems that are currently being 

faced on the ground, and to understand the needs and implications for those who will be bound 

by or will implement the recommended provincial strategy. 

 Recommendations for a Provincial Strategy - Analysis and Synthesis of the previous findings to 

understand how the findings of each of the three components (above) may influence each other 

and inform the development of a provincial strategy. 

1.3 Study Partners 

1.3.1 Prairies Regional Adaptation Collaborative (PRAC) 

This Study was initiated by the Government of Manitoba, which is involved in the Prairies Regional 

Adaptation Collaborative (PRAC), one of a series of Adaptation Collaboratives (RACs) operating across 

Canada and led by the Climate Change section of Natural Resources Canada. 

The purpose of PRAC is to enhance capacity to integrate climate change adaptation into water 

resources management, drought and excessive moisture planning, and terrestrial ecosystem 

management decision-making. To fulfill this purpose, the organization’s goal is to catalyze coordinated 

and sustained climate change adaptation decision-making and action.  

1.3.2 Steering Committee 

For this study, a Steering Committee was formed that included representatives from several Manitoba 

government departments, led by the consulting team consisting of planners, consultation specialists, 

water resources engineers and climate experts from MMM Group Limited. The Steering Committee met 

several times during the study, providing guidance, feedback and direction throughout. Members of the 

Steering Committee are presented in Table 1.1. 
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Table 1.1: Steering Committee Members  

Organization Name Position 

Manitoba Agriculture, Food and Rural Initiatives Tony Szumigalski Project Manager, Policy Analyst 
Manitoba Conservation – Climate and Green Initiatives* Randall Shymko Policy Analyst 
Manitoba Water Stewardship* Jason Senyk Senior Policy Analyst 
Manitoba Agriculture, Food and Rural Initiatives Maurice Bouvier Executive Director, Special Projects 
Manitoba Agriculture, Food and Rural Initiatives Laura Grzenda Landscape Stewardship Specialist 
Manitoba Local Government Katy Walsh Policy Planner 
Manitoba Water Stewardship 

Abul Kashem 
Water Supply and Drought 
Management Engineer 

MMM Group Limited Michael Sullivan* Project Manager 
 David Jopling* Senior  Planner 
 Brent Shistowski* Water Resources Engineer 
Tyrchniewicz Consulting Allen Tyrchniewicz* Agricultural policy specialist 

* Now Manitoba Conservation and Water Stewardship 

Some Steering Committee members were also members of the project management and study team 

(marked with an asterisk*). In addition to the Steering Committee members, several additional staff 

proved invaluable in support of this project and are presented in Table 1.2. 

Table 1.2: Study Team Members 

Organization Name Role 

MMM Group Leah Carson Planner 
MMM Group Misty Carson Workshop Facilitator 
MMM Group Natalie Ducharme Consultation Specialist 
MMM Group Lauren Lange Consultation Specialist 

All study team members provided valuable input to these recommendations. It was a true team effort 

throughout this project. 

1.4 Definitions 

1.4.1 Excess Moisture 

For the purposes of this study, a definition of excess moisture has been developed based on 

background research sources. 

Excess moisture is a result of the moisture condition in the soil layer directly responsible for agricultural 

production, when it is greater than would be expected for sustained agricultural production. Excessive 

moisture occurs in the form of liquid water at the soil surface, filling in the surface depression, as well as 

saturating the soil below for extended periods of time. Factors that contribute to excess moisture 

include: weather (large amounts of precipitation), topography (hilly/mountainous areas vs. relatively flat 

areas), soil types (some have less capacity for infiltration), depth of the water table (soils with higher 

water tables have less capacity for absorbing additional water), and land use/ground cover (a lack of 

vegetation reduces interception from high volume events, etc). 



4   Final Report  |  Provincial Planning on Adaptation for Excessive Moisture in the Interlake Region of Manitoba 

MMM Group Limited  |  March 2012 | 14.11225.001 

 

 

 

A sample of causes and effects of excess moisture is presented in Table 1.3. 

Table 1.3: Excess Moisture – Causes and Effects  

Causes of Excess Moisture Effects of Excess Moisture 

 Increased intensity of 
precipitation events 

 Greater extremes  
 Reduced permeability 
 Sloping topography 
 High water tables 
 Soil types (with limited 

capacity to store water) 
 Land Use/ground cover 

 Property damage 
 Reduced crop yield 
 Loss of top soil 
 Increased health and safety 

risks 
 

The Interlake area experiences excess moisture in these general ways: 

1. Intense precipitation (snow, rain, sleet). 

2. Extended ponding / prolonged soil saturation.  

Excess moisture is generally a local or regional phenomenon, based both on the regional scale of 

precipitation events and the prevailing soils, topography, drainage and geological conditions.  

While this study focuses on excess moisture, we cannot consider it in isolation; drought is also a factor 

that has significant implications on the agricultural industry in the Prairies.  While we do not go into detail 

analyzing drought, it was not ignored, given that a successful strategy to deal with excess moisture 

should not exacerbate the ability to deal with severe drought.  Drought is being considered more fully by 

the Province in other studies. 

1.4.2 Excess Moisture and Climate Change 

Climate change science is indicating that the prevalence of excess moisture from extreme weather 

events in the prairies will continue to increase in frequency. Given that the purpose of the present study 

is to plan for future conditions, this poses additional challenges in program and policy development.  

At the basis of this study is the assumption and acceptance that climate change is occurring, and may 

represent real threats to the agriculture community. The authors of this study have taken a proactive 

approach, assessing the potential impacts of climate change, in order to develop recommendations that 

can be used and applied for a range of possible climate outcomes. This will ensure that the need to 

address excess moisture events through both adaptation and mitigation measures can be met. Regions 

with low adaptive capacity, such as the Manitoba Interlake Region, need to address weaknesses in 

order to be prepared to respond to future events.  
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For the purpose of this study, we adopted the commonly accepted definition of climate change from the 

United Nations Framework Convention on Climate Change (United Nations, 1992):  

“…a change of climate which is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere and which is in addition to natural climate variability observed 

over comparable time periods.” 1 

1.4.3 Adaptive Capacity  

Adaptive capacity is the ability/capacity of an area to adapt if the area’s environment is changing. 

Improving adaptive capacity includes work on provincial strategies. Adaptation focuses on the ability of 

an area to change in the short-term, while mitigation takes a longer-term perspective and focuses on 

correcting or reducing the problem. 

The Interlake Region scored lower in adaptive capacity than other regions based on the following 

metrics (Swanson et al., 2007): 

 Low economic resources. 

 Lack of technology, or less technologically advanced. 

 Lack of informed, skilled and trained personnel. 

 Low variety of infrastructure. 

 Lack of well-developed social institutions and networks. 

 Either inequitable distribution of resources and/or low availability of and entitlement to 

resources. 

1.4.4 Water Management  

Water management includes all activities and infrastructure related to diverting, storing, and releasing 

water through natural or built means. For example, these include drainage (rivers, pipes, gutters etc.), 

and water retention (wetlands, stormwater ponds, etc.) infrastructure. 

1.5 Geographical Focus and Study Area 

Agriculture plays key role in the livelihood of Manitoba residents and in the provincial and national 

economy.  The number of farms in Manitoba peaked at 58,024 farms in 1941 (Honey and Oleson, 

2006).  By 2001, this number was reduced to approximately 21,071 farms, averaging 905 acres in size 

primarily as a result of farm consolidation that started during WWII (Honey and Oleson, 2006).  Today, 

                                                  

 

1 Intergovermental Panel on Climate Change (2007). “Fourth Assessment Protocol Report”. 
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Manitoba has18.8 million acres of farm land, with 13.5 million acres suitable for annual crops. The 

Province is the largest dry bean, faba bean, sunflower seed, and buckwheat producer in Canada, and is 

Canada’s second largest potato-producing province.  Canola and wheat are Manitoba’s most valuable 

crops (Honey and Oleson, 2006). Manitoba is also Canada’s largest pig producer with a value of $713 

million in 2009 (~45% of total value of agricultural livestock and products) and is Canada’s largest pig 

exporter (MAFRI Industry Intelligence, 2010). From 2006-2008, total agricultural-related employment 

represented approximately 6.9% of Manitoba’s employed labour force, and about 1 in 14 jobs were the 

result of agricultural production (Manitoba Bureau of Statistics, 2009).  

1.5.1 The Interlake Region 

Manitoba’s Interlake Region was chosen as the study area to begin examining some of the implications 

of excessive moisture on agricultural activities. Geographically, the Interlake Region is located in south-

central Manitoba, between Lakes Winnipeg and Manitoba, north of the City of Winnipeg (Figure 1).  The 

Interlake Region comprises 14 rural municipalities, one city (Selkirk), six towns (Arborg, Gimli, Riverton, 

Stonewall, Teulon and Winnipeg Beach) and one village (Dunnottar). The largest population centre is in 

the region Selkirk. The second largest is the town of Stonewall. The region is divided into three of 

Statistics Canada's census divisions of Canada: Manitoba Census Divisions No. 13, No. 14, and No. 18, 

which together had a population of 88,854 as of the 2011 census. The total land area of the region is 

15,837.39 km². The Interlake Region is poorly drained for a variety of reasons: 

 The topography of the watershed is highest in the west, and generally slopes down toward Lake 

Winnipeg in the east. 

 The major topographic features are the presence of Lake Manitoba to the West, and Lake 

Winnipeg to the North and East. 

 The watershed contains soils that naturally drain poorly.  Drains have been constructed to 

improve drainage.  

 Bedrock outcrops are common in the north-central part of the watershed, and bedrock remains 

fairly shallow through much of the rest of the area (except at the clay deposits around Arborg 

and at the south-east and south-west corners).  This reduces the capacity of the soil to absorb 

infiltration.  

 Proximity to both Lake Winnipeg and Lake Manitoba was a key factor contributing to previous 

extreme moisture events, which resulted in increased volumes of precipitation being conveyed 

into both lakes. Large precipitation events convey greater volumes of sediment, fertilizers and 

pesticides used by the agricultural industry, all of which negatively affects water quality of 

receiving bodies. 

 Area drainage infrastructure has been designed to accommodate normal water volumes. 

Extreme moisture threatens to exceed current design volumes, resulting in local and regional 

flooding due to overflowing. 

Manitoba’s Interlake region is shown in Figure 1.1. 
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Figure 1.1: Interlake Region Study Area 

 

1.5.2 Choice of Icelandic Watershed 

The Icelandic River Watershed was chosen as the study watershed within the Interlake Region for 

conducting the hydrological modeling. The Icelandic River watershed is located in Manitoba Agricultural 

Region 12, Division 18, which includes nine rural municipalities (RM), including Bifrost, Armstrong, 

Fisher and Eriksdale and two unorganized regions.   The Towns of Arborg and Riverton are also located 

in the study area.  A quick scan of the study area indicates that of the 736,000 hectares of farmland, 

30% involves pastures for livestock; approximately 30% of the land is cropped with a large percentage 

(40%) in some form of forages.   

The Icelandic River watershed is part of a larger watershed called the Icelandic River/Washow Bay 

Creek (IRWBC) watershed. This larger watershed is one of the four watersheds within East Interlake 

Conservation District (EICD) boundaries.  The Icelandic Watershed is located on the west side of the 

south basin of Lake Winnipeg.  The larger IRWBC watershed covers an area of approximately 2,640 

km2, while the Icelandic watershed alone covers approximately 1,336 km2 at its mouth (where it drains 

into Lake Winnipeg) and an area of 1,240 km2 is captured by the hydrometric station near Riverton.  
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Municipal land area contained within the watershed includes the municipalities of Armstrong, Bifrost, 

Fisher, and Eriksdale.  Rural communities include the Town of Arborg and the Village of Riverton.  The 

main industries and land uses within the district include agriculture, tourism, and mining of aggregate 

and peat.  

Meteorological data (precipitation and temperature) from the Environment Canada station at Arborg 

(50°56'00.000" N, 97°05'00.000" W) were used for the hydrological modeling. These were 

supplemented with solar radiation and wind speed values from Gimli station (50°38'00.000" N, 

97°01'00.000" W). Hydrological data from hydrometric station 05SC002, located near Riverton 

(50°57'53" N, 97°2'14" W) was used for the hydrological modeling and calibration. Figure 1.2 illustrates 

the Icelandic River Watershed. 

Figure 1.2: Icelandic River Watershed 

 

Considerable discussion occurred within the Steering Committee on the appropriate study area for the 

hydrological modeling informing the development of this strategy. The intent of this strategy was to use 

a case study approach that focussed on an area within the Interlake Region, which included both 

sufficient and high quality data, as well as broadly recognized and measurable indicators from within the 

agricultural industry (such as crop variety, moisture levels, cash crops, forage, livestock and fallow).  

Through a review of the data requirements and availability, it was determined that the Icelandic River 

Watershed offered the best combination of factors, making it the choice for data supporting hydrologic 

modeling as the basis for this strategy.      
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2.0 METHOD 

In developing recommendations to inform development of provincial strategy on the management of 

excess moisture, the Steering Committee supported the following method. Each portion of the method is 

described in some detail below and is graphically presented in Figure 2.1. 

Figure 2.1: Study Methodology

 

2.1  Literature Review 

As a first step, to set the stage to move forward and start developing policy and strategy alternatives, a 

literature review and environmental scan was conducted.  The key areas reviewed included: 

 Manitoba Agriculture Context 

 Climate Change Studies 

 Adaptive Capacity and Adaptation Strategies 

Within the literature review, several options were identified to facilitate adaptation to the longer-term 

presence of excess moisture conditions. These adaptation options were considered to identify current 

and emerging practices for the agricultural industry.  These key areas are not mutually exclusive, and 

therefore information pertaining to one key area was used to inform findings of another key area.  The 

findings of the literature review are organized according to these key areas and jurisdictional review.  

The findings of the Literature Review, which are summarized in section 3, informed the development of 

the workshop materials and ultimately the recommendations of this study. 
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2.2 Hydrological Modeling 

The method for conducting the hydrological modeling involved the following steps: 

1. Selection of Hydrological Model – The hydrological model selected needed to meet the following 

criteria: 

a. Could provide event-based or continuous-time modeling. 

b. Could simulate streamflow throughout the year, including through a winter (i.e., needed 

to be able to simulate the effects of a snowpack). 

c. Could provide the timing and magnitude of the high and low-flow events. 

2. Obtain Data – Input data required to run the model needed to be located and collected. 

Generally, it can be expected that this would need both meteorological data for input 

(precipitation, temperature, wind speed and direction, radiation) as well as observed 

hydrological data (streamflow) to calibrate the model. 

3. Calibrate the Model – The model needed to be calibrated to ensure that the model is accurately 

representing observed responses to meteorological inputs. 

4. Apply Climate Change Scenarios to Meteorological Data (Delta Method) – The meteorological 

data needed to be adjusted to represent future climate change scenarios. This was done using 

the delta method with the climate change modeling provided by the Government of Manitoba.  

5. Scenario Projections – Using the calibrated model and the meteorological data adjusted to 

represent climate change scenarios, the hydrological response was modeled. 

6. Flood Frequency Analysis – Based on the hydrological response from the scenario projections, 

a flood frequency analysis was conducted to understand potential implications, given the climate 

change scenarios. 

2.3 Stakeholder Engagement 

Seeking input from affected stakeholders was fundamental to the success of this study. Our work plan 

took a broad based approach to the initial consultation activities, with the goal of advancing participation 

towards engagement.  

To address and develop provincial strategies regarding excessive moisture it was necessary and 

appropriate to collaborate with those stakeholders who will be directly affected by, or expected to, 

implement recommendations of the provincial strategy. To stay consistent with the goals of the Prairies 

Regional Adaptation Collaborative (PRAC), the consultation program attempted to examine past policy 

and program failings and successes, while also promoting uptake of future direction and strategies by 

participating in the process.  

A graphic representation of the spectrum of public participation is presented below, which should assist 

in providing context for the activities discussed below.  
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Figure 2.2: Spectrum of Public Participation (IAP2, 2007) 

 

The intent of the public participation component of this study was to involve and seek collaboration in 

developing recommendations to manage excess moisture in Manitoba. Through the use of the following 

participation methods, we can demonstrate that affected stakeholders were involved, and that those 

who wished to collaborate through consensus building efforts were encouraged to do so.  

The team developed a customized consultation approach for this study which is presented in Figure 2.3. 

The graphic depicts the accumulation of knowledge and progression of understanding of the issues 

throughout the project. Letters of introduction were used to introduce the issues being examined and 

purpose of the study to stakeholders, with key informant interviews providing the first opportunity for 

input from specific groups or from individuals. The workshop brought most stakeholders together to 

share ideas in a group setting. Consultation findings are documented in section 5.  

  



12   Final Report  |  Provincial Planning on Adaptation for Excessive Moisture in the Interlake Region of Manitoba 

MMM Group Limited  |  March 2012 | 14.11225.001 

 

 

 

Figure 2.3: Public Participation Methods 

 

By using a variety of participation methods, combined with a solid literature review, and hydrological 

modeling, an understanding of the issues from many perspectives was gained. This helps achieve the 

goal of developing a series of recommendations towards establishing a provincial policy on the 

management of excess moisture. 

2.4  Recommendations for a Provincial Strategy 

Through the identification of best practices from across Canada and internationally, identifying potential 

hydrological response to various excess moisture scenarios, vetting our findings and receiving feedback 

through the local knowledge of stakeholders, and finally analyzing and synthesizing the major issues 

and findings, this study identifies options for increasing adaptive capacity to excess moisture. These 

recommendations were developed using short, medium and long-term approaches. Monitoring and 

evaluation of the implemented recommendations will be required to ultimately determine the level of 

uptake and success of the recommendations. 
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3.0 LITERATURE REVIEW 

As a first step, to provide a solid foundation to move forward and develop policy and strategy 

recommendations, a literature review was conducted.  The key areas reviewed included: 

 Manitoba Agriculture and Regulatory Context  

 Climate Change Studies 

 Adaptive Capacity and Adaptation Options 

The review of adaptation options was conducted to consider current and emerging practices for 

adjusting to the effects of climate change.  These three key areas are not mutually exclusive, and 

therefore information pertaining to one key area was used to inform findings of another key area.  The 

findings of the literature review are organized according to these key areas and jurisdictional review.  

The following summarizes the findings of the literature review.  

3.1 Manitoba Agricultural Context 

Agriculture is among the most vulnerable sectors to the risks and impacts of global climate change 

(Parry and Carter, 1989, Reilly, 1995), and historical data show that large numbers of farmers may leave 

the industry following catastrophic events (such as the severe drought year of 1988, when an estimated 

10% of farmers and farm workers left the sector (Phillips, 1990)). Fortunately farmers leaving the sector 

tended to be replaced by the remaining farmers who expanded their operations. Climate change in itself 

does pose a significant risk to the food supply. Needless to say, adapting to climate change is not an 

option; it is a necessity to maintain both the economic health of the province and of its agricultural 

producers.  

Two key policy areas are relevant for agricultural adaptation to climate change: Business Risk 

Management (BRM) programs, including insurance (AgriInsurance), income stabilization (AgriStability) 

and disaster relief (AgriRecovery); and farm management practices.  The purpose of the BRM programs 

and farm management practices review is to determine the type of farming practices in the region and 

the use of agricultural programming to assist with adaptations to existing conditions.  The farm 

management practices, also known as Beneficial Management Practices (BMPs) 2, as well as the BRM 

practices stem from the Agricultural Policy Framework (APF). The Framework is revised and updated 

every five years. Reporting on the current APF, known as Growing Forward (Government of Manitoba, 

                                                  

 

2 Beneficial Management Practices (BMP) is a term used in the agriculture sector for farming practices that have 
environmental benefits.  In many cases they relate to water quality as well as climate change from an emissions 
standpoint. 
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2007), was underway during the development of this report. As a result, uptake information of the 

current BRM programs and BMPs was unavailable during the timeframe of this project. However, uptake 

of the previous APF BMPs is reported under section 3.1.6.  

3.1.1 Adaptation in the Interlake Region  

Excessive moisture in the Interlake has been detrimental to agricultural production.  Recently, the 

Manitoba agricultural industry focus has shifted from policies which were designed to reacting to 

extreme moisture events (i.e. longer periods of flooding and drought) towards the development of new 

technologies and the promotion of beneficial management practices to address changing climatic 

conditions.  

To address the issue of adaptation and other concerns to agriculture, the Federal and Provincial 

governments develop Agricultural Policy Framework agreements that outline their roles and commitment 

to the issues.  The current agreement is called Growing Forward and is the foundation for coordinated 

federal-provincial-territorial government action over a five year period to help the agriculture and agri-

food sectors become more profitable, competitive and innovative. Growing Forward is focused on 

achieving results, reflects input from across the sector, and is delivering programs that are simpler, 

more effective and tailored to local needs. AgriInvest, AgriStability, AgriRecovery and AgriInsurance  are 

the risk management programs available under Growing Forward.  

Provincial government agencies such as Manitoba Agriculture, Food and Rural Initiatives (MAFRI) and 

the Manitoba Agricultural Services Corporation (MASC) have been involved in developing and 

promoting proactive approaches and financial assistance programs to aid agricultural producers dealing 

with excessive moisture issues. Examples include the Manitoba Management Plus Program, an 

interactive, web-based mapping and query program that takes information collected by MASC including 

yield and management information and allows users to view historical data for areas to aid them in crop 

related decision making; and, the Excess Moisture Insurance program that provides producers with 

protection against the inability to seed a crop due to continuous excess moisture from precipitation or 

flooding. 

3.1.2 AgriInsurance 

The following information was retrieved from Manitoba Agricultural Services Corporation (2012). 

Crop insurance is available for all of the municipalities within Manitoba.  Production guarantees are 

based on a crop's designated risk area, the field's soil type, and the Individual Productivity Index (IPI) of 

the farmer. The IPI is a 10-year rolling average that compares the farmer’s historical crop yields within a 

specified Risk Area to other producers growing the same crop in the same Risk Area. If, on average, the 

farmer’s production is higher than the area's average, the farmer’s IPI is greater than 1. If, on average, 

the farmer’s production is lower than the average in the area, the farmer’s IPI is lower than 1. There are 

two key limitations to crop insurance data; information is only available about farms that use crop 

insurance, and if fewer than 3 farms are reporting in an RM then the information is not given.   
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Division 18 is part of Manitoba Crop Insurance’s Risk Area 15, which is classified as soils that are 

dominated by loams and coarse loams, with some low-lying marshes scattered throughout. The climate 

provides an abundance of moisture due to the proximity of both major lakes; a flat terrain and lack of soil 

drainage only adds to the moisture problem.  A lack of heat units (especially in the north) limits the 

potential for certain crops, with a large amount of forages grown in the area.  Crop insurance reports 

that the common crops are: canola, wheat, barley, native hay, and alfalfa.  Although there is forage crop 

insurance, most forage producers do not use it unless it is for an export market.  Over 80% of 

Manitoba’s forage production is for domestic use.   The common risks in the Risk Area are excess 

moisture, frost, and poor germination. 

In 2000, Excess Moisture Insurance (EMI) was introduced to compensate producers who could not seed 

their crops before June 20th due to excessively wet conditions. EMI is now a basic component of the 

AgriInsurance program.  EMI has a basic deductible of 5% of the total acres available for seeding. The 

deductible will be adjusted according to the farmer’s recent EMI claim history. A Zero Deductible Option 

is available that allows the farmer to buy-down their deductible. The Higher Dollar Value option of the 

EMI program allows the farmer to buy-up coverage from the basic $50 per acre to $65 per acre. All 

acres that are normally available for spring seeding (lands cultivated for spring seeding of annual crops) 

are eligible. Acreage under sod, pasture or perennial forage is eligible for EMI, provided such acreage is 

destroyed by June 10th and is ready for spring seeding. 

A deductible is applied to all eligible acres. The number of acres affected by excessive moisture must 

exceed the deductible before a claim is in effect. 

Ineligible Land 

All acreage available for crop seeding is eligible for EMI, except: 

 Acreage under bush, brush, fall rye or winter wheat, unless it was destroyed the previous year. 

 Acreage under sod, pasture or perennial forage unless it is destroyed by June 10th. 

 Acreage not seeded in the previous year due to excess moisture that could have been prepared 

for seeding, but was not. 

 Acreage declared by Manitoba Agricultural Services Corporation (MASC) as being uninsurable. 

3.1.3 AgriInvest 

The following information was retrieved from Agriculture and Agri-Food Canada (2011a). 

AgriInvest is a self-managed farmer-government savings account that allows farmers to set money 

aside which can be used to recover from small income shortfalls, or to make investments to reduce on-

farm risks.  The program is designed to assist with small income declines, and provides support for 

investments to mitigate risks or improve market income. The farmers's AgriInvest account builds as they 

make annual deposits based on a percentage of their Allowable Net Sales (ANS) and receive matching 

contributions from federal, provincial, and territorial governments. 
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Deposits are made to an AgriInvest account held at a participating financial institution. The financial 

institution notifies Agriculture and Agri-Food Canada once the farmer has made a deposit and the 

matching government contributions will be credited to their account. Farmers have the flexibility to 

withdraw funds at any time throughout the year. 

AgriInvest is cost shared on a 60/40 basis between the federal and provincial or territorial governments. 

3.1.4 AgriStability 

The following information was retrieved from Agriculture and Agri-Food Canada (2011b). 

AgriStability provides support when the farmer experiences a large margin decline in income. The 

farmer may be able to receive an AgriStability payment when their current year program margin falls 

below 85% of their reference margin. 

AgriStability program is based on margins: 

 Program margin - the farmer's allowable income minus their allowable expenses in a given year, 

with adjustments for changes in receivables, payables and inventory. These adjustments are 

made based on information the farmer submits on the AgriStability harmonized form. 

 Reference margin - The farmer's average program margin for three of the past five years (the 

lowest and highest margins are dropped from the calculation). 

 Should the farmer's production margin fall below 85% of their reference margin in a given year, 

the farmer will receive a program payment. 

Each year, the farmer is required to actively decide if they want to participate in the AgriStability 

program and pay an annual program fee. Similar to AgriInsurance, this decision must be made in 

advance of their program year, before eligibility for a payment has been determined. The fee is 

calculated based on 85% of the farmer's contribution reference margin being covered and is $4.50 for 

every $1,000 of reference margin protected. This reflects that AgriInvest will replace coverage for the 

top 15% of a producer's reference margin and AgriStability is in place to cover margin declines of more 

than 15%. 

In Manitoba, AgriStability is delivered by the Federal government. 

3.1.5 AgriRecovery 

The following information was retrieved from Agriculture and Agri-Food Canada (2012). 

AgriRecovery is a framework that allows the Federal and Provincial governments to work together on a 

case-by-case basis to assess disasters (e.g., extreme weather, disease, pests, etc.) affecting Manitoban 

farmers and respond with targeted, disaster-specific programming when assistance is needed beyond 

existing programs (AgriStability, AgriInvest, AgriInsurance, etc.). The funding of initiatives implemented 

under AgriRecovery is cost-shared on a 60/40 basis between the Federal and Provincial governments. 
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The aim of AgriRecovery is to provide affected farmers with assistance to help them take action to 

mitigate the impacts of the disaster and/or resume business operations as quickly as possible following 

a disaster event. 

When a regional disaster strikes, Manitoba may request an AgriRecovery assessment of the 

situation/event. The assessment is conducted jointly by the Federal and Provincial governments to 

determine if assistance is needed through AgriRecovery. 

The assessment process includes: 

 Evaluating the consistency of the event with federal-provincial-territorial disaster criteria under 

the Framework. 

 Undertaking the work (including meeting with impacted producers and farm organizations) to 

determine the impacts of the disaster and the needs of producers related to recovering from the 

disaster. 

 Evaluating how existing programs (BRM and others) can help producers deal with the impacts 

and recover following a disaster. 

Based on this assessment, governments decide whether further assistance is warranted under 

AgriRecovery to help affected producers mitigate the impacts of the disaster and resume business 

operations as quickly as possible. If further assistance is warranted, they work together to develop and 

implement an AgriRecovery initiative which is targeted to the specific situation. Implementation includes 

an announcement of the details of the initiative, including, where applicable, how affected producers can 

apply. 

3.1.6 Environmental Farm Plan (EFP) and Beneficial Management Practices 

This program has the farmer complete an assessment of their land based on criteria outlined by the 

program.  Once the assessment is completed, the farmer can apply for funds which are used to offset 

some of the costs to implement “beneficial management practices”.  These practices are designed to 

provide farming options or techniques to assist farmers to adapt their practices due to such things as 

changes in weather patterns, for example.    

The Environmental Farm Program (EFP) is part of the Growing Forward initiative offered by the Federal 

and Provincial governments.  The program is designed to improve the environmental performance and 

sustainability of agricultural operations. 

The EFAP provides cost-shared funding to producers to implement eligible beneficial management 

practices (BMPs) identified in their action plans, under such categories as: 

 Increased Manure Storage Capacity  

 Improved Manure Storage and Handling 
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 Solid-Liquid Separation of Manure 

 Composting of Manure 

 Farmyard Runoff Control 

 Relocation of Livestock Confinement Facilities 

 Wintering Site Management 

 Riparian Area Management  

 Improved Crop Residue Management 

 Precision Agriculture Applications 

 Nutrient Management Planning 

Additional BMP categories have been available to Manitoba producers through the Manitoba 

Sustainable Agriculture Practices Program (MSAPP).  

 Reduced Greenhouse Gas (GHG) Emissions from Manure Storage 

 Manure Land Application 

 Reduced Tillage 

 Spring Fertilizer Application 

 Perennial Cover for Sensitive Land 

 Cover Crops 

 Improved Pasture and Forage Quality 

 Increased Perennial Legumes in Annual Crop Rotation 

 Grazing and Pasture Management Planning 

Although not all of these practices relate to water management, the use of these programs provides an 

opportunity for the farming community to get involved in government agri-environmental assistance 

programs.  Figures 3.1 and 3.2 provide a sampling assessment of the uptake of Environmental Farm 

Plans (information consolidated in 2007) as well as the implementation of BMPs. These maps and 

programs encouraging BMPs were the result of the previous Agriculture Policy Framework.  Additional 

BMP figures are provided in Appendix B. 
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Figure 3.1: Uptake of Improved Cropping System BMPs in Manitoba through the Canada-Manitoba Farm 
Stewardship Program (2003-2007) 

 

Figure 3.2: Uptake of Erosion Control BMPs in Manitoba through the Canada-Manitoba Farm 
Stewardship Program (2003-2007) 
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3.1.7 Conservation Programs 

Several conservation organizations offer programs to farmers to modify their land use practices for the 

benefit of wildlife and its habitat.  Ducks Unlimited Canada, Manitoba Habitat Heritage Corporation and 

Nature Conservancy Canada are three examples of organizations with this type of programming.  Most 

of their programming is about the protection of existing wetlands, but some also involves rehabilitating 

previous wetlands and establishing new wetlands.  Land owners are usually paid based on the number 

of acres of land that is protected or restored. Where protection or restoration is involved, land ownership 

may change, or an easement may be put in place. The level of commitment is determined by the 

Conservation District or related organization on a case by case basis.  Depending on the type of land, 

the farmer might still have the option to use the land for pasture or other permanent cover activities.  

How much land the conservation organizations would want to protect for wildlife habitat is dependent on 

the how critical the region is for wildlife production and the budget availability.  

3.1.8 Conservation Districts 

A Conservation District (CD) is a group of neighboring rural municipalities (RMs), towns and villages 

working in partnership with the Province of Manitoba to develop programs to effectively manage the 

natural resources of their area. Conservation Districts are established under the authority of The 

Conservation Districts Act. Currently, there are 18 CDs in Manitoba covering over 60% of Agro-

Manitoba. Individual District boundaries may vary, however they are usually based on the drainage 

basin or watershed of the major river in the area. 

The CDs are divided into sub-districts along watershed boundaries. Each of the RMs within a sub-

district appoints members to the sub-district board. The former Department of Water Stewardship (now 

Conservation and Water Stewardship) was responsible for the CD Program. The Conservation Districts 

Commission (CDC), reporting to the Minister of Conservation and Water Stewardship, is responsible for 

the Program. 

The East Interlake Conservation District (EICD), established in 2005, is the CD operating in the study 

area.  Since then, the District has grown and now consists of all or parts of the RMs of Armstrong, 

Bifrost, Fisher, Gimli, Rockwood, Rosser, West St. Paul, Woodlands, City of Selkirk, Towns of Arborg, 

Stonewall, Teulon and Winnipeg Beach, Village of Riverton and Dunnottar. The EICD covers 

approximately 7,113 km2 (4,420 miles2) and is home to more than 54,950 residents. The EICD offers a 

wide range of programs, such as Riparian Area Management, Sealing of Abandoned Wells, Well 

Inventory, Benthic Invertebrate Monitoring, Culvert Assessment and Inventory, and Surface Water 

Quality Monitoring. 

The EICD, with the assistance of Manitoba Water Stewardship, has completed two Integrated 

Watershed Management Plans (IWMPs): the Icelandic River and Washow Bay Creek IWMP (East 

Interlake Conservation District, 2008), and the Netley-Grassmere IWMP (East Interlake Conservation 

District, 2010).  They are in the process of conducting two more.  
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3.1.9 Integrated Watershed Management Plan 

The “Icelandic River and Washow Bay Creek Integrated Watershed Management Plan” (2008) was 

developed as a partnership between the East Interlake Conservation District, the Province of Manitoba 

and community stakeholders. It was developed to provide an outline of tasks for residents, government 

agencies and others that work towards protecting, conserving or restoring land, water and aquatic 

ecosystems and drinking water sources in the watershed (EICD, 2008). This Plan is based on the 

following four principles: 

 Ensure safe drinking water for the health and prosperity of the community. 

 Protect the Agricultural community by reducing the impact of flood events that occur during the 

summer growing season (June to August). 

 Protect and restore the quality and integrity of wetlands and natural waterways to maintain a 

healthy aquatic ecosystem. 

 Build watershed health awareness throughout the community, government and other 

stakeholder groups. 

Actions are linked to each of the above-noted principles. In addition, successful implementations of the 

actions are also quantified.  

3.1.10 Drainage Planning in Manitoba 

The following information was retrieved from Manitoba Water Stewardship (unknown). 

The existing drainage system was designed to maximize the potential of agricultural land production, 

given the rich quality of the soils in Manitoba.  In the late 50’s and early 60’s, the province took on the 

role of water management and began developing one of the most comprehensive, intense and well-

developed drainage systems in Canada. The Government of Manitoba developed a drain design 

formula that recognizes the type and value of the land being serviced. This involved creating four 

drainage standards, each capable of removing a pre-determined size rainfall event within a given 

timeframe, corresponding to specialty crop needs (e.g., 36 hours for canola and wheat, 4 days for hay).  

The timeline criteria, in conjunction with soil type, existing topography (slope of land) and a cost benefit 

formula using the potential crop value, were combined with other design elements to dictate drain size 

and type. 

The need for greater drainage system capacity has been increasing over time due to greater planting 

levels in specialty crops, improved on-farm infrastructure and urban development into agricultural areas. 

A general increase in farm size and landowners’ abilities to alter runoff has also aggravated the 

situation.  

As part of a proactive approach, The Government of Manitoba has been preparing 5-year Capital and 

Minor Infrastructure plans, which include the required drainage infrastructure improvements. The plans 

necessarily include non-drainage-related infrastructure as highest priority, but include drainage project 
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priorities as determined within the regions. Maintenance and construction of drainage transportation 

crossings currently involves up to 50 percent of the provincial drainage budgets. Planning land drainage 

projects such as this generally require multiyear scheduling for surveys, design, environmental 

approvals, land acquisition and construction of the works. 

3.1.11 Development Plans 

Development Plans (and their implementing zoning by-laws, along with building by-laws) provide the 

basic land development "rules" by which municipalities, developers and the public operate in Manitoba. 

Development Plans are adopted as by-laws by municipalities and planning districts under The Planning 

Act in all of Manitoba except the City of Winnipeg. Authority for these Development Plans is via The 

Planning Act, specifically the Provincial Land Use Policies section, which is implemented through the 

Provincial Planning Regulation. This framework identifies the provincial interest policies that a 

community needs to incorporate into their land use Development Plans. The City's Development Plan 

(Our Winnipeg) is adopted under The City of Winnipeg Charter Act. The adoption processes for the City 

and the other jurisdictions in Manitoba are similar but not identical.  

All municipalities are required to have a Development Plan, but they rarely write their own - normally a 

consultant is hired and will work with the Province throughout the process. Although written by 

municipalities or planning districts, all Development Plans must be approved by the Minister of Local 

Government. For example, all 16 municipalities in the Capital Region, including the City of Winnipeg, 

have Development Plans in place. Under current legislation, all Development Plans are subject to 

review every five years, or as specified in the development plan. Local authorities also amend their 

Development Plans from time to time, and all such amendments also require provincial approval.  

Development Plans are intended to set the medium to long-term land development goals and policies 

for municipalities. While their policies can be quite specific and in some cases quite detailed, for the 

most part they are far more general than the rules adopted by a municipality under its Zoning By-law. 

Development Plans include maps which designate areas for basic types of development (or prohibiting 

development), such as "Residential" or "Neighbourhood" or "Commercial", or "Agricultural", etc. 

(Government of Manitoba, 2012). 

3.2 Climate Change Studies 

3.2.1 Canadian National Context 

Climate Change Impacts and Adaptation (Lemmen and Warren, 2004) concludes that as a high-latitude 

country, warming in Canada will likely be more pronounced. The North and the southern and central 

Prairies are expected to warm more than other areas. Warming will be asymmetrical, being greater in 

the winter than in other seasons and greater over nights than during days.  While this asymmetric 

warming reduces crop water loss from evapotranspiration and improves water use efficiency, not all of 

the anticipated effects are positive.  Changes of concern for the Prairies include (but are not limited to): 

 Increased likelihood of severe drought. 
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 Changes in increasing aridity in semiarid zones land use.  

 Increased precipitation. 

 Higher probability of severe flooding. 

 Uneven rates of groundwater decline in parts of the Red River basin, which would affect flow in 

the aquifer and possibly shift the saline/freshwater boundary beneath the Red River valley. 

 Decreased summer flows in Prairie rivers, from reduced water supply from snowmelt and glacier 

runoff.  Accompanying decreases in shallow groundwater resources could further compound 

water shortages. 

These changes translate to uncertain impacts on farm sector incomes, water availability, groundwater, 

streamflow, water quality and irrigation demand.  Temperature is generally considered to be the most 

important bioclimatic factor for livestock. This could translate to challenges during the summer when 

heat waves hit.  Heat can kill animals, and heat stress can also adversely affect milk production, meat 

quality and dairy cow reproduction. In addition, warmer summer temperatures have been shown to 

suppress appetites in livestock and hence reduce weight gain (Adams et al., 1999). 

While these general changes are anticipated, understanding local effects of climate change is 

complicated by many unknown factors and feedbacks, including (Lemmen and Warren, 2004): 

 Enhanced atmospheric CO2 concentrations generally increase crop production, with certain 

types of plants, such as legumes, benefitting more than others. 

 Enhanced CO2 concentration may increase weed growth.  

 Livestock pests and pathogens may migrate north as the frost line shifts northward. 

 The probability of year-to-year virus survival may increase. 

 Warmer winters may increase the range and severity of insect and disease infestations. 

 Longer and warmer summers may cause more frequent outbreaks of pests, such as the 

Colorado potato beetle. 

 Pathogen development rate and host resistance may change. 

 Geographic distribution of plant diseases may change. 

 Competitive interactions between weeds and crops may be affected. 

While there do exist many unknowns, it is anticipated that the most vulnerable areas will be those that 

are already facing water quality and quantity issues, such as the Palliser Triangle (where drought and 

severe annual soil moisture deficits are recurrent problems). 

To better understand the effects of climate change on the agricultural sector, climate change models 

have been used.  However, these do not always appear to report consistent conclusions.  In 

Assessment of Climate Change and Impacts on Soil Moisture and Drought on the Prairies (McGinn, 

Shepherd and Akinremi, unknown), used climate data from the Canadian Center for Climate Modeling 
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and Analysis (CCCma) to generate five climate change scenarios, spanning best and worst-cases.  

They evaluated the regional (45 km grid) modeled effects of air temperature and precipitation on soil 

moisture (as it would affect agriculture). According to their models, they found that soil moisture in the 

top 120 cm of soil would be the same or higher than current conditions, and that the growing season 

would not become any more restrictive for crop production under climate change.  They suggested 

adopting earlier seeding dates with conventional short season crops (which results in water savings), as 

an adaptive strategy that would be particularly effective in regions where summer rainfall is expected to 

decline. In contrast, Lemmen and Warren (2004) reported on the findings of Nyirfa and Harron (2002), 

which used the CCCma General Circulation Model (CGCM1), to find that moisture limitations would be 

significantly higher over much of the Prairies’ agricultural regions by 2040–2069, despite increased 

precipitation.  They concluded that this is the result of relatively higher moisture losses from warmer 

temperatures and from increased rates of evapotranspiration (Lemmen and Warren, 2004).  

3.3 Summary of Adaptation Options 

Table 3.1 presents a summary of different adaptation options by type.      

Table 3.1: Summary of Adaptation Options 

Approach Form of Adaptation Comments Source 

Technology Better definitions of critical climate 
thresholds for agriculture 

 Lemmen and 
Warren, 2004 

Advances in centre-pivot systems, 
including irrigation of field corners 
and low-pressure application 
devices  

Improved the efficiency and effectiveness of 
irrigation 

Sauchyn and 
Kulshreshtha, 
2008 

Involves crop breeding, or genetic 
engineering, to develop moisture-
tolerant crops. 

Involves ethical discussion surrounding the 
use genetically engineered crops.  

Belliveau et al., 
2006 
Fernandez-
Cornejo et al., 
2000 

Government 
Programs and 
Insurance 

Development of policies and 
practices to increase the flexibility of 
agricultural systems 

  

Municipal infrastructure and water 
conservation programs 

 Lemmen and 
Warren, 2004 

Emergency Fire Plan Extreme drought and moisture have both 
contributed to a loss of vegetation and soil 
cover, reducing natural water storage locally, 
resulting in a higher incidence of fires. 

Sauchyn and 
Kulshreshtha, 
2008 

Soil and water conservation 
plans/programs 

For example, the Prairie Farm Rehabilitation 
Administration  

Sauchyn and 
Kulshreshtha, 
2008 

Institutional Initiatives to reduce soil 
degradation  

Agricultural Green Plan*, 
National Soil Conservation Program 
(NSCP)*,  
National Farm Stewardship Program*,  
Environmental Farm Plan  
Green cover Canada Program* 

Sauchyn and 
Kulshreshtha, 
2008 

Farm Production Water conservation measures  Update operating rules of water resource Lemmen and 
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Approach Form of Adaptation Comments Source 

Practices systems. 
Review need for changes, including timing of 
irrigation before / after sunset 

Warren, 2004 

Adjustment of planting and 
harvesting dates 

Could play a critical role in reducing the 
losses associated with future moisture 
conditions 

Lemmen and 
Warren, 2004 

Introduction of new species and 
hybrids, for example, those that are 
more resistant to drought and heat 

Vegetation that is the most in tune with the 
evolving climate will require least degree 
human intervention, and vice versa 

Lemmen and 
Warren, 2004 

Minimum tillage  Sauchyn and 
Kulshreshtha, 
2008 

Crop diversification   Sauchyn and 
Kulshreshtha, 
2008 

Increased storage (for droughts) 
and diversion (for water surplus)  

Involves negative environmental effects 
including loss of good agricultural lands and 
natural features (i.e. wetlands) 

 

Rainwater Collection systems For more efficient use of agricultural water 
resources 

Sauchyn and 
Kulshreshtha, 
2008 

Integrated pest management  Belliveau et al., 
2006 

Choosing appropriate location to 
plant  

Which side of a hill to avoid frost, or to 
minimize erosion 

 

Greater micromanagement of 
vineyard  

For example: lighten the crop load to divide 
limited energy among fewer plants, adjust 
canopy cover as necessary 

Belliveau et al., 
2006 

Farm Financial 
Management 

Budget planning to permit sufficient 
flexibility to deal with extreme 
weather / climatic events 

 Wittrock, 2001 

Drought management plans 
 

AgriInsurance,  
Rural Water Development Program,  
National Water Supply Expansion Program*,  
AgriStability,  
AgriInvest, 
Tax Deferral Program (to offset socio 
economic impacts).  
Assistance includes helping producers 
access new water sources, offsetting the 
costs of producing crops and deferring tax 
income from culling herd 

Sauchyn and 
Kulshreshtha, 
2008  
Belliveau et al., 
2006 

Re-invest financial gains after a 
good year, or put money away for a 
bad year 

Income stabilization Belliveau et al., 
2006 

* Note that items marked with an asterisk * are programs which no longer exist, but serve as examples.   



26   Final Report  |  Provincial Planning on Adaptation for Excessive Moisture in the Interlake Region of Manitoba 

MMM Group Limited  |  March 2012 | 14.11225.001 

 

 

 

4.0 HYDROLOGIC MODELING 

The main objectives of the hydrological analysis were to identify the timing, frequency, and causes of 

moisture extreme cycles, and examine the influence of climate change on the magnitude and duration of 

these cycles, as well as the corresponding change in water balance within the watershed.  To do this, a 

flood frequency curve was developed based on historical data, and four events, representing a range of 

flood frequencies, were modeled. The modeling exercise involved building and calibrating a Hydrologic 

Engineering Centre Hydrologic Modeling System (HEC-HMS) water balance model to study the 

Icelandic River Watershed, based on historical climate and hydrometric data. The primary output of the 

model focuses on moisture extremes in the upper and lower soil storage zones, and display duration of 

flooding, magnitude of flooding, and flooding statistical return periods.   

4.1 Rationale for Model(s) Chosen 

Hydrologic Simulation Program-Fortran (HSPF), was initially selected for the study, but was rejected due 

to the extremely large data requirements and time required to accurately calibrate the model. For this 

reason the more user friendly Hydrologic Engineering Center – Hydrologic Modeling System (HEC-

HMS) was selected to complete the modeling exercise. It should be noted that HSPF can better 

represent the spring snow melt runoff events by limiting soil infiltration when the ambient temperature is 

below freezing, and melt rates can vary monthly; however similar results can be achieved with HEC-

HMS by manually adjusting the snow-melt curves directly in the model to match the observed flow at the 

gauging station. This approach provided sufficient accuracy for a planning level assessment (which, as 

indicated previously, was to identify the timing, frequency, and causes of moisture extreme cycles). 

4.1.1 Description of HEC-HMS 

The HEC-HMS model was developed by the United States Army Corps of Engineers.  Formerly HEC-1, 

the HEC-HMS model draws on over 30 years of experience, and is a complex hydrological model with 

many user-definable options.  An overview of continuous modeling using HEC-HMS provided in the 

HEC-HMS User’s manual (2006) is described here.   

A basin model is used to represent the physical watershed, within which a dendritic network connects 

hydrologic elements including: sub basins, reaches, junctions, reservoirs, diversions, sources and sinks.  

Snow melt is modeled using a temperature index method.  HEC-HMS simulates loss rates using either a 

one-layer deficit constant for simple modeling or the five-layer soil moisture accounting method for 

simulating complex soil moisture and evapotranspiration interactions.  Seven transform methods for 

converting precipitation excess into surface run-off are available including: unit hydrograph techniques 

(the Clark tc and R, Snyder, SCS UH, user-input UH ordinates and S-graph ordinates), a linear quasi-

distributed UH method (the modified Clark method), and the kinematic wave method with multiple 

planes and channels.  Baseflow can be calculated using one of five methods, two of which (bounded 

baseflow recession - an exponential decay function, and a constant monthly function) are intended for 

continuous-time modeling.  Six hydrologic routing methods are available for routing flow through open 

channels.   
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HEC-HMS features include parameter estimation and optimization by comparing computed hydrographs 

with observed hydrographs.  Initial parameter values are estimated by the user.  Parameter estimation 

takes place either using the univariate gradient method, where the model varies one parameter holding 

all others constant, or the Nelder and Mead method, which changes the values of all parameters 

simultaneously at each iteration using a downhill simplex.  Goodness-of-fit is evaluated using peak-

weighted root mean squared (RMS) error, sum of squared residuals, sum of absolute values, or percent 

error in peak flow.   

4.2 Data Requirements 

4.2.1 Base Model Data    

Historical data was required to run and calibrate the base HEC-HMS hydrological model.  This data was 

compiled from Environment Canada hydrological and hydrometric gauging stations within the 

watershed.  Collected data included: 

 Daily Precipitation 

 Daily Icelandic River Historical Discharge 

 Daily Temperature Data 

 Daily Radiation Intensities 

 Daily Wind Speed Readings 

 Crop Coefficient Data 

Meteorological data (precipitation and temperature) were obtained from historical records from the 

station at Arborg (50°56'00.000" N, 97°05'00.000" W). These data were supplemented with solar 

radiation and wind speed values from the Gimli station (50°38'00.000" N, 97°01'00.000" W). Historical 

hydrological data obtained from hydrometric station 05SC002, located near Riverton (50°57'53" N, 

97°2'14" W), was used for the hydrological modeling and calibration. Other modeling input information 

such as the moisture holding capacity of the soil, crop canopy storage, and infiltration were estimated, 

and adjusted during the calibration process. 

Four historical years, 1974, 1979, 1986 and 1989, were modeled, and calibrated to represent a 1 in 2, 1 

in 15, 1 in 33, and 1 in 85 year return period, respectively. The precipitation and temperature data files 

for these years were then used as the base-line: climate change scenarios used the data from these 

years to project precipitation and temperature data for future years.  

4.2.2 Data Quality 

The meteorological and hydrological data used for this study were provided by Environment Canada. 

Overall, the quality of the meteorological (temperature and precipitation) data was very good. Less than 

0.7% of the values for precipitation values were missing or estimated, and similarly, less than 0.5% of 
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the values for temperature were missing. Where precipitation values were missing, they were assumed 

to be zero. Where temperature values were missing they were estimated from nearby gauges. There 

were substantially more missing values from the hydrological data used for calibration. Out of 1648 daily 

observed values that were used for the modeling, 668, or 41% of them were missing. However, this 

includes values during the winter. Assuming that the river is frozen in the winter (from December 1 to 

February 28), we can assume that the streamflow values during this period are equal to or near zero. 

This is further evidenced by the very low streamflow values at the end of October and the beginning of 

February (which average between 0.287 and 0.169 for the years modeled, respectively). Assuming that 

an assumption of zero streamflow between December 1 and February 28 is a reasonable 

approximation, only 11% of the streamflow values were missing (i.e., values that were missing between 

March 1 and November 30). Streamflow values that were missing were assumed to be zero. Based on 

the hydrographs showing the observed (and modeled) records presented in Figures 4.8 through 4.11, 

we can assume that most of the additional missing values were also in the late fall or early spring, as 

there are no discontinuities in the streamflow record caused by an assumed value of zero. 

4.2.3 Climate Change Scenarios and Data    

To simulate various climate change scenarios, this study obtained climate scenario data from the 

Government of Manitoba under license agreement for three future scenarios: averages for 2010-2039 

(referred to as the 2020 scenario), averages for 2040-2069 (referred to as the 2050 scenario) and 

averages for 2071-2099 (referred to as the 2080 scenario), which allowed us to understand how the 

climate may change and evolve over time. The data provided projected changes in climate based on the 

baseline averages from the years 1970 to 2000. In this way, the projected changes could be applied to 

the historic data (provided it was observed between 1971 and 2000) using the delta method (Wood et 

al., 1997; Music, 2011) to generate future weather conditions under each of the climate scenarios. The 

data provided was generated from the CRCM4.2.3 model, using the SRES A2 future greenhouse gas 

emissions scenario. Three different runs were generated, named “AET”, “AEV”, and “AGX”, in order to 

simulate natural climate variability (i.e., different initial conditions). We therefore examined three 

different climate change scenarios (AET, AEV, AGX), at three different points in time (“snapshots” of 

2020, 2050, 2080) over the next seventy years: 

 2020 (AET, AEV and AGX) 

 2050 (AET, AEV and AGX) 

 2080 (AET, AEV and AGX) 

These climate change scenario “snapshots” were then applied to each of the four years selected to 

model representative events (1974, 1979, 1986 and 1989).  A total of 36 model runs were therefore 

completed to fully assess the range of possible scenarios in the future, as shown in Table 4.1. 
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Table 4.1: Model Scenario Runs 

Projection Year \ 

Event Frequency 

1 in 2 year 

(1989) 

1 in 15 year 

(1986) 

1 in 33 year 

(1979) 

1 in 85 year 

(1974) 

2020 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

2050 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

2080 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

AET 

AEV 

AGX 

To identify each of the model runs, they were named according to the year of their associated 

frequency, the projection year they were simulating, and the climate change scenario used. For 

example, the model that was run to simulate the 1 in 2 year event (based on the 1 in 2 year event that 

occurred in 1989) in 2050, using the AGX scenario was called “1989-2050-AGX”. In this way, we were 

able to distinguish between the results of the model runs.  

It should be noted that it has often correctly been pointed out that we cannot rely on past frequency 

curves to predict the magnitude of future events, since the climate system is changing.  The method 

described above accounts for this by identifying how the magnitudes associated with flood frequencies 

will shift. This is explained in further detail in section 4.4.  

The data representing the climate change scenarios was provided in terms of change in precipitation 

and temperature between the baseline climate (1971-2000) and the three future time horizons (2020, 

2050 and 2080).  This allowed us to apply the changes to the observed precipitation and temperature 

records to generate data inputs for the hydrological model under each of the climate scenarios. Figures 

4.1 to 4.6 show how the climate scenarios data varies from the actual observed records.  These figures 

show that average annual temperature increases fairly continuously from the observed year, all the way 

through to 2080. We also see a trend of increasing precipitation; however the trends in precipitation 

contain slightly more variability. This is in part due to the dependence of the future scenarios on the 

observed historical records (since mathematically, they represent modified versions of the historical 

records, and the absence of precipitation in the baseline year means that a corresponding absence of 

precipitation will occur in the projection year, despite climate change model results projecting an 

increase in precipitation).     
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Figure 4.1: Yearly Average Temperatures for the Icelandic River Watershed under the AET Climate 
Change Scenario (Source: Government of Manitoba) (Note: the 1979 curve falls under the 1989 curve) 

 

Figure 4.2: Yearly Average Temperatures for the Icelandic River Watershed under the AEV Climate 
Change Scenario (Source: Government of Manitoba) (Note: the 1979 curve falls under the 1989 curve) 
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Figure 4.3: Yearly Average Temperatures for the Icelandic River Watershed under the AGX Climate 
Change Scenario (Source: Government of Manitoba) (Note: the 1979 curve falls under the 1989 curve) 

 

Figure 4.4: Yearly Total Precipitation for the Icelandic River Watershed under the AET Climate Change 
Scenario (Source: Government of Manitoba) 
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Figure 4.5: Yearly Total Precipitation for the Icelandic River Watershed under the AEV Climate Change 
Scenario (Source: Government of Manitoba) 

 

Figure 4.6: Yearly Total Precipitation for the Icelandic River Watershed under the AGX Climate Change 
Scenario (Source: Government of Manitoba) 
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4.3 Model Calibration 

Historically, the Icelandic River experiences annual flooding during April snow melt events. Peak surface 

flow rates from spring snow melt events are over 3 times that of runoff generated from summer rainfall 

events. The Icelandic River Watershed receives the majority of is its annual surface water during the 

spring runoff; for this reason our analysis focuses on the spring snow melt events, and the accumulation 

of snow from the previous year.     

Assessment of the climate change data presented in Figures 4.2 to 4.7 shows a general trend towards 

an increase in winter snow fall, and average winter temperatures.  An increase in snow fall would 

generally increase the winter snow pack, and subsequently increase spring runoff rates and flow 

volumes. However, an increase in winter temperatures may also melt accumulated snow much earlier, 

and more gradually, depleting the snow pack when the spring snow melt occurs, possibly reducing 

runoff rates, discharge volumes, and spring soil moisture.  

Historical flow records of the Icelandic River indicate that the magnitude of summer runoff events have 

never exceeded 0.5 L/s/ha (142 acres/cusec) for the watershed. Local flooding due to undersized and 

non-maintained drains has occurred during summer storm events; however the low average summer 

runoff rates and the small amount of potential increase in summer rainfall for each climate change 

scenario would show little change in water balance and peak runoff rates. For this reason, assessment 

of summer rainfall events was not undertaken, and the calibration and modeling effort was focused on 

spring melt events.  

The hydrologic model was calibrated to simulate events associated with a range of historical flood 

frequencies. Based on historical data, events were chosen representing the: 

 1 in 2 year flood 

 1 in 15 year flood 

 1 in 33 year flood 

 1 in 85 year flood (there was no 1 in 100 year flood event in the historical record, and so 

choosing this flood return period was not possible) 

The years corresponding to these events were: 1989, 1986, 1979 and 1974, respectively. 

The model was run from November 15th of the previous year to December 31st of the year of the 

respective flood event. While the focus of the calibration was to match the event, the model was run for 

an extended period of time in order to: a) remove the necessity of having exact initial conditions to 

properly model the given event, and b) to ensure that the streamflow during the rest of the year was 

reasonably approximated. This helped ensure a more reliable calibration. Hydrographs of the four, 

calibrated, base-line years are provided in Figures 4.7, 4.8, 4.9, and 4.10, below.  
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Figure 4.7:  Output from Calibrated Model for 1974 (1 in 85 year event) Based on Observed Streamflow 

 

Figure 4.8:  Output from Calibrated Model for 1979 (1 in 33 year event) Based on Observed Streamflow 
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Figure 4.9:  Output from Calibrated Model for 1986 (1 in 15 year event) Based on Observed Streamflow 

   

Figure 4.10:  Output from Calibrated Model for 1989 (1 in 2 year event) Based on Observed Streamflow 
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4.4 Analysis of Results 

By simple examination of the calibrated hydrographs for the observed record, versus the hydrographs 

generated using data manipulated to represent the climate change scenarios, it can be seen that the 

hydrologic response for each of the snow melt events for the 1 in 2-year, 1 in 15-year, 1 in 33-year and 

1 in 85-year period is mimicked in each of the scenarios, with the primary variable being the peak 

amplitude of the annual maximum instantaneous streamflows. These hydrographs are provided in 

Appendix D. 

Based on these results, we generated modified flood frequency curves for each of the scenarios for 

each of the three future time periods: 

 2020 (AET, AEV, AGX) 

 2050 (AET, AEV, AGX) 

 2080 (AET, AEV, AGX) 

To do this, we assumed that the years chosen for each of the event frequencies (1 in 2-year, 1 in 15-

year, 1 in 33-year and 1 in 85-year flood) would continue to represent these same frequencies in the 

future, but that the modified climate change data would drive the magnitude of hydrograph response 

associated with each of the future scenario years. The result was then a frequency curve that was 

shifted “up” or “down” on the vertical axis (annual maximum instantaneous streamflow) for each of the 

nine modeled scenario-time point cases (noted above).  In other words, while the frequency and 

probability of the events would not change, the magnitude of these events would.  Figure 4.11, 4.12 and 

4.13 show the frequency curves from the lowest and highest maximum streamflow events for 2020, 

2050 and 2080, respectively. Figure 4.14 shows the frequency curve from the scenario resulting in the 

lowest annual instantaneous maximum streamflow (corresponding to model run 1974-2080-AGX), and 

the frequency curve from the scenario with the highest annual instantaneous maximum streamflow 

(corresponding to model run 1989-2020-AET) of all of the model runs.  These curves show that based 

on the climate change scenario adopted, the hydrologic response may vary significantly. In one 

extreme, the 100-year flood event hovers around 35-45 c.m.s, and in the other extreme the 100-flood 

event approaches 2,000 c.m.s. (approximately 50 times greater). While both may cause flooding, the 

potential for damage incurred by the latter vastly exceeds the potential for damage of the former flood 

event.  Trends of increased or decreased hydrological response over time (i.e., moving from the 2020 

snapshot to the 2080 snapshot) vary depending upon the base year used and the scenario (AET, AEV 

or AGX) applied. Conclusive results with respect to expected hydrological trends can therefore not be 

drawn. However, it is interesting to note that the scenarios examined imply that either option (a 

decrease or an increase) in hydrological peak may occur. This is likely partially due to the fact that 

increases or decreases in precipitation are projected by month, and therefore the moisture levels of the 

base year months also affects the modeled moisture levels (i.e., projected increases in precipitation may 

not significantly impact moisture levels in months that are very dry because they are projected as 

percent increases. On the other hand, base year months with high accumulated moisture levels will 

result in larger absolute changes in precipitation for the simulated years).  
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Figure 4.11: Shifted Flood Frequency Curves from Modeled Output Based on 2020 Climate Change 
Scenarios (Source:  Government of Manitoba) 

 

Figure 4.12: Shifted Flood Frequency Curves from Modeled Output Based on 2050 Climate Change 
Scenarios (Source: Government of Manitoba) 
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Figure 4.13: Shifted Flood Frequency Curves from Modeled Output Based on 2080 Climate Change 
Scenarios (Source: Government of Manitoba) 

 

Figure 4.14: Shifted Flood Frequency Curves from Modeled Output Based on All Climate Change 
Scenarios (Source: Government of Manitoba) 
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4.5 Summary 

According to the modeled results, the highest magnitude floods under the climate change scenarios 

follow some of the general trends of hydrographs currently observed for the Icelandic Watershed.  

Stream flow peak coincides with spring melt of the snow pack, releasing a large quantity of stored water 

in a very short period of time.  This saturates the soil to the point that little water can infiltrate the soil, 

and the water that does infiltrate does so at a reduced rate, which is slower than the rate of snow melt.  

At the same time, temperatures at this time of year are not high enough to compensate for the lack of 

storage capacity in the soil through evaporation.  The result is a large volume of water at the ground 

surface, which will eventually flow downstream to the Icelandic River.   

Review of the historical stream flow records indicate that there are very few instantaneous stream flow 

peaks other than the spring snow melt peak. An excess moisture strategy will largely depend on the 

ability to deal with spring melt.  Conversely, should the characteristics of the snow-pack change 

substantially (e.g., volume of stored water is significantly reduced or increased as a result of seasonal 

changes in temperature and in precipitation) the stream flow peak will change substantially and may 

necessitate the need to revise the adaptation strategies.  In addition, as noted previously, the range of 

potential hydrologic responses varies greatly (as shown in Figure 4.11).  Any adaptation strategy will 

need to be flexible enough to deal with the potential minimum and maximum stream flow events. 

Beyond considering spring melt, past experience also teaches us, that while not the largest annual 

events, flooding during the summer growing months can cause real problems for agricultural producers, 

as saturated soils lose the ability to dry out quickly. In fact, during the key informant interviews, we were 

told anecdotally, that provided a producer can drain their field within 2 days, there is a good chance of 

being able to save crops. When water is left on the fields for longer periods, the ability to preserve the 

crops is drastically reduced.    

4.6 Model Limitations 

The above hydrological modeling, analysis and summary provide real quantitative findings for various 

climate change scenarios. However, despite the fact that real, quantitative numbers were used for the 

modeling, output and analysis, the reader is cautioned against taking these numbers at face value or out 

of context. It is cautionary to provide the reader with a brief reminder that while the science is precise, 

one must evaluate the accuracy of the results in the context of the model limitations and climate change 

uncertainties. 

4.6.1 Hydrological Model Limitations 

There are various limitations associated with hydrological modeling in general and with the HEC-HMS 

model specifically.  

 Modeling the physical world (be it climate, hydrology or other) always involves certain 

assumptions and approximations: 
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o The modeling assumed no land cover/land use change between historical events and 

future projections. This may not be accurate. 

o The modeling assumed that the same factors (including drainage and storage practices) 

that governed the hydrological response historically will be the same factors governing 

hydrological response in the future.  

 While the model did a relatively good job of modeling the spring melt events associated with 

each of the return periods, it was not as successful at modeling some of the smaller flood 

events occurring throughout the growing season.  These events represent real challenges, as 

evidenced by excess moisture events in recent years, which are a result of the cumulative 

effects of multiple excess moisture events. This has reduced the ability of saturated soils to dry 

out or be drained, and the municipal and provincial drainage systems have not been able to 

handle additional run-off due to poor maintenance, and in some cases, design issues.  This has 

resulted in lower crop harvests for producers.   

4.6.2 Climate Change Uncertainty 

In addition to the model limitations described above, there also exist many uncertainties related to 

climate change:  

 While climate science is closing the gap on the source of climate change, there still exists 

uncertainty with respect to feedbacks within the natural system that could enhance or reduce 

the magnitude of current climate change projections. 

 Policies, programs and legislation changes could significantly affect societal response to climate 

change, both in preparing (or not preparing) sufficient adaptation plans, and in mitigating (or 

exacerbating) climate change.  

 The climate change data acquired provided possible changes in temperature and precipitation, 

however, because these changes were applied to existing weather patterns, the weather data 

for the climate scenarios would only account for changes in temperature and precipitation 

magnitude. The data provides no insight on changes in the frequency of extreme events 

(including those contributing to excess moisture). We suggest that one could expect an increase 

in the frequency of extreme events, based on findings from other climate change studies. And, 

perhaps most importantly. 

 The climate change data was based on scenarios, projecting what could happen in the future. 

These are not predictions; rather, they establish likely outcomes given various trajectories taken 

(which are affected not only by the natural world but also by political will, technological 

development and economics). 

The hydrological modeling results provided were used to assess the potential range of hydrological 

responses to excess moisture based on various scenarios. The hydrological modeling work we have 

completed does not predict hydrological outcomes, it assess the possible range of responses we may 

see in the future. For this reason, no significance should be given to any individual streamflow response 
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magnitude; they must be analyzed together, in the context of developing policy and recommendations 

for a provincial strategy. 
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5.0 STAKEHOLDER ENGAGEMENT 

The stakeholder engagement plan for this Study involved local stakeholders and selected agriculture 

producers to review the local issues and identify potential recommendations to help address the 

challenges. Engagement techniques used were introduced in Section 2.3. 

5.1 Letter of Introduction 

An initial list of stakeholders was provided by MAFRI as the basis for circulating a letter of introduction. 

This list was circulated within the Steering Committee with additions and revisions being made to ensure 

that a cross-section of, producers, NGOs, Rural Municipalities, politicians and government agencies 

were well reflected. 

Two different letters of introduction were sent. The first was used to introduce the project to 

stakeholders and to invite them to attend the consultation workshop. This was sent to 28 stakeholders. 

The second was to introduce stakeholders to the project, and to ask them to consider a list of questions 

for a follow-up Key Informant Interview (described in section 5.2) related to excess moisture and 

agriculture. This letter was sent to 10 stakeholders. 

5.2 Key Informant Interviews 

As a follow-up to the letters of introduction, MMM staff conducted telephone interviews with selected 

agriculture producers as well as municipal, First Nations and NGO representatives. The interviews were 

conducted with the following participants: 

 Four NGO representatives  

 Three Agricultural Producers 

 One First Nations representative 

 Two Conservation District Representatives  

 Two Elected Officials 

 One Provincial Crown Corporation 

 Three Provincial staff members 

A series of questions was posed to each interviewee during the exchange and was used to inform the 

discussions at the upcoming workshop that was planned: 
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A summary of the results of these interviews is presented in Table 5.1. The full details of interview 

responses are provided in Appendix B.  

Table 5.1: Summary of Key Informant Surveys 

 Response Number of 
Responses 

Comments 

1. Changes in 
weather  

Yes 16 

 It is much wetter. 
 Spring is cooler and fall is warmer. Some mixed feedback 

about the growing season being longer.  
 Crop yields are lower.  
 There have been some implications to development (in 

some areas more development applications, and in others, 
fewer applications). 

No -  

2. Changes in 
farm 
practices 
due to 
weather 
changes 

Yes 14 

 Equipment used is changing to front wheel tractors 
 Overall expenses and maintenance costs have increased 

over time 
 Drainage infrastructure has been built and wetland 

restoration programs improve drainage 
 Financial aid is provided to flood prone areas, to raise 

houses to protect them from future flooding 
 More seeding is required for the same yields 
 Different crop types are planted, such as soya beans, 

wheat, oats and clover 
No 1  

Questions that were posed to Agricultural Producers; Answers will be used to inform the workshop: 

1. Have you noticed any changes in weather patterns or climate in your area over the past 

years that have impacted crop yield or quality? 

a. Yes 

b. No 

c. How/What: 

2. What farm management practices have changed as a result of recent changes in the weather 

patterns? If so, how? 

3. What are the top 3 concerns to Agricultural producers in the Icelandic Watershed currently? 

4. What types of programs or policies have been offered in the past to deal with weather pattern 

or climate change events effects by the government of other agencies?  What would you like 

to see in the future? 
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 Response 
Number of 
Responses Comments 

3. Top 3 
concerns to 
Producers 

Drainage, 
Flooding, River 
Health and Water 
Management 

8 
Other responses included: 
 Lack of long-term planning and solutions 
 The need for programs to address credit, debt and 

insurance 
 Effects on other industries 
 Loss of Tax Base 
 Jurisdictional management of drainage infrastructure 

Crop Production 6 
Livelihood (Loss 
of income, 
houses, 
employment) 

7 

4. Types of 
programs/p
olicies 

-Forage 
Restoration 
-Feed Shortage 
Program 
-Crop Insurance 
-AgriStability 
-Safety net 
programs 
-Acreage 
Payment for 
flooded areas 

 

Other programs that were noted as being needed or improved 
included: 
 Emergency programs 
 Wetland maintenance and restoration programs 
 Long-term solutions 
 Agri-flex programs 

5. Most viable 
options for 
future 
excess 
moisture  

Change Crops 7 
Viable crops include: soya beans, wheat, barley, corn, canola, 
forage, oats, flax, hemp, feed grains. 

Improve 
Drainage 2 

Through maintaining and restoring wetlands, using dykes and 
using more drainage infrastructure. 

Implement 
Policies and 
Programs 

2 
Policies and programs need to be implemented to retain and 
restore wetlands including: 1) Incentive-based policies, 2) 
Regulatory policies and 3) Education and Awareness programs. 

6. Are wetland 
/ retention 
ponds, 
drainage 
systems 
useful? 

Yes 15 

Ten of the respondents also indicated that while the landscape 
elements (such as wetlands, retention ponds, drainage systems) 
are useful, the existing supply is inadequate to deal with 
excessive moisture seen in recent years.  
Other comments included the fact that while landscape features 
are useful, there is a problem with asking farmers to store water 
on their land, replacing the use of prime agricultural land with 
water storing capacity. Because Agriculture is a means of living, 
this is asking producers to give up a potentially significant portion 
of their income.   

No 1  

5.3 Workshop 

A key component of the Manitoba Interlake Excessive Moisture Study was a stakeholder workshop.  

The workshop was hosted and facilitated jointly by Manitoba Agriculture, Food and Rural Initiatives 

(MARFRI), Manitoba Conservation (now Manitoba Conservation and Water Stewardship) and MMM 

Group (the project team) on Wednesday, November 16, 2011, at the Bifrost-Arborg Community Centre 

in Arborg, MB from 10:00 am to 2:00 pm.  The goal of the workshop was to better understand how 

excess moisture impacts the agricultural community (particularly agricultural producers, land stewards 

and municipal government), and how existing public policy might be modified to better serve the 

agricultural community in order to adapt and respond to highly variable moisture conditions.  

Participants invited included agricultural producers, local government officials, NGO staff (for example, 
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from Ducks Unlimited), and provincial staff.  Details of the Workshop, including the participant list, 

presentation and findings are located in Appendix C.  

Project information boards were displayed throughout the room and study area maps were provided for 

discussion.  

A total of 23 participants attended the workshop.  Upon arrival, workshop participants were asked to 

sign in.  They were then divided into four discussion groups and were asked to discuss topics that 

corresponded to three stages of problem solving, as follows: 

 Identifying Issues and Challenges 

 Determining Typical Solutions to Excess Moisture 

 Recognizing Future Opportunities 

Representatives from MMM, MAFRI and Manitoba Conservation (now Manitoba Conservation and 

Water Stewardship) were available to answer questions raised by those in attendance throughout the 

course of the workshop.  Each discussion group discussed each of the topics and reported back to the 

entire workshop group after each exercise was completed to share the highlights of the discussions. 

Based on the exit survey, completed by 22 of the workshop participants, respondents indicated that they 

felt that the workshop was useful and/or educational, and that they hoped the workshop comments 

would be incorporated into policy and strategy recommendations. 

The summary that follows provides an overview of the responses.  

5.3.1 Summary of Group Discussions 

5.3.1.1 Discussion Topic A: Issues and Challenges 

The first discussion topic aimed to identify issues and challenges surrounding excess moisture in the 

agricultural sector. Three questions were posed to do this:  

1. What are the primary issues and challenges from weather changes that are impacting 

agricultural producers (cropping, livestock, specialized agriculture, etc.) in the Icelandic 

Watershed?  Explain the impact it/they has/have had. 

2. Rate the impacts most significant with dots (i.e., dot voting technique). 

3. Are these similar to issues generally across the Interlake area?  Or across the province in other 

agricultural areas in Manitoba? 

Based on the issues identified and the subsequent dot voting to rate the significance of each of the 

issues, Table 5.2 shows the results. The results are listed from most to least significant for each 

associated theme. Due to time constraints, question three was not discussed in detail.  
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In each case, the same questions were asked of each of the four focus groups. At the end of the idea 

generating phase, participants were asked to ‘vote’ on their top three priorities. Each participant was 

given 3 ‘dots’ which they then placed beside their priority choices. The resulting ‘votes’ were counted 

and the top 3 choices for each group were identified as priorities (i.e. ❶, ❷, ❸). The number of 

priorities identified by each group was not a constant three, but rather varied depending on the group 

position. Hence there may be more than twelve priorities identified (4 groups x 3 priorities each = 12). 

This is normal and quite acceptable in the practice of dot voting. 

Table 5.2: Workshop – Topic A: Significant Issues and Challenges to Adaptation 

Theme Stakeholder Comments 
Identified as a 

Priority 

Policy  Co-operative policy and planning between all parties involved to develop 
effective policy  

❶❷ 

  Water management strategy is needed 
❷❷ 

  Monitoring and evaluation of existing policies to determine gaps. 
 

  Implementation of effective policy is required to address the issues 
 

  Preservation of wetlands should have incentives for agricultural producers 
 

  Provincial policies need to reflect the need for producers to be able to adapt and 
diversify 

 

  Conservation District Act requires significant revisions (originally written in the 
1970s) 

 

Economics  Lack of drainage plan and maintenance (currently underway, but needs to be 
more extensive) 

❶ 

  When rain events are repeated over many years, it becomes more difficult to 
recover after many years 

❷ 

  Recent lack of revenue (economic impacts) due to excess moisture on farmers 
and the businesses that support farmers. 

❸❷ 

  Programs are not designed for multiple year losses.  
o For example, the AgriStability program is based on 5 year margins, 

and crop insurance is based on longer time averages.  

❸ 

Farming 
Operations 

 Saturated soils increase net crop loss.  
o Storing water in the soil is good. 
o Loss of permeability results in increased runoff from flash floods 

 Soil compaction results 

❶❸❶ 

  Spring and summer excess moisture and saturated soil makes it difficult to seed  
  Producers cannot properly access their land for seeding, harvesting, or grazing  
Natural Heritage 
Protection  Nutrient loading in Lake Winnipeg 

❷ 

  Society as a whole needs to help protect wetlands and better understand their 
function 

❸ 

  There are spin off effects from economic hardship (lack of revenue and 
inconsistency of revenue) on farmers.  
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Priority topics identified under Topic A (Issues and Challenges): 

 Water saturated soil becomes compacted and increases net crop loss:  

o Excess moisture results in water being stored in soils, which then results in increased 
crop loss, as well as increased runoff from flash floods. 

 Co-operative policy and planning between all parties involved to develop effective policy: 

o Policy and planning appears to be created on a reactionary, rather than responsive 
basis, suggesting a lack of coordination and communications. This lessens its 
effectiveness.  

 Water management strategy is needed: 

o Water management is perceived as being conducted on an ad-hoc, regional basis with 
little overall provincial coordination. 

 Lack of drainage plan and maintenance (currently underway, but needs to be more extensive): 

o Drainage infrastructure design is based on antiquated and obsolete standards, which 
needs to be reviewed and updated. 

o Maintenance schedules need to be made more frequent and funded accordingly. 

 When rain events are repeated over many years, it becomes more difficult to recover: 

o Financial aid programs seem to be reactive, so based on an emergency or isolated 
event. Aid is not considered on the basis of multi-year losses. 

5.3.1.2 Discussion Topic B: Typical Solutions to Excess Moisture 

The second discussion topic centered on determining the typical solutions used for adapting to excess 

moisture conditions.  Questions used to generate discussion included: 

1. What has been the typical way that excess moisture has been addressed in the past by: 

 Farmers/Producers 

 Agencies 

 Municipal Government 

 Provincial Government 

 Federal Government 

2. Are these methods appropriate or should they be altered? 

Based on the discussion and responses received, Table 5.3 outlines the typical solutions used and 

whether or not they are appropriate solutions. 
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Table 5.3: Workshop – Topic B: Typical Solutions for Responding to Excess Moisture 

Method 
Party 

Priority? Farmers / 
Producers 

Agencies Provincial 
Government 

Rural 
Municipalities 

Federal 
Government 

Draining farmlands and/or 
wetlands X      

Techniques and policies required 
to improve holding/storing 
moisture on the land 

X      

Crop diversification based on 
excess moisture conditions X    	 ❶❸ 

Retool business risk management 
programs to better reflect multi-
year disasters 

 X X    

Implementation of effective policy 
that would assist producers when 
necessary 

X X X X 	 ❸❶ 

Province should develop a 
program that would maintain 
wetlands* 

 X  X 	 ❷ 

Provincial property insurance for 
excess moisture  

X  X X 	 ❸ 

Creating crop insurance programs 
that are more diverse and/or are 
related to production of the crop 

X X X X   

Manage drainage system better 
(brush/trees) – improved 
maintenance schedule 

X  X X 	 ❸ 

Cooperative policy and planning 
between all parties involved^ 

X X X X X  

Lack of a collective strategy 
between federal government, 
provincial government and 
producers 

X X X X X ❶ 

Best Management Practices 
needed including integrated 
watershed planning 

X X  X 	 ❷❷ 

Need innovations in planning 
approach to policy and practices 
that accepts regular flooding in 
some areas regardless of 
insurance/funding programs 

X X X X 	 ❷❶ 

* Wetlands alone were noted to be part of the solution, but had volume and time of year limitations. 

^ Reflected in all policy-related points.     
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Note that some of the priorities identified by the workshop participants were duplicated under Topic A or 

C, while others did not represent a solution. The priorities identified below are focused on typical 

solutions, which address the question being asked. Other priorities listed in Table 5.3 are also important, 

and may be of use to the Government of Manitoba for related matters. 

Priority topics identified under Topic B (Typical Solutions): 

 Crop diversification based on excess moisture conditions: 

o Farmers and producers have historically adjusted their crop varieties based on moisture 

levels. 

o Soy beans and other moisture-tolerant crops have emerged in place of less tolerant 

crops such as grains and corn. 

 Implementation of effective policy that would assist producers when necessary: 

o Historically, federal and provincial support to help farmers manage risk has been 

reactive (i.e., AgriInsurance and AgriStability). While helpful, these programs are not 

effective for producers in periods of continual extreme weather.  

 Provincial property insurance for excess moisture: 

o Property insurance is again used on a reactive basis, as a result of an emergency 

event.  

 Best Management Practices needed including integrated watershed planning: 

o Practices need to be updated based on the successes of those across the province. 

o This would be best achieved through integrated watershed planning. 

5.3.1.3 Discussion Topic C: Future Opportunities 

The third discussion topic was focused on recognizing future opportunities to better respond to excess 

moisture conditions. Questions posed to generate discussion included: 

 What are some examples (techniques, programs, strategies, etc.) that you are familiar with that 

may be explored to assist farmers to address impacts from extreme weather events?  Would 

there be any other implications from the implementation of these? 

 What can farmers do to better protect themselves from the challenges resulting from extreme 

weather events (flooding, erosion, etc.)? 

 Do you have any policy recommendations to help address these issues?   
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Table 5.4: Workshop – Topic C: Future Opportunities 

 

  

Topic Comments Identified as 
a Priority? 

Techniques / Programs / 
Strategies 

Create a high-level integrated approach to drainage  

 all levels of government are involved in continuous collaboration and 
communication  

Goal is to create a provincial drainage strategy 

❶❸ 

 Amend drainage standards to reflect crop technologies across the province  

 Direct funding to drainage rather than crop insurance  
 Encourage MASC to provide water management feedback and play a more 

significant role in planning for drainage 
 

 Encourage municipalities to use direct taxation (proportioning) for drainage 
projects 

 

 Streamline regulations to ensure the system can change in a timely manner, 
particularly under extreme events 

❷❷ 

 Create an on-going infrastructure program while simultaneously illustrating that 
drainage is an important issue in Manitoba 

 

 Soil classes need to be more accurately mapped to guide land use decision 
making 

 

 Long-term conservation programs are needed which would pay farmers to leave 
(i.e. not farm) the land 

 

 Municipal long-term water management strategy with provincial conservation 
districts 

❷ 

 Approaches should accept that flooding may be a regular, rather than sporadic 
event 

❶ 

Farmer Protection Improve and enhance crop practices through encouraging farmers towards crop 
diversification 

 

 Direct watershed reserve areas to specific (i.e. designated) land parcels 
throughout the Icelandic Watershed 

 

 Financial compensation is required for farmers giving their lands up for water 
storage purposes (designated or emergency purposes). 

❸ 

 Cost sharing of drainage systems between government and producers (ex. Cook’s 
Creek drainage which was a coordinated approach) 

❶ 

 Education of farmers and producers is required to better understand water storage 
in wetland areas 

 

Policy Recommendations  Revising and re-writing the Conservation District Act is required 
through an effective public consultation process 

 

 Apply bio-economic processes to create new markets and adjust to what the land 
produces on a year-to-year basis 

 

 New policies could include a return that is based on the cost of production for 
compensation 

❷ 

 Maintenance of infrastructure needs to be sustainable and this should be 
regulated municipally or provincially 

❶ 

 Better research into the natural drainage patterns should be incorporated into 
decision making 

❸ 
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Priority topics identified under Topic C (Future Opportunities): 

 Create a high-level (Provincial) integrated approach to drainage:  

o Involving all levels of government. 

o Streamline regulations to ensure the system can change in a timely manner, particularly 

under extreme events. 

o Accept that flooding may be a regular, rather than sporadic, event. 

 Costs and compensation should reflect actual costs on the ground:  

o Financial compensation is required for farmers giving their lands up for water storage 

purposes (designated or emergency purposes). 

o New policies could include a return that is based on the cost of production for 

compensation. 

o Cost sharing of drainage systems between government and producers (ex. Cook’s 

Creek drainage which was a coordinated approach). 

 Improve existing infrastructure: 

o Maintenance of infrastructure needs to be sustainable and this should be regulated 

municipally or provincially. 

o Better research into the natural drainage patterns should be incorporated into decision 

making. 

5.3.1.4 Summary of Workshop 

In summary, while participants agreed that continual excessive moisture of recent years has not been 

characteristic of the region, it is a phenomenon that has significantly impacted livelihood and agricultural 

production. Overall, the participants felt there was a gap between provincial policy and local initiatives 

available to farmers, producers and Rural Municipalities. Policy and programs have historically been 

developed by the Province in response to emergencies, resulting in an ad hoc approach. Improved 

coordination is required in policy development, including a comprehensive review/evaluation of all water 

and watershed policies to determine their effectiveness. Current provincial agricultural policies, 

potentially including the Conservation District Act, would need to be reviewed and updated, as required. 

On-going monitoring and evaluation of policies is also needed to measure and demonstrate success. 

Farmers and local agricultural producers are supportive of water storage and distribution requirements 

that would have them remove land from active production, provided there is some form of financial 

incentive to help compensate for lost income, either on a temporary or permanent basis. 

An underlying issue for the region is the lack of maintenance of the existing drainage infrastructure as 

well as the need to improve programs to maintain and create new drainage infrastructure. Drainage 
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standards need to be reviewed and revised across the Province to reflect current cropping technologies 

and address compensation for farmers whose lands are identified to address local/regional needs. 

New business opportunities should be considered that reflect bio-economy standards to identify 

potential new markets where excess moisture cannot effectively or sustainably be managed. Also, Rural 

Municipalities need to be financially empowered to address issues at the local level.  

5.4 Summary of Stakeholder Engagement Activities 

Stakeholder engagement resulted in the identification and exploration of several ideas that could be 

used to help inform the development of a provincial strategy. This section summarizes all consultation 

activities into topics that can be converted into priorities for action. Table 5.5 provides a summary of 

stakeholder recommendations. The Steering Committee determined that further study and analysis 

needs to occur, including the need to review legislation and planning documents.  

Table 5.5: Summary of Stakeholder Recommendations 

Topic Recommendations 

Agency 

Coordination 
Province should partner with NGO’s to identify priority projects for funding 

  Improved maintenance schedule to manage the existing drainage system  

 Maintenance of drainage infrastructure needs to be sustainable and this should be regulated municipally 
or provincially 

Watershed 

Management 

Best Management Practices are needed including watershed management planning that is better 
integrated in the decision-making process. 

 Create a high-level integrated provincial drainage strategy that would: manage wetlands; require a 
multi-jurisdictional approach; identify a response and implementable management framework 

 Streamline the current regulatory framework to ensure the system can change in a timely manner, 
particularly under extreme events 

 Develop a long-term water management strategy with the Province, Conservation Districts and the 
Rural Municipalities 

 Review the Conservation District Act to determine if updates are required, including using a consultation 
program focusing on producers. 

Effective Policy Need innovations in planning policy and practices that accepts regular flooding in some areas 
regardless of insurance/funding programs 

 Implementation of effective policy that would assist producers when necessary on a more consistent 
basis rather than reactive basis 

 Approaches should accept that flooding may be a regular, rather than sporadic basis, and programs 
therefore need to understand how this may affect compensation over multiple years  



 

Final Report  |  Provincial Planning on Adaptation for Excessive Moisture in the Interlake Region of Manitoba  53 

MMM Group Limited  |  March 2012 | 14.11225.001 

 

 

 

 

The priorities that were identified as applicable to this Study were brought forward for inclusion in 

Section 6, as recommendations for a provincial strategy. 

  

Topic Recommendations 

 New policies could include a return that is based on the cost of production for compensation 

 Review and evaluation of existing policies. Delete duplication/redundancy, strengthen successes. 
Implement monitoring and evaluation system to address future issues. 

Producer / Farmer Crop diversification choices should be made based on excess moisture conditions 

Financial Cost sharing of drainage systems between government and producers (ex. Cook’s Creek drainage 
which was a coordinated approach)  

 Direct funding to address drainage issues at the Rural Municipality and producer levels rather than crop 
insurance, which would provide short-term mitigation 

 Need consistent, responsive funding. Downloading to Rural Municipalities is not sustainable. 

 Provide for flexibility in funding to support regular and extreme weather events. This would require a 
change from reactive to responsive funding. 
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6.0 RECOMMENDATIONS FOR A PROVINCIAL STRATEGY 

Recommendations were developed based on observations made and conclusions drawn from the 

literature review, input from the Steering Committee and results of stakeholder engagement activities. 

This section documents the input of members of the Steering Committee and members of the project 

team, which identifies priority areas identified, then makes best efforts to categorize these priority areas 

into implementable and actionable items. 

6.1 Priority Areas 

Identification of priority areas for implementation required a principled-approach to addressing the 

problem statement, which defined this project from the outset, being management of excess moisture. 

The development of these recommendations also needs to be consistent with the principles established 

in existing policy and planning documents (i.e., including but not limited to The Planning Act and the 

Provincial Planning Regulation, The Water Protection Act, the Icelandic River and Washow Creek 

Integrated Water Management Plan (as well as other Integrated Water Management Plans), The 

Conservation District Act, The Save Lake Winnipeg Act etc.).  

In developing recommendations for a provincial strategy, two general yet recurring themes were 

communicated, which are consistent with the approach identified by the Steering Committee. They are: 

 

This study makes several recommendations, which can be divided into two distinct themes: government 

and agricultural industry. The distinction is made to highlight the practical needs of the industry and the 

medium to long-term approach addressed by government policy and regulation. Our approach with the 

recommendations is to provide the overall objective being recommended, supported by a more detailed 

explanation including sub-topics, as warranted. The study recommendations are provided in Table 6.1, 

below.   

1. Open and consistent communications within all levels of government are required. 

2. Review and evaluation of existing policies towards reducing duplication. Implement 

monitoring and evaluation system to identify and promote success and learn from mistakes.  
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Table 6.1: Summary of Recommendations 

Priority Objective Explanation / Sub-Topics Time Frame for  
Implementation 
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GOVERNMENT 

Regulatory 
Framework 

Require Conservation Districts to 
issue drainage permits for land 
use changes. 
 

Explanation: 
 
Encourage Municipal Councilors and Conservation 
Districts to work together to ensure that any land 
use changes approved locally require a permit or 
drainage impact study as part of its approval 
process to better understand the impacts of land 
use change on the drainage system. 

X   

 Province should undertake a 
drainage study to define water 
quality and drainage objectives in 
a balanced way. 
 

Explanation: 
 
Balance the need for good drainage and the need 
to improve water quality before it outlets into Lake 
Winnipeg in the provincial strategy. 

X   

 Province should encourage 
planning authorities to use best 
available data to clearly 
designate land so that 
development is guided away from 
higher-risk areas. 

Explanation: 
 
Identifying hazardous areas using current G.I.S. 
data to avoid decisions where agricultural uses 
such as cropping are sometimes directed to low 
lying lands.  
Perhaps with the increase of flooding events, the 
use of these low lying lands for cropping should 
not be encouraged, unless there are BMPs that 
can address the shortened growing periods. 

X   

 Coordinate excess moisture 
management under the 
Provincial Planning Regulation 
policies and Development Plans 
to ensure lands subject to regular 
flooding are not considered for 
development. 

Explanation: 
 
Coordinate excess moisture management with 
land use planning in accordance with The 
Provincial Planning Regulation to develop policies 
within Development Plans that ensure lands that 
are subject to continuous flooding are left in a 
natural state as much as possible. Much of the 
province is in a floodplain, and much of that land 
has already been developed, which complicates 
the issue. 

X   
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Priority Objective Explanation / Sub-Topics Time Frame for  
Implementation 
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 Survey producers, agricultural 
organizations and supporting 
agencies to determine the 
effectiveness of the Conservation 
District Act, other relevant 
legislation and implementing 
regulations. 

Explanation: 
 
The Province, in conjunction with Conservation 
Districts, should survey producers, agricultural 
organizations and supporting agencies to 
determine the effectiveness of the Conservation 
District Act and the Water Protection Act and its 
implementing regulations.  
 
This should be done with a focus on determining if 
additional power and required funding should be 
afforded to Conservation Districts to ensure a more 
coordinated and consistent approach to water 
management within individual watersheds.   

 X  

 The Province should undertake a 
study to ensure that drainage 
practices on private land are 
consistent with provincial strategy 
and policy, and how to align 
drainage practices on private 
property with the provincial 
strategy.  

Explanation: 
 
Undertake a study to determine how the Province 
can work with private land owners to ensure that 
drainage practices on private land support (rather 
than vitiate) the provincial strategy. 
 
Methods to achieve this should be explored under 
the scope of this study, including compensation for 
preserving wetlands, as well as setting aside public 
land with appropriate policies limiting development. 

 X  

 The Province should create a 
high-level integrated provincial 
drainage strategy. 

This proposed drainage strategy would: 
1. Manage wetlands; 
2. Require a coordinated, multi-jurisdictional 

approach;  
3. Set policies for drainage practices on 

private property; 
4. Use drains to both move water off of land 

as well as replenish moisture levels in 
certain areas, during periods of drought; 

5. Identify a realistic and sustainable 
response; and  

6. Implement a long-term management 
framework. 

7. Streamline regulations implementing the 
Integrated Plan to eliminate redundancy 
(which can adversely affect response to 
excess moisture and other extreme 
weather events). 

8. Consider the risks and strategies for 
dealing with high volume spring melt 
events, as well as for dealing with the 
compounding effect of excess moisture 
events in the summer on waterlogged soil. 

 X  
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Priority Objective Explanation / Sub-Topics Time Frame for  
Implementation 
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 Municipalities should be required 
to develop a five-year water 
management plan, as part of 
longer-term planning. 

This should be done in conjunction and with input 
from the Conservation Districts. 

 X  

 The Province should initiate a 
review of policies, programs and 
initiatives supporting the 
agricultural industry and used in 
reaction to historical extreme 
events, including excess 
moisture. 
 

Explanation: 
 
Historical practice suggests an ad hoc approach to 
policies. A comprehensive policy review should be 
undertaken to consolidate, update and simplify the 
existing regulatory framework. The goal is to 
clarify the policy context for improved 
understanding by the general population. 
 
The review should address the following areas: 

 Policy development framework for future 
extreme events. 

 Inventory current policies, regulations and 
programs developed for the agricultural and 
water resources industries 

 Evaluate the relative success of each 
initiative.  

 Identify obsolete policies, regulations and 
programs that no longer apply to current 
issues and recommend they be 
discontinued. 

 Identify conflicting policies/priorities 
between departments and between levels 
of government. 

 Consolidate relevant policies, regulations 
and programs, where possible to simplify 
and clarify the regulatory framework. 

 Implement a monitoring and evaluation 
system to develop a sustainable and 
responsive 

 X  

 The Province, in conjunction with 
Conservation Districts and 
municipalities, should monitor 
selected elements and update 
the Strategy as needed. 

The following are the selected elements 
suggested for monitoring: 

 Adaptive Capacity 
 Uptake of programs and implementation of 

policy recommendations 
 Technical data, including: Climate change 

projections, hydrological trends and land 
use changes (to update projections in 
hydrologic response to excess moisture 
events). 

  X 
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 The Province needs to be 
innovative in planning policy and 
practices that accepts regular 
flooding in some areas 
regardless of insurance/funding 
programs. 

Explanation: 
 
The current business as usual approach to the 
management of excess moisture is not 
sustainable. The Province needs to develop some 
non-traditional approaches to deal with flooding as 
a regular occurrence. Insurance / funding criteria 
for flooding should not remain as the determining 
factor. 
 
This could include a broader policy that 
recognizes infrastructure and property damage. It 
is important that policies and programs work with 
the strengths (and within the confines of) natural 
systems rather than against them. 

  X 

 The Province should undertake a 
review of water-related 
legislation, policy and regulations 
to develop consistency and 
determine if changes are 
required. 

Explanation: 
 
Stakeholders identified the need to strengthen and 
clarify water-related legislation and related 
regulatory framework (i.e. Water Protection Act, 
Conservation Districts Act, etc.)/ 
 
The Province should also consider shifting 
responsibility of implementation to a joint effort by 
the Province and the Rural Municipalities with 
input from Conservation Districts. Municipal 
implementation could be accomplished through a 
Provincial Watershed Management Plan. 

  X 

Coordination Improve shared (province, 
municipalities, land owners) 
understanding of water flows in 
the region.  

Explanation: 
 
Improved sharing of information would include 
AgriInsurance loss information due to excess 
moisture, to both municipal and provincial 
stakeholders, to improve planning. 

X   

 Accept that flooding may be a 
regular event, rather than 
sporadic or occasional events and 
have budgets and protocols for 
policy and insurance programs 
set on this basis.   

Explanation: 
 
Provincial policies and regulations need to accept 
flooding as a regular, long-term occurrence and set 
aside appropriate budgets to address it annually. 
Emergency-based approach to funding is not 
sustainable. 
Further work should be coordinated with land use 
planning exercise to develop policies that ensure 
lands that are subject to continuous flooding are 
left in a natural state as much as possible. 
Business Risk Management programs should also 
be reviewed and revised as necessary, to better 
respond to the impacts of multi-year extreme 
events. 

X   
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 Consider options for engaging 
private land owners in water 
management practices that are 
aligned with approved water 
management practices. 

Explanation: 
 
The Province, in conjunction with municipalities 
and Conservation Districts, should consider 
options for engaging private land owners in water 
management practices that are aligned with water 
management practices of Conservation Authorities 
and Integrated Watershed Management Plans. 

 X  

 Improve communication of 
weather pattern information to 
farmers to assist in applying 
BMPs. 

Explanation: 
 
The Province should consider methods for 
communicating weather pattern information to 
farmers in certain micro climates that help them 
apply BMPs to better adapt to changing weather 
patterns and trends. This should include 
consideration of current and potential future 
drainage practices on private land. 

   

Infrastructure 
Development 

Improve maintenance schedule to 
better manage the existing 
drainage system. 
 

Explanation: 
 
The maintenance schedule should be part of a 
rolling multi-year plan by provincial and municipal 
governments 

X   

 The Province should partner with 
municipal governments and 
NGO’s to identify water 
management and drainage 
priority projects for funding.  

Explanation: 
 
Working with partners will provide the Province 
with improved access to local issues, including 
identifying specific drainage priorities and 
connecting these projects with available funding. 

 X  

 Ensure that maintenance of 
municipal and provincial drainage 
infrastructure is sustainable and 
regulated on a watershed basis.  
 

Explanation: 
 
The Province and municipalities need to ensure 
that maintenance of municipal drainage 
infrastructure (i.e., road side ditches, culverts, etc.) 
and provincial drainage infrastructure (i.e., 
provincial waterways and highway drainage) is 
sustainable and should be regulated on a 
watershed basis.  
This should be regulated by a responsible party, 
likely either by: an agency representing 
collaborating municipalities (part of the same 
watershed), conservation districts (that will need to 
be granted the power to do this), or by the 
province. In addition, the province should 
undertake an initiative to improve the coordination 
of drainage standards between municipal and 
provincial drains. 
 

 X  
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AGRICULTURAL INDUSTRY 
Funding Provide for flexible funding to 

support regular and extreme 
weather events. 

Explanation: 
 
The Province, the federal government, 
municipalities and other institutions need to 
provide for flexibility in funding to support regular 
and extreme weather events, by taking into 
account the probability of repeated extreme 
events in consecutive years.  

  X 

Coordination Encourage crop diversification 
choices based on long-term 
excess moisture trends in the 
context of fixed physiographic 
conditions. 

 

Explanation: 
 
Crop choices require current technical data on 
weather patterns to be available to the agricultural 
industry on a timely basis. This requires a degree 
of trust and clarification of expectations between 
government and producers. 

X   

Infrastructure 
Development 

Explore cost-sharing models for 
drainage systems to ensure the 
financial burden is not solely with 
the producer. 

Explanation: 
 
Explore models to encourage cost sharing of 
drainage systems between Municipal government 
and producers such that producers are not 
required to front-end the capital costs, then wait 
for repayment to occur (e.g. Cook’s Creek 
drainage which was a coordinated approach). 

 X  

In addition to these recommendation, we have also provided a compilation of general beneficial practices 

(or BMPs) available to producers in Table 6.2. 
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Table 6.2: Summary of Adaptation Options and BMPs for Producers 

Approach Form of Adaptation Comments Source 

Farm Production 
Practices 

Water conservation measures  Update operating rules of water 
resource systems. 
Review need for changes, 
including timing of irrigation 
before / after sunset 

Lemmen and Warren, 2004 

Adjustment of planting and 
harvesting dates 

Could play a critical role in 
reducing the losses associated 
with future moisture conditions 

Lemmen and Warren, 2004 

Introduction of new species and 
hybrids, for example, those that 
are more resistant to drought and 
heat 

Vegetation that is the most in 
tune with the evolving climate 
will require least degree human 
intervention, and vice versa 

Lemmen and Warren, 2004 

Minimum tillage  Sauchyn and Kulshreshtha, 
2008 

Crop diversification   Sauchyn and Kulshreshtha, 
2008 

Increased storage (for droughts) 
and diversion (for water surplus)  

Involves negative environmental 
effects including loss of good 
agricultural lands and natural 
features (i.e. wetlands) 

 

Rainwater Collection systems For more efficient use of 
agricultural water resources 

Sauchyn and Kulshreshtha, 
2008 

Integrated pest management  Belliveau et al., 2006 
Choosing appropriate location to 
plant  

Which side of a hill to avoid frost, 
or to minimize erosion 

 

Greater micromanagement of 
vineyard  

For example: lighten the crop 
load to divide limited energy 
among fewer plants, adjust 
canopy cover as necessary 

Belliveau et al., 2006 

Farm Financial 
Management 

Budget planning to permit 
sufficient flexibility to deal with 
extreme weather / climatic events 

 Wittrock, 2001 

Drought management plans 
 

 Sauchyn and Kulshreshtha, 
2008  
Belliveau et al., 2006 

Re-invest financial gains after a 
good year, or put money away for 
a bad year 

Income stabilization Belliveau et al., 2006 
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6.2 Implementation 

Recommendations are only useful and effective if they are implemented. For these recommendations to 

be of assistance to the Government of Manitoba and its partner stakeholders the following needs will need 

to be met: 

1. Continuous sustainable funding for the maintenance of drainage infrastructure and farm 

operations. This should be provided both during periods of excess moisture and during times of 

drought to maintain functionality. 

2. A lead Department or agency identified and charged with implementation. 

3. Monitoring changes occurs on a regular and consistent basis through hydrological modeling and 

review of policy. 

4. Changes are evaluated and modifications made based on relative success. 
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7.0 CONCLUSIONS 

Excess moisture is affecting the agricultural industry in the Interlake Region of Manitoba. The issues 

include overwhelming current drainage infrastructure, inadequate maintenance on existing infrastructure, 

and lack of financial and policy support for producers on a multi-year basis. Using the Icelandic River 

Watershed as the base for hydrologic modeling and incorporating climate change models, projections 

indicate that the highest magnitude floods under the climate change scenarios follow some of the general 

trends of hydrographs currently observed for the Icelandic Watershed.  Provided temperatures are low 

enough for a substantial snowpack to accumulate over the winter, a lack of storage capacity in the soil will 

result in a large volume of water at the ground surface (i.e. ponding), which will eventually flow 

downstream to the Icelandic River.  This saturated state may persist, exacerbating the effects of 

precipitation events later in the growing season. Review of the historical stream flow records indicate that 

there are very few other instantaneous stream flow peaks other than the spring snow melt peak. An 

excess moisture strategy will largely depend on the ability to deal with spring melt.  Should these 

conditions change, strategies would need to be adapted to the new conditions. The concentration of peak 

flows at the spring snow melt provides for some effort to be focused at this time of year, as opposed to 

spreading the effort over a longer period. Focusing on the spring snow melt should result in a more 

efficient and effective use of resources, but still have to be mindful of cumulative extreme precipitation 

events in the summer. 

Managing the effects of excess moisture within the Province of Manitoba will require a coordinated and 

multi-year approach, including evaluating policy effectiveness, reviewing funding programs for consistency 

and sustainability, obtaining government acknowledgement that excess moisture events will pose 

significant problems for the agricultural sector in the future. Stakeholder feedback has identified the need 

for a shift from reactive policies and programs, created on an event-basis, to responsive ones, where 

producers are consulted regularly by policy-makers in order to understand current conditions. 

Implementation is the key to the success of this initiative. This study provides a strong basis for the 

creation of a Strategy to Manage Excess Moisture, including literature review of best practices, and key 

information provided by stakeholders most directly affected by this issue. Moving forward, this study has 

identified several short, medium and long-term priorities which provide guidance to policy-makers to make 

positive changes to the Province’s policy and financial framework that should seek to improve the current 

environment to one of responsiveness. To achieve this in a successful way, regular evaluation of policies 

and programs followed by monitoring of any changes into the future, through hydrological modeling and 

policy review, will remain key tasks. 
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Appendix A
Stakeholder List and Introductory Letter
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November 1, 2011 Ref. No. 14.11225.001 

Dear Sir/Madam, 

Re: Manitoba Interlake Excessive Moisture Study 

Manitoba Conservation and Manitoba Agriculture, Food and Rural Initiatives (MAFRI) have retained 
MMM Group Limited (MMM) to consider the potential effects of moisture from extreme weather 
(i.e. precipitation, rapid snow melt, etc.) on agricultural productivity in the Interlake Region. The 
focus of the study is on periods of excessive moisture or drought. MMM is modeling various 
scenarios based on anticipated changes in the Icelandic Watershed and would like to get your 
thoughts and experiences about the agricultural community through a key stakeholder workshop.  

MMM is focusing its efforts on the Icelandic Watershed; looking at drainage and agricultural 
practices found within its boundaries (see attached Figure). The goal of the key stakeholder 
workshop is to share information with you, to discuss current attitudes, techniques and past 
experiences that have affected the agricultural industry in the region.  MMM will use the feedback 
from this workshop to inform the development of a provincial strategy to help address the effects of 
excess moisture on agriculture. This will provide Manitoba Conservation with an initial 
understanding of best practices to deal with future extreme moisture or drought scenarios. Those 
invited to this workshop represent interest groups, local municipal governments and technical 
specialists.   

What: Manitoba Interlake Excessive Moisture Study – please RSVP by November 12, 2011 

When: Wednesday, November 16, 2011 from 10:00 a.m.-2:00 p.m. – Lunch will be provided 

Where: Arborg Bifrost Community Centre - 409 Recreation Centre, Arborg, Manitoba 

RSVP: Laura Dainard at (204) 943-3178 or dainardl@mmm.ca by November 12, 2011 

  



 

If you have any additional questions, please feel free to contact David Jopling directly at 
(204) 272 2032.  If you are unable to attend please advise if there is an alternate contact who could 
come in your place.  We look forward to having you participate in this process.  

Yours very truly, 
MMM Group Limited  

 
Michael Sullivan, M.Pl., MCIP 
Senior Environmental Planner 

Enclosure 

cc. Tony Szumigalski, Manitoba Conservation 
 Natalie Ducharme, MMM Group 
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Appendix B
Stakeholder Survey
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Icelandic Watershed Moisture – Questionnaire  

Questions to be posed to Agricultural Producers; Answers will be used to inform the workshop: 

1. Have you noticed any changes in weather patterns or climate in your area over the past years 

that have impacted crop yield or quality? 

a. Yes 

b. No 

c. How/What: 

 

2. What farm management practices have changed as a result of recent changes in the weather 

patterns? If so, how? 

 

3. What are the top 3 or 4 concerns to Agricultural producers in the Icelandic Watershed 

currently? 

 

4. What types of programs or policies have been offered in the past to deal with weather pattern 

or climate change events effects by the government of other agencies?  What would you like to 

see in the future? 

 

5. Which crops do you believe are the most viable in the Icelandic Watershed? Can you see that 

changing if there were to be an increase/decrease in moisture? 

 

6. Do you believe wetlands, retention ponds, drainage systems are in adequate “supply” in the 

Icelandic Watershed?  
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it
s 

e
a

rl
y 

p
la

n
ti

n
g

.

O
ri

g
in

a
lly

, 
ce

re
a

l c
ro

p
s 

w
e

re
 m

o
st

 c
o

m
m

o
n

 

(o
a

t/
b

a
rl

e
y)

, 
h

o
w

e
ve

r 
d

u
e

 t
o

 m
o

re
 m

o
is

tu
re

, 

so
ya

 b
e

a
n

s 
a

n
d

 w
h

e
a

t 
a

re
 n

o
w

 b
e

co
m

in
g

 m
o

re
 

co
m

m
o

n
 in

 t
h

e
 r

e
g

io
n

. 
P

ro
d

u
ct

io
n

 h
a

s 
in

cr
e

a
se

d
 

ti
lla

g
e
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 t

h
e

 r
e

g
io

n
. 

In
 t

h
e

 1
9

9
0

's
, 

m
u

ch
 o

f 
th

e
 

la
n

d
 w

a
s 

n
o

-t
ill

,,
 b

u
t 

w
it

h
 t

h
e

 c
h

a
n

g
e
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a

ck
, 

p
ro

d
u

ce
rs

 r
e

q
u

ir
e

 n
e

w
 e

q
u

ip
m

e
n

t 
o

r 
a

re
 u

si
n

g
 

o
ld

 e
q

u
ip

m
e

n
t.

 T
h

e
 f

a
rm

 e
q

u
ip

m
e

n
t 

u
se

d
 

in
cl

u
d

e
d

 d
o

u
b

le
 d

is
c 

a
n

d
 o

ff
se

t 
d
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, 
h

o
w

e
ve

r 

n
e

w
e

r 
m

a
ch

in
e

ry
 in

cl
u

d
e

s 
ve

rt
ic

a
l t

ill
a

g
e
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h

ic
h

 

d
is

tu
rb

s 
th

e
 u

p
p

e
r 

la
ye

rs
 a

n
d

 d
o

e
s 

n
o

t 
p

lu
g

 in
 

w
e

t 
co

n
d

it
io

n
s.

ye
s

1
. 

E
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e
ss
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o
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tu

re

2
. 

In
fe

ct
io

n
 o

f 
ce

re
a

l c
ro

p
s 
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la

te
d

 t
o

 in
cr

e
a

se
d

 

m
o

is
tu

re
 a

n
d

 s
ta

g
n

a
n

t 
w

a
te

r 
(F

u
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ri
u

m
 is

 

co
m

m
o

n
)

3
. 

M
u

n
ic

ip
a

l a
n

d
 p

ro
vi

n
ci

a
l i

n
fr

a
st

ru
ct

u
re

 

im
p

ro
ve

m
e

n
ts

 t
o

 d
ra

in
a

g
e

 s
ys

te
m

s.

4
. 

C
ro

p
 in

su
ra

n
ce

/a
g

ri
st

a
b

ili
ty

 c
h

a
n

g
e

s.
 

P
ro

g
ra

m
s 

th
a

t 
w

o
u

ld
 h

e
lp

 m
o

re
 d

u
ri

n
g

 r
o

u
g

h
 

ti
m

e
s.

1
Fl

o
o

d
in

g

2
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o
p

 d
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e
a
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3
d
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a
g

e

4
In
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n
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T
h

e
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o
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n

o
w

n
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g
e

n
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e
s 

p
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vi
d

in
g

 

p
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g
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m
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r 
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e

 r
e

g
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n
. 

T
h

e
 g

o
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m

e
n

t 
h

a
s 

g
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e
n

 m
o

n
e
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u

p
p

o
rt
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o

r 
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s 

w
h
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h
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a

d
 n
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t 

b
e
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n
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e
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d

e
d
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r 

d
e
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 d
u

e
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o
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h
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m
o
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. 

In
 2

0
1

1
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 b
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o
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n
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h

o
rt
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ll 
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o

n
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u
n
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In
 t

h
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 f
u
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b
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m
 

th
a
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w
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u
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n
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n
d
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o
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q
u
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h

e
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d
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o
c 
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e
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w

o
u
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d
e

d
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o
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 s
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b
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o
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g
ri

-

p
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d
u
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h
e

 r
e

g
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n
.
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o

n
e
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u

p
p
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n
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n
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 f
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m
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o
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g
e
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o
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o

n
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\d
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1

4
-p
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n

n
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g
$
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1
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n
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a
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a
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a
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u
b
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n
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a
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o
n
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n
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o

is
tu
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n
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a
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n
n
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g

 f
o
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E
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e
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o
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M
a

n
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o
b

a
 I

n
te

rl
a
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 R

e
g
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n

Su
m

m
a

ry
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f 
St

a
ke

h
o

ld
e

r 
T

e
le

p
h

o
n

e
 S

u
rv

e
y

B
if

ro
st

 A
g

ri
cu

lt
u

ra
l 

Su
st

a
in

a
b

ili
ty

 I
n

it
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ti
ve

 

C
o

m
m

it
te

e

T
h

e
re

 is
 m

u
ch
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ig

h
e

r 
ra

in
fa

ll 
a

n
d

 it
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 m
o

re
 

fr
e

q
u

e
n

t.
 T

h
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 y
e

a
r,

 it
 w

a
s 

w
e

t 
e

a
rl

y 
in

 t
h

e
 y

e
a

r 

w
it

h
 a

 la
ck

 o
f 

ra
in

 t
h

ro
u

g
h

 t
h

e
 s

u
m

m
e

r.
ye

s

 T
h

e
 a

re
 m

o
re

 r
is

ks
 in

 c
ro

p
s 

w
it

h
 g

o
o

d
 h

a
rv

e
st

 

q
u

a
lit

y 
su

ch
 a

s 
w

h
e

a
t.

 D
u

e
 t

o
 t

h
e

 c
h

a
n

g
e

s 
in

 

cl
im

a
te

, 
fo

ra
g

e
 a

n
d

 g
ra

ss
 s

e
e

d
 (

e
.g

..
 a

lf
a

lf
a

) 
h

a
ve

 

a
lm

o
st

 b
e

co
m

e
 o

b
so

le
te

. 
T

h
e

 c
u

rr
e

n
t 

st
a

te
 o

f 

m
u

n
ic

ip
a

l a
n

d
 p

ro
vi

n
ci

a
l i

n
 t

h
e

 a
re

a
 c

a
n

n
o

t 

su
p

p
o

rt
 m

o
re

 e
xt

re
m

e
 w

e
a

th
e

r 
o

r 
cl

im
a

te
 

ch
a

n
g

e
s 

b
e

ca
u

se
 t

h
e

 la
ck

 d
ra

in
a

g
e

 a
n

d
 w

e
re

 

co
n

st
ru

ct
e

d
 a

 lo
n

g
 t

im
e

 a
g

o
. 

O
n

g
o

in
g

 

m
a

in
te

n
a

n
ce

 s
u

ch
 a

s 
cl

e
a

ri
n

g
, 

d
ra

in
in

g
 a

n
d

 

m
o

w
in

g
 d

it
ch

e
s 

n
e

e
d

s 
to

 o
cc

u
r.

 I
n

 a
d

d
it

io
n

, 

d
it

ch
e

s 
a

re
 n

o
w

 b
e

in
g

 u
se

d
 f

o
r 

te
le

co
m

m
u

n
ic

a
ti

o
n

 t
o

w
e

rs
 a

n
d

 g
a

s 
lin

e
s.

B
ro

a
d

ca
st

 s
e

e
d

in
g

 o
ve

r 
p

a
st

 y
e

a
rs

 h
a

s 
re

su
lt

e
d

 

in
 lo

w
e

r 
cr

o
p

 y
ie

ld
s.

 A
 lo

t 
o

f 
w

o
rk

 o
n

 f
a

rm
 

d
ra

in
a

g
e

 h
a

s 
b

e
e

n
 d

o
n

e
 w

it
h

 s
cr

a
p

e
rs

 a
n

d
 

e
xc

a
va

ti
o

n
 e

q
u

ip
m

e
n

t.
 C

ro
p

p
in

g
 p

a
tt

e
rn

s 
h

a
ve

 

ch
a

n
g

e
s,

 lu
cr

a
ti

ve
 h

ig
h

 r
is

k 
cr

o
p

s 
a

re
 lo

w
 y

ie
ld

. 

C
ro

p
 m

ix
 h

a
s 

ch
a

n
g

e
d

 a
n

d
 n

o
w

 t
h

e
re

 a
re

 m
a

n
y 

fa
rm

s 
w

it
h

 s
o

ya
 b

e
a

n
s 

a
n

d
 o

a
ts

 w
h

ic
h

 a
re

 m
o

re
 

lik
e

ly
 t

o
 w

it
h

st
a

n
d

 f
lo

o
d

in
g

.
ye

s

1
. 

Im
p

ro
ve

d
 w

a
te

r 
m

a
n

a
g

e
m

e
n

t,
 e

sp
e

ci
a

lly
 

d
ra

in
a

g
e

2
. 

P
ro

g
ra

m
s 

a
re

 n
e

e
d

e
d

 t
o

 p
ro

vi
d

e
 in

co
m

e
 

st
a

b
ili

za
ti

o
n

 in
 y

e
a

rs
 w

h
e

re
 c

ro
p

 p
ro

d
u

ct
io

n
 is

 

lo
w

.

3
. 

In
co

m
e

 n
e

e
d

s 
to

 b
e

co
m

e
 m

o
re

 s
ta

b
le

 b
e

ca
u

se
 

o
f 

th
e

 d
e

cr
e

a
se

d
 c

ro
p

 p
ro

d
u

ct
io

n
 in

 t
h

e
 a

re
a

.

4
. 

C
re

d
it

 a
n

d
 d

e
b

t 
is

su
e

s 
a

re
 c

o
m

m
o

n
 a

n
d

 m
a

n
y 

h
a

ve
 s

e
ve

re
 f

in
a

n
ci

a
l i

ss
u

e
s 

b
e

ca
u

se
 o

f 
th

e
 

in
d

u
st

ry
's

 t
ro

u
b

le
s.

5
. 

Fa
rm

 s
u

cc
e

ss
io

n
 (

C
u

rr
e

n
tl

y 
p

e
o

p
le

 in
 t

h
e

ir
 m

id
-

5
0

s 
m

a
y 

b
e

 t
h

e
 y

o
u

n
g

e
st

 p
e

o
p

le
 f

a
rm

in
g

 in
 t

h
e

 

a
re

a
)

1
D

ra
in

a
g

e

2
P

ro
g

ra
m

s

3
Lo

st
 I

n
co

m
e

4
C

re
d

it
 a

n
d

 d
e

b
t

5
Fa

rm
 S

u
cc

e
ss

io
n

A
cr

e
a

g
e

 p
a

ym
e

n
t 

fo
r 

fl
o

o
d

e
d

 la
n

d
 h

a
s 

b
e

e
n

 

p
a

id
. 

C
u

rr
e

n
tl

y,
 t

h
e

re
 is

 a
n

 a
d

va
n

ce
 o

n
 a

g
ri

-

st
a

b
ili

ty
 w

h
ic

h
 is

 d
e

d
u

ct
e

d
 f

ro
m
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u

tu
re

 

p
a

ym
e

n
ts

. 
T

h
e

 a
g

ri
-s

ta
b

ili
ty

 a
n

d
 c

ro
p

 in
su

ra
n

ce
 

a
re

 r
e

a
so

n
s 

w
h

y 
p

e
o

p
le

 h
a

ve
 s

ta
ye

d
 in

 t
h

e
 a

re
a

. 

B
u

t 
b

e
ca

u
se

 p
e

o
p

le
 h

a
ve

 c
o

lle
ct

e
d

 s
o

 m
a

n
y 

ti
m

e
s,

 t
h

e
y 

a
re

 n
o

w
 “

e
m

p
ty

 s
h

e
lv

e
s”

 t
h

a
t 

d
o

n
’t

 

o
ff

e
r 

m
u

ch
 s

u
p

p
o

rt
. 

T
h

e
 a

ve
ra

g
e

 y
ie

ld
s 

fo
r 

cr
o

p
s 

h
a

ve
 lo

w
e

re
d

 a
n

d
 t

h
e

 c
ro

p
 in

su
ra

n
ce

 c
o

ve
ra

g
e

 

h
a

s 
a

ls
o

 d
e

cr
e

a
se

d
. 

T
h

e
re

 h
a

ve
 b

e
e

n
 t

a
lk

s 

b
e

tw
e

e
n

 t
h

e
 F

e
d

e
ra

l a
n

d
 P

ro
vi

n
ci

a
l g

o
ve

rn
m

e
n

t 

to
 f

o
rm

 a
n

 A
g

ri
-F

le
x 

p
ro

g
ra

m
 w

h
ic

h
 w

o
u

ld
 h

e
lp

 

to
 s

o
lv

e
 s

o
m

e
 o

f 
th

e
 w

a
te

r 
m

a
n

a
g

e
m

e
n

t 
is

su
e

s 

in
 t

h
e

 a
re

a
; 

h
o

w
e

ve
r 

ca
p

it
a

l f
u

n
d

in
g

 is
 n

e
e

d
e

d
 t

o
 

p
ro

ce
e

d
. 

It
 w

a
s 

su
g

g
e

st
e

d
 t

h
a

t 
a

 s
tr

a
te

g
y 

sh
o

u
ld

 

b
e

 d
e

ve
lo

p
e

d
 f

o
r 

a
re

a
s 

w
it

h
 m

u
lt

i-
ye

a
r 

cr
o

p
p

in
g

 

d
if

fi
cu

lt
ie

s.

A
cr

e
a

g
e

 p
a

ym
e

n
t 

fo
r 

fl
o

o
d

e
d

, 
 a

d
va

n
ce

 o
n

 a
g

ri
-

st
a

b
ili

ty
 w

h
ic

h
 is

 d
e

d
u

ct
e

d
 f

ro
m
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u

tu
re

 

p
a

ym
e

n
ts
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C

ro
p

 in
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n

ce
. 

P
o

te
n

ti
a

l A
g

ri
-F

le
x 

p
ro

g
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m

Si
n

ce
 a

p
p
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xi

m
a
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0

0
7

, 
th

e
re

 h
a

s 
b

e
e

n
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si
g

n
if

ic
a

n
t 

ch
a

n
g

e
 in

 t
h

e
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m
o

u
n

t 
o

f 
ra

in
fa

ll.
 

T
h

e
re

 a
re

 m
o

re
 r

a
in

 e
ve

n
ts
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ve

r 
th

e
 g
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w

in
g

 

se
a

so
n

. 
T

h
e

 g
ro

w
in

g
 s

e
a

so
n
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p

p
e

a
rs

 t
o

 b
e

 

lo
n

g
e

r,
 h

o
w

e
ve

r 
b

e
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u
se
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f 

m
o
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re
, 

th
e
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h

a
ve

 

n
o

t 
g

o
tt

e
n
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n

 t
h

e
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n
d
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n
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e

a
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r.

ye
s

So
il 
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q

u
ir

e
s 

m
o
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 'w

o
rk

in
g
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o

 m
a

ke
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T
h

e
re
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 n
e

xt
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o
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o
 in

p
u
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 t

h
e
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o

il 
u

n
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l 
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e
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n

o
w
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h

a
t 
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e
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ill
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e
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 c
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p
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Se
e

d
in

g
 

n
o

w
 o

cc
u

rs
 w

it
h

 n
e

w
 t

o
o
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 t

h
a

t 
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n
 b

e
 p

u
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d
 

th
ro

u
g

h
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h
e
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e

a
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a
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ra
te

d
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o
il.

 T
h

e
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e
w

 

e
q

u
ip

m
e

n
t 

is
 c

o
n

si
d

e
re

d
 a

n
 a

d
d

it
io

n
a

l e
xp

e
n

se
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 f

a
rm

e
rs
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ye

s

1
. 

W
a

te
r 

m
a

n
a

g
e

m
e

n
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in
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h
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 r
e

g
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n

2
. 

Fi
n

a
n

ci
a

l S
u
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iv

a
l/
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p
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o
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3
. 

Lo
n

g
 t

e
rm

 p
la

n
 f

o
r 

se
a

so
n

s 
w

h
e

re
 t

h
e

re
 a
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n
o

 c
ro

p
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h
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u
n

d
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t

2
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n
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u
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l

3
Lo

n
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 p
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o
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a
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n
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 c
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T
h
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g
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m
s 

e
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e
p
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e
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g
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a
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e
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a
n

d
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h
o

se
 p

a
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e
n
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a
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n
d
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a
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ly
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r 
in
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e

a
se

d
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xp
e

n
se

s 
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Appendix D
Hydrologic Modeling Materials
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Appendix E
•	 Beneficial Management Practice (BMP) Maps
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