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EXECUTIVE SUMMARY 
 
1 Introduction 
 

The movement of non-point source phosphorus (P) to surface-water bodies is a major 
environmental concern in North America. Research has shown that in Alberta, the amount of P 
in streams increases with agricultural intensity in watersheds. Further, certain areas in a 
landscape can have higher potential for generating greater amounts of flow, sediment, and 
nutrients, all of which can exacerbate the effects of agricultural land use on water quality. 
Because of this, the agriculture industry is facing increasing pressure to improve environmental 
stewardship and better manage P loss to the environment. To maintain or improve water quality 
in Alberta’s surface waters, and to uphold public trust, it is important to minimize P loss from 
agricultural landscapes. This necessitates an Alberta-specific approach to P management. 

 
     Several Alberta-specific water quality studies have recommended beneficial management 
practices (BMPs) to manage and mitigate P loss from agricultural land to surface water. 
Agricultural BMPs, in the context of this report, are conservation practices, actions, or 
techniques available to producers that minimize the potential negative effects of nutrient loss to 
the aquatic environment while simultaneously allowing the producer to continue to meet or 
exceed production targets. Producers can manage their nutrient loss to surface waters by 
adopting BMPs into their operations. Not all BMPs have the same type of effect on water 
quality, however. For example, soil testing has no direct effect on water quality, but the 
information provided can influence a land management practice change, which could improve 
water quality. Further, certain BMPs elicit a faster water quality response, such as cattle 
exclusion fencing, which immediately removes the nutrient source from the water, and can take 
as little as a few weeks to a few months (within one season) to result in an improvement in water 
quality. In contrast, some BMPs elicit a delayed response in water quality, such as improved 
manure spreading practices, which can take several years to yield a measureable improvement in 
water quality if there are high levels of residual P in the soil. 
 

Alberta Agriculture and Forestry (AAF), in partnership with the Intensive Livestock Working 
Group, initiated a watershed field project on P loss to support the development of a long-term P 
strategy in Alberta. The Alberta Phosphorus Watershed Project started in 2013 and will continue 
to 2023. As part of the project, the Alberta Phosphorus Management Tool (APMT)—a risk 
assessment tool—was developed from 2013 to 2017 for producers to identify locations at highest 
risk for P loss and to propose BMPs that could be adopted to minimize those risks.  

 
A long-term goal (2023) of this project is to evaluate the cumulative effects of implemented 

BMPs at the watershed scale. The purpose of this report is to provide the results of the first 5 yr 
and to outline the future, long-term direction of the project. 
 
2 Objectives 
 
The objectives of this project were to: 
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1. Develop the Alberta Phosphorus Management Tool. 
2. Use the APMT to identify risk and implement BMPs on a watershed-wide scale. 
3. Evaluate the cumulative effects of the BMPs on reducing P loss. 
4. Evaluate the economic costs of implementing the recommended BMPs. 
 
3 Methods 

     This study utilized a paired watershed design, which required a minimum of two watersheds: 
one treatment and one control watershed. Manure production was identified as a main factor in 
selecting the treatment watersheds, as was the transport risk of nutrients through surface runoff. 
Ideal treatment watersheds were those with high densities of confined feeding operations 
(CFOs), high rates of manure production (i.e., >9000 Mg yr-1), proximity of CFOs to 
watercourses, high runoff potential, and potential producer cooperation. It was ideal for the 
control watersheds to be in close proximity to the treatment watersheds to ensure similar 
climatic conditions and ease of travel for field staff. Candidate watersheds were ground-truthed 
with visual surveys of land cover and land use, consultation with local agriculture experts, and 
water samples. Four watersheds were selected for the study: Tindastoll Creek and Acme Creek 
were chosen as the treatment watersheds (i.e., BMPs implemented) with Threehills/Ray Creek 
and Lonepine Creek Tributary selected as their control watersheds, respectively. The primary 
land use in all four watersheds was annual cropping––primarily canola, barley, and wheat––with 
a significant amount of pasture/hay land production. In the Tindastoll Creek (TIN) Watershed, 
livestock operations included a multi-livestock operation, beef feedlots, a hog operation, several 
dairy operations, as well as numerous cow-calf operations. Livestock operations in the ACME 
Watershed included several beef feedlots, a lamb feedlot, and a hog facility. One dairy operation 
and numerous cow-calf operations were also present in the watershed. 
 
     Water-monitoring stations were established at several locations on the main stem of the 
creeks in all four watersheds. The treatment watersheds were first monitored in 2013, while 
monitoring of the control watersheds began in 2014. Staff gauges were installed at most stations, 
and the watershed outlets were instrumented with equipment for collecting continuous flow 
measurements. The outlet of the Threehills Creek (THC) Watershed had an existing 
Environment and Climate Change Canada flow gauging station. The continuous flow helped to 
account for the influence of hydrologic conditions (i.e., seasonal variability). Flow metering was 
done to develop flow-rating curves for the outlets of TIN, ACME, and Lonepine Creek (LPT). 
The curves were used to determine flow from the recorded water-stage measurements. 
 
     At all monitoring stations, water quality samples were collected by grab-sampling and were 
analyzed for several water quality parameters, namely nitrogen (N) and P. Values of dissolved 
inorganic nitrogen (DIN = NO3-N + NO2-N + NH3-N)1, organic nitrogen (ON = TN – DIN)2, 
and particulate phosphorus (PP = TP – TDP)3 were calculated. Flow-weighted mean 
concentrations and mass loads were calculated for each watershed outlet from 2014 to 2017. 
     

                                                 
 
1 NO3-N = nitrate nitrogen; NO2-N = nitrite nitrogen; NH3-N = ammonia nitrogen 
2 TN = total nitrogen 
3 TP = total phosphorus; TDP = total dissolved phosphorus 
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Location of treatment watersheds (Tindastoll Creek and Acme Creek) and control 
watersheds (Threehills Creek and Lonepine Creek) relative to natural sub-regions and 
major water systems. The red box in the inset shows the locations of the watersheds within 
Alberta. 



 

viii 

     A preliminary trend analysis was performed on TP, TDP, and TN concentrations using the 
Seasonal Kendall trend test as an initial assessment of whether the progressive implementation 
of BMPs in the TIN and ACME watersheds caused gradual improvements in water quality. 
 
     Riparian health inventory assessments were conducted in the treatment watersheds by the 
Alberta Riparian Habitat Management Society (Cows and Fish) in 2015 and 2016 to gather 
baseline data on riparian function along sections of the creeks. Improved riparian health, as 
evidenced by increased plant or ground cover after several years, could be indicative of 
improved water quality as increased riparian vegetation would increase nutrient uptake and 
retention, and reduce streambank erosion and overall nutrient transport to the stream. 
   

Throughout the study, the APMT was developed and utilized. The APMT was designed for 
producers to minimize environmental risk associated with the management of P and to maximize 
the benefits of applied manure and fertilizer. The tool was used to determine risk based on the 
user’s responses to a series of questions. The questions focused on factors that affect the 
presence, accumulation, or release of P as well as surface water flow onto (runon) and off 
(runoff) the site (i.e., field or facility). The tool was developed in Microsoft® Excel 2010®, and 
will be available online.  

 
     The study focused on the agricultural land adjacent to the streams and tributaries in each 
treatment watershed to assess P loss risk. Nine producers in the TIN Watershed and seven 
producers in the ACME Watershed participated in the project by the end of 2017. In the 
treatment watersheds, BMPs were generally implemented the year of or shortly after the APMT 
assessments.  
 

A modelling exercise was done to identify those areas in the treatment watersheds that 
contributed the most runoff to the streams, or had the highest runoff potential. Runoff potential 
classifications were described as low, medium, or high. Areas with the highest risk of flooding 
were also identified with the model.  
 
4 Key Findings 
 
4.1 Producer Participation 
 

 Producer participation in the project was more gradual than desired. It took time to build 
relationships with producers and gain their trust. Continuous and consistent dedication of 
knowledgeable staff was important for maintaining relationships with producers. 

 Even with producers’ trust and the availability of incentive and cost-sharing programs, it 
was challenging to gain or maintain producer participation and commitment, often due to 
their busy schedules, and cost considerations. Experimentally, the implementation of all 
possible BMPs within the shortest time possible would have been ideal. However, in 
reality, working with producers on the landscape and with existing support programs 
required significant effort and time. 
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4.2 Alberta Phosphorus Management Tool 
 

 Approximately 22% of the land base in the TIN Watershed and 17% of the ACME 
Watershed was assessed with the APMT. 

 Where possible, land around the streams was targeted for assessment. Approximately 
29% of the area along the streams and tributaries in the TIN Watershed and 42% along 
the streams and tributaries in the ACME Watershed, were assessed with the APMT. 

 Results of the APMT assessments in the TIN Watershed showed that less than half (41%) 
of the land assessed was of high risk for P loss, while the results in the ACME Watershed 
showed that more than half (64%) of the land that was assessed was of high risk for P 
loss.  

o The TIN Watershed had a greater proportion of quarter sections with a high risk 
of P loss from livestock management (i.e., 100% of the quarter sections assessed 
for livestock management were high risk) than the ACME Watershed (i.e., 77% 
of the quarter sections assessed for livestock management were high risk). In the 
TIN Watershed, the most common source of risk was flooding.  

o The ACME Watershed had a greater proportion of quarter sections with a high 
risk of P loss from crop management than the TIN Watershed.  

o In both watersheds, the main sources of risk were nutrient accumulation and 
runoff. 

 

Risk rating observed per quarter section for land assessed within the TIN and ACME 
Watersheds. 

Risk rating 
Cropping management Livestock management 

Yard/manure 
management 

Tindastoll Acme Tindastoll Acme Tindastoll Acme 
High 24% 38% 100% 77% 29% 15% 
Moderate-high 22% 29% 0% 8% 43% 38.5% 
Low-moderate 36% 15% 0% 11% 14% 38.5% 
Low 18% 18% 0% 4% 14% 8% 

 
4.3 Beneficial Management Practices 
 

 Overall, 26 BMPs were implemented in the TIN Watershed, while 34 BMPs were 
implemented in the ACME Watershed.  

 The livestock management BMP category had the highest number of BMPs implemented 
in both treatment watersheds (TIN = 22, ACME = 23), specifically off-stream watering 
(TIN = 7, ACME = 11) and livestock exclusion fencing (TIN = 9, ACME = 4). 

o All livestock management BMPs were implemented on grazing pastures and 
seasonal feeding and bedding sites. Despite treatment watersheds being chosen 
due to high densities of confined feeding operations (CFOs), no BMPs were 
implemented on CFOs at the time of this report. 

 The yard-manure management category had two BMPs implemented in each watershed. 
o Three composting BMPs were discussed for the ACME Watershed, but were not 

implemented at the time of this report. The high cost, permit requirements, and 
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complex planning needed to implement composting BMPs likely prevented 
implementation.   

 While the TIN Watershed had a lower number of BMPs implemented compared to the 
ACME Watershed, it had a higher overall BMP implementation rate from the APMT 
recommendations (81% for TIN versus 67% for ACME). This was likely due to the local 
county’s involvement in the Alternative Land Use Services (ALUS) program, which 
funded all five types of livestock management BMPs (i.e., off-stream watering, exclusion 
fencing, cattle access bridges, feeding practices and seasonal feeding/bedding site moves, 
and riparian planting) implemented in the TIN Watershed.  

 Accounting for the area assessed by APMT, 44% of the area assessed as high risk for P 
loss in the TIN Watershed and 57% of the area assessed as high risk for P loss ACME 
Watershed received BMP implementation. 

o The proportion of land base in each watershed with BMPs implemented made up 
5% of the TIN Watershed and 8% of the ACME Watershed. Though this would 
seem to be a small proportion of the watershed, if a targeted approach is taken, 
this may be sufficient for water quality improvements. Other comparable studies 
that have identified areas with high risk of flooding and runoff potential have 
shown that they are typically less than about 10% of the watershed.  

 The proportions of BMPs with an expected immediate effect on water quality 
implemented on land along the creek or tributaries represented 4% of the TIN Watershed 
and 3% of the ACME Watershed. 

 
4.4 Water Quality and Flow 
 

 Average nutrient concentrations were generally higher in the treatment watersheds than 
in the control watersheds, though average concentrations were low overall (i.e., <5 mg L-

1). This suggests the treatment watersheds may have had slightly higher agricultural 
intensity than the control watersheds to begin with. 

o The ON fraction of TN was higher than the DIN fraction in all watersheds in all 
years, but ON fractions were higher in the control watersheds than the treatment 
watersheds. It may be possible that ON in crop residues left from conservation 
tillage practices enter the surface water before being converted to other forms that 
are readily available to aquatic plants. 

o The TDP fraction of TP was higher than the PP fraction in all watersheds in all 
years, and this suggests that sediment erosion is not a major driver of P loss in 
these watersheds. Further, fertilizer application may have contributed to higher 
TDP proportions in these watersheds. 

 Overall, no improvements in water quality were identified at the outlets as a result of 
BMP implementation (i.e., watershed scale). 

o A Seasonal Kendall Trend analysis showed no evidence that the implementation 
of BMPs improved water in the two treatment watersheds after 4 yr of water 
quality data, and after 2 yr of BMP implementation.  

o The lack of a measureable BMP effect improving water quality was likely due to 
several factors, including the types of BMPs implemented and the short span of 
time that BMPs had been implemented (2–3 yr). 
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Average concentrations of ON and DIN from 2014 to 2017 for (a) Tindastoll and (b) 
Threehills Watersheds; and average concentrations of PP and TDP from 2014 to 2017 for 
(c) Tindastoll and (d) Threehills Watersheds. The stack bars represent total N (ON plus 
DIN) and total P (PP plus TDP). 
 

 
Average concentrations of ON and DIN from 2014 to 2017 for (a) Acme and (b) Lonepine 
Tributary Watersheds; and average concentrations of PP and TDP from 2014 to 2017 for 
(c) Acme and (d) Lonepine Tributary Watersheds. The stack bars represent total N (ON 
plus DIN) and total P (PP plus TDP). 
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4.5 Riparian Health 
 

 Pre-BMP riparian assessments were completed in the treatment watersheds in 2015 and 
2016.  

o In the TIN Watershed, 11 lotic riparian health inventory assessments were 
completed on more than 5.6 km of stream length and 33 ha of riparian area. 

o In the ACME Watershed, 12 riparian health inventory assessments were 
completed on more than 11 km of stream length and 25 ha of riparian area. 

o The overall vegetative health rating for the riparian sites in the treatment 
watersheds (n = 23) was “healthy, but with problems”. 

o Site selection was not randomized, so the representativeness of the assessed sites 
to the larger watershed cannot be determined. 

 Riparian assessment sites were selected based on locations where management changes 
were implemented or planned, and post-BMP assessments are expected to show an 
improvement in riparian health compared to the control sites where no management 
changes were implemented. 

 
4.6 Modelling 
 

 Modelling was done to identify areas with high runoff potential. In the TIN Watershed, 
28% of the area was classified as having low runoff potential, 54% as medium, and 17% 
as high; whereas, in the ACME Watershed, 42% of the area was classified as having low 
runoff potential, 39% as medium, and 19% as high.  

o In the TIN Watershed, seven of 36 sub-basins classified as having high runoff 
potential were located on the main stream or tributaries. 

o In the ACME Watershed, seven of 42 sub-basins were classified as having high 
runoff potential; five of which were located on the main stream or tributaries, and 
two of which represent the headwaters of two small tributaries. 

 In general, runoff potential was higher in sub-watersheds that had a larger proportion of 
annual crops, impermeable soils (roads and farmsteads), and steeper slopes. 

 Modelling was also used to identify areas prone to flooding. In the TIN Watershed, the 
terrain analysis identified three areas of high flooding-risk: two in the north-central and 
one in the southwest portion. In the ACME Watershed, one zone of high flooding-risk 
was identified in the northeast part of the watershed near the outlet. 

 The modelling provides a calculated potential for P loss risk, either by runoff potential or 
flood risk. The APMT assessments assess P loss risk based on management practices and 
soil nutrient levels, as well as observations on runoff and flooding. By classifying the 
landscape with both methods (i.e., modelling and APMT assessments), the end results 
can be compared to provide a strong final assessment of the areas at greatest risk for P 
loss.  

o The areas assessed as high risk for P loss according to the APMT assessments had 
minimal overlap with the modelling results for runoff and flooding. 

o The implementation of BMPs was targeted toward areas with high risk for P loss 
according to APMT assessments. 
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5 Future Work 
 
     This report highlights the work that has been done in the Alberta Phosphorus Watershed 
Project from its initiation in 2013 to 2017––a span of 5 yr. In late 2017, some key decisions were 
made for the future of the project. First, because the project aimed to examine the cumulative 
effects of BMPs at the watershed scale, it was decided to discontinue monitoring the upstream 
sites and instead focus only on the outlets. Second, it was determined that assessments needed to 
be continued with the APMT to characterize the treatment watersheds for their P loss risk and 
continue to implement BMPs based on the APMT recommendations. Work will continue with 
current participating producers in 2018 and 2019 to discuss interest in pursuing any outstanding 
BMPs that were agreed to in initial conversations but not implemented. Participation from 
potentially interested new producers was also solicited based on suggestions from participating 
producers and County representatives. At the end of 2018, four more producers from the TIN 
Watershed had joined the project, and two new producers from the ACME Watershed had 
joined. The proportion of the watersheds that were assessed increased by 5% in Tindastoll, and 
by 14% in Acme. Unfortunately, no BMPs were implemented in 2018. 
 

Project participation and watershed assessment progress in each treatment 
watershed. 

 2013–2017 2018–2019 
 TIN ACME TIN ACME 

Producers 9 7 13 9 

Proportion assessed  22% 17% 27% 31% 

Proportion high risk  41% 64% 43% 54% 
Proportion with BMPsz 5% 8% 5% 8% 
z Includes all BMPs (i.e., soil testing, additional land to spread manure). 

  
    It was decided that it would be more productive to focus staff efforts on producer engagement 
in only one watershed. In early 2019, Phase II of the project was proposed, in which the ACME 
and LPT Watersheds were removed from the project in favour of focusing efforts in the TIN and 
THC Watersheds. The TIN and THC Watersheds were chosen because they are within Red Deer 
County, which is active in implementing BMPs through the ALUS program, and AAF staff may 
continue to capitalize on the existing working relationship with the Red Deer County’s 
conservation coordinator. Second, the proximity of a full-time AAF staff member to the 
watersheds will continue to be beneficial for producer visits and water monitoring. Ideally, water 
samples and flow monitoring will continue for the next 5 yr, which will provide a total of 10 yr 
of data—the minimum recommended number of years required for statistical trend analyses.  
 
The objectives of Phase II, and thus revised objectives of the project are to: 
 

1. Use the APMT to assess P loss risk, and aim to assess at least 90% of the Tindastoll 
treatment) Watershed. 

2. Continue to implement BMPs based on the APMT recommendations and available 
resources. 

3. Monitor water quality to determine the level of cumulative effects of BMPs. 
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SECTION 1 INTRODUCTION 
 
1.1 Background 
 

The movement of excess soil phosphorus (P) to surface-water bodies in runoff is a major 
environmental concern in North America. Phosphorus enrichment of surface-water bodies can 
degrade water quality through acceleration of eutrophication, resulting in problems such as 
excess algal and macrophyte growth, toxic algal blooms, depletion of dissolved oxygen, fish 
kills, and loss of biodiversity (Carpenter et al. 1998, Correll 1998). Phosphorus is a significant 
water pollutant in North America, and agriculture has been identified as a source (Ribaudo et al. 
2003, Lake Winnipeg Stewardship Board 2006).  

 
The risk of water contamination by P is increasing in Canada, in part, through increased 

livestock production and the use of commercial fertilizers (van Bochove et al. 2010). Research 
has shown that in Alberta, the amount of P in streams increases with agricultural intensity of 
watersheds (Lorenz et al. 2008). This is consistent with research throughout the world (Matson et 
al. 1997). The risk of P loss from a certain area can be determined by the interaction of different 
factors such as soil type (i.e., sand versus clay), distance from a waterbody, method of P 
application (i.e., injection or surface spreading), topography (i.e., slope), livestock management, 
and land cover (Soil Phosphorus Limits Committee and LandWise Inc. 2006). Further, certain 
areas in a landscape can contribute high amounts of surface flow or runoff, or have higher 
potential for flooding. Depending on the type of land management practice, some areas can also 
have high sources of sediment and nutrients. When runoff or flood-prone areas interact with high 
nutrient source areas they are commonly termed critical source areas (CSAs), and often play a 
large role in nutrient loss from agricultural lands to surface waters, and as such, are important to 
consider when managing nutrient loss in watersheds. 
 
1.1.1 Soil Phosphorus in Alberta 
  

Extractable P levels in Alberta soils are generally deficient for the purpose of crop production 
(Manunta et al. 2000), and much of the agricultural land in Alberta can benefit from added P to 
obtain optimum crop yield. Over-application of nutrient sources, however, can increase soil P 
levels very quickly (Olson and Paterson 2005). The livestock industry, particularly confined 
feeding operations (CFOs), produces excess amounts of manure that is often spread onto nearby 
agricultural land, thereby concentrating it to small areas. Under the Agricultural Operation 
Practices Act (AOPA), regulations were adopted to address manure application to land based on 
nitrogen (N) limits (Province of Alberta 2004). Consequently, however, the application of 
manure to meet crop-N requirements has resulted in the over-application of P to soil (Paterson et 
al. 2006). For example, in a plot study in southern Alberta, annual applications of beef manure 
for 6 yr, based on crop-N requirements, caused soil-test phosphorus (STP) to increase from 11.7 
to about 120 mg kg-1 in the top 15 cm of soil (Olson et al. 2010), and this amount is well above 
the agronomic requirement for most crops at 60 mg kg-1 (Howard 2006). Soils with excess P due 
to on-farm accumulation, such as continual fertilizer application, pose a greater risk to P loss and 
downstream eutrophication particularly if there is high runoff potential (i.e., close proximity to 
streams, slope, soil type) (Sharpley et al. 2003, Chang et al. 2005).  
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Surface-water contamination by nutrients occurs when nutrients are transported to surface 
water through overland flow (i.e., runoff and erosion), and subsurface routes (i.e., leaching and 
groundwater flow) (Nash and Halliwell 2000, Haygarth et al. 2005). Total P is a measure of all 
forms of P, dissolved and particulate, found in a water sample. Phosphorus can attach to eroded 
sediment and be transported in surface runoff or dissolved in runoff water (Baker et al. 2005). 
The dissolved P fraction is highly bioavailable to aquatic plants (e.g., algae) and remains in the 
water column; whereas, particulate P is transported by soil particles or sediment that settles to the 
bottom of a water body. 

 
Riparian areas accessed by livestock are also a potential source of P loss. Livestock access to 

streams for drinking directly deposits manure into streams, subsequently increasing P levels. 
Livestock grazing in the riparian area may degrade fragile soils and vegetation resulting in 
increased soil erosion and runoff potential— a reversal of the beneficial effects of riparian 
vegetation (Belsky et al. 1999, Miller et al. 2010).   

 
Conservation tillage is a method of tillage or cultivation that leaves some of the previous 

year’s crop residue on fields in order to reduce soil wind erosion, and has been widely adopted 
throughout Alberta. Conservation tillage has been shown to significantly reduce the transport of 
sediment and sediment-bound (i.e., particulate P) nutrients in surface runoff and waterways 
(Tiessen et al. 2010). However, adverse effects on dissolved nutrient transport have been 
reported (Tiessen et al. 2010). Because soil under conservation tillage, particularly zero tillage, 
remains largely undisturbed after harvest, nutrients can accumulate at the soil surface due to 
reduced or no mixing and dissolved nutrients can be released from surface plant residues 
(Ziemen et al. 2006, Tiessen et al. 2010). As mentioned, dissolved nutrients transported to 
streams and waterbodies in runoff are readily bioavailable to aquatic plants. 

 
Nutrients can also be lost from concentrated areas (i.e., point sources), particularly structures 

and facilities such as barns, corrals, manure storages, sheltered wintering sites, and CFOs. The 
risk of N and P losses from these areas are subject to a number of factors including precipitation, 
soil type, drainage, slope and topography, risk of flooding, and time of year the site is used, 
particularly if used in winter when the risk of nutrient loss is greater due to frozen soils at the 
time of early spring runoff (AAFRD 2005, AAF 2015). Groundwater seepage can also occur 
where runoff collects, such as depressions, and the amount of nutrient loss is dependent on the 
amount of accumulated manure. Coarse-textured soils such as sand also experience higher 
infiltration rates. It should be noted, however, that groundwater contamination from P is outside 
the scope of this study, which focuses on surface-water contamination risk. 

 
Unlike many other jurisdictions, Alberta has no regulated P limits for agricultural soils. 

Nevertheless, it is recognized that P loss from agricultural sources is still a concern in the 
province. The Alberta Soil Phosphorus Limits Project (P-limits) was initiated in 1999 in response 
to concerns with manure application and P accumulation in soil and the risk posed to surface 
water quality (Paterson et al. 2006). The study found that an agronomic threshold of 60 mg kg-1 
of STP in the top 15 cm of soil was the upper level for most crops, and that applying additional P 
to the soil would not increase crop yield. Many jurisdictions have adopted P management 
strategies, and in some cases regulations (e.g., Manitoba); however, Paterson et al. (2006) 
cautioned that legislated P limits should not be implemented in Alberta because of potential 



 

3 

financial hardship to Alberta’s intensive livestock industry, and that possible P limits should be 
reviewed at a later date. 

  
1.1.2 Phosphorus and Water Quality in Alberta 
 

In Alberta, guidelines exist for water quality, including surface water, agriculture, aquatic 
life, and recreation and aesthetics (GOA 2018b). However, since the Environmental Quality 
Guidelines for Alberta Surface Waters were revised in 2014, specific numeric values for N and P 
for the protection of aquatic life (PAL) are no longer defined, as it is arguably impossible to 
determine a single value that would be protective for all Alberta waters due to site specificity and 
interactions among substances (GOA 2018b).  

 
The Canada-Alberta Environmentally Sustainable Agriculture (CAESA) agreement (AAFRD 

1998) was the first comprehensive assessment of the agriculture industry’s effect on water 
quality in Alberta. Under CAESA, a water quality survey of 27 streams and 25 lakes in runoff-
prone agricultural areas was conducted. It should be noted that while there are currently no N or 
P water quality guidelines as described above, at the time of the CAESA study, there were water 
quality guidelines of 0.05 mg L-1 for total phosphorus (TP) and 1.0 mg L-1 for total nitrogen 
(TN). In reference to these values, the study found that N and P often exceeded water quality 
guidelines for the PAL in streams in areas of high and moderate agricultural intensity (defined by 
livestock density, and pesticide and fertilizer sales). Specifically, the guideline for the PAL for 
TP was exceeded 99% of the time in streams assessed as being in high agricultural intensity 
areas. 

 
The Alberta Environmentally Sustainable Agriculture (AESA) soil and water quality 

monitoring projects were developed to address recommendations from the CAESA agreement 
(Palliser Environmental Services Ltd. and AARD 2008). Specifically, the AESA Water Quality 
Monitoring Project was designed to track changes in water quality in agricultural streams in 
Alberta with time to examine the relationship between agricultural intensity and stream water 
quality. The study focused on monitoring water quality in 23 small agricultural watersheds with 
different levels of farming intensity (low, moderate, high, and irrigation) across a representative 
range of climatic conditions (Lorenz et al. 2008). Similar to CAESA, the study found that 
compliance with provincial and national surface water quality guidelines decreased with 
increasing agricultural intensity. The project recommended reducing nutrient loads through on-
farm and critical source area management through the continued development of science-based, 
practical, and economical mitigation solutions, or beneficial management practices (BMPs), for 
producers to implement (Lorenz et al. 2008). 

 
As mentioned, the P-limits project (1999) was initiated due to water quality concerns with 

manure application and P accumulation in soil. Several smaller studies were conducted as part of 
the P-limits project including a microwatershed study (Little et al. 2006, Little et al. 2007) and a 
rainfall simulation study (Ontkean et al. 2006, Volf et al. 2007). The microwatershed study was a 
3-yr field study aimed at determining the relationship between STP and TP in runoff from eight 
field-scale microwatersheds. In addition to runoff, the study monitored STP in three soil layers (0 
to 2.5 cm, 2.5 to 5 cm, and 5 to 15 cm). Strong linear relationships were found between STP and 
P in runoff, suggesting that soils sampled for agronomic purposes can be used to predict P losses 
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in runoff water (Little et al. 2006). The main objective of the rainfall simulation study was to 
determine the effects of manure application rate and incorporation on P concentrations in runoff 
from cropped agricultural land. The effects were studied immediately after manure application, 
and 1 yr after application. Treatments included three cattle manure application rates and a control 
(unmanured) and two incorporation methods (incorporated and non-incorporated) for a total of 
eight treatments. It was found, similar to the microwatershed study, that there was a direct 
relationship between STP levels and the P in simulated rainfall runoff from freshly applied 
manure as well as 1 yr after manure application (Ontkean et al. 2006). The findings of this 
research present a challenge to Alberta producers and policy-makers alike, as it would be 
difficult to implement and enforce strict (i.e., <60 mg kg-1) STP levels. Recognizing this, the 
study provided alternative recommendations including further research on BMPs in Alberta 
(Paterson et al. 2006).  

 
The agriculture industry is facing increasing pressure to improve environmental stewardship 

and manage P loss to the environment, with a primary concern on water quality. The 
aforementioned studies have recommended BMPs as a means of managing and mitigating P loss 
from agricultural land to surface water. Agricultural BMPs, in the context of this report, are 
conservation practices, actions, or techniques available to producers that minimize the potential 
negative effects of nutrient loss to the aquatic environment while simultaneously allowing the 
producer to continue to meet or exceed production targets (AAFRD 2004, Sharpley et al. 2006). 
Producers can manage their nutrient loss to surface waters by adopting BMPs into their 
operations.  

  
1.1.3 Beneficial Management Practices in Alberta 
 

The approaches of P mitigation used in other jurisdictions are not necessarily applicable to 
Alberta or the Canadian prairies because of landscape and climate differences. For example, 
Salvano et al. (2009) tested three P-risk indicators in Manitoba and found they did not perform 
well and required modifications to be effective for the cold climate conditions in southern 
Manitoba. Thus, it is expected that non-Alberta approaches are not suitable for mitigating P loss 
in Alberta. Factors such as the difference between snowmelt and rainfall runoff and potential 
implications for targeting BMPs need to be considered, especially for the colder climates in the 
Canadian prairies (Jensen et al. 2011) and solutions must be tailored to the specific study area. 
This necessitates an Alberta-specific approach to P management. 

 
Several studies have assessed the effectiveness of BMPs at minimizing the effects of 

agriculture on the aquatic environment. The Watershed Evaluation of Beneficial Management 
Practices (WEBs) program assessed the environmental and economic performance of selected 
agricultural BMPs at seven small watershed sites throughout Canada (Stuart et al. 2010). 
Included in those watersheds was the Lower Little Bow (LLB) River Watershed located north of 
Lethbridge, Alberta. In the LLB Watershed, BMPs included cattle exclusion fencing, off-stream 
watering (with and without exclusion fencing), conversion to perennial cover, manure 
management, and buffer strips. The LLB Watershed study found no evident improvements in 
water quality, but there was a notable improvement in riparian health. Findings were generally 
mixed for all watersheds in the WEBs project, but it did find that more than half of the BMPs 
tested showed potential to reduce contaminant loading to surface water (Stuart et al. 2010). 
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Overall, the study showed that BMP effectiveness is often evident at the edge-of-field scale and 
acknowledged that the cumulative effects of multiple BMPs on water quality is more difficult to 
detect. 

 
In Alberta, the Nutrient Beneficial Management Practices Evaluation Project (Nutrient BMP 

Evaluation Project) demonstrated that the use of BMPs was successful at improving water 
quality, particularly nutrient concentrations, at the edge-of-field scale (Paterson Earth & Water 
Consulting Ltd. and AARD 2014). These improvements were not observed at the watershed 
outlets, however, which would have indicated a watershed-wide response to the BMPs (Paterson 
Earth & Water Consulting Ltd. and AARD 2014). This was not surprising, because the number 
of BMPs field tested represented a small area (<5%) of the study watersheds. However, 
modelling showed that if BMPs were implemented throughout a large portion of the watersheds, 
particularly in areas prone to high runoff or flooding, watershed-wide water quality 
improvements could be realized, but this prediction has not been field-tested in Alberta. The 
Nutrient BMP Evaluation Project identified that more testing and analysis are needed at the 
watershed scale. The Alberta Phosphorus Watershed Project (APWP) was initiated to address 
this recommendation. 
 
1.2 Project Objectives and Deliverables 
 

The APWP builds upon the previously mentioned Alberta-specific research from the WEBs, 
AESA, P-Limits, and Nutrient BMP Evaluation projects. These projects have provided a better 
understanding of the soil and hydrology factors that influence P runoff losses in Alberta and how 
effective some BMPs are under Alberta conditions.  
 

The Intensive Livestock Working Group (ILWG) is a strategic alliance of eight of Alberta’s 
mainstream livestock and poultry organizations: Alberta Beef Producers, Alberta Chicken 
Producers, Alberta Pork, Alberta Cattle Feeders’ Association, Alberta Turkey Producers, Egg 
Farmers of Alberta, Alberta Hatching Egg Producers, and Alberta Milk. The ILWG collaborates 
on overarching issues to maximize the livestock industry’s influence on policy development and 
serves as a forum for the development of common positions and exploration of issues (AEPA 
2013) such as environmental stewardship and public trust in the intensive livestock industry. The 
ILWG and Alberta Agriculture and Forestry (AAF) have taken the lead to develop a long-term P 
strategy, of which this project contributes to. Specifically, in the first 3 yr of this study, a P 
management tool was developed to address P loss from agricultural operations, as a key 
component of this strategy. The Alberta Phosphorus Management Tool (APMT) will allow 
producers to identify where their highest risks for P loss exist and propose BMPs to minimize 
those risks. The tool will be evaluated for its effectiveness at identifying P loss risk. A longer-
term goal of this study will be to evaluate the cumulative effects of implemented BMPs on water 
quality at the watershed scale. 

 
The study objectives were to: 

 
1. Develop the Alberta Phosphorus Management Tool. 
2. Use the APMT to identify risk and implement BMPs on a watershed-wide scale. 
3. Evaluate the cumulative effects of the BMPs on reducing P loss. 
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4. Evaluate the economic costs of implementing the recommended BMPs. 
 

In this study, the utilization of the APMT combined with implementation of BMPs is 
hypothesized to achieve measurable downstream water quality improvement at the outlets of two 
agricultural watersheds.  
 
1.3 Experimental Approach 
 
     This study utilizes a paired watershed design, which requires a minimum of two watersheds: 
one control and one treatment watershed. The control and treatment watersheds are monitored 
throughout the study; however, BMPs are only implemented in the treatment watershed. Though 
this approach does not assume the treatment and control watersheds are the same, it does assume 
that they will respond in a predictable manner (USEPA 1993). For this study, four watersheds 
were selected: two treatment watersheds (Tindastoll Creek and Acme Creek) and two control 
watersheds (Threehills Creek and Lonepine Tributary). In the treatment watersheds, the APMT 
was used to assess producers’ land for P-risk loss, and BMPs, as suggested by the tool, were 
implemented; whereas, the control watersheds did not receive any assessment or BMP 
implementation through this project. Moreover, an assumption was made that BMPs were not 
implemented in the control watersheds, but it is acknowledged that BMPs may have been 
implemented in the control watersheds through efforts that we were not aware of. 
 

The objectives of this study included implementing BMPs and assessing the cumulative 
effects of those BMPs at the watershed scale. As such, there was a focus on water quality 
characteristics at the outlets of each watershed. Outlets, and some upstream sites, were monitored 
for several water quality parameters, namely nutrients (N, P), and watershed outlets were 
instrumented with equipment for collecting continuous flow measurements to account for the 
influence of hydrologic conditions (i.e., seasonal variability). To determine BMP effectiveness, it 
is useful to examine trends in water quality to determine if it is improving, deteriorating, or not 
changing. The Seasonal Kendall test (see Section 5) accounts for seasonal differences in data that 
may otherwise obscure trends and was chosen to determine trends for this study given the high 
seasonality in the water quality data, and because nonparametric tests are considered more robust 
for data that do not conform to the assumptions of parametric tests (Helsel 2012, Westbrook and 
McEachern 2002) as is the case for the data in this study.  
 

Common in agricultural watersheds, the riparian area is vulnerable to degradation due to the 
presence of livestock. Several BMPs focus on removing or controlling access of livestock to 
these areas (i.e., off stream watering, exclusion fencing) that may improve the health of the 
riparian area by reducing the amount of streambank erosion, which in turn improves water 
quality (Halawell 2015). In addition to water quality, select stretches in the treatment watersheds 
will be assessed for riparian health using a before-and-after approach. Notably, the chosen 
stretches are not representative of the treatment watersheds, so the before-and-after comparisons 
can only be related to the selected stretches of the creeks.  
 

This report provides a detailed analysis of the work completed from 2013 to 2017. Later in 
the study, a modelling component will be implemented to predict long-term environmental and 
economic effects under a variety of BMP scenarios at the watershed scale. Such modelling has 
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been applied to Alberta conditions and yielded good performance in previous studies (Jedrych et 
al. 2014a).  
 
1.4 Funding Sources and Incentive Programs 
 

There is increasing pressure on producers to improve environmental stewardship and manage 
P loss to the environment. Most producers in Alberta are interested in adopting BMPs that will 
minimize their negative effect on the environment (Paterson et al. 2006). However, producers 
may be reluctant due to real and perceived costs and complexities associated with BMP 
implementation and maintenance, especially for nutrient management (Bosch and Pease 2000, 
Paterson et al. 2006). Several government and non-government agencies have recognized the 
need to support producers to implement BMPs on their land. As a result, many incentive and 
cost-sharing programs have been developed and made available to producers.    

 
Unlike previous BMP research projects in Alberta (Nutrient Beneficial Management 

Practices Evaluation Project), funding was not sought for this study to cover costs associated 
with implementing BMPs. Instead, existing incentive programs were utilized. The advantage of 
doing so was that it created more realistic scenarios for how producers implement BMPs using 
the resources available to them. Alberta Agriculture and Forestry staff, along with extension 
specialists and a county conservation coordinator (Tindastoll Watershed only) assisted producers 
in applying to these programs to help cover costs of the BMPs that were suggested by the APMT 
and that producers were willing to adopt. These incentive programs were based on a cost-sharing 
principle, in which the program provides partial funding for the project and the producer covered 
the remainder of the cost. In some instances, up to 100% of the associated cost of a BMP was 
provided by an incentive program based on certain eligibility criteria. 

 
Growing Forward 2 (GF2) was a 5-yr federal-provincial-territorial partnership mandated to 

drive an innovative, competitive, and profitable Canadian agriculture and agri-food sector from 
2013 to 2018 (AAFC 2018). Growing Forward 2 invested in strategic programs focused on 
topics such as research and innovation, environmental stewardship, and energy efficiency and 
water management. The BMPs targeted in this study met the criteria of three programs under 
GF2: On-Farm Stewardship, On-Farm Water Management, and Agricultural Watershed 
Enhancement (AWE). The On-Farm Stewardship program focused on projects and management 
practices that have a direct and positive effect on water quality, such as grazing management 
(e.g., riparian fencing, year round watering systems) and livestock facilities management (e.g., 
wintering site relocation). Projects eligible through the On-Farm Water Management program 
included construction of water sources such as wells and springs, and well decommissioning. 
Under the AWE program, eligible activities included fencing for riparian pasture management, 
alternative watering systems, winter watering systems, wintering site or manure storage facility 
relocation, buffer and grassed waterway establishment, wetland and riparian restoration, runoff 
controls, and cultural weed control systems in riparian areas.      

 
A new 5-yr partnership, the Canadian Agricultural Partnership (CAP), was introduced in 

April 2018 (GOA 2018a)4. Under CAP, priority areas related to this study will include science, 
                                                 
 
4 Canadian Agricultural Partnership website: https://cap.alberta.ca/CAP/ 
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research, and innovation, and environmental sustainability and climate change. It is expected that 
more BMPs will be funded and implemented in the treatment watersheds through CAP. 
 

Lastly, Red Deer County has a number of programs to support landowners in adopting 
conservation practices, including the Alternative Land Use Services (ALUS) Program. The 
ALUS program is a national program that works with local municipalities throughout Canada to 
implement environmentally friendly land-use projects (ALUS Canada 2017). Farmers and 
ranchers are provided financial support to produce ecological services on their land, such as 
clean water, flood mitigation, and species at risk habitat. Such ecological services are provided 
as a result of the implementation of BMPs. Several of the BMPs implemented in the Tindastoll 
Creek Watershed in the initial years of this study were done with financial support from ALUS. 
Notably, Mountain View County (Acme) also makes use of the ALUS program, but none of the 
ALUS projects implemented in this county were within the Acme Watershed. 
 

In this study, BMPs were implemented as time allowed for producers to complete risk 
assessments and as incentive program funds became available (i.e., as applications were 
approved) (Figure 1.1). Thus, P risk loss assessment with the APMT and BMP implementation 
continues to be ongoing as new producers join the study, and as new incentive programs are 
introduced. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1. Project timeline and major phases. 
  

2013 2014 2015 2016 2017 2018 2019 2020+

Treatment watersheds: Water flow and quality monitoring – on going

Farm P risk assessment and BMP plans/ implementation – on going

Evaluate Cumulative Effects (water quality, riparian health) and Economic Costs/ Social 
Benefits

Develop and evaluate APMT (Continual APMT improvements)

Control watersheds: Water flow and quality monitoring – on going
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SECTION 2 STUDY DESIGN, WATERSHED SELECTION, AND 
CHARACTERIZATION 
      
2.1 Selection of Treatment Watersheds  

 
A desktop survey was carried out to identify watersheds in Alberta that were potentially 

suitable for the study. Ideal watersheds were those with high densities of CFOs, high rates of 
manure production, and high runoff potential. Locations of potential watersheds were identified 
using Google™ Earth and ArcGIS (Environmental Systems Research Institute, ver. 10, 
Redlands, California, United States). Watershed boundaries, mapped by the Prairie Farm 
Rehabilitation Association (Cherneski and Ackerman 1998), were overlaid with maps of runoff 
potential, CFO data, and manure production estimates. The location, livestock type, and 
capacities of the CFOs were obtained from the 2008 Natural Resources Conservation Board 
(NRCB) database or the 2006 Census of Agriculture data, while manure production in 
watersheds were estimated by multiplying the CFO capacity with the average livestock-specific 
manure output (AAFRD 2013). Confined feeding operations that produced >9000 Mg yr-1 
manure per facility were specifically selected. Other considerations included the density of 
medium-to-large beef feedlots, the proportion of irrigated land, the proximity of CFOs to 
watercourses, and any additional information acquired from specialists with regional expertise, 
including potential producer cooperation in the proposed study areas.  

 
While manure production was identified as a main factor in selecting the treatment 

watersheds, the transport of nutrients in watersheds through surface runoff was also considered 
an important factor. The runoff potential ranking of selected watersheds was derived by taking 
the average of the annual median flow depths observed at each of the watershed hydrometric 
stations or were estimated using ArcGIS for the remaining watersheds (Jedrych and Martin 
2006).  

 
Ground-truthing of potential watersheds was conducted by staff from AAF, the ILWG, local 

counties, and the NRCB in February 2013. Ultimately, the desktop survey, consultation with 
regional agricultural specialists, and field observations made during ground-truthing provided 
information on water quality, flow connectivity, and agricultural intensity, which resulted in two 
watersheds being selected for the study in late 2013: Tindastoll Creek (TIN) Watershed near 
Markerville (Figure 2.1), and Acme Creek (ACME) Watershed, a Kneehill Creek tributary, near 
Acme (Figure 2.2). These watersheds are located within central Alberta. The drainage area of the 
TIN Watershed is 14,492 ha and the drainage area of the ACME Watershed is 13,962 ha. The 
average concentration of TP during the selection process in 2013 at the outlets of Tindastoll 
Creek and Acme Creek was 0.59 mg L-1 and 2.61 mg L-1, respectively (Appendix A), which are 
comparable to other agricultural watersheds in Alberta (Section 5). Details on watersheds that 
were originally considered, but not chosen for the study, are discussed in Appendix A.  
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Figure 2.1. Tindastoll Creek Watershed near Markerville, Alberta. Water sampling sites 
are identified on the map. 
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Figure 2.2. Acme Creek (a tributary of Kneehill Creek) Watershed near Acme, Alberta. 
Water sampling sites are identified on the map. 
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2.2 Selection of Control Watersheds 
 
 The Threehills Creek (THC) headwater Sub-watershed was chosen as the control watershed 
for the TIN Watershed (Figure 2.3). A small tributary watershed of the Lonepine Creek (LPT) 
Watershed was selected as the control watershed for the ACME Watershed (Figure 2.4). These 
watersheds were selected by a similar mapping exercise as the treatment watersheds. It was ideal 
for the control watersheds to be in close proximity to the treatment watersheds to ensure similar 
climatic conditions and ease of travel for field staff (Figure 2.5). The control watersheds were 
ground-truthed in October 2013 by staff from AAF, local counties, and the NRCB. 
   
 The THC Sub-watershed, with an effective drainage area of 19,841 ha, represents about 6% 
of the larger Threehills Watershed (322,063 ha). The THC Sub-watershed has high agricultural 
intensity as classified by Lorenz et al. (2008) during the AESA study. Similar to Tindastoll 
Creek, flows in Threehills Creek typically peak in April and recede through to October. The 
THC Sub-watershed outlet was monitored from 1995 to 2006 as part of the CAESA and AESA 
Stream Surveys (Lorenz et al. 2008). In addition to the THC Sub-watershed outlet, the Ray 
Creek tributary, draining an area of 4,400 ha within the sub-watershed, was also monitored 
during the CAESA and AESA studies. The availability of historical data, similarities in 
watershed size, location in the Central Parkland Natural sub-region, and similar agricultural 
intensity makes this watershed an excellent control for the TIN Watershed. 

 
 The LPT Watershed (Figure 2.4, Figure 2.5) has a drainage area of 16,096 ha, which 
represents approximately 6% of the drainage area of the Kneehills Watershed (273,487 ha). Due 
to its close proximity to the ACME Watershed, the LPT Watershed should experience nearly 
identical climatic conditions. The two watersheds have similar diversity of agricultural activities, 
although the LPT Watershed has slightly lower livestock numbers.  
 
2.3 Weather Data Collection 

 
The Alberta Climate Information Service (ACIS) of AAF maintains weather stations 

throughout the province that can be used to display precipitation and temperature data, which are 
updated daily. Weather data from weather stations near the study watersheds was obtained from 
the ACIS website (AAF 2017) to compare precipitation and temperature during study years to 
historical norms and to better predict spring freshet. The website provides 55-yr, long-term 
average values (1961–2016) derived from historical weather data that have been interpolated to a 
grid that uses township centres as grid points (ACIS 2016). 
 

The closest weather station to the TIN Watershed was at the Dickson Dam (52.06°N, 
114.23°W), 10 km west of the outlet of the watershed and 19 km from the centre of the 
watershed. The closest weather station to the THC Sub-watershed was the Wimborne AGCM 
station (51.94°N, 113.59°W), located 7 km southwest of the THC Sub-watershed outlet and 15 
km from the centre of the watershed.  
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Figure 2.3. Threehills Creek Sub-watershed, the control watershed for Tindastoll Creek 
Watershed. Water sampling sites are identified on the map. 
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Figure 2.4. Lonepine Creek Tributary watershed, the control watershed for the Acme 
Creek Watershed. Water sampling sites are identified on the map.  
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Figure 2.5. Location of treatment watersheds (Tindastoll Creek and Acme Creek) and 
control watersheds (Threehills Creek and Lonepine Creek) relative to natural sub-regions 
and major water systems. The red box in the inset shows the locations of the watersheds 
within Alberta. 
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 The closest weather stations to the ACME Watershed were the Beiseker AGCM station 
(51.38°N, 113.36°W), 19 km south of the ACME outlet (20 km from the centre of the 
watershed) and the Linden AGCM station, 14 km north of ACME-1 station (12 km north of the 
centre of the watershed). The closest weather station to the LPT Watershed was the Linden 
AGCM station (51.62°N, 113.66°W). The Linden AGCM station is located 6 km north of the 
LPT Watershed outlet and 5 km from the centre of the watershed. 

 
2.4 Land Cover Survey Methods 
 
 Visual land cover surveys of the treatment watersheds were conducted by AAF staff from 
September 5 to 10, 2013 and from August 27 to 29, 2013. The control watershed surveys were 
carried out in August 2014. All watersheds were surveyed in a grid pattern and agricultural 
activities noted for each quarter section of land. Land cover (e.g., crop type grown, pasture or 
forage), proximity to the creek, and livestock activity or manure-storage structures were noted. 
The land cover and agricultural-activity information were entered into an AgCapture database. 
AgCapture is a land cover information collection computer program developed by the former 
Prairie Farm Rehabilitation Association (Agriculture and Agri-Food Canada). The AgCapture 
database was processed to create geographic information system (GIS) map products. The 
mapping process populated each polygon in the watershed with the most dominant land cover 
information. A colour code for each land cover category was produced to show land-use 
representation throughout the watershed. The land cover percentages and areas (in hectares) were 
also calculated from the database. Results from the AgCapture survey were divided into land 
cover type categories for each watershed. Categories included agriculture-related practices 
(annual, perennial, and farmyards) and other land uses (industrial, residential, natural, 
transportation). Further, it should be noted that natural areas included wetlands and forested 
areas, while transportation represents paved and unpaved roads.  
 
2.5 Characteristics of Tindastoll Creek and Threehills Creek Watersheds  
 
2.5.1 Weather  

 
 Streamflow in small Canadian prairie watersheds is primarily driven by spring snowmelt 
(Gray et al. 1988). Heavy precipitation events due to frontal systems or large convective storms 
also occur periodically throughout the growing season (Gray 1973, Shook and Pomeroy 2012).   
 
 In general, from 2013 to 2017, the weather station closest to the TIN Watershed, Dickson 
Dam, experienced warmer spring and summer temperatures than the 55-yr average (Table 2.1). 
The average daily temperature during the growing season (May to September) for this time 
period was 14.1 ºC compared to the 55-yr average of 12.9 ºC.  
 

Average total monthly precipitation at the Dickson Dam station during 2013–2017 was 
generally lower than the 55-yr average from October to April (i.e., snow), except for November 
(Table 2.2). However, values from May to September (i.e., rain) were generally similar to the 55-
yr averages, with the exception of June and August, which were lower. June is historically the 
wettest month of the year, but during the study period, July received more precipitation than 
June. From 2013 to 2017, June only received an average of 71.7 mm of precipitation compared 
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with the 55-yr June monthly average of 92.7 mm. The driest years were 2015 and 2017, which 
received the least amount of precipitation compared to other years. There was an especially dry 
spring and summer in 2015, with monthly precipitation values often less than half of the 55-yr 
average (Table 2.2). August received 55.8 mm of precipitation during this period compared to 
the 55-yr monthly average of 63.4 mm. August 2013 and 2017 were exceptionally dry, with only 
9.0 mm and 13.0 mm of precipitation, respectively. Daily precipitation graphs for the Dickson 
Dam location (Figure 2.6) highlight several heavy precipitation events, notably 44.4 mm on May 
24, 2013; 39.3 mm on June 19, 2014; and 43.0 mm on August 21, 2015. 

 
 
Table 2.1. Monthly, annual, and growing season average daily temperature from 2013 
to 2017 and 55-yr (1961–2016) long-term average values for the Dickson Dam weather 
station. 

Period 
2013 2014 2015 2016 2017 

2013–2017 
average 

Long-term 
average 

--------------------------------------- (oC) ------------------------------------- 

January -8.0 -5.9 -6.6 -8.4 -8.1 -7.4 -11.2 
February -4.1 -15.3 -7.5 -2.3 -7.7 -7.4 -8.2 
March -5.4 -7.6 1.4 2.0 -4.0 -2.7 -3.9 
April 1.4 3.5 5.6 8.7 3.6 4.6 3.7 
May 12.7 9.6 10.5 11.2 13.1 11.4 9.5 
June 14.1 13.7 15.7 15.7 15.3 14.9 13.5 
July 16.2 18.5 17.4 16.3 17.7 17.2 15.8 
August 17.0 16.1 16.2 15.9 16.5 16.3 15.0 
September 13.8 11.2 9.9 10.5 11.4 11.4 10.4 
October 5.1 7.1 7.1 1.5 5.0 5.2 4.8 
November -6.4 -6.1 -2.1 1.9 -5.5 -3.6 -4.0 
December -12.2 -5.3 -7.7 -11.7 -7.8 -8.9 -9.7 
Annual (Jan to Dec) 3.7 3.3 5.0 5.1 4.1 4.2 3.0 
Growing season (May 
to Sep) 

14.8 13.8 13.9 13.9 14.8 14.1 12.9 

 
    
     Annual average temperatures from 2013 to 2017 at the Wimborne weather station, nearest the 
THC Sub-watershed, were similar to the 55- yr long-term average (Table 2.3). Average monthly 
temperatures during the early part of the year were warmer than the long-term averages 
(January–April, Table 2.3). The average daily temperature during the growing season (May–
September) for this period was 13.7 ºC, similar to the 55-yr average of 13.2 ºC. 
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Table 2.2. Total precipitation (mm) from 2013 to 2017 and 55-yr (1961–2016) long-term 
average values for the Dickson Dam weather station.  

Period 
2013 2014 2015 2016 2017 

2013–2017 
average 

Long-term 
average 

--------------------------------- (mm) --------------------------------- 

January 20.6 23.4 23.8 17.4 6.2 18.3 19.6 
February 6.0 0.4 10.4 5.6 15.0 7.5 14.5 
March 13.8 21.4 8.4 14.2 13.0 14.2 19.7 
April 26.2 16.0 12.2 5.2 27.2 17.4 25.7 
May 100.4 71.2 25.4 59.8 45.4 60.4 60.0 
June 67.6 107.0 45.4 58.2 80.2 71.7 92.7 
July 75.4 71.2 64.2 147.8 75.4 86.8 86.1 
August 9.0 84.6 82.6 90.0 13.0 55.8 63.4 
September 42.9 50.0 68.2 42.8 57.6 52.3 49.5 
October 27.2 5.4 7.4 34.0 14.6 17.7 20.6 
November 57.8 25.2 8.8 8.8 11.2 22.4 17.5 
December 36.2 1.8 8.4 20.0 6.6 14.6 18.7 
Annual (Jan to Dec) 483.1 477.6 365.2 503.8 365.4 439.0 488.0 
Growing season (May to 
Sep) 

295.3 384.0 285.8 398.6 271.6 327.1 351.7 

 
          
 
     Average precipitation at the Wimborne weather station from 2013 to 2017 was generally 
lower than the 55-yr average from October to April (Table 2.4). In 2017, average precipitation in 
July was much higher than the long-term average value. July and August of 2016 were very wet 
compared to the 55-yr average. Notably, in 2017, July received the most precipitation than any 
other month in previous years, with 148.9 mm recorded, while only 26.7 mm was recorded in 
August, the least of previous years aside from 16.7 mm in August of 2013. Late summer of 2013 
and 2017 was particularly hot and dry throughout the province. Daily precipitation graphs for the 
Wimborne weather station (Figure 2.7) highlight several heavy precipitation events, notably 52.9 
mm June 18–19, 2014; 63.4 mm July 14–16, 2016; and 64.3 mm June 8–10, 2017. Additionally, 
on July 11, 2017, 132.9 mm of precipitation was recorded, accounting for nearly 30% of the total 
precipitation for the year (Figure 2.7e). 
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Figure 2.6. Total daily precipitation at the Dickson Dam weather station near Tindastoll 
Creek in (a) 2013, (b) 2014, (c) 2015, (d) 2016, and (e) 2017.  
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Table 2.3. Monthly, annual, and growing season average daily temperature from 2013 to 
2017 and 55-yr (1961–2016) long-term average values for the Wimborne weather station. 

Period 
2013 2014 2015 2016 2017 2013–2017 

average 
Long-term 

average 
----------------------------------- (oC) ----------------------------------- 

January -8.2 -6.0 -6.2 -8.1 -8.2 -7.3 -11.5 
February -4.5 -15.7 -8.2 -2.4 -7.8 -7.7 -8.6 
March -7.5 -8.2 1.0 1.3 -4.6 -3.6 -3.8 
April 0.5 3.0 5.0 7.6 3.2 3.9 3.9 
May 12.1 9.1 9.5 10.6 12.4 10.7 9.8 
June 13.6 13.1 15.2 15.4 14.7 14.4 13.9 
July 15.7 17.4 16.9 15.9 17.1 16.6 16.2 
August 16.3 15.7 15.7 15.4 15.6 15.7 15.4 
September 13.2 10.7 9.7 10.1 10.8 10.9 10.6 
October 4.5 6.5 6.2 1.0 4.7 4.6 4.8 
November -7.4 -6.5 -2.6 1.7 -6.4 -4.2 -4.2 
December -12.9 -5.5 -8.1 -12.0 -7.6 -9.2 -10.0 
Annual (Jan to Dec) 2.9 2.8 4.5 4.7 3.7 3.7 3.0 
Growing season (May to 
Sep) 

14.2 13.2 13.4 13.5 14.1 13.7 13.2 

 

Table 2.4. Total precipitation (mm) from 2013 to 2017 and 55-yr (1961–2016) long-term 
average values for the Wimborne weather station. 

Period 
2013 2014 2015 2016 2017 2013–2017 

average 
Long-term 

average 
---------------------------------- (mm) ---------------------------------- 

January 7.1 6.4 18.8 14.3 6.3 10.6 20.1 
February 3.0 1.3 8.5 5.9 21.0 7.9 14.1 
March 9.0 17.0 10.8 10.5 16.4 12.7 20.2 
April 19.3 11.8 15.4 15.0 29.6 18.2 25.6 
May 73.0 62.9 21.4 39.8 50.1 49.4 54.6 
June 103.3 130.3 28.5 40.4 81.3 76.8 77.9 
July 72.5 65.6 95.5 115.0 148.9 99.5 72.7 
August 16.7 94.3 103.5 102.5 26.7 68.7 62.6 
September 22.1 43.7 66.5 31.9 37.7 40.4 42.0 
October 14.8 5.7 6.0 28.3 14.3 13.8 17.0 
November 29.0 29.2 4.0 6.4 8.0 15.3 17.5 
December 16.0 4.7 11.1 14.8 8.4 11.0 16.2 
Annual (Jan to Dec) 385.8 472.9 390.0 424.8 448.7 424.4 440.5 
Growing season (May 
to Sep) 

287.6 396.8 315.4 329.6 344.7 334.8 309.8 
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Figure 2.7. Total daily precipitation at the Wimborne weather station near Threehills 
Creek in (a) 2013, (b) 2014, (c) 2015, (d) 2016, and (e) 2017.  
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2.5.2 General Watershed Characteristics and Land Cover  
  
 The TIN and THC Watersheds are in Red Deer County, with the TIN Watershed southwest 
of the City of Red Deer and the THC Sub-watershed southeast of the city (Figure 2.5). The TIN 
(Figure 2.1) and THC (Figure 2.3) Watersheds are primarily within the Central Parkland Natural 
Sub-region, although the northwest portion of the TIN Watershed is in the Dry Mixedwood 
Natural Sub-region. The Central Parkland is characterized by a transitional grassland eco-climate 
with short, warm summers (mean summer temperature of 15°C), continuous snow cover 
throughout the winter, and moderate annual precipitation (400–500 mm). Central Parkland soils 
are predominantly fertile loamy Black Chernozems, though, Gleysolic soils are also present in 
poorly drained, gentle-slope positions. Water bodies such as wetlands, ponds, and small lakes are 
present throughout the region. 

 
 Tindastoll Creek Watershed is 14,492 ha in size and flows in a southerly/southwesterly 
direction from two large drainage areas in the northeast and northwest portions of the watershed 
(Figure 2.1). The creek joins the Medicine River near Markerville, Alberta, and the Medicine 
River discharges into the Red Deer River northwest of Innisfail, Alberta. It should be noted that 
originally, the location of the outlet of the TIN Watershed (TIN-1) was chosen because it was at 
the same location as a historical Water Survey of Canada gauging station––approximately 2.5 
km upstream of the confluence of Tindastoll Creek and the Medicine River. With this location as 
the outlet, the drainage area of the TIN Watershed was delineated as 14,045 ha. From 2014 to 
2016, a beaver dam affected drainage at the outlet site. Because of this, in 2016 the outlet was 
moved further downstream, closer to the confluence of the Medicine River (TIN-8). Moving the 
outlet site increased the drainage area of the TIN Watershed to 14,492 ha. 
  
 Threehills Creek Sub-watershed is 19,841 ha in size. As indicated in Section 2.1, this control 
watershed is actually a sub-watershed in the far northwest headwaters of the larger Threehills 
Creek Watershed (322,063 ha). Threehills Creek eventually discharges into the Red Deer River 
northwest of Drumheller, Alberta. Threehills Creek Sub-watershed, as delineated in this study, 
flows in a southerly/southeasterly direction (Figure 2.3). 
 

According to the AgCapture results from 2013 data, a larger proportion of land in the TIN 
Watershed was used for annual crop production (64%) than for pasture and hay production 
(23%) (Table 2.5). There was a larger proportion of land in perennial production in the north half 
of the watershed compared to the south half (Figure 2.8). Similarly, land cover in the THC Sub-
watershed was mostly used for annual crop production (55%), and pasture and hay production 
(37%) in 2014. Much of the pasture and hay production was in the northeastern part of the THC 
Sub-watershed (Figure 2.9). The primary annual crops in both watersheds were canola, barley, 
and wheat. 

 
Grazing cattle and horses were observed in close proximity to Tindastoll Creek, and riparian 

areas appeared to be heavily grazed in a number of locations throughout the watershed. 
Livestock operations in the TIN Watershed included a large multi-livestock operation, small beef 
feedlots, one large hog operation, several dairy operations, as well as numerous cow-calf 
operations. In the THC Sub-watershed, a number of cow-calf and horse operations were present, 
particularly in the northeastern part of the watershed. Seasonal feeding and bedding areas were 
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common in both watersheds. Several beef feedlots were present in the THC Sub-watershed. 
Some hog and sheep operations were active, and one dairy operation was observed.  

  
Natural, intact wetlands and forested areas were present within the watersheds. Large 

sections of Tindastoll Creek had ditches to facilitate drainage from the watershed, including 
some of the wetlands. 

 
Table 2.5. Percent cover of land-use practices in the Tindastoll Creek Watershed and Threehills 
Creek Sub-watershed. 

Land cover type Tindastoll Creekz Threehills Creeky 
Barley 18.5 19.4 
Canola 23.1 20.9 
Corn 0.2 0.2 
Fallow 1.2 0.3 
Fava bean 0.1 0 
Oat 2.8 0.3 
Pea 0.4 0.7 
Soybean 0.5 0 
Vegetable garden 0.03 0 
Wheat 17.8 12.5 
Unknown 0 0.4 
Annual crops total 64.6 54.6 
Hay –– grass 2.5 1.6 
Hay –– legume 1.3 0.5 
Hay –– mixed 2.3 2.8 
Hay total 6.1 4.9 
Pasture –– grass 11.5 14.7 
Pasture –– legume 0.5 0.3 
Pasture –– mixed 1.2 11.1 
Pasture –– native range 0 4.7 
Pasture –– riparian 2.4 0.4 
Pasture –– woodland 1.7 1.3 
Pasture total 17.3 32.5 
Perennial crops total (hay plus pasture) 23.4 37.4 
Other agriculture total 1.1 0.8 
Industrial 0.04 0.1 
Natural areas 4.4 3.9 
Residential 0.8 1.2 
Transportation 2.1 2.0 
Other land uses total 7.3 7.2 
Not surveyedx 3.7 0 
z Tindastoll Creek land cover data were collected in September 2013. 
y Threehills Creek land cover data were collected in August 2014. 
x A small portion of the Tindastoll Creek Watershed was not surveyed in 2013, this area was added 
when watershed boundaries were adjusted in 2014. The area added to the watershed boundary when the 
outlet site was moved in 2016 also would not have been included in this survey. 
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Figure 2.8. Annual and perennial crop distribution in the Tindastoll Creek Watershed in 
2013. The non-agricultural category includes industrial and non-farmyard residential land 
use. 
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Figure 2.9. Annual and perennial crop distribution in the Threehills Creek Sub-watershed 
in 2014. The non-agricultural category includes industrial and non-farmyard residential 
land use. The southern watershed boundary differs from Figure 2.3 because the outlet was 
assumed to be located slightly more south in 2014. The difference in land-use classification 
between the two boundaries is assumed negligible. 
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2.6 Characteristics of Acme Creek and Lonepine Creek Watersheds 
 
2.6.1 Weather  
  
 At the Beiseker weather station, located southeast of the ACME Watershed, the monthly 
average temperatures for 2013 through 2017 were similar to the long-term average temperatures, 
while average growing season temperatures were identical at 13.7 °C (Table 2.6).  
 
     The average total annual precipitation from 2013 to 2017 (376.8 mm) was lower than the 
long-term average (389.0 mm) (Table 2.7). From 2013 to 2017, snowfall precipitation from 
October to April was less than the long-term average, except for November. Rainfall amounts, 
which fell during the growing season, were higher than the long-term average in nearly all years 
except for 2017. Daily precipitation graphs for the Beiseker weather station (Figure 2.10) 
highlight several particularly wet months, such as August and September of 2015, July 2016— 
when 51.0 mm of precipitation was reported (July 12, 2016)—and June 2017 when 74.5 mm was 
reported from June 8 to 10.  
 
 
Table 2.6. Monthly, annual, and growing season average daily temperature from 2013 to 
2017 and 55-yr (1961–2016) long-term average values for the Beiseker weather station. 

Period 
2013 2014 2015 2016 2017 2013–2017 

average 
Long-term 

average 
------------------------------------- (oC) -------------------------------- 

January -9.6 -7.8 -6.7 -8.8 -9.2 -8.4 -11.4 
February -5.9 -16.8 -8.0 -2.3 -7.9 -8.2 -8.4 
March -7.9 -8.4 1.3 2.0 -3.7 -3.3 -3.4 
April 0.9 3.2 5.0 7.7 3.9 4.1 4.2 
May 12.1 9.3 9.9 10.4 12.6 10.9 10.2 
June 14.1 13.3 15.4 15.5 15.1 14.7 14.4 
July 15.7 17.5 16.6 15.9 17.2 16.6 16.8 
August 16.2 15.7 15.4 15.3 15.8 15.7 16.0 
September 13.2 10.6 9.7 9.7 10.7 10.8 11.0 
October 3.5 6.1 5.9 1.5 4.5 4.3 5.0 
November -8.2 -7.0 -3.1 1.4 -6.9 -4.8 -4.0 
December -12.6 -6.0 -8.4 -12.3 -9.1 -9.7 -9.9 
Annual (Jan to Dec) 2.6 2.5 4.4 4.7 3.6 3.6 3.4 
Growing season (May to 
Sep) 

14.3 13.3 13.4 13.4 14.3 13.7 13.7 

 
 

 

 



 

27 

 

Table 2.7. Total precipitation (mm) from 2013 to 2017 and 55-yr (1961–2016) long-term 
average values for the Beiseker weather station. 

Period 
2013 2014 2015 2016 2017 2013–2017 

average 
Long-term 

average 
------------------------------------ (mm) ----------------------------- 

January 6.9 7.3 12.7 12.1 9.2 9.6 16.0 
February 2.1 1.3 4.4 2.7 20.3 6.2 11.6 
March 10.6 11.4 8.1 3.7 18.7 10.5 16.5 
April 14.9 16.2 9.6 26.8 31.9 19.9 24.4 
May 121.6 35.8 18.4 53.3 17.4 49.3 49.2 
June 78.7 81.2 30.0 44.4 103.5 67.6 73.1 
July 57.3 43.0 77.8 153.0 72.8 80.8 61.7 
August 12.0 75.5 101.8 77.1 24.9 58.3 51.0 
September 13.9 46.4 72.7 19.8 16.1 33.8 41.6 
October 11.6 6.6 1.6 16.6 8.8 9.0 14.4 
November 24.9 43.3 6.7 1.2 13.3 17.9 15.2 
December 16.8 10.0 13.4 16.5 13.2 14.0 14.3 
Annual (Jan to Dec) 371.3 378.0 357.2 427.2 350.1 376.8 389.0 
Growing season (May to 
Sep) 

283.5 281.9 300.7 347.6 234.7 289.7 276.6 

 
 
     At the Linden weather station, located directly east of the LPT Watershed and slightly 
northwest of Acme, the average annual temperatures from 2013 to 2017 were generally similar 
to the long-term average values from February to September (Table 2.8). Early spring (March 
and April) temperatures were warmer in 2015 and 2016 than in the previous 2 yr and compared 
to the long-term average values for the Linden station; whereas, 2017 temperatures were similar 
to the long-term averages. Growing season (May to September) temperatures from 2013 to 2017 
were similar to long-term average values, with an identical average growing season temperature 
of 13.3 °C. 
 

Average total annual precipitation observed at the Linden weather station from 2013 to 2017 
was lower than the long-term average, but higher during the growing season compared to the 
long-term average (301.7 mm and 291.9 mm, respectively, Table 2.9). In general, for all years, 
precipitation from October to April was less than the long-term average except for November 
and December, which were marginally higher. In 2015 and 2016, July–September had higher 
levels of precipitation than the long-term averages, with 43.5 mm falling on August 21, 2015 
(Figure 2.11), while August and September 2017 had less than average precipitation recorded, 
following the trend in other parts of the province. 
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Figure 2.10. Total daily precipitation at the Beiseker weather station closest to the ACME 
Watershed in (a) 2013, (b) 2014, (c) 2015, (d) 2016, and (e) 2017. 
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Table 2.8. Monthly, annual, and growing season average daily temperature from 2013 to 
2017 and 55-yr (1961–2016) long-term average values for the Linden weather station. 

Period 
2013 2014 2015 2016 2017 

2013–2017 
average 

Long-term 
average 

-------------------------------- (oC) -------------------------------- 

January -10.2 -10.5 -7.2 -9.9 -9.2 -9.4 -11.4 
February -6.7 -17.4 -8.2 -2.4 -8.2 -8.6 -8.5 
March -8.0 -8.7 0.9 1.7 -4.1 -3.6 -3.7 
April 0.9 2.9 4.6 7.3 3.5 3.8 3.9 
May 11.9 9.2 9.5 10.1 12.2 10.6 9.8 
June 13.7 13.1 15.1 15.0 14.5 14.3 14.0 
July 15.4 17.0 16.2 15.5 16.6 16.1 16.3 
August 15.6 15.4 15.2 14.8 15.3 15.3 15.5 
September 12.6 10.3 9.3 9.5 10.2 10.4 10.7 
October 3.1 5.9 5.3 1.0 4.1 3.9 4.8 
November -8.9 -7.0 -3.8 1.2 -6.6 -5.0 -7.8 
December -13.2 -6.3 -9.2 -13.5 -9.6 -10.4 -9.9 
Annual (Jan to Dec) 2.2 2.0 4.0 4.2 3.2 3.1 2.8 
Growing season (May to 
Sep) 

13.8 13.0 13.1 13.0 13.8 13.3 13.3 

 

Table 2.9. Total precipitation (mm) from 2013 to 2017 and 55-yr (1961–2016) long-term 
average values for the Linden weather station. 

Period 
2013 2014 2015 2016 2017 

2013–2017 
average 

Long-term 
average 

-------------------------------- (mm) -------------------------------- 

January 7.7 8.0 16.5 17.6 7.2 11.4 17.1 
February 2.3 1.7 7.7 4.5 23.4 7.9 12.1 
March 10.8 20.4 10.2 6.2 18.4 13.2 17.2 
April 13.7 10.9 20.5 13.8 21.0 16.0 24.1 
May 105.5 59.7 29.7 48.4 34.0 55.5 51.2 
June 125.3 95.9 48.6 29.7 60.5 72.0 76.2 
July 65.3 28.2 81.0 91.0 77.7 68.6 67.3 
August 14.0 65.3 120.4 67.6 34.6 60.4 55.3 
September 22.8 53.0 76.9 46.8 26.4 45.2 41.9 
October 17.8 2.3 3.9 16.7 12.0 10.5 15.5 
November 24.4 37.3 4.7 2.7 10.9 16.0 15.8 
December 21.1 5.0 13.9 21.4 14.5 15.2 14.9 
Annual (Jan to Dec) 430.7 387.7 434.0 366.4 340.6 391.9 408.6 
Growing season (May 
to Sep) 

332.9 302.1 356.6 283.5 233.2 301.7 291.9 
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Figure 2.11. Total daily precipitation at the Linden weather station near Lonepine Creek 
Tributary in (a) 2013, (b) 2014, (c) 2015, (d) 2016, and (e) 2017.  
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2.6.2 General Watershed Characteristics and Land Cover  
  
 The ACME Watershed (Figure 2.2) and the majority of the LPT Watershed (Figure 2.4) are 
within the Foothills Fescue Natural Sub-region; the northwestern most portion of the LPT 
Watershed is located within the Central Parkland Natural Sub-region. The watersheds are 
southwest of Threehills, Alberta and just west of Acme, Alberta within the Kneehill and 
Mountain View Counties (Figure 2.5). The Foothills Fescue Natural Sub-region is slightly 
cooler and drier than the Central Parkland Natural Sub-region, with a mean summer 
temperature of 14 °C and annual precipitation of 400–450 mm. The sub-region is within the 
Chinook belt of southwestern Alberta. Similar to the Central Parkland Natural Sub-region, soils 
in the Foothills Fescue area are dominated by Black Chernozemic soils with Gleysolic soils in 
poorly drained depressions. Intermittent sloughs, ponds, and streams are present throughout the 
region and are a source of moisture in dry years. 

 
 The ACME Watershed is 13,453 ha in size and is slightly smaller than the TIN Watershed. 
Acme Creek flows in a northeasterly direction (Figure 2.2) and discharges into Kneehills Creek. 
The LPT Watershed is 16,096 ha. The Lonepine Creek tributary (Figure 2.4) flows in an easterly 
direction and joins the larger Lonepine Creek before discharging into Kneehills Creek. Kneehills 
Creek subsequently discharges into the Red Deer River just west of Drumheller.  
 
 Visual land cover surveys revealed that the primary land use in the watersheds was annual 
cropping. Land cover in 2013 was 72% annual and 21% perennial crops in the ACME Watershed 
(Table 2.10). The LPT Watershed had similar land cover (72% annual and 22% perennial crop 
cover) in 2014. Most of the perennial land cover was in the northeastern portion of the ACME 
Watershed (Figure 2.12), while perennial land cover was more evenly distributed in the LPT 
Watershed (Figure 2.13).  
 

Wheat, canola, and barley were the major annual crops grown in both watersheds (Table 
2.10). Some permanent and small wetlands were present, but smaller wetlands were frequently 
cropped through. Multiple in-stream dugouts were present, likely resulting in water retention and 
contributing to decreased stream connectivity during runoff periods. In pooled areas of the 
streams, algae growth was frequently observed in the summer months. Cattle and horses were 
common throughout the watersheds and several oil and gas structures were observed. Livestock 
operations in the ACME Watershed included several large beef feedlots, a lamb feedlot, and a 
hog facility. One dairy operation and numerous cow-calf operations were also present in the 
watershed. There are only a few small feedlots in the LPT Watershed, as well as a few hog 
operations. 
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Table 2.10. Percent cover of land-use practices in the Acme and Lonepine Creek 
Watersheds. 

Land cover Acme Creekz Lonepine Creeky 

Barley 17.5 23.0 
Canola 19.3 24.0 
Corn 0.0 0.0 
Fallow 1.6 0.1 
Oat 3.0 0.1 
Pea 0.6 2.2 
Unknown 3.0 0.1 

Wheat 27.0 22.3 

Annual crops total 72.0 71.9 

Hay –– grass 0.6 2.1 
Hay –– legume 1.4 0.7 

Hay –– mixed 0.5 1.0 

Hay total 2.5 3.9 

Pasture –– grass 11.5 16.2 
Pasture –– legume 0.02 0.2 
Pasture –– mixed 0.6 0.1 
Pasture –– riparian 5.2 0.5 

Pasture –– native 0.6 1.4 

Pasture total 18.0 18.2 

Perennial crops total (hay plus pasture) 20.6 22.1 

Other agriculture total 1.3 0.5 

Industrial 0.3 0.3 
Natural areas 3.3 1.9 
Residential 0.7 0.8 

Transportation 2.0 2.5 

Other land uses total 6.2 5.5 
z Acme Watershed land cover data was collected in August 2013. 
y Lonepine Watershed land cover data was collected in August 2014. 
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Figure 2.12. Annual and perennial crop distribution in the Acme Creek Watershed in 2013. 
The non-agricultural category includes industrial and non-farmyard residential land use. 
 

 
Figure 2.13. Annual and perennial crop distribution in the Lonepine Tributary Watershed 
in 2014. The non-agricultural category includes industrial and non-farmyard residential 
land use. The boundary differs slightly from that in Figure 2.4 because a different dataset 
was used for the land cover classification in 2014. The difference in land cover classification 
between the two boundaries is assumed negligible. 
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SECTION 3 ALBERTA PHOSPHORUS MANAGEMENT TOOL 
 

The Alberta Phosphorus Management Tool (APMT) is a risk assessment tool designed to be 
used by producers to minimize environmental risk associated with the management of P, and to 
maximize the benefits of applied manure and fertilizer. It also serves as an educational tool, 
explaining the effects a given BMP can have on P loss.  

 
The APMT was developed in Microsoft® Excel 2010®. Details of the early phases of 

development are described in Appendix B. Below is a description of the general concept, 
developmental approach, main components, display, and management of the final APMT 
(Version 1.2) product. 
 
3.1 General Concept 

 
The APMT assesses an operation’s potential risk for P loss from soil, manure, and fertilizer 

sources. The management of cropping systems, fields, livestock, and livestock facilities will 
affect the risk of P loss. The tool also evaluates topographical and environmental P transport 
factors such as flooding and runoff, which can connect sources of P to water bodies. The tool 
also assesses the risk of nutrient accumulation as a contributor to runoff risk potential. Each site 
is evaluated independently. A ‘site’ may be a cropped or pasture field, a seasonal feeding site, or 
a livestock facility, such as a manure storage building, barn, or corral. By considering all these 
factors the risk of P loss is determined.  

 
The assessment process takes users through a series of detailed questions. Questions are 

grouped into different sections, each of which deal with a specific type of risk, such as flood 
potential, runoff potential, and nutrient accumulation. Risk is assigned based on responses to the 
questions. Two types of answers are available: a choice of “yes”/“no”/“I do not know”; or a 
series of management condition responses, which have a low-to-high-risk ranking format similar 
to the Alberta Environmental Farm Plan questionnaire (Section 3.2). Each answer is assigned a 
level of risk, with an answer of “I do not know” assigned the highest level of risk.  

 
Every question asks about an individual factor, and available responses have assigned values 

that are mathematically combined to determine the risk level of P loss. For example, the higher 
the STP levels or the more frequent the manure application or livestock feeding events, the 
higher the risk of P loss that will be identified by the tool. 

 
The APMT is divided into three steps: a general questionnaire (Step 1), rapid assessments 

(Step 2), and detailed assessments (Step 3). The general questionnaire characterizes the operation 
by identifying the different types of livestock produced, the types of facilities, and the types of 
management practices used.  

 
In Step 2, there are two rapid assessment sections: the rapid field assessment and the rapid 

facility assessment. The purpose of the rapid assessments is to prioritize which fields or facilities 
should be first to go through the relevant detailed assessments. Answering “yes” or “I do not 
know” to any question in the rapid assessments indicates that there is a higher concern for P loss, 
and therefore, it is recommended that the detailed assessment be completed.  
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Step 3, or the detailed assessment section of the APMT, contains questions that relate to P 
loss from specific facilities or management systems. Multiple cropping systems, sites, or 
facilities can be independently assessed and ranked for P loss risk. After completing all the 
questions in a detailed assessment section, the APMT creates a summary report in which the risk 
of P loss is outlined for each transport factor for each site. The level of risk is identified for each 
factor, and BMPs to mitigate P loss are suggested. Highlighting the different levels of risk allows 
the producer to focus their time and efforts on the sites or practices with the greatest risk level of 
P loss.  

 
Potential BMPs to address the identified risks are suggested in the detailed assessment 

summary reports. Each BMP is assigned a relative economic cost to implement and 
environmental benefit on mitigating P loss. Economic cost is illustrated by the number of dollar 
signs ($), while environmental benefit is indicated by the number of E’s. For example, moving a 
livestock facility out of a flood zone would be assigned a high economic cost, which is illustrated 
by a high number of $ signs (maximum of four) associated with that BMP. However, the same 
BMP would also have a significant or high environmental benefit through a reduction in P loss 
potential, which is illustrated by a high number of E’s (maximum of four) associated with that 
BMP. Moving only part of the facility would have a lower economic cost, which would be 
demonstrated by having fewer $ assigned to the BMP, but the move could still have a high 
environmental effect (if the specific portion of the facility that floods is moved), which would be 
illustrated by a high number of E’s associated with the practice. The decision on how to best 
balance economic costs and environmental BMPs would be made by the producer based on their 
individual situation, but all BMPs would impart an environmental benefit. 

 
A final feature of the tool is the summary report, which compiles the assessment results. This 

provides the producer a quick way to identify sites on their operation that are at a higher risk for 
P loss and the reason for that risk. 

 
3.2 Tool Development 

 
The APMT was developed in 3 yr with many incremental changes in the design and content 

with testing. While the APMT is primarily designed for producers who raise livestock or manage 
manure, it can also be used by producers who only manage crops. The APMT was developed 
using key elements of existing Government of Alberta nutrient management resources such as 
the Alberta Environmental Farm Plan (AARD 2015), the Alberta Farm Fertilizer Information 
and Recommendation Manager (AARD 2008), the Manure Management Planner (AAFRD 
2011), and the Nutrient Management Planning Guide (AAF 2007). It also incorporates elements 
of other risk-assessment tools and indices such as the NRCB’s Environmental Risk Screening 
Tool (NRCB 2011), the Wintering Site Assessment and Design Tool (AARD 2013), various 
Canadian and United States Department of Agriculture – Natural Resources Conservation 
Service (USDA-NRCS) state P indices (USDA 1994; Minnesota NRCS 2001; USDA 2001a,b; 
Hilborn and Stone 2005; Beaulieu et al. 2006; Manitoba Phosphorus Expert Committee 2006; 
Lewandowski et al. 2008; Good et al. 2012; USDA 2012a) and Conservation Practice Standard 
590 – Nutrient Management documents (USDA 2005; USDA 2006a,b; USDA 2007; USDA 
2011; USDA 2012b,c,d; USDA 2013; USDA 2016). Research findings and recommendations 
from the Alberta Soil Phosphorus Limits Project (Paterson et al. 2006) were also used. Lastly, 
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subject-matter experts were consulted to ensure tool questions were appropriate and addressed P 
loss issues specific to Alberta.  

 
These resources were used to inform the questions and the logic behind the APMT. The tool 

determines risk based on the user’s responses to a series of questions. Many of the questions for 
the different facilities and production systems are similar in that they ask about the same factors, 
but they are worded to be specific to that particular facility or system. Some of the questions ask 
about specific management practices of a facility or production system that are unique to that 
system, such as the type of in-field feeding system used at a wintering site.  

 
     The questions focus on factors that affect the presence, accumulation, or release of P as well 
as surface-water flow onto and off the site. Questions about factors that affect the presence and 
release of P to surface-water flow relate to soil chemistry (i.e., STP levels, soil organic matter, 
and soil texture), cropping management, nutrient application (i.e., rates, method, frequency and 
timing), and livestock (i.e., manure volume, livestock access, and feeding, bedding, and/or 
watering practices).  
 
     To determine the flood risk of a facility or a field, the tool asks if the site floods, and if so, 
how frequently it floods, how much of the area is affected by flooding, and (if applicable) the 
number of animals at the site. A number of factors can increase the level of risk of P loss to the 
environment, including the presence of manure prior to spring flooding, greater volumes of 
manure in the area, more frequent flooding events, and higher percentages of the area affected by 
the floodwater. 
 
     To determine runon risk for a facility or field, the tool asks how much water flows onto the 
site and if runon is diverted. It also assesses runoff risk through questions on whether runoff 
flows off site, and if so, how it is managed (for example, with a control structure). Soil, 
topography, and environmental factors that can affect the flow of surface water are also 
addressed by the tool. For example, many factors can affect runoff risk from a site including soil 
moisture (soil zone is used as a proxy), soil texture, the type of ground cover, and the degree and 
length of slope to the nearest water body; the producer is asked questions on all these factors. 
Questions related to STP levels, rate, and timing of manure and fertilizer application, and 
distance to a water source are also used to help assess the level of P risk assigned to a site or 
facility; high STP levels, high manure application rates, high volumes of runon water, a lack of 
management of runoff water, and close proximity to down-slope water sources can each increase 
the level of risk.   
 

To determine nutrient accumulation risk for a field, the tool asks questions about soil testing 
practices, STP levels, frequency of manure application, frequency and intensity of livestock 
feeding, and shelter management. Higher STP levels, more frequent or higher manure 
application rates, and importing feed onto the site heightens the risk for P to accumulate in the 
soil. 

 
Other risks identified by the tool include direct access of livestock to surface water bodies 

and effects on the riparian area, liquid manure storage, and catch basin management and risk of 
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overflow. As with the other factors, risk is determined through a series of questions about the site 
and how the facility, field, or feeding system is managed.  
 

Explanations for how each factor affects P accumulation or transport are provided by the 
tool. For example:  

 
 the greater the volume of surface-water flow (a combination of runoff water and water 

that falls directly on the site), the greater the potential for nutrients to be transported and 
the further the potential distance of flow;  

 the steeper the slope, the greater the flow and potential for nutrients to be transported 
longer distances. Further, the absence of a flow management system, such as a catch 
basin, increases the risk of nutrient transport depending on connectivity and distance to 
downstream surface-water bodies; 

 the closer manure is in proximity to water bodies, the greater the risk of nutrients to be 
transported to those water bodies in runoff. Conversely, the greater the distance between 
manure and the water body, the greater the opportunity for nutrient attenuation during 
transport; 

 the higher the STP levels the greater the risk for nutrient loss from the site in surface 
runoff.  

 the rate of nutrients applied (fertilizer or manure) affects the potential amount of P 
exposure to runoff. Higher rates of nutrient application results in greater potential for 
nutrient loss from the site;  

 the lower the soil organic matter level, the greater the risk of nutrient loss due to less 
nutrient retention; 

 finer textured soils, such as clay, do not absorb water quickly, thus the greater the 
potential for surface runoff, as opposed to sandy soils in which infiltration occurs more 
quickly; 

 perennial crops, which provide continuous surface cover, have a lower runoff potential 
than annual crops. 

 
3.3 Tool Components and Display Overview 

 
When the APMT is opened, the main assessment status page is very streamlined and only 

shows the General Questionnaire worksheet (Figure 3.1a). Once this worksheet is completed, the 
rapid field and facility assessments worksheets appear on the main page. Additional assessment 
sections are tailored to how the producer answered the general information questionnaire and 
rapid assessment sections. For example, a dairy operation that also grows crops would only see 
detailed assessments related to cropping system management, field management, barns, and 
liquid manure storage (Figure 3.1b), while a beef-swine operation would see detailed assessment 
sections on such topics as seasonal feeding and bedding sites (SFBS), etc. (Figure 3.1c).  

 
Other aspects of the main assessment status page include basic instructions on how to use the 

APMT (Serecon 2017a), and a link to a more detailed instruction manual and the APMT website 
maintained by AAF. The website contains the most up-to-date version of the APMT, and links to 
resource material, supplementary information, as well as information on potential BMP funding 
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sources. Upon completing all the applicable APMT worksheets, the main page displays the 
option to generate a summary report of the assessment and the operation’s risk of P loss.  

 
The general information questionnaire (Step 1) collects information about the operation and 

identifies the type(s) of livestock produced and related facilities (Figure 3.2). The rapid field 
assessment worksheet (Step 2) consists of 12 questions in the form of drop-down boxes, which 
have “yes”/“no”/“I do not know”/“not applicable” response options (Figure 3.3). The rapid 
facility assessment worksheet (Step 2) contains nine questions, with each potential facility listed 
for each question (Figure 3.4). Similar to the rapid field assessment, the user also answers 
“yes”/“no”/“I do not know”, but rather than drop-down boxes, radio buttons are used for up to 
six different facility types. The radio buttons for an operation’s facility types (identified in Step 
1) are outlined in green, while radio buttons for facility types not present on the operation are 
grey and not selectable by the user (Figure 3.4). For both rapid assessment worksheets, the user 
can view their progress with the percent complete feature at the top of the page, or on the main 
assessment status page, which not only provides the percent complete but also what proportion 
of their answers indicate a high risk for P loss (i.e., “yes” or “I do not know”) (Figures 3.1 and 
3.3).  

  
Due to programming complexities, the answers provided in the general questionnaire and 

rapid assessment sections cannot be changed once answered. The user receives a ‘point-of-no-
return’ warning before leaving the general questionnaire and rapid assessment sections to ensure 
their information is accurate and that they are aware their answers will be locked. The reason for 
this warning is that the response to these worksheets sets the content of the final APMT for that 
user. A shortcoming of this ‘point-of-no-return’ warning is that the user must open a new APMT 
file if they wish to change their general or rapid assessment information once it has been saved, 
or to enter new information to assess a different operation.  

 
In total, there are 10 different potential detailed assessment worksheets (Step 3, Figure 3.1b) 

consisting of a series of questions specific to a facility or field production system. The producers 
can only see and fill out assessments applicable to their operation, based on their responses to the 
general and rapid assessment worksheets, as described above. Pre-determined responses to each 
question are selected from a drop-down box (Figure 3.5), which appears beside the yellow 
response line upon clicking on it. Response options include “yes”/“no”/“I do not know”, or a 
series of management or condition responses. Each response has a low-to-high risk ranking 
associated with them, and this is not visible to the user but is used to calculate risk in the 
background of the tool. Additional information and explanations for why the question is asked is 
provided through a ‘potential concerns’ text box associated with each question. The ‘potential 
concerns’ text box will appear below the yellow response line once the user clicks on it. 

 
The detailed worksheets are responsive, with questions that appear or disappear based on the 

responses of previous questions. For example, if a user answers that a site has never flooded, 
they are not asked further questions about the frequency or severity of flooding that has occurred. 
This minimizes the number of questions a producer is asked and reduces the amount of time 
spent answering questions that are irrelevant to their operation, making the tool more efficient 
and user-friendly.  
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 Users have the option of assessing up to 20 different fields/sites or management practices 
within each detailed assessment. The user can also re-name sites/management practices to make 
them more meaningful to their operation (e.g., legal land locations for fields). 

 
Reports are generated for each detailed assessment and can be saved and/or printed for future 

reference. If multiple sites are assessed, the report highlights how many sites were identified as 
being at risk, the sites to which the greatest attention is required, and the sources of risk (e.g., 
flooding, runoff, nutrient accumulation). For each source of risk, the questions and responses 
provided are identified in the report (Figure 3.6). Beneficial management practices are suggested 
to address the sources of risk for individual sites. If no risks are identified, no BMPs are 
suggested. The list of potential BMPs is dynamic, and the list will vary based on the responses to 
each of the questions. The BMPs are displayed in order from lowest to greatest economic cost to 
implement. The decision to organize the BMPs in this manner was based on feedback from 
stakeholders, who suggested that this method of displaying BMPs was less intimidating and 
would incentivize producers to adopt and implement BMPs. 

 
Lastly, the APMT creates a summary report (accessible from the main assessment status 

page), which allows the user to identify the risk rating and source of risk for all sites/facilities 
assessed (Figure 3.7). The report is in the form of a matrix table with sites/facilities arranged 
vertically and overall sources of risk displayed horizontally. Corresponding risks are identified 
by text and colour. The summary report allows a producer to quickly identify the greatest sources 
of risk for P loss on their operation, and to help target and prioritize their response. 

 
3.4 Management of the Alberta Phosphorus Management Tool  
 
One of the main goals throughout the development of the APMT was to ensure that it could be 
easily fixed, updated, or modified as new information becomes available or in response to 
feedback from users. The final Excel version of the APMT will be locked in order to prevent 
accidental or purposeful changes to the background operation of the tool. However, AAF has the 
ability to unlock, edit, manage, and modify many aspects of the APMT. For example, 
improvements to the wording of the questions, answers, and BMPs can be made based on 
internal or external feedback. Additionally, internal risk calculations, report features, and overall 
technical operation of the tool can be modified as needed. Instructions on how to do so are 
detailed in a methodology and maintenance report provided by Serecon as part of the upgrade 
and development project (Serecon 2017b). When changes are made and a new version of the tool 
is released it will be reposted to the website. 
 

It is important to note that some aspects of the Excel APMT cannot be easily modified 
without detailed working knowledge of the programming code used to create the tool. While the 
answers, ranking of answers, and wording of the questions can be easily changed, it is not 
possible to add or remove the number of questions in the Excel APMT assessments. There are 
also key questions in the APMT that are fundamental to decision points within the tool’s 
functions. They are highlighted within the technical worksheets by colour coding so they are not 
inadvertently changed by AAF staff. Possible work-arounds are described in the methodology 
and maintenance report but it is likely best to hire technical programmers to make these changes 
to ensure the stability of the program (Serecon 2017b). 
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a) 
 
 
 
 
 
 
b)  

 
 
 
 
 
 
 
 
 
 

 
 

 
 

c) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1. A screenshot of (a) the assessment status tab visible when first opening the tool, 
(b) a possible assessment status tab visible for a dairy operation (with four of the possible 
10 detailed assessments shown), and (c) a possible assessment status tab visible for a beef-
swine operation in the APMT Version 1.2 (with eight of the possible 10 detailed 
assessments shown).  
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Figure 3.2. A screenshot of the general information questionnaire in the APMT Version 
1.2.  
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Figure 3.3. A screenshot of the rapid field assessment worksheet in the APMT Version 1.2. 
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Figure 3.4. A screenshot of the rapid facility assessment worksheet in the APMT Version 
1.2, with two of the nine questions shown. Radio buttons outlined in green represent only 
those facilities that are present on the operations. 
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Figure 3.5. A screenshot illustrating one of the 10 detailed assessment worksheet layout in 
the APMT Version 1.2.  

 
 
 



 

45 

 
 

 
 
 
 

Figure 3.6. A screenshot illustrating a detailed assessment report summary for the APMT 
Version 1.2.  
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Figure 3.7. A screen shot of the summary report in the APMT Version 1.2.  
 

 
The APMT will continue to be assessed and updated as it is used. Potential enhancements 

will be recorded and used to inform future reviews and updates. Experience and experimentation 
along with technology platform advancements will inform opportunities to enhance and adapt the 
APMT to meet user needs going forward. 
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SECTION 4 ALBERTA PHOSPHORUS MANAGEMENT TOOL ASSESSMENTS AND 
BENEFICIAL MANAGEMENT PRACTICES 
 
4.1 Producer Participation  

 
Producers were contacted following the selection of the treatment watersheds (TIN and 

ACME). A one-page mail out was created in late 2013 that described the purpose of the project 
and solicited volunteers to participate. This one-page information sheet was delivered through 
letter mail to all landowners within the TIN and ACME Watersheds in January 2014. Landowner 
names were accessed through legal landowner maps (provided by Red Deer County, Kneehill 
County, and Mountain View County) with publically available addresses and telephone numbers 
obtained through internet searches. Approximately 170 landowners were identified in the TIN 
Watershed, while approximately 100 landowners were identified in the ACME Watershed. These 
numbers included landowners who owned <32 ha, such as acreage owners.    

 
The team created a prioritized short list of land parcels and producers within each watershed 

to contact about the project. Priority was given to quarter sections in close proximity to the creek, 
quarter sections containing evidence of livestock activity visible from satellite imagery 
(corrals/barns/SFBS), and landowners with larger sized holdings (≥ three quarter sections). 
County field staff were consulted, and based upon their recommendations AAF staff also 
targeted landowners who had significant social influence within the community or who had 
previously expressed interest in environmental stewardship activities. Telephone call-outs to 
prioritized landowners within the watersheds occurred in January 2014 (n = 58 landowners in 
TIN and n = 32 landowners in ACME). While the majority of calls occurred in early 2014, the 
team continued to reach out to producers throughout 2015 and 2016, as time permitted. 

 
As a result of the telephone call-outs, seven producers in the TIN Watershed and six 

producers in the ACME Watershed indicated interest in participating in the project and assessing 
their land with the APMT in 2014. In 2016, two new producers in the TIN Watershed and one 
new producer in the ACME Watershed joined the project. Overall, nine producers in the TIN 
Watershed and seven producers in the ACME Watershed have participated in the project at the 
time of this report.  

 
A substantial number of producers initially identified with the priority lists did not participate 

in the project. The team often found that publically available telephone numbers were inaccurate 
or not in service. Further, project team members were often unable to speak directly with 
landowners either due to a lack of voicemail service, or because voicemails were not returned. 
When the landowner could be reached, common reasons for declining participation in the project 
were (1) the landowner leased the land and did not actively farm anymore, (2) the producer was 
retiring soon and was not interested in assessing their land or implementing BMPs, (3) a lack of 
time to run through the assessment, or (4) the producer did not actively raise livestock or import 
manure onto their property.  
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4.2 APMT Assessments and BMPs  
 
Project team members met with producers to discuss the project, the APMT assessment 

process and the APMT tool. Over a series of two to four visits, participating AAF staff went 
through the assessment process with the producer or producers. If the producer was missing 
information needed for the assessment, such as soil-test results, that information was collected 
from the field during the process so that the applicable questions in the tool could be answered.  
Once the assessment was completed for each operation, project team staff went through the 
results of the assessment with the producers to (1) ensure that the results and risk rankings made 
sense to the producers, (2) evaluate the APMT’s ease of use, and (3) discuss potential BMPs to 
address P loss.  

 
When risk was identified by the APMT, the producer was presented with a list of potential 

BMPs to address their P loss. Project staff discussed the different BMP options available to the 
producer. Each BMP suggested addressed the risk of P loss from a landscape or management 
practice to varying degrees and at varying costs. The costs and benefits of each BMP were 
discussed, how they worked, and how they would fit into the operations’ current production 
practices.  

 
In some situations, a single BMP could address the identified P loss risks, such as moving a 

facility. In some situations, several BMPs intended to be implemented together (i.e., a ‘suite’ of 
BMPs) were suggested to address P loss, such as using soil and manure sampling to determine 
manure application rates, and using that information to alter the method and timing of manure 
application. Often BMPs address several risks simultaneously or provide multiple benefits. For 
example, off-site watering addresses P loss from manure and stream bank disturbance by 
livestock, but can also improve animal rates of gain and pasture utilization. Having several 
BMPs to choose from allowed the producers to tailor a solution that made sense to their 
operation and would potentially help mitigate P loss from their activities. 

  
In order to increase the probability of a BMP being implemented, the producer had to see 

value in the BMP and had to be able to incorporate the BMP into their operation. For example, if 
a cropped field was found to have high STP concentrations, the optimal BMP, from an 
environmental perspective, could be to cease manure application until soil nutrient levels were 
reduced. However, if the producer was not realistically able to accomplish this BMP, perhaps 
due to high volumes of livestock manure production and limited land base, an alternate BMP 
could be to reduce manure application frequency, by only spreading manure on the land every 
second or third year. In this study, we quantify the number of BMPs initially agreed to, what 
types of BMPs were agreed to, and what BMPs were implemented compared to those initially 
agreed to in discussion. We also examine the most common sources of a high-risk rating and 
whether the implemented BMPs addressed that risk.  

 
Producer assessments and BMPs followed a specific nomenclature. When tracking producer 

participation, individual producers were assigned a code. For the TIN Watershed, participating 
producers were assigned the code T-BMP[X], where [X] denoted the individual producer and 
“T” indicated the landowner was based in the TIN Watershed. Codes for producers within the 
ACME Watershed began with A-BMP[X]. Numbers were assigned sequentially based on the 
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order in which the producer joined the project. Beneficial management practices were tracked 
using the producer identification code followed by a number that referred to a BMP or suite of 
BMPs implemented, usually within a specific quarter section. For example, T-BMP5-1 refers to 
the first suite of BMPs initiated for Producer 5 in the TIN Watershed, while A-BMP1-3 refers to 
the third suite of BMPs for Producer 1 in the ACME Watershed. Each suite of BMPs addressed P 
risk identified by the APMT. In some instances, BMPs were implemented over more than one 
quarter section, such as if a cropped field was two quarter sections in size but management was 
the same for both quarter sections, or if manure application rates were adjusted, affecting more 
than one quarter section of land.  

 
In order to compile and visualize the results of the APMT assessments and subsequent BMP 

locations, watershed risk rating and BMP maps were created for the TIN and ACME 
Watersheds. The maps show the land assessed by the APMT (mapped by quarter section) as well 
as the land assessed by each participating producer. These maps help visualize whether specific 
geographic locations within the watershed were successfully targeted such as land bordering the 
creek. In general, each quarter section was managed by an individual producer; however, there 
were occasions where two different producers independently managed the same piece of land 
(e.g., one producer grazed a pasture, while another cropped a separate field within the same 
quarter section). In this scenario, one producer was arbitrarily assigned as managing the whole 
quarter section.  

 
Phosphorus risk ratings from the APMT assessments were also mapped; however, they were 

simplified for visualization purposes. As described in Section 3, the APMT assigns P-risk ratings 
to an individual field or site based on a number of different factors, such as flooding, runoff, or 
nutrient accumulation. In order to visually compile the large amount of information produced by 
the APMT for this report, detailed assessment risk ratings were grouped into distinct categories 
based on the type of activity taking place on the landscape and mapped by quarter section. For 
example, risk ratings for the “Cropping System Management” and “Field Management” detailed 
assessments were combined into a “Crop Management” risk category. A “Livestock 
Management” risk category was created from the risk ratings identified in the “Grazing and 
Riparian Pastures” and “Seasonal Feedings and Beddings” detailed assessments. Lastly, risk 
ratings for the remaining detailed assessments (“Corrals, Loafing or Day Pastures”, 
“Barns/Livestock Housing”, “Catch Basin Management”, “Solid Manure Storage”, “Temporary 
Manure Storage”, and “Liquid Manure Storage”) were grouped into a “Yard/Manure” risk 
category (Figure 4.1).  

 
The highest risk rating within each category was flagged and assigned to the entire quarter 

section. It is important to note that this does not necessarily indicate that the entire quarter 
section had a maximum risk rating, but simply that a least one activity or land management 
practice occurring on that quarter section produced that risk. For example, a livestock grazing 
pasture may have been deemed low risk for stocking density, but high risk for runoff from a 
SFBS. In this scenario, the entire livestock grazing pasture/quarter section would be assigned a 
high risk when mapped. If a quarter section had a detailed assessment done that fell into more 
than one risk category (e.g., used for livestock grazing and cropping), different maximum risk 
ratings would be mapped separately. This method of displaying risk allows for a more nuanced 
interpretation of what types of agricultural activities were associated with P risk.   
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Lastly, for the sake of clarity and simplicity when describing BMPs, four different BMP 
categories were created: soil/crop management, livestock management, yard/manure, and 
erosion/flooding. Attempts were made to correlate the APMT risk categories to BMP categories 
as much as possible. Soil/crop management BMPs consisted of soil nutrient testing and changes 
to the application rate or frequency of manure/fertilizer to cropped fields. Livestock management 
BMPs included those associated with livestock pastures and riparian health, including off-stream 
watering systems, fencing, livestock bridges, riparian planting, and SFBS. Yard/manure BMPs 
included activities that occurred in close proximity to the yard or were associated with manure 
storage (e.g., corral moves, movement of manure storage sites, manure composting). 
Miscellaneous BMPs associated with water-based erosion or flooding were grouped in the 
erosion/flooding category (Figure 4.1).  

  
 

 
Figure 4.1. Visual schematic of how risk ratings from individual producer APMT 
assessments were mapped on a watershed-wide scale for the Alberta Phosphorus 
Watershed Project.  

 
 

4.2.1 Tindastoll Creek Watershed 
 

The majority of producer assessments in the TIN Watershed were completed in 2014 (n = 7), 
while a small number occurred in 2016 (n = 2, Table 4.1). While efforts were focused on land 
within the watershed boundaries, particularly along the creek and tributaries, if a producer 
managed additional land just outside of the watershed, it was also assessed with the APMT in 
order to build a good working relationship with the producer. Overall, 70 quarter sections (4,550 
ha) were assessed using the APMT, of which 61 (87%) were within or on the TIN Watershed 
boundary (Figure 4.2). An average of eight quarter sections were assessed per producer, 
however, numbers ranged from 3 to 19 quarter sections for the nine participating producers in the 
watershed (Figure 4.3). The land assessed by the APMT comprised 22% of the total quarter 
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sections within the watershed. For all three risk categories combined, the proportion of the area 
assessed within the watershed using the APMT that had a high risk rating was 41%.  
 

 
Table 4.1. Producer APMT assessments and BMPs in the Tindastoll Creek 
Watershed. 

2013 2014 2015 2016 2017 

  T-BMP1 Assessed       
    T-BMP1-1     
    T-BMP1-2     

  T-BMP2 Assessed      
    T-BMP2-1z     

  T-BMP3 Assessed       
    T-BMP3-1     

  T-BMP4 Assessed       
  T-BMP4-1     
  T-BMP4-2     
  T-BMP4-3     
  T-BMP4-4     
      A-BMP4-5z   

  T-BMP5 Assessed      
      T-BMP5-1   
      T-BMP5-2   

  T-BMP6 Assessed      
    No BMPs requiredy 

  T-BMP7 Assessed       
    No BMPs requiredy 

      
T-BMP8 
Assessed   

      T-BMP8-1   
      T-BMP8-2   

      
T-BMP9 
Assessed   

      No BMPs requiredy 

z BMPs identified and agreed to but not implemented. 
y APMT assessment assigned low risk for P loss, and as a result, no major BMPs were suggested.  
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Figure 4.2. Land assessed using the APMT within the TIN Watershed. 
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Figure 4.3. Land assessed using the APMT in the TIN Watershed, based upon individual 
participating producers. 
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Beneficial management practices generally were implemented the year of or shortly after the 
APMT assessments (Table 4.1). The land for three producers in the TIN Watershed (T-BMP6, T-
BMP7, and T-BMP9) was assessed as having low or low-moderate risk for P loss (for the land 
within the watershed boundaries), and as a result, no major BMPs were suggested by the APMT. 
A number of BMPs were discussed with producers but were not implemented (Table 4.2). 
Details on all BMPs discussed and implemented in the TIN Watershed can be found in Table C1 
in Appendix C.  

  
In total, 35 BMPs were discussed with producers; however, only 29 (83%) were fully 

implemented as of December 2017 (Table 4.2, Table C1). All yard/manure BMPs (n = 2) and 
crop management BMPs (n = 5) discussed with producers were successfully implemented. 
Livestock management BMPs also had a high implementation rate (79% overall), with individual 
BMPs ranging from 50% (cattle access bridges, SFBS moves) to 100% implementation rates 
(riparian planting, Table 4.2). No erosion or flooding BMPs were discussed in the TIN 
Watershed. There is currently no specific timeline identified for producers to complete the six 
remaining livestock management BMPs that were not implemented as of December 2017.  

 
 
 

Table 4.2. Beneficial management practices implemented within the TIN Watershed. 

 Agreed 
to 

Implemented 
Percent 

implemented 

Crop 
management 

BMPs 

Soil testing 3 3 100% 
Manure application rate or frequency 2 2 100% 

Total 5 5 100% 

Livestock 
management 

BMPs 

Off-stream watering 8 7 88% 
Livestock exclusion fencing 11 9 82% 
Cattle access bridges 2 1 50% 
Feeding practices/SFBS move 2 1 50% 
Riparian planting 4 4 100% 
Other (grazing timing, dugout, etc.) 1 0 0% 

Total 28 22 79% 

Yard or  
manure 
BMPs 

Location of manure storage 0 0 n/a 
Composting/semi-composting 0 0 n/a 
Corral move 2 2 100% 

Total 2 2 100% 

Erosion/ 
flooding  
BMPs 

Erosion Control or Repair 0 0 n/a 
Flooding Control 0 0 n/a 

Total 0 0 n/a 

Total of all BMPs 35 29 83% 
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Crop Management Risk Assessments.  A large proportion of quarter sections assessed using 
the APMT in the TIN Watershed area were annually cropped (59 of 70 quarter sections, or 84%). 
However, of the 59 quarter sections assessed for cropping management, nine were outside of the 
TIN Watershed boundary. When these quarter sections were excluded and detailed risk 
assessment results summarized, 24% of the quarter sections were identified as having at least one 
high-risk factor (n = 12), 22% had a moderate-high risk ranking (n = 11), 36% had a low-
moderate risk rating (n = 18), and 18% of assessed quarter sections had a low risk rating (n = 9) 
for crop management practices (Figure 4.4, Table 4.3).  

  
 

 
Figure 4.4. Cropping management risk ratings per quarter section within the TIN 
Watershed. The “n/a” category indicates land that was not assessed for cropping by the 
APMT. 
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Table 4.3. Risk rating observed per quarter section for land assessed within the TIN 
and ACME Watersheds. 

Risk rating 
Cropping management Livestock management 

Yard/manure 
management 

Tindastoll Acme Tindastoll Acme Tindastoll Acme 
High 24% 38% 100% 77% 29% 15% 
Moderate-high 22% 29% 0% 8% 43% 38.5% 
Low-moderate 36% 15% 0% 11% 14% 38.5% 
Low 18% 18% 0% 4% 14% 8% 

 
 

Nutrient accumulation and runoff were the most frequently cited reasons behind high-risk 
crop management ratings. If a producer did not know the soil nutrient levels within a field to 
which they applied fertilizer/manure or managed livestock, the APMT assigned this field a high 
risk for nutrient accumulation and recommended soil nutrient testing as a BMP. It should be 
noted, however, that soil testing in isolation is not a true BMP, as it has no direct effect on 
nutrients in the soil and in subsequent runoff water quality––rather, a change in land 
management practice based on the information provided by soil-test results is the BMP that will 
have a direct effect on water quality. However, for simplicity, and to characterize what was done 
in the TIN and ACME Watersheds, in this study soil testing is listed as a BMP. Another common 
soil/cropping BMP was to change the manure application rate/frequency on a parcel of land or to 
avoid spreading manure on land prone to flooding. Because many producers were unable to 
reduce the volume of manure produced, it was necessary for the producer to acquire access to 
additional land upon which to spread manure. It should be noted that acquiring access to more 
land does not necessarily mean the land was purchased, only that they were able to access it, 
including land that they owned or through agreements with other producers.  

 
Five crop management BMPs were implemented on three quarter sections within the TIN 

Watershed. These BMPs consisted of soil testing to address high nutrient accumulation risk due 
to unknown soil P levels (n = 3) and modifications to manure application rate or frequency (n = 
2) (Figure 4.5, Table 4.2, Table C1). Changes to manure application rate or frequency were 
accomplished by producers spreading manure on land that was assessed as low risk; these lands 
overlapped with the three quarter sections that were soil tested and thus no additional land was 
accessed for manure spreading. 
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Figure 4.5. Soil/cropping management BMPs implemented within the TIN Watershed. 
 

Livestock Management Assessments.  Thirty percent of all quarter sections assessed using the 
APMT included detailed assessments related to livestock management (n = 21 of 70). All of the 
quarter sections that were assessed for livestock management contained at least one high-risk 
factor for P loss (Figure 4.6). By far the most common risk factor contributing to the high-risk 
ratings was flooding, which was identified in 17 of 21 assessments. Given that many of the 
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assessed quarter sections were located in close proximity to the creek, this was not entirely 
unexpected.   
 
      All livestock management BMPs were implemented on eight, high-P-risk rated quarter 
sections with direct access to the creek (Figure 4.6, Figure 4.7). Twenty-two of 28 potential 
livestock management BMPs, most of which were implemented as ‘suites’ (i.e., exclusion 
fencing and off stream watering), were adopted by producers in the TIN Watershed (79% 
implementation rate). The most common livestock management BMPs implemented in the TIN 
Watershed was livestock exclusion fencing (n = 9), followed by off-stream watering systems (n 
= 7, Table 4.2, Table C1). Riparian planting (n = 4), cattle access bridges (n = 1), and 
mechanisms to entice cattle away from the creek (n = 1) were also completed. Notably, the 
livestock management BMPs with the highest implementation rates—riparian planting, off-
stream watering, and livestock exclusion fencing (100%, 88% and 82%, respectively, Table 4.2) 
—were often funded by the ALUS program (Section 1).  
 
     Additionally, riparian health inventory (RHI) assessments were completed on stretches of 
Tindastoll creek that either had livestock management BMPs implemented shortly beforehand 
(<1 yr) or upon stretches of creek with livestock management BMPs planned for the near future 
(Table C1). These riparian health inventories will be repeated 5 yr after the initial assessments 
and will help determine whether riparian health improved as a result of BMP implementation. 
Additional information on riparian inventory methods and baseline results for the TIN Watershed 
are in Sections 5.1.6 and 5.2.3, respectively. 
 
Yard/Manure Assessments.  Eight quarter sections, or 11% of all assessments completed, were 
assessed for P risk from the yard site or associated with manure storage. Of these eight quarter 
sections, seven were within the TIN Watershed boundaries. When the yard/manure risk rating 
observed per quarter section was mapped, 29% of all assessments within the watershed had at 
least one high-risk factor (n = 2), 43% were moderate-high risk (n = 3), 14% were low-moderate 
risk (n = 1), and another 14% were low risk (n = 1) (Figure 4.8, Table 4.3). Runoff from corrals 
was the most common reason for a high risk-rating. Two yard/manure BMPs were implemented 
on one quarter section (data not shown), which was rated as high risk for P loss, and were 
associated with reducing the negative effects of runoff from livestock corrals located in close 
proximity to the creek (T-BMP1-1, Table C1, Table 4.2). No erosion/flooding BMPs were 
implemented in the TIN Watershed at the time of this report. 
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Figure 4.6. Livestock management risk observed per quarter section within the TIN 
Watershed area. The “n/a” category indicates land that was not assessed for livestock 
management by the APMT.  
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Figure 4.7. Livestock management BMPs within the the TIN Watershed area.  
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Figure 4.8. Yard/manure management risk observed per quarter section for the TIN 
Watershed. The “n/a” category indicates land that was not assessed for yard/manure 
management by the APMT. 
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4.2.2 Acme Creek Watershed 
 

     The majority of the APMT assessments in the ACME Watershed were initiated and 
completed in 2014, with one producer’s land (A-BMP7) assessed in 2016 (Table 4.4). Because 
producers and project staff met several times, some producer assessments occurred for two 
calendar years. While the majority of assessments occurred in 2014, most BMPs were completed 
in 2015 and 2016. A number of BMPs (Table 4.4) had not yet been implemented as of December 
2017. Detailed descriptions of what specific BMPs were discussed and agreed to in the ACME 
Watershed are listed in Table C2 in Appendix C. 
 

Overall, 57 quarter sections of land within the ACME Watershed were assessed using the 
APMT. As with TIN, if a producer had land outside of the watershed, it was assessed as part of 
the operation’s overall assessment. After excluding the 10 quarter sections that fell outside the 
watershed boundary, 47 (82%) quarter sections remained within or on the watershed boundary 
(Figure 4.9). The number of quarter sections managed by each individual producer ranged from 1 
to 13, with an average of eight quarter sections assessed per producer (Figure 4.10). An 
additional 30 quarter sections were identified for participating producers or their family 
members; however, at the time of this report, these assessments were not completed (data not 
shown). The land assessed by the APMT from 2014 to 2017 comprised 17% of the total quarter 
sections within the watershed. For all three risk categories combined, the area of the watershed 
assessed by the APMT that had a high risk rating was 64%.  

 
Fifty-six different BMPs were initially discussed and agreed to with producers in the ACME 

Watershed. Of these 56 BMPs, a total of 39 (70%) were successfully implemented as of 
December 2017 (Table 4.5, Table C2). Further, three BMPs were in progress as of December 
2017, and these included SFBS move (n = 1), grazing timing (n = 1), and manure semi-
composting (n = 1). Should these in-progress BMPs be completed as planned, the BMP 
implementation rate will rise to 75%. The implementation rate varied substantially with the type 
of BMP implemented, and while only 40% of proposed yard or manure BMPs were successfully 
implemented, 85% of crop management BMPs were completed (Table 4.5).  

 
Crop Management Risk Assessments.  The majority of quarter sections assessed with the 
APMT were cropped (43 of 57 quarter sections, or 75% of all assessments). Of the 43 quarter 
sections assessed for crops, nine were outside the watershed boundary. After excluding these 
nine quarter sections 34 remained, or 60% of all assessments. The risk ratings identified per 
quarter section ranged from 15 to 38% for the quarter sections within the watershed (Figure 4.11, 
Table 4.3). Specifically, 38% were assessed as high risk (n = 13), 29% had a moderate-high risk 
rating (n = 10), 15% had a low-moderate risk rating (n = 5), and 18% were of low risk (n = 6). 
Flooding and nutrient accumulation were frequently cited as the reason for high-risk ratings in 
the assessments. As with the TIN Watershed, the crop management BMPs were categorized into 
soil testing and modifications to manure application rate or frequency (i.e., secure additional land 
to spread manure on) (Table 4.5, Table C2).  
 
     In total, 11 crop management BMPs were implemented on 34 quarter sections. This included 
six quarter sections that were tested for STP levels and 28 quarter sections to spread manure on 
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Table 4.4. Year(s) Producer APMT Assessments and BMPs were initiated in the 
ACME Watershed. 

2013 2014 2015 2016 2017 

  
A-BMP1 
Assessed       

    A-BMP1-1   A-BMP1-1z 
      A-BMP1-2   
      A-BMP1-3   
      A-BMP1-4   
      A-BMP1-5   

  
A-BMP2 
Assessed       

      A-BMP2-1y 

    A-BMP2-2     
    A-BMP2-3x     
    A-BMP2-4   
    A-BMP2-5   
      A-BMP2-6   

  
A-BMP3 
Assessed       

    A-BMP3-1     

  
A-BMP4 
Assessed       

    A-BMP4-1x     
    A-BMP4-2     
    A-BMP4-3x     
    A-BMP4-4x     
  A-BMP5 Assessed     
    A-BMP5-1     
      A-BMP5-2   
  A-BMP6 Assessed     
    A-BMP6-1     
      A-BMP6-2w   
      A-BMP6-3w 

        A-BMP6-4y 

        A-BMP6-5w 

      
A-BMP7 
Assessed   

        A-BMP7-1 

        A-BMP7-2x 

z This suite of BMPs had several BMPs that were individually implemented in 2015 and in 2017. 
y BMPs that were in progress but not completed as of December 2017. 
x BMPs identified and agreed to but not implemented. 
w BMPs that were implemented on the producer’s initiative, and on land that was partially or not assessed by the 
APMT. 
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(Figure 4.12, Table C2). Of the 28 quarter sections that were secured for manure spreading, nine 
were outside the watershed boundary. Of the remaining 19 quarter sections within the watershed 
boundary, five were assessed by the APMT. Of those assessed; two were assessed for livestock 
and crop management risk, and were ranked as high risk and low risk, respectively, for P loss. 
The remaining three quarter sections were only assessed for crop management risk: two of which 
were moderate-high risk, and one of which was high risk for P loss. The remaining 14 quarter 
sections within the watershed boundary that were used for spreading manure on were not 
assessed by APMT, thus their P loss risk is unknown. 
      

 
Figure 4.9. Land assessed using the APMT within the ACME Watershed. 
 
Livestock Management Risk Assessments.  Fifty-six percent (n = 32 of 57) of all quarter 
sections assessed using the APMT included a livestock management assessment (i.e., Grazing 
and Riparian Pastures or Seasonal Feedings and Beddings detailed assessments). Of the 32 
quarter sections assessed for livestock management risk, six were outside of the watershed 
boundary. The resulting risk factor ratios were as follows: 77% for high risk (n = 20); 8% for 
moderate-high risk quarter sections (n = 2); 11% for low-moderate risk (n = 3); and 4% for low 
risk (n = 1) (Table 4.3). More than half of the quarter sections with a high-risk rating bordered a 
creek or tributary (Figure 4.13). 
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Figure 4.10. Land assessed using the APMT within the ACME Watershed, illustrated by 
individual participating producers. 
 
 

Most livestock management BMPs were implemented on quarter sections that were ranked as 
high P risk by the APMT (Figure 4.14). Flooding, runoff, and direct access of livestock to a local 
water body were the most common sources of high P risk in these quarter sections. 
Consequently, many of the 31 agreed upon livestock management BMPs focused on reducing the 
amount of time livestock spent in close proximity to the creek (Table 4.5, Table C2). Off-stream 
watering and exclusion fencing were the most frequently agreed-to livestock management BMPs 
in the ACME Watershed (n = 11 and 8, respectively). Additional livestock management BMPs 
included cattle access bridges, changes to feeding practices and SFBS, and livestock grazing 
management (e.g., not grazing cattle in the riparian area during sensitive times). The BMPs with 
the highest implementation rate were cattle access bridges (100%), off-stream watering systems 
(100%), and changes to feeding practices/SFBS (80%) (Table 4.5). Livestock exclusion fencing 
and grazing management each had implementation rates of 50%. It should be mentioned that in 
the ACME Watershed, BMPs were implemented on four parcels of land that had not yet been 
assessed by the APMT, as the BMPs were implemented on the producer’s own initiative. 
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Table 4.5. Beneficial management practices implemented within the ACME Watershed 
area. 

 Agreed to Implemented 
Percent 

implemented 

Crop 
management 

BMPs 

Soil testing 5 5 100% 
Manure application rate or 
frequency 8 6 75% 

Total 13 11 85% 

Livestock 
management 

BMPs 

Off-stream watering 11 11 100% 
Livestock exclusion fencing 8 4 50% 
Cattle access bridges 1 1 100% 
Feeding practices/SFBS 
move 5 4 80% 
Riparian planting 0 0 n/a 
Other (grazing timing, 
dugout, etc.) 6 3 50% 

Total 31 23 74% 

Yard or manure 
BMPs 

Location of manure storage 1 1 100% 
Composting/semi-
composting 3 0 0% 
Corral move 1 1 100% 

Total 5 2 40% 

Erosion/flooding 
BMPs 

Erosion Control or Repair 2 2 100% 
Flooding Control 5 1 20% 

Total 7 3 43% 
Total of all BMPs 56 39 70% 

 
 

Riparian health inventory assessments were also completed on stretches of creek that either 
had livestock management BMPs implemented shortly beforehand (<1 yr) or upon stretches of 
creek with livestock management BMPs planned for the near future (Table C2). These riparian 
health inventories will be repeated 5 yr after the initial assessments and will help determine 
whether riparian health improved as a result of BMP implementation. Additional information on 
riparian inventory methods and baseline results can be found in Sections 5.1.6 and 5.2.3. 
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Figure 4.11 Crop management risk observed per quarter section within the ACME 
Watershed. A ranking of “n/a” indicates that the land was not annually cropped.  
 

 
Figure 4.12. Soil/cropping BMPs in Acme Creek and surrounding area.  
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Figure 4.13. Livestock management risk observed per quarter section within the ACME 
Watershed region. A ranking of “n/a” indicates that the land was not assessed for livestock 
management. 

 

 
Figure 4.14. Livestock management BMPs implemented and planned in the ACME 
Watershed and surrounding area. 
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Yard/Manure Management Risk Assessments.  All quarter sections assessed for yard/manure 
management risk in the ACME Watershed were within the watershed boundaries. Twenty-eight 
percent of all quarter section risk assessments that were inside the watershed boundary were 
associated with activities near the yard site or manure storage (n = 13) (Figure 4.15). These risks 
were split between risk rankings as follows: 15% of assessments were high risk (n = 2), 38.5% 
were moderate-high risk (n = 5), 38.5% were low-moderate risk (n = 5), and 8% were low risk 
for yard/manure activities (n = 1) (Table 4.3). Sources of risk were most often associated with 
runoff from the sites to nearby common bodies of water.  

 
Five yard/manure BMPs were initially agreed to by producers following discussions with 

project team members, of which two were successfully implemented at the time of this report 
(map not shown). Relatively simple BMPs, such as moving temporary manure storage sites or 
corrals from flood risk areas, were successfully implemented on three quarter sections; two of 
which were assessed for P loss risk. More complex BMPs, such as those associated with manure 
composting, semi-composting (long-term manure storage), or solid-liquid separation, were not 
implemented at the time of this report (Table 4.5, Table C2). The high cost, permit requirements, 
and complex planning needed to implement composting BMPs may have prevented 
implementation.  

 
 

 
Figure 4.15. Yard/manure management risk observed per quarter section within the 
ACME Watershed region. A ranking of “n/a” indicates that the land was not assessed for 
yard/manure management. 
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Erosion/Flooding BMPs.  Beneficial management practices to address the risk of natural 
flooding or erosion were also discussed with producers in the ACME Watershed. These BMPs, 
however, were considered separately from BMPs associated with P loss risks due to improperly 
located livestock or cropping activities in areas that flood. A total of seven erosion/flooding 
BMPs were agreed-to by producers with the majority of those BMPs including action to prevent 
future damage from high water flow (Table 4.5). Three erosion/flooding BMPs were 
implemented (43% implementation rate) on one quarter section (i.e., A-BMP1-1, Table C2) (data 
not mapped). This quarter section was outside the watershed boundary. 
 
4.3 Comparisons and Trends  
 
4.3.1 Risk Rating 
 

When comparing the risk ratings observed per quarter section, per management category, the 
ACME Watershed had a greater proportion of quarter sections with a high crop management risk 
compared to the TIN Watershed (38% versus 24%, respectively, Table 4.3). The main source of 
high crop management risk was nutrient accumulation and runoff in both watersheds. While it is 
possible that high nutrient accumulation risk ratings may have been due to unknown STP levels, 
it is interesting to note that the two watersheds differed greatly in terms of the intensity of 
agricultural livestock production. The producers in the ACME Watershed assessed with the 
APMT managed multiple moderate-to-large, cow-calf operations (50 to 150 animals, maximum 
of about 5,000 animals total), several large beef feedlots (5,000 to 31,000 animals), a large 
sheep-lamb feedlot (25,000 animals), a large hog operation (20,000 animals), and a small dairy 
(60 animals). Comparatively, participating producers within the TIN Watershed managed a small 
beef feedlot (1,500 animals), small to mid-sized cow-calf operations (up to about 200 animals), a 
hog operation (2,400 animals), and one large dairy operation (600 animals). In the case of the 
TIN Watershed dairy operation, the majority of the land upon which manure was spread fell 
outside of the watershed boundaries. It is possible that the large amount of livestock manure 
produced in the ACME Watershed affected the crop management risk ratings compared to the 
TIN Watershed, given that the overall land base of the two watersheds were similar.   

 
Conversely, the proportion of quarter sections assessed for livestock management that were 

rated as high risk was greater in the TIN Watershed versus the ACME Watershed (100% versus 
77%, respectively, Table 4.3). The most common source of livestock management risk in the 
TIN Watershed was flooding. The flooding risk for Tindastoll Creek may be due to the fact that 
grazing pastures were frequently located near the creek in areas of low slope and in areas that 
have been historically ditched to aid water drainage and flow. Further, according to the model 
(Section 6.3.2), three zones of high flood-risk were identified in the TIN Watershed, and the 
majority of the high risk ratings for the livestock management category appeared to fall within 
these three zones. Comparatively, there was only one zone of high flood-risk identified in the 
ACME Watershed, and only a few of the livestock management high risk quarter sections were 
located in this zone. In the TIN Watershed, the low slope, combined with the stream channels’ 
low carrying capacity for water, frequently resulted in overland flooding during spring snowmelt 
(personal observation, Jennifer Kerr, AAF, Edmonton, Alberta). These landscape characteristics 
may have exacerbated potential P loss from the landscape and contributed to a high-risk rating. 
The ACME Watershed does not experience the same level of precipitation or flooding as the TIN 
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Watershed, though flooding was identified as a source of P loss in the ACME Watershed, in 
addition to runoff and direct livestock access risks. 

 
Quarter sections assessed in the TIN Watershed generally had higher manure/yard 

management risk ratings compared to the ACME Watershed (Table 4.3). Notably, however, 
given that a greater number of quarter sections were assessed for yard/manure management in 
the ACME Watershed compared to the TIN Watershed (n = 13 and n = 7, respectively), the total 
number of quarter sections with at least one high-risk rating was the same (n = 2). The source of 
the high manure/yard P risk for both watersheds was runoff.   

 
It is important to note that the breakdown for each risk rating can only be applied to land 

managed by those who participated in the research project––findings cannot be applied to the 
entire watershed. For example, in the TIN Watershed, a large producer was identified as owning 
more than 24 quarter sections within the watershed, many of which are along the creek. 
Unfortunately, at the time of this report, this landowner had not yet had their land assessed with 
the APMT. Similarly, an additional 21 quarter sections (many of which are along the creek) are 
managed by a family in the ACME Watershed. This family implemented BMPs on three quarter 
sections on their own initiative. At the time of this report, the three quarter sections had only 
been partially assessed. Trends or patterns in the risk ratings could vary substantially with the 
addition of these parcels of land to the dataset.   

 
4.3.2 Beneficial Management Practice Implementation Rates 
 
     Overall, the TIN Watershed had a lower total number of BMPs implemented compared to the 
ACME Watershed (n = 29, Table 4.2, and n = 39, Table 4.5, respectively). However, when 
comparing the number of BMPs initially agreed to by the producers to the number of BMPs 
actually implemented, the TIN Watershed had a higher BMP implementation rate (83% versus 
70%). In fact, producers in the TIN Watershed had consistently higher implementation rates for 
all sub-categories of BMPs compared to that in the ACME Watershed. While producers in the 
TIN and ACME Watersheds were able to access funding support through GF2 (Section 1) 
($31,421 and $83,574, respectively, Table 4.6), producers in the TIN Watershed were also able 
to access funds through ALUS. It is believed that this additional funding, as well as the 
significant support provided by Red Deer County’s dedicated conservation coordinator, 
contributed to the higher implementation rate for this watershed. Due to confidentiality 
restrictions, the value of funding awarded to producers under the ALUS program could not be 
shared.  

 
Crop management BMPs had high implementation rates in both watersheds (≥85%, Table 

4.2, Table 4.5). The research project covered the costs associated with soil nutrient testing, likely 
contributing to the 100% implementation rates for this BMP (i.e., soil testing). Producers also 
modified manure application rates, which in theory, should reduce the risk of P loss from land 
with high STP levels or because of flooding. However, in order for this to be a comprehensive 
BMP, the alternate fields receiving manure as a result of the reduced manure application rates on 
other fields would need to maintain a low-risk for P loss. As described previously, in the ACME 
Watershed, 19 quarter sections within the watershed were secured as additional land to spread 
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manure on, five of which were assessed by the APMT. The remaining 14 quarter sections were 
not assessed, and their P loss risk is unknown.   

 
In terms of livestock management BMPs, off-stream watering systems had high 

implementation rates in the TIN and ACME Watersheds (≥88%, Table 4.2, Table 4.5). It is 
suspected that the ease of access and flexibility of equipment (portable systems can be used in 
several pastures throughout the year), combined with the availability of external funding 
contributed to their high implementation rate. Furthermore, research has shown that a clean 
water source results in improved animal health thereby benefitting the production systems, which 
would also contribute to the likelihood of adoption (Willms et al. 2002). Overall, approximately 
$7,600 in GF2 funds were spent on off-stream watering systems in the TIN Watershed, while 
producers in the ACME Watershed received nearly $36,000 (Table 4.6). More off-stream 
watering systems were implemented in the ACME Watershed (n = 11) than the TIN Watershed 
(n = 7), and this explains the higher government cash contribution to the ACME Watershed. 
However, this was also likely due to timing in that the ACME Watershed producers accessed a 
higher proportion of funding for off-stream watering systems through the AWE Program. The 
AWE Program was not available when many producers in the TIN Watershed were submitting 
funding applications for off-stream watering systems. Additionally, external BMP funding for 
the TIN Watershed producers is likely underestimated because some producers qualified for off-
stream watering system funding though the ALUS program. As mentioned, Red Deer County 
was unable to provide AAF with amounts of reimbursement funds from the ALUS program due 
to confidentiality restrictions, but did provide costs (invoiced and estimated) incurred to 
producers for implementing several livestock management BMPs (Table 4.6). The estimated 
costs of the BMPs do not reflect how much funding was awarded by Red Deer County programs 
(i.e., ALUS). Moreover, the cost of the BMPs may have been partially or fully covered by 
ALUS, but only the estimates for what the BMPs may have cost were provided. An estimate of 
more than $83,000 in materials, labour, and equipment was incurred by three producers in the 
TIN Watershed for livestock management BMPs from 2013 to 2016. The highest estimated cost 
was $41,561 for five off-stream watering systems, and the lowest estimated cost was $8,659 for 
riparian planting BMPs. 

 
Livestock exclusion fencing and riparian planting had high implementation rates in the TIN 

Watershed (82% and 100%, respectively, Table 4.2), while the ACME Watershed had a 50% 
implementation rate for livestock exclusion fencing (Table 4.5). No riparian planting BMPs were 
discussed with producers in the ACME Watershed. Nearly $16,700 to support livestock 
exclusion fencing was granted from GF2 programs in the TIN Watershed compared to nearly 
$32,900 in the ACME Watershed (Table 4.6). Interestingly, however, a large riparian fencing 
project with estimated expenditures of $30,000 was submitted through the AWE program for the 
ACME Watershed (A-BMP7-1, Table C2) in March 2017. Funding for this BMP was approved 
in May 2017, covering 98% of the estimated cost of this project. In September 2017, 3.5 km of 
fencing was installed to exclude grazing sheep from the riparian area. The AWE Program, only 
available to producers in the TIN and ACME Watersheds since early 2016, covered up to 100% 
of eligible costs associated with riparian fencing. 

  
Yard or manure BMPs were not as popular among producers as crop management or 

livestock management BMPs (Table 4.2, Table 4.5). Yard or manure BMPs were only awarded 
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approximately $5,600 in GF2 funding to producers in the TIN Watershed (Table 4.6). These 
BMPs were often ineligible for funding (e.g., moving a temporary manure storage site) or were 
complex and resource intensive (e.g., composting facilities). Three yard or manure BMPs 
associated with composting manure or solid-liquid manure separation were initially discussed 
with producers. However, these BMPs were not pursued due to the complexity of the project, 
coupled with the high costs of these BMPs and lack of GF2 funding support. 

 
Similar to yard or manure BMPs, erosion/flooding BMPs were also rarely implemented 

(Table 4.2, Table 4.5) and were only funded for approximately $5,700 by GF2 (Table 4.6) to 
producers in the ACME Watershed. In the ACME Watershed, the one watershed in which these 
types of BMPs were discussed and implemented, only 20% of flooding control BMPs were 
implemented. The remaining erosion/flooding BMPs may not have been pursued due to the 
complexity and high costs to implement. For instance, flooding is frequently influenced by 
upstream management practices and mitigating these effects requires the cooperation of 
upstream landowners and/or the county (e.g., replacing improperly sized culverts to improve 
water flow). Furthermore, if a section of manured field frequently flooded but was farmed 
through, producers were not always interested in completely avoiding the portions of their fields 
that flood due to economic effects of taking this land out of production. Beneficial management 
practices associated with drainage often required appropriate permits from Alberta Environment 
and Parks. These permits increased the complexity of the project and time commitments required 
by the producer. As a result, the erosion/flooding BMPs were frequently abandoned.  

 
According to Paterson et al. (2006), most producers in Alberta are interested in adopting 

BMPs that will minimize agriculture’s effect on the environment. However, there is a gap 
between willingness to adopt, and actually adopting BMPs. According to previous research done 
on agricultural BMP adoption, the main drivers that influence a producer to adopt BMPs are: the 
associated implementation and maintenance costs; risks; and economic returns, all of which are 
often dictated by several underlying socio-economic factors (Bosch and Pease 2000, AAFC 
2012, Liu et al. 2018). For example, a study conducted in the Chaudière region of southern 
Quebec found that factors affecting the adoption of BMPs included education, age, gender, farm 
size, and membership in a watershed-based conservation group (AAFC 2012). Specifically, the 
study suggests that producers with larger farms were more inclined to adopt BMPs due to greater 
financial flexibility, ease of implementation associated with owning heavy equipment and 
machinery, and the desire to reduce public scrutiny, which may be attracted due to the 
operation’s vast presence on the landscape (AAFC 2012). It was found that producers with small 
operations were more financially limited, did not have the time required to maintain BMPs, and 
thus had lower BMP adoption rates. Another barrier to BMP adoption is uncertainty of the BMP 
science. Despite the availability of information on new beneficial technologies, and the 
availability of cost-sharing programs, producers may be reluctant to adopt these technologies 
because they do not know how it will fare with their specific farming conditions and 
management constraints (Bosch and Pease 2000). Producers want to know which BMPs will 
work best on their operations, the cost, and how practical the BMPs are to maintain. Further, 
there can be inconsistent recommendations associated with the objectives of implementing a 
BMP. For example, prescribed BMPs may improve one problem but exacerbate another, as is the 
case with conservation tillage and manure incorporation (Paterson et al. 2006). It has been 
recommended that risk assessment be part of the BMP recommendation process, and 
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development of educational or tech-transfer programs should provide clear and concise 
messaging in regard to the purpose of a particular BMP (Paterson et al. 2006). This study 
attempts to do just that, by providing a detailed risk assessment and recommending BMPs 
tailored to an operation and its assigned risk.  
 
4.4 Critical Review of Beneficial Management Practices in the TIN and ACME Watersheds 
 

As mentioned in Section 4.3.1, risk data cannot be applied throughout the entire watershed, 
only to the land that was assessed by the tool, which was 22% of the area in the TIN Watershed 
and 17% of the area in the ACME Watershed. Additionally, as the APMT assesses land based on 
quarter section, the true area with any given risk rating is not known because even though a 
portion of a quarter section may be deemed high risk (i.e., livestock access to creek that flows 
through a corner of the quarter section) the entire quarter section was assigned a high-risk rating.  

In the TIN Watershed region, 83% (29 of 35) of BMPs that were agreed to were 
implemented. Though this is a seemingly high number, the potential effect of these BMPs on 
improving water quality must be critically examined. First off, three BMPs were called ‘soil 
testing’, which, as mentioned, is not considered a true BMP in isolation and should not be 
included in the analyses as such. Soil testing is a tool to inform about soil P levels, and is the first 
step in determining P loss risk, and identifying appropriate BMPs. Further, the higher a quarter 
section’s P loss risk rating, as assessed by the APMT, the more of a priority it should be to 
implement BMPs on this quarter section, compared to a quarter section rated as moderate or low 
risk because there would be greater improvements to surface water quality. However, not all 
high-risk quarter sections received BMPs. 

 
Often, ‘suites’ of BMPs are referred to. This means that certain activities in isolation are not 

truly beneficial unless done in conjunction with other activities. For example, restricting 
livestock access to the creek is a common BMP, which often includes moving livestock facilities, 
installing riparian fencing, installing off-stream watering systems, and using portable shelters. 
Further, some activities cannot be done without others, as in the case of riparian fencing; by 
restricting livestock access to their main water source (i.e., creek), an alternative water source 
must be provided––typically a year-round, off-stream watering system. Because of this, a 
producer may decide not to pursue a BMP in the form of restricting livestock access to the creek 
because it would require the purchase of materials for both activities, and this may be cost 
prohibitive. Similarly, to save costs, a producer may decide to partially implement suggested 
activities within a suite of BMPs, and this may only partially address the producer’s P loss risk. 
For example, if riparian fencing and an off-stream watering system are suggested as a suite of 
BMPs by the APMT, the producer may opt to only implement the off-stream watering system 
meaning that the livestock would still have access to the creek, as was the case with one producer 
in the ACME Watershed.  

 
     Lastly, some BMPs have a more immediate effect on improving water quality than others. For 
example, depending on the state of the riparian area, livestock exclusion fencing may elicit a 
faster response in water quality improvement than manure management BMPs (e.g., spreading 
manure over more land, alternating which fields receive manure each year) because removing 
livestock access to the creek completely and immediately eliminates the source of P. Livestock 
exclusion fencing has been shown to significantly reduce nutrient concentrations and loads in as 
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little as a few months (within one season) (Meals 2001). Conversely, reducing the density of 
manure being applied, or applying manure to a parcel of land less often, would take a longer time 
to have a measureable effect. A common practice in Alberta is to apply manure P in excess of 
crop demand. This has resulted in an accumulation of P in soils with time. Moreover, once the 
STP level reaches about 60 mg kg-1, crop production plateaus, and a transition to water quality 
impairment from runoff occurs (Howard 2006). Thus, BMPs related to manure management will 
take a longer time to elicit an observable improvement on water quality, if at all, because (i) STP 
levels will remain high after the cessation of manure application to a field, and (ii) though in 
smaller amounts, manure is still being applied to land that has potentially reached its P limit for 
crop demand (i.e., the source is still present). When these factors are considered, the overall 
effects of the implemented BMPs in the treatment watersheds will likely not achieve full benefit 
until several years later. The lag time between BMP implementation and observable effects in 
water quality could be up to several decades (CACBTF no year, Reid 1993, Meals et al. 2010). 
Specifically for P reduction in soils, where P levels are excessive, it may takes years before 
dissolved P in runoff is reduced as a result of soil P reduction to levels below crop removal rates 
(Meals et al. 2010). The lag time depends on the type of pollutant, characteristics of the pollutant 
source, type of receiving waterbody, and residence time of the pollutant in the waterbody (Reid 
1993, Meals et al. 2010). The BMPs implemented in this study were categorized according to the 
expected timing of their effect—moreover, how long it would take before an improvement in 
water quality would be expected after the BMP was implemented, either no effect, an immediate 
effect, or a delayed effect (Table 4.7). 
 

To understand the potential effectiveness of implemented BMPs, certain criteria were 
explored. Three categories were created with varying BMP effectiveness. These categories 
included BMPs that were implemented (i) not just within the watershed boundaries, but along the 
creek and tributaries; (ii) along the creek and tributaries and with a high-risk rating for P loss as 
assessed by the APMT; and (iii) along the creek and tributaries with a high-risk rating and of 
immediate effect for reducing P loss (e.g., riparian fencing) (Table 4.8). Of the three different 
BMP effectiveness criteria categories, the third category was considered to be most effective for 
reducing P loss. The proportion of the TIN Watershed that met the BMP effectiveness criteria for 
this category was about 4% of the total watershed area, and approximately 5% of the total area 
along the creek and tributaries (Table 4.8). Note that these numbers may be lower, as there is no 
way to calculate the precise area or affected area of the BMPs. Thus, quarter sections were 
counted, as the effects of implemented BMPs were not expected to extend beyond a quarter 
section, and the equivalent area (65 ha per quarter section) was reported. 
 
     Similarly, in the ACME Watershed, 70% of BMPs that were agreed to were implemented (39 
of 56). However, this includes nine BMPs that were outside the watershed boundary. Further, it 
includes soil testing as a BMP (n = 5). After excluding these quarter sections, the proportion of 
the total ACME Watershed area that fell into the third BMP effectiveness category was about 
3%, and approximately 9% of the total area along the creek and tributaries (Table 4.8). Notably, 
all sites for which the APMT recommended soil testing due to unknown levels did receive soil 
testing (100% BMP implementation rate, Table 4.2, Table 4.5), however, the results of the soil 
tests (Table C1, Table C2) did not reduce the risk rating for any of the three sites in the TIN 
Watershed for which soil testing was recommended by the APMT, and only reduced the risk 
rating for one of the five sites in the ACME Watershed for which soil testing was recommended. 
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Table 4.6. Growing Forward 2 external funding awarded for BMPs. 

 
Tindastoll 
Watershed 

Acme 
Watershed 

Total 
Estimated costs 
of BMPs funded 
through ALUSy 

Crop management 
Soil testing - - $0.00 - 

Manure application 
rate or frequency 

- - $0.00 - 

Total $0.00 $0.00 $0.00 - 

Livestock management 

Off stream 
watering 

$7,608.99 $35,989.84 $43,598.83 $41,561.00 

Livestock 
exclusion fencing 

$16,697.38 $32,897.23 $49,594.61 $21,112.00 

Cattle access 
bridges 

ALUSz - $0.00 $11,736.00 

Feeding 
practices/SFBS 
move 

- $8,975.00 $8,975.00 - 

Riparian planting ALUSz - $0.00 $8,659.00 

Other (grazing 
timing, dugout, 
etc.) 

$1,450.00 - $1,450.00 - 

Total $25,756.37 $77,862.07 $103,618.44 $83,068.00 
Yard/ manure 

Location of manure 
storage 

- - - - 

Composting/semi-
composting 

- - - - 

Corral move $5,665.00 n/a $5,665.00 - 
Total $5,665.00 $0.00 $5,665.00 - 

Erosion/ flooding 

Erosion Control or 
repair 

- $5,712.50 $5,712.50 - 

Flooding Control - - $0.00 - 

Total $0.00 $5,712.50 $5,712.50 - 

Total of all BMPS $31,421.37 $83,574.57 $114,995.94 $83,068.00 
z Exact costs for BMPs that were covered by the ALUS program could not be provided by Red Deer County due to 
confidentiality restrictions. 
y Invoiced and estimated (i.e. not awarded) costs for BMPs implemented by the TIN Watershed producers through 
the ALUS program.  
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Table 4.X Different beneficial management practices implemented during the project 
and their expected effects on improved water quality in regard to time. 

BMP Category BMP Timing of effectz 

Crop Management 
Soil testing N 
Manure application rate/ frequency N 

Livestock Management 

Off-stream watering I 

Livestock exclusion fencing I 
Cattle access bridges I 
Feeding practices/ SFBS move I 
Riparian planting D 
Other (Grazing timing, dugout, etc.) D 

Yard or manure 
Locations of manure storage D 

Composting D 

Corral move I 

Erosion/ flooding 
Erosion control or repair D 

Flooding control D 
zTiming of effect includes no individual effect (N), immediate effect (I), or delayed effect (D). An immediate 
effect is defined as a few weeks or months, but within one season. A delayed effect is defined as two or more 
years. 

 
     As discussed, BMPs have been implemented on only 4% and 3% of the total areas of the TIN 
and ACME Watersheds, respectively. Any results indicating an improvement in water quality are 
likely to be minor or masked, particularly at the outlets. This critical assessment of the potential 
effectiveness of implemented BMPs is further discussed in Section 5.3 in relation to the observed 
water quality results.  
 
     Arguably, however, it is not reasonable to expect BMPs to be implemented on 100% of the 
land within the treatment watershed as not all areas will have a moderate or high risk of P loss. 
Recall that the major land cover in the treatment watersheds is cropland, which accounts for 88% 
of the TIN Watershed area (65% annual, 23% perennial) (Table 2.5), and 93% of the ACME 
Watershed area (72% annual, 21% perennial) (Table 2.10), and that there are some non-
agricultural areas in each watershed. The P contribution to the streams from the non-agricultural 
areas is unknown as such areas will not be assessed by APMT. It may be more reasonable to 
expect to implement BMPs on 100% of the area along the creek and tributaries, assuming that 
this entire area would be assessed as high risk due to the close proximity to the creek. The area 
along the creek and tributaries accounts for 66% of the TIN Watershed and 36% of the ACME 
Watershed (Table 4.8). At the time of this report, only 20% and 42% of the area along the creek 
and tributaries had been assessed in the TIN and ACME Watersheds, respectively. 
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Table 4.8. Breakdown of the portion of the watershed area (within or on the boundary) 
and creek area in different BMP effect categories in the TIN and ACME Watersheds.  

  Tindastoll Creek  Acme Creek 

Criteria 
Watershed 

area 
(ha) 

Watershed 
area 
(%) 

Creek 
area 
(%) 

Watershed 
area 
(ha) 

Watershed 
area 
(%) 

Creek 
area 
(%) 

Area of watershed 14,492z -- -- 13,962z -- -- 

Area along creek and 
tributaries 

9620y 66 -- 5005y 36 -- 

Area assessed along 
creek and tributaries 

2795 19 29 2080 15 42 

Area with BMPs 715 5 -- 1105 8 -- 

Area with BMPs 
along the creek and 
tributaries 

715 x 5 7 845 6 17 

Area rated High Risk 1625 11 -- 1950 14 -- 

Area along creek and 
tributaries rated High 
Risk 

1300 9 14 1300 9 26 

Area along the creek 
and tributaries rated 
high risk with BMPs 
that have an expected 
immediate effectw 

520 4 5 455 3 9 

z Area determined by a Geographic Information System. 
y Number of quarter sections multiplied by 65 (1 quarter section = 65 ha). 
x All BMPs were located along Tindastoll Creek and tributaries. 
w Criteria for most effective BMPs. 
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SECTION 5 MONITORING OF ENVIRONMENTAL PARAMETERS 
 

One of the objectives of this study is to evaluate the cumulative effects of BMPs 
implemented in the two treatment watersheds, TIN and ACME, on reducing P loss at the 
watershed scale (Objective 3). To address this objective, water monitoring stations were 
established at the outlets of two treatment watersheds and the two control watersheds, in addition 
to upstream locations. Riparian health and soil nutrient status are additional environmental 
parameters that will be assessed in this project. Objective 3 will be considered successfully met if 
an improvement in surface water quality, specifically nutrients, and riparian health are observed. 
Moreover, it will be determined if BMP implementation through the use of the APMT was 
successful at improving water quality in the treatment watersheds compared to the control 
watersheds.  
 
5.1 Methods 
 

Monitoring will occur for approximately 10 yr to capture variations in watershed hydrology 
response with time. A paired watershed approach was selected to assess water quality change. 
The treatment watersheds, TIN and ACME, were first monitored in 2013, while monitoring of 
the control watersheds, THC and LPT, began in 2014.  
 
5.1.1 Water Monitoring Stations    
   
 In 2013, three water-monitoring stations were established in the TIN Watershed (Figure 2.1, 
Table 5.1). At that time, the TIN-1 station was used as the outlet. It is in the southwestern portion 
of the watershed and drained the entire creek, while the TIN-3 station was in the central portion 
of the watershed, and drained the northwestern and northeastern portions of the creek. The third 
station, TIN-2, was in the upper-central portion of the creek and drained only the northwestern 
section of the watershed. In 2014, the TIN-2 station was dropped because of challenges 
associated with field flooding and multiple flow pathways upstream of this station. To 
compensate, three additional sampling stations (TIN-4, TIN-5, and TIN-6) were established in 
2014 to provide more water quality and hydrological information throughout the watershed 
(Figure 2.1, Table 5.1). Stations TIN-4 and TIN-5 included drainage from the northeastern and 
northwestern portions of the TIN Watershed, respectively, and TIN-6 was between TIN-3 and 
the outlet, downstream from a large operation. Lastly, in 2016 an additional sampling station 
(TIN-8) was added due to challenges associated with a beaver dam that had been built 
approximately 100 m downstream of TIN-1. The dam was constructed in July 2014 and 
destroyed in the fall. In the following spring of 2015, the dam was built again and the resulting 
beaver pond created difficulties in measuring flow at TIN-1. Station TIN-8, just upstream of the 
confluence of Tindastoll Creek and the Medicine River near Markerville, Alberta, was chosen as 
an alternate sampling location and was used as the outlet (Figure 2.1). Water chemistry and flow 
were monitored at TIN-8 and TIN-1 during 2016 and 2017.  
 
     Three sampling stations were initially established in the ACME Watershed in 2013 (Figure 
2.2, Table 5.1). The outlet station, ACME-1, is in the northeast portion of the watershed and 
drains the entire watershed. It was downstream of a large beef feedlot situated in close proximity 
to the main stem of the creek. Station 2, or ACME-2, was upstream of that feedlot, and 
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downstream of a second large beef feedlot. The ACME-3 station was in the south-central portion 
of the watershed on Highway 575, downstream of a large lamb feedlot and upstream of the beef 
feedlots. The ACME-3 station was on the main stem of the creek and drains several smaller sub-
tributaries of Acme Creek. In 2014, two additional upstream stations (ACME-4 and ACME-5) 
were added, each on a smaller sub-tributary upstream of ACME-3 (Figure 2.2, Table 5.1). 
 
     Three sampling stations were established in both control watersheds. In the THC Sub-
watershed, the outlet station, THC-1, was in the southeastern portion of the watershed––the same 
location historically sampled during the AESA study (Lorenz et al. 2008). Station THC-2 was in 
the central area and drained the northern portion of the watershed, while Station RC-1, originally 
the outlet of an AESA watershed called Ray Creek (Lorenz et al. 2008), drained the 
southwestern part of the THC Sub-watershed. As Station RC-1 was monitored during the AESA 
study, the sub-tributary name was maintained for this project (Figure 2.3). The LPT Watershed 
outlet station, LPT-1, was in the eastern part of the watershed. Sampling Station LPT-2 was 
centrally located and Station LPT-3 was in the western part of the watershed (Figure 2.4). 
 
 

Table 5.1. Water quality sites monitored from 2013 to 2017 field seasons. 

Watershed Site 
Years Monitored 

2013 2014 2015 2016 2017 

Tindastoll Creek 

TIN-1 Yes Yes Yes Yes Yes 
TIN-2y Yes No No No No 
TIN-3 Yes Yes Yes Yes Yes 
TIN-4 No Yes Yes Yes Yes 
TIN-5 No Yes Yes Yes Yes 
TIN-6 No Yes Yes Yes Yes 
TIN-8z No No No Yes Yes 

Threehills Creek 
THC-1 No Yes Yes Yes Yes 
RC-1 No Yes Yes Yes Yes 

THC-2 No Yes Yes Yes Yes 

Acme Creek 

ACME-1 Yes Yes Yes Yes Yes 

ACME-2 Yes Yes Yes Yes Yes 

ACME-3 Yes Yes Yes Yes Yes 

ACME-4 No Yes Yes Yes Yes 
ACME-5 No Yes Yes Yes Yes 

Lonepine Creek 
Tributary 

LPT-1 No Yes Yes Yes Yes 
LPT-2 No Yes Yes Yes Yes 
LPT-3 No Yes Yes Yes Yes 

y Site dropped due to concerns over field flooding and multiple flow pathways upstream of the site. 
z Site added because of challenges associated with a beaver dam at TIN-1. 
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5.1.2 Water Sampling  
 

The AESA runoff sampling frequency protocol was chosen for this study (Lorenz et al. 
2008). This protocol is a combination of event- and time-based sampling regimes, which 
included sampling twice a week during spring snowmelt, once a week as snowmelt flows 
subside, and once every two weeks during base flow. Rainfall runoff events were sampled twice 
a week if possible, though some events were not sampled due to logistical challenges associated 
with fieldwork and/or laboratory analysis. Event-based monitoring is considered an important 
part of the monitoring program because nutrient loss from agricultural watersheds is largely a 
result of snowmelt or rainfall runoff events and these event-types yield different water quality 
and hydrological responses than baseline conditions.  
 

Water samples were collected using the grab-sample method by submerging a water-
sampling pole with a 1-L polyethylene bottle into the stream. The sampling bottle was triple 
rinsed prior to final water collection. One randomly selected duplicate was collected for every 10 
samples collected. The filled water sample bottles were packed in coolers with ice in the field 
and transported via courier to AAF’s Irrigation and Farm Water Branch laboratory in Lethbridge 
for analysis, unless otherwise noted. Upon arrival in the laboratory, all samples were stored in a 
4 °C refrigerator until they were processed and analyzed.  

 
In the case of bacterial sampling, either an un-rinsed 1-L polyethylene bottle (2013–2014) or 

a sterile polyethylene terephthalate bottle (100 mL, 2015, 250 mL, 2016) was filled following 
triple-rinsing a 1-L polyethylene bottle. In 2015 and 2016, the sample bottles contained sodium 
thiosulphate due to a change in laboratories; chemistry samples were sent to AAF’s Irrigation 
and Farm Water Branch laboratory in Lethbridge, Alberta, whereas, bacterial samples were sent 
to Exova Canada Inc. in Calgary, Alberta. Bacterial samples were not collected in 2017 because 
the cost for collecting the data could not be justified within the priorities of the project (i.e., 
nutrients).  

 
All relevant field data and observations from each sampling site were recorded on field 

sheets during sampling, including weather conditions, date and time of sample, water 
temperature, stage of water where a staff gauge was present, visual turbidity, and other 
observations relevant to water quality effects, such as indicators of eutrophication or livestock 
presence. 
 
5.1.3 Laboratory Analysis  
 
  Water samples were analyzed for TP, total dissolved phosphorus (TDP), orthophosphorus 
(PO4-P), TN, nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), ammonia nitrogen (NH3-N), 
total suspended solids (TSS), pH, electric conductivity (EC), chloride (Cl), and Escherichia coli 
(E. coli) (Table 5.2). The Colilert method was used to measure E. coli, and results reported as 
most probable numbers (MPN). Occasionally, E. coli analysis was missed because the 24-h hold 
time was not met. Chloride was included as a water-quality parameter because manure is often a 
source of Cl. As Cl is not biologically or chemically active in the soil, Cl from manure can be 
used as a tracer (Chang et al. 1991).  
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Table 5.2. Analytical Methods identified for water sample analysis from 2013-2017 by the 
Alberta Agriculture & Forestry Soil and Water Laboratory for the Alberta Phosphorous 
Watershed Project. 

Parameter 
Laboratory 
processing 
protocols  

Analytical method Referencesz MMDLy 

pH 1x Electrometric method APHA 4500-H+ (B) 3.98–10.02 

Chloride (Cl) 1 Ion chromatography APHA 4110 (C) 0.28 

 1 Potentiometric APHA 4500-Cl- (D)  

Conductance (EC) 1 Laboratory method APHA 2510 (B) 0.02 

Total suspended solids (TSS) 2 
Total suspended solids 
dried at 103-105°C 

APHA 2540 (D) 4.0 

Nitrate nitrogen (NO3-N) 1 
Automated Cadmium 
Reduction method 

APHA 4500-NO3- 
(F) 

0.1 

Nitrite nitrogen (NO2-N) 1 
Automated Cadmium 
Reduction method 

APHA 4500-NO3- 
(F) 

0.1 

Orthophosphate (PO4-P) 1 
Automated Ascorbic 
Acid Reduction method 

APHA 4500-P (F) 0.01 

Total dissolved phosphorus 
(TDP) 

1 

Persulfate digestion by 
autoclave, Automated 
Ascorbic Acid Reduction 
method 

APHA 4500-P 
(B.5), (F) 

0.01 

Ammonia nitrogen (NH3-N) 1 
Automated Phenate 
method 

APHA 4500-NH3 
(G) 

0.1 

Total phosphorus (TP) 2 

Persulfate digestion by 
autoclave, Automated 
Ascorbic Acid Reduction 
method 

APHA 4500-P 
(B.5), (F) 

0.01 

Total nitrogen (TN) 2 
TN by Pyrolysis and 
Chemiluminescence 
Detection 

ASTM D5176-08 
(2015) 

0.5 

Escherichia coli (E. coli) 2 

Enumeration of E. Coli 
and total coliforms 
(Colilert-18/ Quanti-tray 
2000) 

ISO 9308-3 1.0 

z APHA: Eaton, A. D., Clesceri, L. S., & Greenberg, A. E. (Eds.). (1995). Standard methods for the examination 
of water and wastewater. New York: American Public Health Association. 
y Minimum/ Measurable Method Detection Limit in mg L-1 for all parameters except pH (range limit of reporting 
for pH), Cl (mmol L-1), EC (dS cm-1), and E. coli (MPN 100 mL-1). 
x 1. Filter immediately upon arrival using a 0.45-μm membrane filter. Kept cool at 4 °C. Analyze within 24 h. 
  2. Non-filter sample. Kept cool at 4 °C. Analyze within 24 h. 
  3. Non-filter sample. Kept cool at 4 °C. Analyze within 48 h. 

 
 
 In 2017, water samples were frozen and analyzed in early 2018 with the exception of pH, 
EC, and TSS, which were all analyzed within 24 h of arriving at the lab. Freezing the samples 
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after pH, EC, and TSS analysis is common practice and does not compromise sample integrity 
for the remaining parameters (Eaton et al. 1995). 
 
     Values that were less than the laboratory minimum method detection limits (MMDL) were 
replaced with half of the detection limit value. In the case of E. coli enumeration, samples were 
not diluted prior to analysis. Consequently, values that were greater than the maximum method 
detection limit of 2420 MPN 100 mL-1 were reported as 2420 MPN 100 mL-1. Values of 
dissolved inorganic nitrogen (DIN = NO3-N + NO2-N + NH3-N), organic nitrogen (ON = TN – 
DIN), and particulate phosphorus (PP = TP – TDP) were calculated.  
 
5.1.4 Water Flow  
 

Water-monitoring stations were established in all four watersheds. The number of stations 
and type of instrumentation installed at the stations varied throughout the years (Table 5.3). The 
stations were located at culverts or bridge crossings, providing confined flow and ease of access. 
Due to the limited scope of the project and logistical reasons (i.e., cost), however, only the 
watershed outlets were instrumented with equipment for collecting continuous flow 
measurements. In 2013, staff gauges were installed in the TIN Watershed and stage readings 
recorded. In 2014, staff gauges were installed in the ACME Watershed and the control 
watersheds. Each spring after the spring melt, staff gauges were re-calibrated. In 2013 and 2014, 
field observations were also made in the TIN and ACME Watersheds, including visual estimates 
of flow (m3 s-1). Efforts were made to take pictures during sampling events. True flow 
monitoring spanned from 2014 to 2017 for all four watersheds, including stage and flow 
measurements during the open-water season. 

 
Site Instrumentation.  At the TIN-1 station (outlet), water level was initially recorded every 15 
min by a Level TROLL® 700 (In-Situ Inc., Fort Collins, Colorado, United States) pressure 
transducer (Figure 5.1a), which uses water pressure measurements to calculate water depth. It 
also measured in-stream water temperature. In early July 2014, a beaver dam was constructed 
about 100 m downstream of TIN-1. Water accumulated behind the dam, creating a pond. In May 
2015, the Level TROLL 700 unit at TIN-1 was replaced by a SonTek-IQ® Plus acoustic Doppler 
current profiler (ADCP) (Figure 5.1b) and programmed with the cross-sectional geometry of the 
channel. However, due to ponding behind the dam, flow data were no longer accurate and the 
unit only provided stage readings. In 2016, the unit failed and was replaced by a 3001 
Levelogger® Junior Edge (Solinst Canada Ltd., Georgetown, Ontario, Canada) pressure 
transducer (Figure 5.1c), which measured stage. The Levelogger transducer was non-vented and 
required a secondary Levelogger installed in an instrument box above water at TIN-1 to 
compensate for atmospheric pressure readings. To calculate flow, in-stream flow metering was 
performed (Section 5.1.5) in combination with water-level monitoring in 2014 and 2015. The 
frequency of flow metering depended on the time of year and flow event (i.e., snowmelt, 
rainfall). Due to the challenges in obtaining accurate flow readings at TIN-1, an additional 
station (TIN-8) was added downstream in 2016. This station was also equipped with a 
Levelogger, and in-stream flow metering was carried out to supplement flow calculations.  
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Table 5.3. Water flow equipment used at each site from 2013 to 2017. 

Watershed Site 
Flow equipment installedz 

2013 2014 2015 2016 2017 

Tindastoll 
Creek 

TIN-1 SG SG, PT SG, ADCP SG, PT SG, MS  
TIN-2 n/a n/a n/a n/a n/a 
TIN-3 SG SG SG SG SG 
TIN-4 n/a SG SG SG SG 
TIN-5 n/a SG SG SG SG 
TIN-6 n/a SG SG SG SG, MS 
TIN-8 n/a n/a n/a SG, PT SG, PT 

Threehills 
Creek 

THC-1 n/a WSC WSC WSC WSC 
RC-1 n/a WSC WSC WSC WSC 

THC-2 n/a n/a SG SG SG 

Acme 
Creek 

ACME-1 n/a 
SG, 

ADCP 
SG, ADCP 

SG, 
ADCP 

SG, ADCP, 
MS 

ACME-2 n/a SG SG SG SG 

ACME-3 n/a SG SG SG SG 

ACME-4 n/a SG SG SG SG 
ACME-5 n/a SG SG SG SG 

Lonepine 
Creek 

Tributary 

LPT-1 n/a 
SG, 

ADCP 
SG, ADCP, 

PT 
SG, 

ACDP 
SG, ACDP, 

MS 
LPT-2 n/a SG SG SG SG 
LPT-3 n/a SG SG SG SG 

zADCP = acoustic Doppler current profiler, MS = MonoScan®, n/a = not available, PT = pressure 
transducer, SG = staff gauge, WSC = Water Survey of Canada hydrometric gauge. 

 
 
Flow data for the THC Sub-watershed outlet from 2014 to 2017 were provided by an 

Environment and Climate Change Canada (ECCC) flow gauging station (station 05CE018; 
Figure 5.1d; Environment Canada 2015a,b). The data includes stage (m) and discharge (m3 s-1) 
which were recorded at 15-min intervals for 2014 and at 5-min intervals in 2015 and 2016. At 
the time of this report, the 2015–2017 data were considered preliminary as it had not yet been 
validated by ECCC.  

 
In May 2014, the outlets of the ACME and LPT Watersheds were instrumented with 

Argonaut-SW® ADCPs (SonTek/YSI, San Diego, California, United States, Figure 5.1e, Table 
5.3) used to measure and calculate water level, flow, and in-stream water temperature. The units 
were installed in the bottom of road culverts and were programmed with the cross-sectional 
geometry of the culverts. The units calculated and recorded flow every 15 min. In 2015, the unit 
at the LPT-1 station failed, and was temporarily replaced with a Level TROLL. In 2016, the unit 
was replaced with a SonTek-IQ Plus (Figure 5.1b) ADCP. 
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Figure 5.1. Flow-monitoring equipment used in the APWP: (a) LevelTROLL® 700 
pressure transducer used for water stage measurement, (b) Sontek-IQ® Plus ADCP, (c) 
Levelogger® pressure transducer used for water stage measurement, (d) Environment and 
Climate Change Canada flow gauging station shown at THC-1, (e) Argonaut-SW® acoustic 
Doppler velocity profilers used for flow measurement, (f) staff gauge, and (g) MonoScan® 
used for measuring water stage. 
 

In addition to the monitoring equipment described above, all stations were equipped with 
staff gauges used for calibration of equipment, validation of data, and calculation of 
instantaneous flows where no continuous flow measurement equipment was present (Figure 
5.1f). 

 
In 2017, MonoScan® (Solid Applied Technologies Ltd., Ashkelon, Israel) units were 

installed at TIN-1, TIN-6, ACME-1, and LPT-1. The MonoScan is an ultrasonic continuous level 
measurement device (Figure 5.1g). The units do not have internal memory and were connected to 
a CR-800 datalogger that recorded stream stage every 15 min. The units were housed in boxes, 
which were mounted to the side of bridges at TIN-1 and TIN-6 and on the side of culverts at 
ACME-1 and LPT-1. Due to ponding by the beaver dam at TIN-1, a MonoScan at TIN-6 was 
installed as an alternative to TIN-1. However, in 2017, the ponding was so severe that water 
backed up past TIN-6 as well, and the unit did not work correctly. The MonoScan from TIN-6 
was installed at TIN-8 for the 2018 season. 
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     Flow monitoring equipment (Argonaut-SW, Sontek-IQ, Level TROLL, and MonoScan) at 
TIN-1, TIN-6, ACME-1, and LPT-1 were connected to an external CR800 datalogger (Campbell 
Scientific, Edmonton, Alberta, Canada) for collection of data every 15 min and for transmission 
and real-time viewing (Figure 5.2a). The CR800 dataloggers at ACME-1 and TIN-1 were 
connected to a cellular modem, which transmitted the data to a Campbell Scientific server for 
data management services (Figure 5.2a). The service allowed remote access to the raw data for 
viewing and downloading. The information was used to detect flow events and assess flow 
conditions, which informed the need to collect water samples. The dataloggers and other 
electrical equipment were housed in weatherproof boxes and were powered with solar panels and 
rechargeable 12-V batteries (Figure 5.2b). 
 

The TIN-1 and ACME-1 stations also employed a Texas Instruments Inc. tipping bucket rain 
gauge (Model TR-525USW, Dallas, Texas, United States) and an air temperature thermistor to 
remotely assess local weather conditions (Figure 5.2b). 
 
Flow Metering.  In 2014, flow metering was done to develop flow-rating curves for the outlets. 
The curves were used to determine flow (m3 s-1) from the recorded water stage measurements. 
Flow metering was performed with a FlowTracker® acoustic Doppler velocimeter (Teledyne RD 
Instruments, Poway, California, United States, Figure 5.3a) or a Swoffer® 3000 current velocity 
meter (Swoffer Instruments Inc., Seattle, Washington) (Figure 5.3b) by wading across the 
streams (Figure 5.4). The Swoffer was mounted on a pole and moved across the bridge deck 
during high flows when wading in the water was unsafe. Flow metering was also completed 
during snowmelt at ACME-1 and LPT-1 because during this time, stage and flow were difficult 
to correlate due to the presence of ice in the channel, and flow monitoring instruments could not 
yet be safely installed. Periodic flow metering was performed to verify the accuracy of the 
Argonaut-SW and Sontek-IQ Plus. 

 
In 2014, a power curve (Equation 5.1) was fitted to the flow-metering data to generate a 

rating curve for TIN-1 and to convert stage to flow values in 2014 and 2015. Due to limited 
flow-metering values at high stages, a power curve and a straight line (Equations 5.1 and 5.2 
respectively) were used at site TIN-8 to calculate flow in 2016. Lower flows (≤0.164 m3 s-1) 
were calculated using Equation 5.1 and higher flows were calculated using Equation 5.2. Flow 
metering was performed at different stage heights for curve building and at regular intervals for 
validation of calculated data. Curves were updated each year with the addition of the new flow-
metering data. Due to a shift in the stage and discharge relationship, a new power curve was used 
to calculate low and high flow in 2017.  
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Figure 5.2. Data recording and transmission equipment including (a) the CR800 datalogger 
and cellular modem, and (b) solar panel, rain gauge, modem antennae and weatherproof 
utility box housing for the CR800 datalogger and modem.  
 
 

 
Figure 5.3. Equipment used for flow metering including a (a) FlowTracker®, and (b) 
Swoffer® velocity meter. 
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Figure 5.4. Flow metering by wading in-stream with a Swoffer®. 
 
  
 

y = axb      Equation 5.1 
y = ax+b     Equation 5.2 
 
where: 
y = stage (cm)  
x = flow (L s-1) 
a and b = coefficients 

 
Flow Calculations and Categories.  Flow calculations were determined using Microsoft® Excel 
2010®, with validation of automatic water stage readings against manual staff gauge readings and 
offsets applied as needed. An offset is the difference between the recorded value and the real 
value. Adjustments are made to the data to account for the height of pooled water (inactive stage) 
in the culverts (or from beaver dam construction at the TIN-1 outlet in July 2014 onwards), or 
missed flow (e.g., during snowmelt prior to flow instrument installation). Flow was expressed in 
cubic metres per second (m3 s-1) and annual flow was expressed in cubic metres per year (m3 
yr-1). 

 
To account for the obstruction of flow by the beaver dam at TIN-1 in 2014 and 2015, the 

estimated height of the beaver dam was subtracted from the total depth to match the relative 
height reading at the upstream station TIN-6 or a visual flow estimation observed during field 
visits. In 2016 and 2017, the beaver dam was not breached by spring snowmelt, causing water to 
divert around the dam into an adjacent wetland before returning to the stream, and this made it 
impossible to measure flow at TIN-1.   

 
Flows were split into snowmelt and rainfall based on the type of precipitation providing the 

runoff on the landscape. Base flow was not separated due to the difficulty in distinguishing the 
relative amount of base flow during runoff events. At times it was difficult to split the runoff 
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periods between snowmelt and rainfall, especially when snow fell and accumulated on the 
ground in late April and early May when the ground was thawed and temperatures were 
generally above zero. Due to the thawed soil and quick snowmelt, runoff was classified as 
rainfall.  
  
5.1.5 Water Quality Data Analysis  
 
Trend Analysis.  As an initial assessment of whether water quality was changing in the study 
watersheds with time, and whether the progressive implementation of BMPs in the TIN and 
ACME Watersheds could have caused gradual improvements in water quality with time, a series 
of trend analyses were performed on TP, TDP, and TN concentrations.  
 
Seasonal Kendall Test  
 
     The Seasonal Kendall (SK) test is a nonparametric test that detects whether monotonic 
temporal trends (i.e., patterns of consistent increasing or decreasing values with time) exist in a 
dataset. It accounts for seasonal differences in data that may otherwise obscure trends and was 
chosen given the high seasonality in the water quality data, and because nonparametric tests are 
considered more robust for data that do not conform to the assumptions of parametric tests 
(Helsel 2012). The statistical significance, strength, and direction of trends were interpreted by 
the p-value of the tests and by the value of Kendall’s tau (τ) correlation coefficient. The latter 
parameter measures the strength of the monotonic association between two variables, in this case 
TP, TDP, or TN, and time. It makes no assumption about the shape of the trend (Helsel 2012, 
Kendall 1955). Kendall’s tau varies from 1 to -1, with values close to 1 and -1 representing 
strong positive and negative correlations, respectively, and 0 indicating no association (Helsel 
and Hirsch 2002). 
 
Trend Analysis Strategy and Tests Performed 
 
     To evaluate whether temporal trends existed in water quality data in individual watershed 
outlets (TIN, ACME, THC, and LPT), SK trend tests (Hirsch et al. 1982) were performed on 
monthly mean concentration data from 2013 to 2017. To evaluate whether a BMP effect existed, 
because this study employed a paired-watershed design, comparisons of trends between the 
treatment watersheds (Tindastoll Creek and Acme Creek) and their respective control watersheds 
(Threehills Creek and Lonepine Tributary) were first required before determining whether or not 
there was a BMP effect. This approach required two assumptions: (1) that, left on their own, 
trends in water quality in the control and treatment watersheds would be similar with time, and 
(2) that management changes made independently from the current project within the control and 
treatment watersheds would have similar effects on water quality. To statistically evaluate 
whether treatment watershed concentrations decreased relative to control watersheds, differences 
between mean monthly concentrations at the outlet sites of treatment watersheds and their 
respective control watersheds were calculated, and SK trend tests were performed on these 
differences. Because control watersheds were not monitored in 2013, only data from 2014 to 
2017 were used. Furthermore, though TIN-8 was monitored in 2016 and 2017, only TIN-1 data 
were used for 2014 to 2017 to represent the TIN Watershed in the SK trend test. A comparison 
of concentrations between TIN-1 and TIN-8 was performed to examine the effect of site, as the 
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intent is to monitor only TIN-8 in future years. In cases where significant trends were found, 
estimates of the slope and the intercept of the trend (also produced in the SK test) were used for 
graphing purposes. The slope value should, however, be interpreted with caution as it implies 
that the shape of the trend is linear, which was not formally evaluated. The intercept was 
calculated with year 2013 set as year 1, 2014 set as year 2, and so on. Trend analyses were 
performed in the statistical software R (R Development Core Team 2015). This analysis is 
considered preliminary because only 4 to 5 yr of data were available––5 yr of monthly data is 
typically considered to be the minimum amount of data necessary to perform monotonic trend 
analysis, with longer time frames having more power to detect changes (Meals et al. 2011). 
 
Interpretation of Trend Results  
 
     Because trends in concentrations at the control and treatment watershed outlets, and in their 
differences, could be positive (concentrations, or differences in concentrations, increase with 
time), negative (concentrations, or differences, decrease with time), or non-existent, a variety of 
outcomes in trends at individual outlet sites could lead to similar interpretations of BMP effects. 
Furthermore, the strength of trends, in particular whether they are statistically significant or not, 
can also have bearing on the interpretation of BMP effects. For example, suppose there was a 
significant negative trend in water quality (i.e., concentrations decreased with time) in the 
treatment watershed. Before this could be concluded as a positive BMP effect, the trend observed 
for the treatment watershed has to be compared to the trend observed in the control watershed. If 
the trend in the latter was the same as the treatment watershed, then the conclusion would have to 
be no BMP effect. However, if there were no trend in the control watershed or even a positive 
trend (i.e., increased concentration with time), then the conclusion would be that the BMPs had a 
positive effect on water quality in the treatment watershed.  
 
     Possible trend results used to interpret whether BMPs were successful at improving water 
quality thus far in TIN and ACME Watersheds are outlined in Figure 5.5. It shows when there is 
a significant (positive or negative) temporal trend in differences between treatment and control 
water quality. For both sets of paired watersheds in this study, the concentrations of TP, TN, and 
TDP were higher for the treatment watersheds compared to the control watersheds (Section 
5.2.2). Because differences were calculated by subtracting control watershed concentrations from 
treatment watershed concentrations, a significant negative trend (green) of the difference 
between the two watersheds indicates that BMPs may be improving water quality (i.e., lowering 
concentrations) in the treatment watershed relative to the control watershed. A significant 
positive trend (red) would indicate no BMP effect or even that the BMPs are degrading water 
quality. However, it is believed the latter is unlikely. Note that the negative versus positive trend 
would be reversed if the differences were calculated by subtracting treatment watershed 
concentrations from control watershed concentrations. Even in the absence of a significant 
negative trend in the differences, if there is a significant negative trend at the treatment 
watershed outlet (i.e., concentrations decreased with time), it could be concluded that there is a 
positive BMP effect on water quality depending on the trend in the control watershed. The 
strongest indicator is considered a negative trend in concentration at a treatment outlet 
accompanied by a negative trend in the difference in concentrations between a treatment 
watershed outlet and its control. 
 



 

91 

 
Figure 5.5. Hypothetical interpretation of whether trends in nutrient concentrations at 
treatment watershed outlets, their respective controls, and the differences in concentrations 
between treatment and control watersheds indicate BMP success. Solid lines represent 
temporal trends in treatment watershed outlet data and dashed lines represent temporal 
trends in control watershed outlet data. Green squares represent situations in which the 
differences in concentrations between a treatment watershed outlet and its control have a 
negative trend and red squares indicate that the trend in differences is positive. Check 
marks () indicate some evidence that BMPs are successful, with more check marks 
() indicating stronger evidence. The × symbol indicates no evidence of BMP success. 
 
  
     Additionally, to evaluate whether TIN-8 could be used in place of TIN-1 in future monitoring, 
as necessitated by the presence of the beaver dam downstream of TIN-1, generalized linear 
mixed models were used to assess the effect of site (TIN-1, TIN-8, and THC-1), year (2016 and 
2017), and their interaction, on the concentrations of TP, TDP, and TN. Year and the interaction 
between site and year were included to assess not only whether TIN-8 can be considered 
equivalent to TIN-1 in terms of the overall magnitude of concentrations, but also whether the 
sites displayed similar patterns with time. Data from THC-1 were included to assess whether 
TIN-1 and TIN-8 were similar in how they varied with time relative to THC-1, the control site. If 
an effect (site, year, or their interaction) was found to be statistically significant, post-hoc 
pairwise comparisons were used to evaluate which sites, years, or site-year combinations were 
significantly different. The Tukey-Kramer method was used to adjust p-values for these pairwise 
comparisons given that multiple comparisons were performed (Kramer 1956). Analyses were 
performed using the GLIMMIX procedure in SAS software ver. 9.4 (SAS Institute 2012). 
Gamma error distributions and long link functions were specified in the models given that the 
data were right-skewed. Date was used as a random blocking factor to control for the effect of 
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temporal variability created by seasonality on nutrient concentrations. For this reason, only data 
from samples that were taken from all sites on the same day were used.  
 
Concentrations and Loads.  Average TDP, PP, DIN, and ON concentrations were calculated at 
each watershed outlet from 2014 to 2017. Flow-weighted mean concentrations (FWMC) and 
mass loads were calculated at each watershed outlet from 2014 to 2017. In some instances, water 
quality samples were taken despite pooled water or non-connective flow at the site. Such values 
were not included in the analysis. Only sampling dates that were common to the paired 
watersheds were used. Patterns of flow and average daily nutrient concentrations were also 
compared between paired watersheds for all years. 
 
5.1.6 Riparian Assessment  
 

Riparian health inventory assessments were conducted in the treatment watersheds by the 
Alberta Riparian Habitat Management Society (Cows and Fish) in 2015 and 2016. The purpose 
of these assessments was to gather baseline data on riparian function within sections of the creek. 
Further, improved riparian health, as evidenced by increased plant or ground cover, could be 
indicative of improved water quality as increased riparian vegetation would reduce streambank 
erosion. Site selection and initial landowner contacts were completed by AAF staff. Sites were 
selected based on locations where management changes had recently been implemented, or were 
planned for the near future, and improvements in riparian health were not yet expected to have 
occurred (i.e., treatment sites). A small number of control sites (i.e., locations where no 
management changes were known to have occurred or be planned) were also chosen in each 
watershed. Because site selection was not randomized, the representativeness of the sites to the 
larger watershed cannot be determined. 

  
     The majority of the RHI sites were assessed using standard protocols for lotic (flowing 
freshwater) waterbodies (Cows and Fish et al. 2016a). However, due to site characteristics, one 
location was assessed using standard protocols for lentic (still freshwater) waterbodies (Cows 
and Fish at el. 2016b). In the riparian health inventories, approximately 79 visual health 
parameters were examined. This information provided details on the vegetative, soil, and 
hydrological health ratings of the waterbody. The information was also used to calculate the 
overall health rating for the riparian area (Table 5.4).  
 

Table 5.4. Description of riparian health ratings. 

Health category 
Score 
ranges 

Description 

Healthy 80–100% 
Little to no impairment to any riparian 
functions. 

Healthy but with problems 60–79% 
Some impairment to riparian functions due to 
management or natural causes. 

Unhealthy <60% 
Severe impairment to riparian functions due to 
management or natural causes. 
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During the inventory, a hand-held Garmin GPS60™ Global Positioning System receiver was 
used to record the upstream and downstream endpoint locations for each site. Corresponding 
benchmark photographs were taken at each location. In the case of the lentic site, photographs 
were taken looking towards the inner and outer lateral boundaries of the riparian areas. Photos 
were also taken of notable ecological features or disturbances (e.g., weed infestations, bank 
erosion, etc.). Landmarks such as fence lines, tributaries, or other identifiable features, if present, 
were used to delineate the ends of the riparian sites. These landmarks and photos will be used to 
help ensure the same section of creek is monitored in the future and to assess change with time. 

 
For lotic sites, both sides of the water body were inventoried as these generally had the same 

ownership and type of management. If possible, a complete creek meander cycle, typically 0.4 to 
1.2 km long, with equal inside and outside curvature was used. The lentic site encompassed a 
distance deemed representative for the landholding and the riparian site type.  

 
In the TIN Watershed, 11 lotic RHI assessments were completed for stretches of the 

watershed in June 2015 and June 2016. In total, more than 5.6 km of stream length and 33 ha of 
riparian area was assessed for riparian health. The majority of the stretches were within the 
northern region of the watershed and were comprised of land used for livestock grazing. The 
channel length of assessed stretches varied from 0.10 to 0.97 km, with an average length of 0.52 
km. The average minimum riparian zone width was 21 m and ranged from 10 to 40 m wide. 
Comparatively, the average maximum riparian zone width for assessed stretches was 100 m, and 
varied from 20 to 385 m. 

 
     Twelve RHIs were conducted in the ACME Watershed area––11 inventories on stretches of 
the Acme Creek, and one inventory on a stretch of the Lonepine Creek Tributary. One RHI site, 
KNZ8, was assessed using a lentic wetland health assessment, because although this site is along 
a tributary to Kneehills Creek, it was defined as a lotic wet meadow, meaning the wetland occurs 
in a running water or lotic system but due to the influence of lateral groundwater, not associated 
with the tributary stream flow, the site has more characteristics of a wetland than a stream, 
garnering a lentic wetland health assessment. Given that the purpose of the inventories was to 
evaluate the effects of BMPs on riparian health with time, all RHIs will be analyzed together. 
More than 11 km of stream channel length was assessed with an average channel length of 0.95 
km per assessment. In terms of polygon area, this represented more than 25 ha of land (average 
2.1 ha per site). The minimum riparian width ranged from 2 to 29 m (average 8.5 m) while the 
maximum riparian zone width ranged from 20 (lotic) to 230 m (lentic) (average 60.7 m).  
  
5.2 Results and Discussion 
 
5.2.1 Water Flow 
 
     During the first 5 yr of the study, the highest annual flows were in 2014 and the lowest annual 
flows were in 2016 at most of the watershed outlets, except for the TIN Watershed, in which the 
2017 flow was slightly higher than in 2014 (Table 5.5). In winter 2013 and early spring 2014, 
below average temperatures were observed (Section 2), thus snow that fell during that time 
continued to accumulate. This resulted in a large snowmelt and runoff event in spring 2014, 
contributing to the high annual flow of that year. Spring snowmelt generally began in early 



 

94 

March to the beginning of April. Snowmelt was delayed in 2014 due to a colder March 
compared to other years (Section 2).   
 

On average, most of the flow at each site occurred during the snowmelt period (80%) for all 
watersheds, though the THC Sub-watershed had the lowest flow due to snowmelt (62%) 
compared to rainfall (38%) (Table 5.5). The Nutrient Evaluation BMP Project—carried out from 
2007 to 2012 (Paterson Earth & Water Consulting Ltd. and AARD 2014)––also characterized 
two agricultural watersheds: Indianfarm Creek (IFC) Watershed and Whelp Creek (WHC) Sub-
watershed. To compare, flow in the IFC Watershed was driven more by rainfall (75%) than by 
snowmelt; whereas, flow in the WHC Sub-watershed was driven only slightly less by snowmelt 
than by rainfall at 45% and 55%, respectively. Even though snowmelt tended to dominate stream 
flow in the current study, conditions varied from nearly all snowmelt-driven flow (e.g., the 
ACME Watershed in 2017) to nearly all rainfall-driven flow (e.g., the LPT Watershed in 2015).  
 
Tindastoll and Threehills Watersheds.  Water flow at the THC Sub-watershed began about 1 
wk earlier than at the TIN Watershed (Figure 5.6 a,b; Table 5.6). Snowmelt in 2014 began in 
early April at the TIN and THC Watershed outlets. From 2015 to 2017, snowmelt began in mid-
March at the TIN Watershed outlet while the THC Sub-watershed outlet started in early March 
2015 and 2016 and mid-march 2017. The TIN outlet generally ceased flowing in summer or 
early fall except during 2016, while the THC Sub-watershed outlet continued to flow into 
November. Annual flows were often near 5,000,000 m3 yr-1 at the TIN-1 station, except in 2016 
when flow was about one-fifth (990,126 m3 yr-1) the amount measured in the other years (Table 
5.5). Comparatively, the other three study watersheds (THC, ACME, LPT) exhibited lower 
annual flows in 2016 as well, however, the 2016 flows at TIN-1 may have been compromised 
due to the presence of a beaver dam, despite measures implemented to account for its presence, 
as described in Section 5.1.4. The average annual flow from 2014 to 2017 at the THC Sub-
watershed was 1.4 times higher than the TIN Watershed. In the THC Sub-watershed, annual 
flows were similar to TIN in 2015, and 3.1 times higher than the TIN Watershed in 2016. 
Additionally, in all years, the snowmelt period dominated the amount of flow in the TIN 
Watershed, averaging 82% of the total flow (Table 5.5). 
 
     Snowmelt flow greatly varied at the THC Sub-watershed, ranging from a high of 77% in 2015 
and a low of 51% in 2016 (Table 5.5). The proportion of runoff attributed to snowmelt in the 
TIN Watershed (72–96%) was consistently higher than at the THC Sub-watershed each year.  
 
     The annual peak flow occurred in late March or early April in Tindastoll Creek and Threehills 
Creek (Figure 5.7a,b). The snowmelt peak in 2016 was lower at both watersheds compared to 
2014, 2015, and 2017 due to a smaller snowpack. Peak flows generated by rainfall were 
substantially smaller compared to snowmelt peak flows. There were no large peaks from rainfall 
events in 2015 and 2016 compared to 2014 and 2017 in the TIN and THC Watersheds (Figure 
5.7a,b). 
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Table 5.5. Annual total precipitation, annual flow, and the distribution of flow during 
snowmelt and rainfall periods at the watershed outlets from 2014 to 2017. 

 Watershed 
Total precipitation 

(mm) 
Annual flow  

(m3 yr-1) 
Snowmelt  

(%) 
Rainfall  

(%) 
 

2014 
TIN 477.6 5,426,688 72 28 
THC 472.9 8,475,931 53 47 
ACME 378.0 2,636,684 90 10 
LPT 387.7 6,645,134 88 12 
Average 429.1 5,796,109 76 24 

 
2015 

TIN 365.2 4,919,199 96 4 
THC 390.0 5,066,555 77 23 
ACME 357.2 469,433 83 17 
LPT 434.0 368,556 17 83 
Average 386.6 2,705,936 68 32 

 
2016 

TINz 503.8 990,126 85 15 

THC 424.8 3,066,506 51 49 
ACME 427.2 113,991 89 11 
LPT 366.4 184,924 79 21 
Average 430.6 1,088,887 76 24 

 
2017 

TINz 365.4 5,681,569 78 22 

THC 448.7 7,490,497 68 32 
ACME 350.1 742,663 98 2 
LPT 340.6 688,270 86 14 
Average 376.2 3,650,750 83 17 

  
2014–2017 

TIN 428.0 4,254,396 82 18 
THC 434.1 6,024,872 62 38 
ACME 378.1 990,693 91 9 
LPT 382.2 1,971,721 84 16 
Average 405.6 3,310,420 80 20 
z Watershed area was slightly larger in 2016 and 2017 as flow monitoring occurred at station TIN-8 (14,492 
ha) instead of TIN-1 (13,844 ha). 
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Figure 5.6. Flow conditions at (a) Tindastoll Creek outlet and (b) Threehills Creek outlet on 
April 9, 2014 showing a still frozen and snow covered channel at the Tindastoll Creek 
outlet, while the channel at the Threehills Creek outlet was partially open and flow was 
connective. Poor hydrological connectivity in Tindastoll watershed was also evidenced by 
flooding in (c) and (d).  
 
 The later onset of flow from snowmelt at the TIN Watershed outlet in 2015 and 2016 
compared to the THC Sub-watershed outlet could be attributed to two factors. First, the beaver 
dam downstream of TIN-1 likely restricted flow, resulting in water pooling behind the dam 
during snowmelt, affecting the amount of discharge downstream at the outlet, and second, the 
TIN Watershed generally had poor hydrological connectivity, as observed by the extensive 
amount of flooding along the creek (personal observation, Wiebe Buruma, AAF, Red Deer, 
Alberta; Figure 5.6c,d). The presence of base flow from shallow groundwater at both watersheds 
sustain stream flow well into summer and even into the late fall at the THC Sub-watershed, and 
this may explain the larger amount of annual flow compared to the TIN Watershed (Table 5.5).  
 
     The volume of annual flow was comparable to the amount of precipitation at both watersheds. 
One exception to this was in 2016 for TIN, which experienced the highest amount of 
precipitation of all years, but the lowest annual flow volume. Fall 2015 had below average 
precipitation in TIN, particularly in October, November, and December (Table 2.2, see Section 
2), and this may have contributed to a low spring runoff in 2016. In 2014, there was a large 
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snowpack (Figure 5.8) in the TIN Watershed due to above average precipitation and below 
average temperatures in winter 2014. The high volume of rainfall runoff in 2014 can be 
attributed to slightly above average precipitation from May to August, as well as base flow from 
recharged shallow groundwater. These wet conditions contributed to a significant snowmelt in 
2015; however, below average precipitation in summer of 2015, and in winter and spring of 2016 
generated little runoff in 2016. Above average precipitation in summer and fall of 2016 may 
have generated higher amounts of runoff in 2017. The presence of the beaver dam downstream 
of TIN-1 (Figure 5.9) also tempered peak flows after June 2014. 
 

 

Table 5.6. Runoff periods for each watershed from 2014 to 2017.  

Watershed Year Period  

Tindastoll Creek 

2014 April 14 to August 30 
2015 March 12 to October 21 
2016 y March 22 to November 10 
2017 March 22 to August 22 

Threehills Creek z 

2014 April 4 to November 4 
2015 March 7 to October 31 
2016 March 8 to October 31 
2017 March 18 to October 30 

Acme Creek 

2014 March 16 to September 18 
2015 z March 8 to November 11  
2016 March 5 to September 21 
2017 March 1 to July 12 

Lonepine Creek  

2014 y March 16 to October 20 
2015 y March 8 to November 10 
2016 y March 5 to October 12 
2017 March 1 to July 11 

z Flow still present during download and equipment winterization date by Environment Canada. Yearly flow 
value may be slightly underestimated. 

y Minimal flow (<0.22 m3 s-1) present at time of download and equipment removal. Yearly flow value may 
be slightly underestimated. 
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Figure 5.7. Hydrographs for (a) Tindastoll Creek, (b) Threehills Creek, (c) Acme Creek, 
and (d) Lonepine Tributary from 2014 to 2017. 
 

 
Figure 5.8. Large snowpack at TIN-1 in 2014. Picture taken looking downstream from 
TIN-1 on March 31, 2014. 
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Figure 5.9. Beaver dam downstream of TIN-1 restricting flow (a) and increased water level 
upstream (b). Pictures taken on April 28, 2015. 
 
Acme and Lonepine Watersheds.  At the ACME and LPT Watersheds, flow began in mid-
March in 2014 and in early March from 2015 to 2017. Flow generally ceased at ACME-1 in mid-
September in 2014 and 2016, but some low flow was observed in early November 2015 when 
the flow equipment was removed. Because flow was low and not connective, no water samples 
were taken. Flow ceased in mid-July 2017 in the ACME and LPT Watersheds, but similar to 
ACME, some low flow was observed in the fall at the LPT Watershed from 2014 to 2016 when 
equipment was removed (Table 5.6). The highest annual flows in the ACME and LPT 
Watersheds occurred in 2014, while the lowest annual flows occurred in 2016. By comparison, 
annual flow in 2014 was 23 times that of the annual flow in 2016 in ACME, while for the LPT 
Watershed, the annual flow in 2014 was nearly 36 times that of annual flow in 2016 (Table 5.5). 
While annual flows were similar in magnitude from 2015 to 2017 between the ACME and LPT 
Watersheds, the average annual flow for the LPT Watershed in 2014 was 2.5 times that of the 
ACME Watershed, which is likely why the combined 2014 to 2017 average annual flow at LPT 
was nearly twice that of ACME. 
 
 In all years, the snowmelt period dominated the amount of flow in the ACME Watershed, 
averaging 91% (Table 5.5). Snowmelt also dominated in the LPT Watershed with an average of 
84%; however, in 2015, the amount of flow from snowmelt was only 17%.  
 
     The highest annual peak flows generally occurred in late March or early April (Figure 5.7c,d). 
In 2014, the highest snowmelt flow peaked on April 9 in the ACME and LPT Watersheds at 3.4 
and 9.4 m3 s-1, respectively (Figure 5.10). The peak flow during the rainfall period occurred on 
June 26 in the ACME Watershed and on June 22 in the LPT Watershed at 0.7 and 2.2 m3 s-1, 
respectively. The peak flows from 2015 to 2017 were small compared to 2014. 
 
     The later snowmelt in 2014 was due to a colder spring compared to following years (Section 
2). The Lonepine Tributary was observed to flow under ice during winter, which suggests an 
influence from shallow groundwater. This may explain the sustained base flow into late summer 
and late fall and the larger amount of annual flow in 2014 compared to the ACME Watershed. 
The amount of annual flow does not compare well with the annual amount of precipitation at 

a b 
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both watersheds. Although there was below average winter precipitation in all years, the larger 
amount of snowmelt in 2014 can be attributed to a large snowpack (Figure 5.8) and below 
average temperatures in winter and early spring of 2014. The large amount of rainfall runoff in 
2014 can be attributed to above average precipitation in June and base flow from recharged 
shallow groundwater. Above average winter and early spring temperatures in 2015 and 2016 
created a smaller snowpack and much lower annual amounts of runoff in 2015 and 2016 
compared to 2014. Flow in 2015 and 2016 may have been lower because of missed snowmelt-
driven flow that occurred during brief, warm mid-to-late winter melts, prior to the 
commencement of the project’s spring sampling season (Figure 5.11). Average winter 
temperature and precipitation still created a significant snowmelt event in 2017 compared to 
2015 and 2016.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10. Snowmelt peak flow in 2014 at (a) ACME-1 and (b) LPT-1 on April 9, 2014. 
 

 
Figure 5.11. Evidence of missed flow at ACME-1. Picture looking downstream, taken on 
March 3, 2015. The stream is normally dry during the winter. In late February, prior to 
normal spring thaw, daytime temperatures reached 10 °C and 0 °C at night. The width of 
the stream appears to have been thawed and frozen again, and the snow cover is negligible, 
suggesting flow was generated.  

a b 
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5.2.2 Water Quality 
 
Concentrations.  In the TIN and THC Watersheds, the proportion of ON made up more than 
half of the average TN concentrations compared to DIN in all years (Figure 5.12a,b). Overall, the 
concentration of TN was higher in the TIN Watershed than the THC Sub-watershed; however, 
the fraction of ON to DIN was higher in the THC Sub-watershed than the TIN Watershed for all 
years, ranging from 75 to 84% of TN in the THC Sub-watershed and 55 to 78% of TN in the TIN 
Watershed.  
 
     Total dissolved phosphorus made up a higher portion of TP than PP, ranging from 72 to 92% 
for both watersheds in all years. (Figure 5.12c, d). A higher fraction of TDP was also observed 
during rainfall events in the TIN and THC Watershed outlets (data not shown).  
     

 
Figure 5.12. Average concentrations of ON and DIN from 2014 to 2017 for (a) Tindastoll 
and (b) Threehills Watersheds; and average concentrations of PP and TDP from 2014 to 
2017 for (c) Tindastoll and (d) Threehills Watersheds. The stack bars represent total N 
(ON plus DIN) and total P (PP plus TDP). 
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     Total suspended solids (TSS) were generally higher in the THC Sub-watershed than in the 
TIN watershed, except for 2016 when TSS was slightly higher at TIN-8 than THC-1. 
Concentrations of TSS in the THC Sub-watershed show high variability among the four study 
years; whereas, a decrease at TIN-1 from 2014 to 2016 was observed, with a slight increase in 
2017. The concentration of TSS was higher in 2016 than 2017 at TIN-8 (Figure 5.13). 
 

 
Figure 5.13. Average concentrations of TSS from 2014 to 2017 for the THC and TIN 
Watersheds, with TIN-8 site included in 2016 and 2017. The high value for the y-axis allows 
for comparison to TSS concentrations in the ACME and LPT Watersheds shown in Figure 
5.15. 
 
      
     The fractions of N and P showed similar patterns in the ACME and LPT Watersheds as the 
TIN and THC Watersheds. Concentrations of TN were higher in the ACME Watershed 
compared to LPT Watershed. Further, the organic fraction of TN was higher than DIN in both 
watersheds in all years, but even more so in the LPT Watershed, ranging from 83 to 94% of TN 
compared to 67 to 71% of TN in the ACME Watershed (Figure 5.14a,b).  
 
     Similar to the TIN and THC Watersheds, the dissolved fraction of TP was at least two thirds 
higher than the particulate fraction, ranging from 66 to 88% of TP for the ACME and LPT 
Watersheds in all years (Figure 5.14c,d). The fraction of TDP was also higher than PP during 
rainfall events at ACME-1 and LPT-1 (data not shown). This may be an indication that sediment 
erosion is not a major driver of P loss in these watersheds.  
 
     Concentrations of TSS decreased sharply from 2014 to 2015, and then gradually declined 
from 2015 to 2017 in the ACME and LPT Watersheds (Figure 5.15). Concentrations of TSS in 
the ACME and LPT Watersheds were higher (i.e., up to three times higher) than the TIN and 
THC Watersheds in 2014, but are more comparable from 2015 to 2017. 
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Figure 5.14. Average concentrations of ON and DIN from 2014 to 2017 for (a) ACME and 
(b) Lonepine Tributary Watersheds; and average concentrations of PP and TDP from 2014 
to 2017 for (c) ACME and (d) Lonepine Tributary Watersheds. The stack bars represent 
total N (ON plus DIN) and total P (PP plus TDP). 
 

 
Figure 5.15. Average concentrations of TSS from 2014 to 2017 for the LPT and ACME 
Watersheds. 
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     Agricultural watersheds often have higher nitrate/inorganic N fractions (Lorenz et al. 2008, 
Paterson Earth & Water Consulting Ltd. and AARD 2014), and this can have ecological 
significance because dissolved fractions of N (nitrate, nitrite, and ammonia) are more readily 
available for uptake by aquatic plants and algae than ON. However, higher fractions of ON were 
observed in all four study streams. Common sources of ON in agricultural watersheds include 
animal wastes and decaying plant material (AAFC 2014). Higher fractions of ON are often found 
in forested and grassland watersheds, where natural sources of organic matter are found (Wall 
2013). Some natural areas were identified in the study watersheds during the land cover 
classification (Section 2), but the majority of the land cover was cropland (Table 2.5, Table 
2.10). It may be possible that ON in crop residues left from conservation tillage practices enter 
the surface water before being converted to other forms that are readily available to aquatic 
plants. Cattle were also occasionally observed in the riparian areas, and this could introduce 
animal waste directly into the surface water.  
 
     Improperly managed livestock presence in riparian areas can also cause pugging and 
vegetation trampling, leading to streambank erosion and poor overall riparian conditions. 
Therefore, it was expected that PP would make up the higher portion of TP than TDP in the 
treatment watersheds; however, the opposite was found. In the TIN Watershed, it may be 
assumed that the beaver dam downstream of Station TIN-1 retained some of the suspended 
sediment and PP; however, the same phenomenon was observed in the ACME Watershed, as 
well as the control watersheds, so this is likely not the case for the TIN Watershed. Overall, 
higher TDP fractions were also observed in the Nutrient BMP Evaluation Project at the outlet of 
the WHC Sub-watershed (Paterson Earth & Water Consulting Ltd. and AARD 2014). Similar 
results were also found for the median annual TDP and PP FWMC in the high intensity 
agricultural watersheds during the AESA study (Lorenz et al. 2008). Lorenz et al. (2008) also 
suggest that higher TDP concentrations (as FWMC) occurred with lower stream volumes, as was 
observed especially in the ACME Watershed (Figure 5.14c, Table 5.7), suggesting less PP 
movement from land to water in general. Agricultural practices such as fertilizer application may 
have contributed to the higher proportion of TDP in these areas. Future manure management 
BMPs should focus on reducing dissolved fractions of P, such as deeper incorporation into the 
soil at the time of application so to be less accessible to surface runoff.  
 
     Note that the control watersheds had higher proportions of ON and TDP than the treatment 
watersheds in all years. Thus, because the first BMPs were not implemented until 2015, with no 
improvements in water quality due to BMPs expected until 2016 at the earliest, the differences 
between treatment and control watersheds are more likely attributed to overall watershed 
characteristics and hydrology rather than BMPs. 
 
     Similar to PP concentrations, average TSS concentrations were lower than expected, 
especially in comparison to average TSS concentrations in the IFC Watershed from the Nutrient 
BMP Evaluation Project, where average concentrations reached nearly 250 mg L-1 at one of the 
main stem sites (Paterson Earth & Water Consulting Ltd. and AARD 2014). The highest average 
TSS concentration occurred at ACME-1 in 2014 (94.2 mg L-1). The highest average TSS 
concentration at LPT-1 also occurred in 2014. Annual average flows in the ACME and LPT 
Watersheds were also highest in 2014, and this helps explain the high TSS concentrations. 
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Likewise, lower average TSS concentrations in 2015–2017 for all watersheds were likely due to 
lower flows during these years.  
 
Flow-weighted Mean Concentrations.  In general, FWMC values were uniform for all study 
watersheds in all years. For the TIN, THC, and LPT Watersheds, FWMC values were generally 
lowest in 2016, except for TN, which was lowest in 2014 (Table 5.7). Values for FWMC were 
generally higher in the TIN Watershed than in the THC Sub-watershed, except for TSS, which 
was higher in the THC Sub-watershed for all years (Table 5.7). The highest FWMC in the 
ACME Watershed occurred in 2016, and the lowest in 2015, except for TSS. For this watershed 
pair, FWMC values were also higher in the treatment watershed than the control. Not 
surprisingly, nutrients in the study watersheds were responsive to streamflow, with peak 
concentrations occurring during or soon after peak flows for snowmelt and rainfall runoff events 
(Figures 5.16 and 5.17). Overall, patterns of flow and nutrient concentrations were similar from 
2014 to 2017 for all watersheds with peak flows and peak nutrient concentrations occurring 
mainly during spring runoff, then decreasing shortly after (Figures 5.16 and 5.17). Flow also 
typically increased during runoff (rainfall) events.  
 
Nutrient and Sediment Loads.  Mass loads generally had a similar response to flow volumes, 
with the lowest values in 2016. For the TIN and THC Watersheds, values for the highest loads 
were more variable among the years, while in the ACME and LPT Watersheds, loads were 
highest in 2014 (Table 5.8).  
 
     In general, nutrient mass loads were higher in the TIN Watershed than in the THC Sub-
watershed for most years. Loads for TSS were more than double in the THC Sub-watershed than 
in the TIN Watershed for nearly all years, except 2017 in which TSS was 1.5 times higher in the 
THC Sub-watershed than in the TIN Watershed. Flows were also higher in the THC Sub-
watershed than in the TIN Watershed for all years. It should be noted that values for the TIN 
Watershed were taken from TIN-1 in 2014 and 2015, and from TIN-8 in 2016 and 2017.  
 
     As mentioned in Section 5.2.2, Threehills Creek began flowing about 1 wk earlier than 
Tindastoll Creek, and this affected the timing of peak flows. For example, during snowmelt 
runoff in 2014, flow in Threehills Creek peaked at 8.99 m3 s-1 on April 10––2 wk earlier and 
nearly 1.5 times higher than Tindastoll Creek, which peaked at 6.05 m3 s-1 on April 24 (Figure 
5.16a,b). Nutrient concentrations generally peaked earlier during snowmelt runoff in Threehills 
Creek as well, except in 2014 when TN peaked at 4.43 mg L-1 in Tindastoll Creek and 2.37 mg 
L-1 in Threehills Creek on April 16. Concentrations for TN were slightly higher than TP for both 
watersheds in all years. In 2014 and 2016, TP peaked earlier than TN in both watersheds (Figure 
5.16a,b,e,f). Though 2016 was a low-flow year with flows not exceeding 2 m3 s-1 in either 
watershed, concentration ranges for TN and TP remained comparable to 2014, 2015, and 2017 
(Figure 5.16a,b,c,d,g,h). From 2014 to 2017, flow in Threehills Creek was more responsive to 
rainfall events, as shown by more defined fluctuations during the summer months compared to 
Tindastoll Creek. Threehills Creek had persistent and higher base flow compared to Tindastoll 
Creek (personal observation, Wiebe Buruma, AAF, Red Deer, Alberta); however, the 
responsiveness of Threehills Creek was well captured due to the advanced accuracy and 
continuity of the instrumentation at the ECCC station at the outlet of the THC Sub-watershed.  
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     Flow volume and nutrient mass loading in the ACME and LPT Watersheds were highest in 
2014 and lowest in 2016. In general, nutrient loadings were higher in the ACME Watershed than 
in the LPT Watershed, except for TSS, which was higher in the LPT Watershed in 2014 and 
2016. Flows were generally higher in the LPT Watershed in 2014 and 2016 (Table 5.8).  
 
     Flow and nutrient concentration patterns in the ACME and LPT Watersheds are more variable 
throughout the growing season, yet still showed similar patterns during snowmelt runoff with 
concentrations peaking early during spring snowmelt and receding immediately after. Flow 
began at the same time in the ACME and LPT Watersheds. Peak nutrient concentrations for TN 
and TP during snowmelt runoff also occurred at the same time in each watershed (Figure 5.17). 
For both watersheds, TN concentrations were generally higher than TP. Nutrient concentrations 
were higher in the ACME Watershed than the LPT Watershed. Flow and nutrient concentrations 
in both watersheds were responsive to rainfall events. In 2014 and 2015, TN increased 
throughout the summer in response to such events (Figure 5.17a,b,c,d). In fact, in 2015, no 
samples were taken at either watershed outlet from May 20 to July 27 because flow stopped due 
to a lack of precipitation. Flow resumed at the end of July and early August in response to a 
rainfall event. Nutrient concentrations increased during this time (August 10, 2015, 3.22 mg L-1) 
compared to the previous samples collected when the creek was flowing (March 10, 2015, 2.99 
mg L-1), and this increase was likely due to surface runoff entering the creek (Figure 5.17d). 
 

Comparison to Previously Studied Agricultural Watersheds.  Under the AESA Water 
Quality Project (Lorenz et al. 2008), several agricultural watersheds in Alberta were studied and 
characterized by agricultural intensity. The Nutrient Evaluation BMP Project (Paterson Earth & 
Water Consulting Ltd. and AARD 2014) also characterized two agricultural watersheds—IFC 
and WHC. The median FWMC for each outlet in the current study were compared to values 
from previously studied agricultural watersheds in Alberta. Overall, the two treatment 
watersheds had median concentrations of TP and TN that were slightly higher than the AESA 
watersheds with high agricultural intensity (Table 5.9), supporting observations that the two 
treatment watersheds contained extensive agricultural activities. 
 
     The median FWMC for TP at TIN (0.7 mg L-1) was slightly higher than values from high 
agricultural intensity watersheds as described in the AESA Project (0.5 mg L-1, Lorenz et al. 
2008) and the IFC Watershed as described in the Nutrient BMP Evaluation Project (0.6 mg L-1, 
Paterson Earth & Water Consulting Ltd. and AARD 2014), but the same as the WHC Sub-
watershed (Table 5.9). Values for median FWMC for TN at TIN were approximately 1.4 times 
higher than values observed in the AESA high agricultural intensity watersheds and IFC 
Watershed, and approximately 1.2 times higher than WHC Sub-watershed. By comparison, the 
median FWMC values in the THC Sub-watershed for TP and TN were between the AESA 
moderate agricultural intensity watershed and high intensity watershed values, and less than the 
IFC and WHC Watersheds (Table 5.9). The THC Sub-watershed outlet was also sampled as part 
of the AESA Project and was classified as having high agricultural intensity during that study. 
The median (1999–2006) TP and TN FWMCs were approximately 0.6 mg L-1 and 3.56 mg L-1, 
respectively (Lorenz et al. 2008). Comparatively, the median (2014–2017) FWMC values for TP 
and TN for the THC Sub-watershed, as measured during the APWP, were 0.4 mg L-1 and 2.6 mg 
L-1, respectively. The APWP values are slightly lower than the AESA values, suggesting a slight 
improvement in water quality in the THC Sub-watershed. 
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     The median FWMC of TP observed at the outlet of the ACME Watershed was nearly five 
times higher than the median FWMC value observed for TP in the AESA high agricultural 
intensity watersheds (Table 5.9). It was approximately four times higher than the median FWMC 
in the IFC Watershed from the Nutrient BMP project. The median FWMC for TN at the ACME 
outlet was twice that of the TN values for the high agricultural intensity watersheds in the AESA 
project and in the IFC Watershed, and approximately 1.8 times higher than TN in the WHC Sub-
watershed (Table 5.9). Median FWMC of TP at LPT-1 was the same as the AESA high 
agricultural intensity watershed value, and similar to the values for the IFC and WHC 
Watersheds. The median FWMC for TN in the LPT Watershed was between the values for the 
AESA moderate and high agricultural intensity watersheds, and was less than the values for the 
IFC and WHC Watersheds (Table 5.9). 
 
 
Table 5.7. Flow-weighted mean concentrations at each watershed outlet from 2014 to 
2017. 
  2014z 2015 2016 2017 
Variable ---------------------------------- (mg L-1) ------------------------------- 

 
TINy 

TN 3.09 6.38 3.87 4.63 
TDP 0.56 0.75 0.38 0.89 
TP 0.63 0.84 0.47 1.02 
TSS 18.99 14.00 17.88 27.02 

 
THC 

TN 1.75 2.63 2.49 2.62 
TDP 0.26 0.35 0.27 0.44 
TP 0.32 0.45 0.33 0.55 
TSS 26.42 38.33 27.58 29.38 

 
ACME 

TN 6.85 5.90 8.49 6.32 
TDP 2.04 1.46 2.42 1.95 
TP 2.65 1.68 2.73 2.17 
TSS 301.84 20.93 21.23 44.08 

 
LPT 

TN 2.42 2.72 2.47 2.86 
TDP 0.48 0.31 0.29 0.47 
TP 0.68 0.39 0.40 0.57 
TSS 169.73 20.62 18.84 19.92 
z FWMC calculated using the same date ranges reported in Table 5.6. 
y TIN-1 values used for 2013 and 2014. TIN-8 values used for 2016 and 2017. 
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Figure 5.16. Flow, TP, and TN concentrations at the Tindastoll Creek and Threehills Creek 
outlets, respectively, in (a,b) 2014, (c,d) 2015, (e,f) 2016, and (g,h) 2017. In 2014 and 2015 
TIN-1 data were used, and in 2016 and 2017 TIN-8 data were used. Note that flow is 
plotted on the secondary y-axes. Note the different primary y-axis scale for (g), and the 
different secondary y-axis scales for 2016 in (e) and (f).  
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Figure 5.17. Flow, TP, and TN concentrations at the ACME and Lonepine Watershed 
outlets, respectively, in (a,b) 2014, (c,d) 2015, (e,f) 2016, and (g,h) 2017. Note that flow is 
plotted on the secondary y-axes. Note the different primary y-axis scales for Lonepine in 
(b), (d), (f), and (h), and the different secondary y-axis scales for 2014 in (a) and (b).  
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Table 5.8. Annual mass load and flow values at each watershed outlet from 2014 to 
2017. 

Variable 2014z 2015 2016 2017 
 

TINy 
TN (kg) 16,782 31,401 3,831 26,295 
TDP (kg) 3,021 3,686 374 5,056 
TP (kg) 3,409 4,144 466 5,820 
TSS (kg) 103,029 68,845 17,706 153,508 
Flow (m3) 5,426,688 4,919,199 990,126 5,681,569 

 
THC 

TN (kg) 14,864 13,313 7,636 19,593 
TDP (kg) 2,162 1,763 836 3,320 
TP (kg) 2,721 2,263 1,007 4,094 
TSS (kg) 223,918 194,182 84,559 220,080 

Flow (m3) 8,475,931 5,066,555 3,066,506 7,490,497 
 

ACME 
TN (kg) 18,059 2,771 968 4,696 
TDP (kg) 5,385 684 275 1,451 
TP (kg) 6,996 790 311 1,612 
TSS (kg) 795,847 9,826 2,421 32,740 
Flow (m3) 2,636,684 469,433 113,991 742,663 

 
LPT 

TN (kg) 16,112 1,002 457 1,969 
TDP (kg) 3,183 115 54 324 
TP (kg) 4,496 145 74 391 

TSS (kg) 1,127,865 7,601 3,484 13,713 
Flow (m3) 6,645,134 368,556 184,924 688,270 
z Loads calculated using the same date ranges reported in Table 5.6. 
y TIN-1 values used for 2013 and 2014. TIN-8 values used for 2016 and 2017. 
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5.2.3 Riparian Health 
 
Tindastoll Creek Watershed.  Most chosen sites in the TIN Watershed were well vegetated and 
contained a mix of native riparian plants. These plants provided cover and forage for livestock 
and wildlife, and stabilized stream banks, protecting them from erosion. However, structural 
alterations due to current livestock use and past channelization of the creek were evident at many 
sites; invasive weeds and browse utilization (by livestock or wildlife) of woody plants also 
reduced riparian health scores. Cumulatively, the overall riparian health rating for the TIN 
Watershed sites was 69%, or “healthy, but with problems” (Figure 5.18). This is very similar to 
the Alberta provincial average score of 70%. Three of the 11 sites, or 27% of total sites assessed, 
were given overall “healthy” ratings. In contrast, 55% of sites (6 of 11) were rated “healthy, but 
with problems”, and two sites (or 18% of sites) were rated “unhealthy” (Table 5.10). Examples 
of sites exhibiting “healthy”, “healthy, but with problems”, and “unhealthy” ratings are shown in 
Figures 5.19, 5.20, and 5.21, respectively.  

 
The average vegetative health rating for the TIN Watershed sites was 71%, or “healthy, but 

with problems” (Table 5.10). Riparian site inventories in the TIN Watershed had a high amount 
of overlap in plant type layers. Trees comprised 6–22% of the project area, while shrubs made up 
17–23%. Grass and grass-like plants covered 80–96% of the project areas surveyed, while forbs 
covered 17–27%. However, disturbance-caused grasses and forbs (i.e., well adapted to 
disturbance, such as dandelion) were found to make up 24–54% of the project areas. 
Additionally, vegetative health scores were reduced by the presence of four invasive weed 
species, of which Canada thistle was the most prevalent.  

 
The TIN Watershed sites had an average rating of 64%, or “healthy, but with problems” for 

soil and hydrology health (Table 5.10). Contributing to the riparian health of the sites were 
deeply rooted native plants found along the majority of the bank lengths. Furthermore, at the 
sites that were examined, water was not confined to the channel during high flows, and human-

Table 5.9. Comparison of TP and TN median annual flow-weighted mean concentrations 
among the APWP, AESA, and Nutrient BMP studies. 

Study Watershed 
TP  

(mg L-1) 
TN  

(mg L-1) 

APWPz 

TIN 0.7 4.3 

THC 0.4 2.6 

ACME 2.4 6.6 

LPT 0.5 2.6 

AESAy 
High Ag. Intensity 0.5 3.1 

Moderate Ag. Intensity 0.3 2.1 

Low Ag. Intensity 0.1 1.3 

Nutrient BMPx Indianfarm Creek 0.6 3.1 

Whelp Creek 0.7 3.6 
z Alberta Phosphorus Watershed Project (current study). 
y Alberta Environmentally Sustainable Agriculture Water Quality Monitoring Project (Lorenz et al. 2008). 
x Nutrient BMP Evaluation Project (Paterson Earth & Water Consulting Ltd. and AARD 2014). 
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caused bare ground was limited at most sites. Conversely, a number of factors detracted from the 
soil and hydrology health rating, such as a high percentage of alterations to the stream banks, 
some historic channelization, and livestock effects such as soil compaction at watering access 
points, pugging and hummocking, and livestock trailing.   

 

 

Figure 5.18. Location and RHI health categories of assessed sites in Tindastoll Creek 
Watershed.  
 

N 
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Table 5.10. Riparian health inventory summary ratings for Tindastoll Creek Watershed.  

Site 
number 
(Cows 

and Fish) 

BMP site  
 

Channel 
length (m) / 

polygon 
area (ha) 

Minimum 
riparian 

zone 
width  
(m) 

Maximum 
riparian 

zone 
width  
(m) 

Vegetative 
health 
rating  
(%) 

Soil and 
hydrology 

health 
rating  
(%) 

Overall 
health rating 

(%) 

Overall health 
description 

BMP description  
(year implemented) 

 
2015 

TIN1 T-BMP8-1 870 (3.5) 10 60 73 100 87 Healthy Riparian corridor fencing (2014) 

TIN2 n/a 970 (4.9) 25 160 80 89 82 Healthy Control (no BMPs) 

TIN3 n/a 960 (15.7) 25 385 80 63 72 Healthy, but with 
problems 

None planned at this time 

TIN4 T-BMP4-1 380 (0.8) 17 20 40 50 45 Unhealthy Riparian corridor fencing and off-
stream watering system (2014); 
Willow cuttings planted (2015) 

TIN5 n/a 410 (0.7) 12 20 77 70 73 Healthy, but with 
problems 

Control (no BMPs) 

TIN6 T-BMP1-1 140 (0.5) 28 40 73 63 68 Healthy, but with 
problems 

Riparian corridor fencing and off-
stream watering system (2015) 

2016 
TIN7 T-BMP4-4 490 (1.1) 15 40 60 30 45 Unhealthy Riparian corridor fencing and off-

stream watering system (2014); 
TIN9 T-BMP4-3 100 (0.3) 20 40 73 73 73 Healthy, but with 

problems 
Electric riparian corridor fencing, 
off-stream watering system, spruce 
seedlings planted (2015); 

TIN10 T-BMP4-2 400 (1.3) 18 40 60 63 62 Healthy, but with 
problems 

Riparian corridor fencing (2014); 
Willows, spruce, & red-dossier 
dogwood cuttings planted (2015) 

TIN11 n/a 160 (1.8) 20 200 87 80 83 Healthy None planned at this time 

TIN12 n/a 770 (3.2) 40 95 77 60 64 Healthy, but with 
problems 

None planned at this time 

Project area score (2015–2016) 71 67 69 Healthy, but with problems 

Alberta provincial average score (1996–2015) n/a n/a 70 Healthy, but with problems 
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Figure 5.19. Example of a riparian site rated as “healthy” in the Tindastoll Creek 
Watershed. Photo courtesy of Cows and Fish, Catalogue Number RHIP02TIN002. 

 

 
Figure 5.20. Example of a riparian site rated as “healthy, but with problems” in the 
Tindastoll Creek Watershed. Photo courtesy of Cows and Fish, Catalogue Number 
RHIP03TIN014. 
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Figure 5.21. Examples of a riparian site rated as “unhealthy” in the Tindastoll Creek 
Watershed. Photos courtesy of Cows and Fish, Catalogue Number (a) RHIP04TIN024 and 
(b) RHIP07TIN013. 

 
ACME Creek Watershed.  The RHI sites were a mix of native pasture and hay land used for 
livestock production. Collectively, the average health descriptor for the ACME and LPT 
Watershed riparian sites was 61%, or “Healthy, but with problems” (Table 5.11). This is lower 
than the Alberta provincial average score of 70% (1997–2015). Seven of the 12 sites, or 58% 
scored an overall “unhealthy” description, while four sites (33%) scored overall “healthy, but 
with problems” rankings. Only one site (8%) was given an overall description of “healthy” 

a 

b 
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(Figure 5.22). Examples of sites exhibiting “healthy”, “healthy, but with problems” and 
“unhealthy” ratings are shown in Figures 5.23, 5.24, and 5.25, respectively.  

 
In general, vegetative health ratings for the ACME and LPT Watershed riparian sites had 

lower health ratings than soil and hydrology health ratings (60% and 64%, respectively, Table 
5.11). Most sites were well vegetated. Grass and grass-like plants covered 87–93% of the project 
area. Shrubs made up 2–10% of the project area and forbs covered 16–30%. Only a very small 
proportion of the project area had tree cover (0.1%). Notably, existing tree communities showed 
normal amounts of dead and decadent branches in all sites, indicating sufficient moisture to 
support such communities. 

 
The sites were found to have a high presence of introduced grass species and disturbance-

caused plants, the latter of which reduced the bank integrity of the riparian zone. Six different 
invasive weed species were identified on the stretches assessed, with Canada thistle and 
perennial sow-thistle being the most prevalent species. Riparian soil compaction from livestock 
trampling and grazing and ground disturbance such as physical alteration to the sites reduced the 
soil hydrology ratings in the ACME and LPT Watershed riparian sites.   

 

 

Figure 5.22. Location and RHI health categories of assessed sites in Acme Creek (KNZ) 
and Lonepine Creek Tributary (LOY). 

N 
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Table 5.11. Riparian health inventory summary ratings for Acme Creek (KNZ) or Lonepine Creek Tributary (LOY). 

Site 
Number 
(Cows 

and Fish) 

BMP Site  
(Phosphorus 

Project) 

Channel 
Length 
(m) / 

Polygon 
Area (ha) 

Minimum 
Riparian 

Zone 
Width  

(m) 

Maximum 
Riparian 

Zone Width  
(m) 

Vegetative 
Health 
Rating 

(%) 

Soil & 
Hydrology 

Health 
Rating 

(%) 

Overall 
Health 
Rating 

(%) 

Overall Health 
Description 

BMP Description 
(Year Implemented) 

 
2015 

KNZ1 y n/a 710 (0.6) 2 20 67 30 45 Unhealthy No BMPs planned at this 
time 

KNZ2 n/a 640 (1.6) 3 30 41 37 39 Unhealthy No BMPs planned at this 
time 

KNZ3 n/a 520 (1.9) 10 65 63 100 72 Healthy, but 
with problems 

Control (No BMPs) 

KNZ4 n/a 1290 
(0.8) 

2 20 77 77 77 Healthy, but 
with problems 

No BMPs planned at this 
time 

KNZ5 A-BMP7-1 550 (1.4) 10 60 48 100 75 Healthy, but 
with problems 

Riparian fencing planned 
(2017) 

LOY1 A-BMP1-1 1950 
(1.6) 

3 48 70 40 55 Unhealthy Eroded areas 
reclaimed/secured and 
prevention methods 
implemented, cattle access 
bridges built, and temporary 
cattle exclusion fencing 
added in key areas (2015) 

 
2016 

KNZ6 A-BMP2-5 650 (2.3) 17 80 52 67 56 Unhealthy Portable watering system 
(2016) 

KNZ7 A-BMP2-4 1120 
(4.0) 

3 50 52 67 56 Unhealthy Portable watering system 
(2016) 

KNZ8z A-BMP2-2 400 (4.8) 29 230 57 
 
 
 
 
 

57 57 Unhealthy Packer well installed on 
artesian well, working water 
trough moved to higher 
ground (2015) 
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KNZ9 A-BMP5-1 1720 
(2.1) 

10 35 50 44 49 Unhealthy Permanent watering system; 
removal of SFBS and 
manure pack (2015) 

KNZ10 A-BMP5-2 1030 
(2.1) 

5 40 83 78 82 Healthy Portable watering system 
(2016) 

KNZ11 A-BMP2-6 780 (2.0) 8 50 63 67 64 Healthy, but 
with problems 

Riparian fencing (2016) 

Project area score (2015–2016) 60 64 61 
Healthy, but 
with problems   

Alberta provincial average score (1996–2015) n/a n/a 70 
Healthy, but 
with problems   

z Indicates that the site was assessed using a lentic wetland health assessment due to site characteristics.  
y Due to a difference in nomenclature, Acme Creek was named Kneehills Creek Tributary (KNZ) by Cows and Fish. 
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Figure 5.23. Example of a riparian site rated as “healthy” in the Acme Creek Watershed. 
Photo courtesy of Cows and Fish, Catalogue Number RHIP10KNZ006. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.24. Example of a riparian site rated as “healthy, but with problems” in the Acme 
Creek Watershed. Photo courtesy of Cows and Fish, Catalogue Number RHIP04KNZ04. 
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Figure 5.25. Examples of a riparian site rated as “unhealthy” in the Acme Creek 
Watershed. Photos courtesy of Cows and Fish, Catalogue Number (a) RHIP01KNZ007, on 
right; and (b) RHIP01KNZ009. 
 
5.3 BMP Assessment 
 
5.3.1 Trend Analysis   
 
     No trends were detected in the differences between nutrient concentrations at treatment 
watershed outlets and their respective control sites (Table 5.12). Trends were detected in two 
instances in the analysis of water quality at individual sites, however. First, a positive trend in TP 
with time was detected at THC-1 (tau = 0.45, p = 0.041). Second, a negative trend in TN with 
time was detected at ACME-1 (tau = -0.67, p = 0.001). 
 
     The results of the SK trend analyses indicate that at this point in the study, there was little 
evidence to suggest that BMPs have elicited an overall effect on water quality improvement in 
the treatment watersheds. Notably however, the significant negative trend in TN concentrations 
at ACME-1, and the absence of a significant trend at its control site LPT-1, although not 
accompanied by a significant negative trend in the differences between ACME-1 and LTP-1, 
does provide some indication that the implementation of BMPs could be lowering TN 
concentrations with time at ACME-1. Similarly, the significant positive trend in TP at THC-1—
the control watershed for TIN––accompanied by no significant trend at TIN-1, although not 
accompanied by a significant trend in the differences between TIN-1 and THC-1, suggest that 
BMPs in the TIN Watershed may have prevented an increase in TP with time. However, these 
two significant trend comparisons are very preliminary to suggest a possible BMP effect given 
that there are only 5 yr of data for the treatment watersheds, and only 4 yr of data for the control 
watersheds.  
 
     Total phosphorus and TN concentrations were not significantly different between TIN-1 and 
TIN-8; whereas, TDP was significantly less by about 19% at TIN-8 (Figure 5.26). It is possible 
that TDP was taken up by aquatic and riparian plants along the stretch of the creek between TIN-

a b 



  

121 
 

1 and TIN-8. The concentrations of these three parameters at THC-1 were significantly less by 
24 to 66% compared to TIN-1 and TIN-8. The effect of year was significant for TP and TDP, 
indicating that concentrations were higher in 2017 than 2016. For TN, the effect of year was not 
significant. For all three parameters, the interaction between year and site was not significant, 
indicating the difference in concentrations between sites was consistent with time (Figure 5.26). 
 
  
Table 5.12. Results of Seasonal Kendall Trend Analysis. 

Site Parameter n 
z (test 

statistic) 
df p Tau 

ACME-1 

TP 

27 -1.5 5 0.15 -0.23 
LPT-1 22 -0.3 4 0.75 -0.12 
ACME-1 LPT-1 Differencez 22 0.6 4 0.52 0.23 
TIN-1 25 0.9 5 0.39 0.20 
THC-1 23 2.0 5  0.04y 0.45 
TIN-1 THC-1 Differencez 20 1.4 5 0.17 0.40 
ACME-1 

TDP 

27 -1.5 5 0.15 -0.23 
LPT-1 22 -0.3 4 0.75 -0.12 
ACME-1 LPT-1 Differencez 22 1.3 4 0.20 0.37 
TIN-1 25 1.1 5 0.27 0.24 
THC-1 23 1.8 5 0.08 0.39 
TIN-1 THC-1 Differencez 20 1.4 5 0.17 0.40 
ACME-1 

TN 

27 -3.3 5 0.00y -0.67 
LPT-1 22 0.0 4 1.00 -0.05 
ACME-1 LPT-1 Differencez 22 -1.9 4 0.05 -0.44 
TIN-1 25 -0.5 5 0.62 -0.13 
THC-1 23 1.8 5 0.08 0.36 
TIN-1 THC-1 Differencez 20 0.0 5 1.00 0.10 
z Differences between mean monthly concentrations of treatment and control outlets. 
y Statistically significant trends (p <0.05). 

 
 
     These results show that for TN and TP, TIN-1 and TIN-8 were statistically the same, 
indicating that for these two parameters it could be appropriate to consider data from TIN-1 and 
TIN-8 as interchangeable. However, this was not the case for TDP, which was significantly less 
at TIN-8. Therefore, the TDP values for TIN-1 may need to be adjusted in order to be combined 
with the TIN-8 TDP dataset.  
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Figure 5.26. Results of generalized linear mixed models assessing the equivalence of TIN-1 
and TIN-8 for (a) TP, (b) TDP, and (c) TN concentrations. Least squares means and their 
95% confidence intervals are presented. Grouping is symbolized by different letters and 
indicates which levels of an effect are significantly different (p <0.05) from one another. 
Year is not presented for TN because the effect of year was not significant. 
      
5.3.2 Cumulative Effects of BMPs on Reducing P Loss  
           
     The third objective of this study is to evaluate the cumulative effects of BMPs on reducing P 
loss at the watershed scale in the TIN and ACME (treatment) Watersheds. At the time of this 
report, however, such a comprehensive evaluation could not be performed due to a lack of data. 
Only 4 yr of water quality data are available, and BMPs have only been implemented for 1 or 2 
yr, meaning there are at most only 2 yr of post-BMP data available. Generally speaking, water 
quality results from the TIN and ACME Watersheds, when compared to nearby control 
watersheds (i.e., no BMP implementation), have not shown any improvements in water quality at 
the outlets to date.  
 
     In Alberta, the Nutrient BMP Evaluation Project found that water quality in some agricultural 
watersheds improved at the edge-of-field scale after BMPs were implemented, but there were no 
improvements at the watershed outlets (Paterson Earth & Water Consulting Ltd. and AARD 
2014). The Nutrient BMP Evaluation Project also suggests that the location and scale of water 
quality measurements is important when evaluating the efficacy of BMPs—measuring water 
quality at the edge-of-field scale improves the likelihood of observing improvements in water 
quality. However, these small-scale improvements are often masked or negligible at the outlet 
due to contributions from the upstream area (Paterson Earth & Water Consulting Ltd. and AARD 

a b 

c 
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2014). Simply stated, the upstream effect and variability is more dominant than any cumulative 
effect of a single BMP as measured at the outlet. This is likely true for the treatment watersheds 
at the current stage of our study. 
 
     Others have recognize that the cumulative effects of multiple BMPs at the watershed scale, as 
evidenced by a reduction in concentration of nutrients at the watershed outlet, can be difficult to 
detect in the short term, and possibly can take up to several decades to observe (Schilling and 
Spooner 2006, Stuart et al. 2010). Schilling and Spooner (2006) evaluated the response of stream 
nitrate to land cover changes in agricultural (cropland) areas, and found it took more than 3 yr 
before nitrate concentrations were significantly reduced. The authors also argue that lag times in 
water quality improvements are rarely less than several years. 
 
     An additional challenge to assessing water quality for this study is there are no Alberta-
specific water quality PAL guidelines for TP and TN. Instead, a narrative statement is provided 
for PAL that recommends TN and TP be maintained, and site-specific nutrient objectives should 
be developed (GOA 2018b). However, there are numerical guidelines for NO3-N plus NO2-N 
(100 mg L-1) and NO2-N (10 mg L-1) for watering livestock. 
 
5.3.3 Critical Assessment of BMP Implementation  
 
     The fact that BMPs have been implemented on 8% or less of the total area of the treatment 
watersheds (Table 4.8) warrants a closer examination. Notably, the Nutrient BMP Evaluation 
Project had similar findings. In the IFC and WHC Watersheds, less than 5% of the watersheds 
had BMPs implemented, and while water quality improvement was evident at the edge-of-field 
scale, there were no measureable improvements at the outlets after 2 to 4 yr of BMP 
implementation (Paterson Earth & Water Consulting Ltd. and AARD 2014). The Nutrient BMP 
Evaluation Project included a modelling exercise, which found similar results to the field study 
in that implemented BMPs reduced TP by 50% at the field scale, and only about 1% at the 
watershed scale (Jedrych et al. 2014a). The modelling exercise also explored two alternate 
scenarios and evaluated the predicted effects on water quality for a 30-yr timeframe in both 
watersheds. The scenarios were run using representative farms in the watersheds, and these were 
determined by producer surveys that inquired about field operations, yields, sales, and purchases. 
It should be noted that the surveyed farms were not an exact replication of the farms in each 
watershed, but did reflect the diversity of operations in the two watersheds, and this aided in 
simulating and predicting watershed-wide adoption of BMPs in each watershed. The two 
alternate scenarios (Scenario 4 and Scenario 5, Jedrych et al. 2014a) each included AOPA 
regulations plus one other suite of management practices (i.e., cow-calf management, P-limits 
guidelines, riparian management), which differed among the two watersheds to reflect targeted 
concerns specific to each (Jedrych et al. 2014a). For Scenario 4 at the IFC outlet, the model 
predicted decreases in TSS and TP at 25% and 48%, respectively, after 30 yr. Similarly, Scenario 
5 predicted decreases in TSS and TP at 25% and 49%, respectively, after 30 yr. For scenario 4 at 
the WHC Sub-watershed outlet, the model predicted decreases in TSS and TP at 0.5% and 16%, 
respectively, after 30 yr. Scenario 5 predicted decreases in TSS and TP at 45% and 56%, 
respectively, after 30 yr (Jedrych et al. 2014a). Further details on alternate scenarios are in 
Jedrych et al. (2014a). This modelling exercise demonstrates that wide-spread implementation of 
BMPs throughout a watershed may result in measurable improvements in water quality. Because 
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the TIN and ACME Watersheds are similar in size and agricultural intensity to IFC and WHC 
Watersheds, it is reasonable to assume that with extensive adoption of BMPs throughout the 
watersheds, improvements in water quality at the TIN and ACME outlets may be evident after 
several years.  
 
     However, as discussed in Section 4.4, only about 4% of the TIN Watershed and about 3% of 
the ACME Watershed met the criteria for the most effective BMPs (Tables 4.7 and 4.8). 
Therefore, it is likely that not enough BMPs have been implemented, and not enough years of 
monitoring have been conducted, to see an improvement in water quality. Moreover, while the 
study watersheds were chosen based on specific criteria for livestock intensity and manure 
production (Section 2.1), it is likely that much of the land in the treatment watersheds is not at 
high risk for P loss. An excellent example of this, as mentioned in Section 4.2.1, is the fact that 
three producers in the TIN Watershed did not pursue implementation of any BMPs because the 
APMT assessed these producers’ land as low risk for P loss, and thus did not suggest any major 
BMPs (Table 4.1).  
 
     The highest proportions of the high-risk ratings in each watershed were attributed to the 
livestock management category at 100% and 77% of all APMT assessments in the TIN and 
ACME Watersheds, respectively (Table 4.3). The APMT includes ‘cattle have direct access to 
the creek’ as a factor for P loss risk, so any quarter sections used for livestock that have a creek 
running through it—and thus contain riparian area—without any means of livestock exclusion 
will automatically be assigned a high-risk rating for P loss. This explains why 100% of the 
watershed area with a high-risk rating for livestock management in the TIN Watershed was 
along the creek, even though that area accounted for only 9% of the total watershed area and 
14% of the creek or riparian area (Table 4.8). Though 100% of the livestock management 
category assessments were high risk, they account for a very low proportion of the total area of 
the TIN Watershed. 
 
     As well, the main land use in the TIN and ACME Watersheds is cropland (Section 2), so even 
though livestock management accounted for the majority of high-risk ratings, this type of land 
use is not necessarily representative of the entire land base of the treatment watersheds. The risk 
ratings for cropping and yard/manure management were largely evenly distributed throughout 
the land that was assessed.  
 
5.4 General Findings 
 
     Beneficial management practices were not implemented in the treatment watersheds until 
2015, so water quality improvement as a result of BMPs would not be expected until 2016 at the 
earliest. Moreover, even if improvements in water quality were observed in 2016 and 2017, 2 yr 
of water quality data post-BMP implementation are not enough for a thorough trend analysis or 
to determine if improvements in water quality were a result of BMPs. The overall findings and 
some general inferences to date are: 
 

 The highest flows occurred in 2014. 
 The lowest flows occurred in 2016 due to a smaller snowmelt peak as a result of a 

smaller snowpack, warmer temperatures, and dry conditions in summer 2015. 
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 A SK Trend Analysis found a positive trend in TP in the THC Sub-Watershed and a 
negative trend in TN in the ACME Watershed, suggesting that BMPs may have elicited 
an improvement in water quality, but this evidence is too preliminary to conclude that the 
implemented BMPs improved water quality. 

 The lack of a measureable BMP effect on improving water quality is likely due to several 
factors, including the small proportion of the watershed areas that received BMP 
implementation (4% and 3% of the total areas of the TIN and ACME Watersheds, 
respectively), and the short span of time that BMPs have been implemented (2–3 yr). 
Also, about half of the land assessed was at high risk for P loss (TIN = 41%, ACME = 
64%).  

 Nutrient concentrations were generally higher in the treatment watersheds than in the 
control watersheds. 

 The ON fraction of TN was higher than the DIN fraction in all watersheds in all years, 
but ON fractions were higher in the control watersheds than the treatment watersheds. 

 The TDP fraction of TP was higher than the PP fraction in all watersheds in all years. 
 Compared to previous watershed studies in Alberta, ACME has higher mean TP and TN 

concentrations than IFC and WHC Watersheds, while ACME and TIN had higher median 
FWMC for TP and TN than the AESA high agricultural intensity watersheds. 

 The study will require more BMPs to be implemented on a larger area of land to have a 
measureable effect on improving water quality. 

 Six more years of data collection are needed to reach the ideal requirement of 10 yr of 
data for a robust trend analysis, and to properly assess cumulative BMP effects at the 
watershed outlets.



  

126 
 

SECTION 6 MODELLING 
 
6.1 Environmental Watershed Modelling  

 
Critical source areas are commonly defined as areas in a watershed that contribute 

disproportionate pollutant loads, which are affected by soil type, land use, management, slope, 
location on the landscape, and proximity to streams, and are ideal locations for conservation 
efforts to reduce nutrient loss (White et al. 2009). Some studies indicate that a relatively small 
portion of a watershed area (i.e., CSAs) can produce the majority of total suspended sediments 
and nutrient loads (Meals and Budd 1998, Pionke et al. 2000). Further, identifying areas that are 
prone to generating high runoff and transporting nutrients, or more appropriately termed critical 
surface runoff areas, is essential for effective implementation of BMPs. This type of CSA is 
subject to the interaction of hydrological processes such as surface flow, infiltration excess 
flow, and saturation excess flow occurring in a watershed. Similarly, certain areas in a 
watershed may be more prone to flooding (critical flood areas), which can also contribute 
nutrients to a stream, particularly if a nutrient source is in a low-lying area that floods, such as a 
grazing pasture. Flooding occurs when the amount of water exceeds the channel’s flow 
capacity. Researchers use different models and methods to simulate these processes and to 
establish threshold values in order to identify critical surface runoff and flooding areas 
(O’Donnell et al. 2011, Mudgal et al. 2012).  

 
Direct evaluation of BMP effects through extensive field monitoring is often expensive and 

difficult. Alternatively, the use of comprehensive models can be effective in predicting the 
effects of BMPs on water quality. Moreover, modelling the effects of BMPs in a wide range of 
field conditions can inform land managers and producers about BMPs that are most conducive 
to mitigating their operation’s P loss. For example, the Soil and Water Assessment Tool 
(SWAT) and Agricultural Policy/Environmental eXtender (APEX) models have the capacity to 
assess effects of BMPs on environmental processes such as stream flow and the concentration 
of sediments, nutrients, or pesticides in runoff at the field and watershed scales (Williams 1995, 
Gassman 1997, Arnold et al. 1998, Renaud et al. 2006). Additionally, the Farm-level Economic 
Model (FEM) has been used to assess BMP effects on farm income (Osei et al. 2000a). These 
models are often integrated into the modelling systems (frameworks) that enable simultaneous 
evaluation of environmental and economic effects of implemented BMPS.  
 
6.2 Methods 
 
6.2.1 Modelling Methods 
 

The Comprehensive Economic and Environmental Optimization Tool (CEEOT) framework 
is an integrated modelling system (Osei et al. 2000b), and was selected for the modelling 
portion of the study. The framework enables interfacing among three separate computer models: 
SWAT, APEX, and FEM. The SWAT and APEX models are integrated into the SWAT-APEX 
Interface Program (SWAPP) module in CEEOT. The main advantages of CEEOT is that it can 
predict long-term environmental and economic effects under a variety of BMP scenarios at field 
and watershed scales. Previous applications of CEEOT in Alberta (Jedrych et al. 2014a,b) 
showed good performance in Alberta conditions. For this report, SWAT was used to simulate 
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surface runoff potential to identify areas that contribute the most runoff within the TIN and 
ACME Watersheds. 

 
The System for Automated Geoscientific Analyses (SAGA) is an open source GIS software 

that enables effective implementation of spatial algorithms (Conrad et al. 2015). The SAGA 
system includes a comprehensive set of modules that uses digital elevation model (DEM) data 
to perform terrain analysis related to hydrology, channel network, and other landscape 
characteristics. In this project, SAGA was used to calculate the Terrain Classification Index for 
Lowlands (TCILow) (Bock et al. 2007). The TCILow uses the altitude of calculated streamlines 
and wetness index values (Montgomery and Dietrich 1994) to indicate borders of floodplains or 
terraces (i.e., areas prone to flooding).  
 
Development of Model Input Data.  Canadian Digital Surface Model 23.2-m resolution DEM 
data were obtained in 2013. The Canadian Digital Surface Model, provided by Natural 
Resources Canada, is derived from the 30-m digital surface model. Additionally, in 2016, Light 
Detection and Ranging (LiDAR) data of 15-m and 1-m resolutions were acquired for the TIN 
and ACME Watersheds, respectively.  

 
The Agricultural Region of Alberta Soil Inventory Database (AGRASID) was used to define 

soils information in each watershed (Alberta Soil Information Centre 2001). The AGRASID 
describes the distribution of soils within the agricultural areas of Alberta at a scale of 1:100,000 
with 28,366 soil polygons and 2154 soil series. Each soil polygon provides information on the 
proportional distribution of dominate and co-dominate soil series. For this study, only dominate 
soil series were selected because the location of co-dominate soil series were not defined within 
polygons. In the database, each soil series profile has a list of soil properties for up to nine 
layers to a maximum depth of 2 m. 

 
The SWAT climate input files required daily precipitation, maximum and minimum 

temperatures, solar radiation, wind speed, and relative humidity data. Historical data from 1980 
to 2016 were estimated for all townships enclosed within the study watersheds using the 
observed data from adjacent climate stations available at the ACIS website and an extrapolation 
procedure developed by ACIS (2014). The 31-yr (1985–2016) average total precipitation is 503 
mm and 402 mm for the TIN and ACME Watersheds, respectively. Comparatively, the 55-yr 
(1961–2016) precipitation averages at the weather stations closest to the TIN and ACME 
Watersheds are 488 mm (Table 2.2) and 389 mm, respectively (Table 2.7). 

 
As of November 2017, 4 yr (2014–2017) of flow and water quality data had been collected 

from the outlets of the TIN and ACME Watersheds. In addition, 10 yr (1986–1995) of flow data 
were available from the Water Survey of Canada (WSC) hydrometric station 05CC012 located 
at the the TIN-1 site. The 2015–2017 flow measurements at the TIN Watershed were not 
sufficiently accurate for modelling due to the construction of a large beaver dam downstream of 
Station TIN-1. Thus, the 1986–1995 WSC data were used as model inputs for the TIN 
Watershed instead. 

 
The field-scale polygon land-use boundaries were delineated in each watershed using the 

high-resolution “Valtus Imagery” data and the 2010 Agriculture and Agri-Food Canada land 
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cover data. In addition, the land-use types were assigned to each polygon based on the 2013 
field survey completed with the AgCapture program. The livestock data primarily derived from 
the AgCapture program were validated with the NRCB data available for the study area. Based 
on the above-mentioned data, the characteristic of representative farms were established for the 
two watersheds to serve as the basis for the SWAPP simulations and for a future economic 
analysis with FEM (Table 6.1). The TIN Watershed was mapped into 12 representative farms: 
two crop (C), six mixed (M), three beef (B), and one dairy (D). The ACME Watershed was 
mapped into 10 representative farms: three crop, four mixed, two beef, and one dairy. Despite 
having greater diversity in terms of farm types, farm sizes of the TIN Watershed were smaller 
than in the ACME Watershed. The mixed farms in the TIN and ACME Watersheds were 
combinations of beef and dairy cattle, pigs, grain crops, and pasture crops. Farms were assigned 
a letter, depending on the farm type, and a number depending when the farm type was analyzed. 
For example, in the ACME Watershed, farm type C2 refers to the second cropped farm 
analyzed.  
 
Table 6.1. Description of baseline representative farms by farm characteristics.  

Farm type 
Area allocated to crops 

 (ha) 
Area allocated to pasture 

 (ha) 
Number of animals 

Tindastoll Watershed 
C1 z 2,112 103 - 
C2 2,623 237 1,670 pigs 
M1 y 2,053 600 - 
M2 1,849 1,156 - 
M3 1,750 903 1,600 cows 
M4 1,756 584 300 pigs 
M5 2,616 454 - 
M6 1,299 592 - 
B1 x 2,047 2,098 150 dairy cows 
B2 1,831 321 3,150 pigs 
B3 2,692 1,426 160 dairy cows 
D1 w 374 871 101 dairy cows 

Acme Watershed 
C1 2,466 204 20 cows 
C2 2,552 386 35 cows  
C3 3,200 236 1,140 cows  
M1 2,556 526 - 
M2 3,144 765 80 cows 
M3 2,408 489 - 
M4 2,500 542 2,000 pigs; 2,335 cows 
B1 1,929 2,799 1,319 cows 
B2 2,552 632 30 cows 
D1 1,449 715 - 

z Crop 
y Mixed 
x Beef 
w Dairy 
 

For the TIN Watershed, the largest representative farm, B1, allocated 2,047 ha to crops and 
2,098 ha to pasture, while the largest number of livestock was for farm B2 with 3,125 pigs. 
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Notably, in the ACME Watershed, the largest mixed farm, M2 allocated 3,144 ha to grains and 
765 ha to pasture. Farm M4 had the largest number of livestock with 2,000 pigs and 2,335 
cows. The SWAT land management input files were prepared in consultation with local crop 
specialists who provided information on typical crop rotations, manure and fertilizer rates, 
tillage intensities, and characteristics of representative farms in each watershed. 

 
Watershed Configuration for SWAT Simulation.  The TIN and ACME Watersheds were 
delineated using the ArcSWAT interface (Winchell et al. 2007) and the 23.2-m DEM data. The 
TIN Watershed area was subdivided into 36 sub-basins ranging from 220 to 537 ha. The 
hydrologic response unit (HRU) defines land use, soil, and slope characteristics within the sub-
basin and it is the smallest spatial unit in SWAT. Hydrologic response units are defined by 
combining all similar land uses, soils, and slope polygons based upon user-defined threshold 
levels. In the TIN Watershed, 441 HRUs were identified based on the 3, 9, and 20% polygon-
area threshold values for similar land use, soil, and slope, respectively. It should be noted that at 
the time of this work, TIN-1 was chosen as the outlet site. Beaver activity in 2015 and 2016 
forced the relocation of the outlet site further downstream of Station TIN-1 (TIN-8). This 
changed the watershed boundary shape and size, as described in Section 2.1. The modelling 
methods described here used the former watershed boundary. The new watershed boundary will 
be used in subsequent modelling in this study. The ACME Watershed area was subdivided into 
42 sub-basins ranging from 158 to 512 ha. In total, 284 HRUs were identified based on the 3, 9, 
and 20% polygon-area thresholds values for similar land use, soil, and slope, respectively. 

 
SWAT Flow Calibration.  In this study, SWAT flow calibrations were conducted by running 
the model on a daily basis from 1980 to 1995 and from 2008 to 2016 for the TIN and ACME 
Watersheds, respectively. A warm-up, or equilibration, period was used for this model. 
Generally speaking, a warm-up period is the time necessary for the model to reach a steady 
state, and mimic the actual system. In this model, the first 6 yr (1980–1985 and 2008–2014) of 
simulations were considered warm-up periods for both watershed models in order to (i) enable 
recalculation of default input values that were used in models to characterize initial watershed 
soil and land use conditions, (ii) reduce the effect of these initial parameter values on model 
outputs, and (iii) achieve relatively stable predictions of the management practices being 
simulated. Accordingly, the first 6 yr of model output were not included in model calibration. In 
the study, 10 yr (1986–1995 from WSC) and 3 yr (2014–2016) of water flow data were used to 
calibrate SWAT performance at the TIN and ACME Watersheds, respectively. 
 

During calibration, the mean monthly SWAT simulated flow rates were compared to the 
Tindastoll Creek and Acme Creek monthly measured values. Two statistical methods, the 
coefficient of determination (R2) and the Nash and Sutcliffe coefficient (E) (Nash and Sutcliffe 
1970), were used to evaluate the performance of the SWAPP module. The R2 evaluates how 
well the differences in observed values can be explained by differences in the predicted values 
(Equation 6.1). The R2 ranges from 0 to 1, where 0 indicates no correlation and 1 indicates a 
perfect correlation. The E coefficient measures how well the distribution of observed and 
predicted values fit along the 1:1 line (Equation 6.2). It ranges from -∞ to 1, and a value of one 
indicates perfect agreement between the predicted and observed values. An E value of zero 
indicates that the predicted values are as accurate as the mean of the observed data. 
Furthermore, when E is less than zero, it indicates that the model predictions are worse than 
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using the observed mean. In this study, a R2 > 0.6 and E > 0.5 were considered indicative of a 
satisfactory calibration. 
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where: n = the number of observations 

Oi = observed mean monthly values (m3 s-1) 
Pi = predicted mean monthly values (m3 s-1) 
Ō = mean of Oi (m3 s-1) 
P  = mean of Pi (m3 s-1) 

 
6.3 Results and Discussion 
 
6.3.1 SWAT Flow Calibration Results 
 
     As mentioned, SWAT calibrations were based on typical land management practices that 
were provided by crop specialists for the study areas. Manual calibrations were conducted until 
the comparisons between observed and predicted monthly flow values at the outlets of the TIN 
and ACME Watersheds showed high correlation. Ultimately, the estimated R2 and E values 
were 0.73 and 0.70, respectively, for the TIN Watershed (Figure 6.1), and 0.83 and 0.82, 
respectively, for the ACME Watershed (Figure 6.2). These results provided some confidence in 
the SWAT predicted flow values. However, the SWAT prediction of sediment and nutrient 
export will require further calibration, and it will need to take into account different manure and 
fertilizer rates and different livestock management practices within each watershed. 
 
6.3.2 Critical Surface Flow and Flooding Analyses 
 
Surface Runoff Potential. The preliminary SWAT simulations indicate that the average annual 
runoff depth was 36 mm for the TIN Watershed and it ranged from 21 to 54 mm among the 36 
sub-watersheds (Table 6.2). Three runoff potential classifications were created: low, medium, 
and high (Table 6.2). In the TIN Watershed, 28% of the watershed area was classified as low for 
runoff potential, 54% was classified as medium, and 17% of the watershed area was rated as 
high. In general, runoff potential was higher in sub-watersheds that had a larger proportion of 
annual crops, impermeable soils (roads and farmsteads), and steeper slopes. The highest runoff 
potential was predicted in seven sub-watersheds: Sub-watersheds 2, 5, 6, 14, 21, 24, and 33 
(Figure 6.3). 
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Figure 6.1. Tindastoll Watershed monthly flow calibration at the outlet from June 1986 to 
October 1995. 
 

 
Figure 6.2. Acme Watershed monthly flow calibration at the outlet from January 2014 to 
November 2016. 
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Table 6.2. Runoff potential statistics determined in SWAT for the Tindastoll Creek 
Watershed. 

Runoff potential 
Sum of area Range of runoff depth (mm) Area 

(ha) Minimum Maximum (%) 

Low 3,988 21 32 28 

Medium 7,652 >32 43 54 

High 2,406 >43 54 17 

Total  14,045     100 

 
 

 
Figure 6.3. Sub-watershed scale runoff depth map of the Tindastoll Creek Watershed. 
Sub-basins in red indicate that these areas contribute the most runoff to the creek. 
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     The annual average runoff depth was 10 mm in the ACME Watershed. The lower runoff 
potential is related to lower (about 100 mm lower) average annual precipitation in the ACME 
Watershed compared to the TIN Watershed. Average annual runoff potential in the ACME 
Watershed ranged from 3 to 19 mm among 42 sub-watersheds (Table 6.3), which was much 
lower than TIN (19 to 54 mm, Table 6.2). In ACME, 42% of the watershed area was classified 
as low runoff potential, 39% was classified as medium runoff potential, and about 19% of the 
watershed was rated as high runoff potential. Similar to the TIN Watershed, runoff potential 
was higher in sub-watersheds that had a larger proportion of annual crops, impermeable soils, 
and steeper slopes. The highest runoff potential occurred in sub-watersheds 6, 17, 30, 31, 35, 
39, and 41 (Figure 6.4), which indicate the areas that contribute the most runoff to the stream.  
 
Table 6.3. Runoff potential statistics determined in SWAT for the Acme Creek 
Watershed. 

Runoff potential 
Sum of area 

(ha) 
Range of runoff depth (mm) Area  

(%) Minimum Maximum 
Low 5,668 3 9 42 
Medium 5,255 >9 14 39 
High 2,530 >14 19 19 

Total 13,453   100 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.4. Sub-watershed scale runoff depth map of the Acme Creek Watershed. Sub-
basins in red indicate that these areas contribute the most runoff to the creek. 
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     Interestingly, SWAT computer modelling of runoff potential indicated that the TIN 
Watershed is at much higher risk for runoff, and therefore had a much higher baseline risk for P 
loss from the landscape through runoff than the ACME Watershed (Tables 6.2 and 6.3, 
respectively). In addition, the proportion of watershed area for high runoff potential is predicted 
to be similar in both watersheds. But what was classified as high runoff potential varied with 
each watershed. For the TIN Watershed, these values ranged from 43 to 54 mm, while the 
ACME Watershed values ranged from 14 to 19 mm. 
 
Flooding Risk.  The TCILow values of local streams were calculated using 15 m and 5 m 
(derived from 1 m) DEM for the TIN and ACME Watersheds, respectively (Figures 6.5 and 
6.6). The upslope areas (next to stream banks) from the calculated streamlines have a sudden 
increase of the TCILow value from 0.9 to 1.0 that indicates a floodplain. The highest flooding-
risk occurs in the areas where the TCILow values are larger than 0.9 and coincide with the 
streamlines that concentrate large amounts of flow from the upstream area.  
 
     The SAGA terrain analyses of the TIN Watershed DEM data identified the highest flooding-
risks in three zones: two in the north-central and one in the southwest portion of the TIN 
Watershed, shown in dark blue in Figure 6.5. According to the APMT assessments, the most 
common source of livestock management risk in the TIN Watershed was flooding, and the 
majority of the high risk ratings for the livestock management category appear to fall within 
these three zones (Section 4, Figure 4.6). 
 
     The terrain analysis in the ACME Watershed identified only one zone of high flooding-risk, 
located in the northeast portion of the watershed near the outlet, also in dark blue (Figure 6.6). 
However, only a few of the livestock management high risk quarter sections were located in this 
zone. 
 
     Surface runoff potential and flooding risk, as modelled in this study, account for different 
transport mechanisms by which nutrients are moved from the land to receiving flowing bodies 
of water. As such, the main commonality between the two processes is that they are often 
located along streams. In this study, efforts were focused on assessing the land along the 
streams and tributaries in order to capture the P loss risk from both critical surface runoff and 
critical flood areas, rather than focusing on these areas individually. The assessments from the 
APMT focus questions to producers about factors that affect the presence, accumulation, and 
release of P as well as observations about flooding and surface runoff. The modelling provides a 
calculated potential for P loss risk, while the APMT provides information based on 
observations. A benefit to doing both is that the end results can be cross-referenced and 
validated in order to provide a strong final assessment of the areas at greatest risk for P loss, and 
focus on implementing BMPs in such areas. 
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Figure 6.5. Map of Terrain Classification Index for lowlands (TCIlow) overlaid with 
streamlines for the Tindastoll Watershed. The hillshading layer provides a 3-dimensional 
effect when overlaid with the TCI layer. Areas with high flood risk (>0.9) are shown in 
dark blue. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.6. Map of Terrain Classification Index for lowlands (TCIlow) overlaid with 
streamlines shading for the ACME Watershed. The hillshading layer provides a 3-
dimensional effect when overlaid with the TCI layer. Areas with high flood risk (>0.9) are 
shown in dark blue.  
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SECTION 7 SUMMARY AND FUTURE WORK 
 
7.1 Summary 
 
     The Alberta Phosphorus Watershed Project builds on previous Alberta-specific research and 
aims to evaluate the cumulative effects of BMPs on reducing P loss at the watershed scale. This 
progress report provides a detailed analysis of the work done from 2013 to 2017. 
 
          This study utilizes a paired watershed design. Two treatment watersheds (Tindastoll 
Creek and Acme Creek) and two control watersheds (Threehills Creek and Lonepine Creek) 
were chosen. The primary land use in all four watersheds was annual cropping (mostly wheat, 
canola, and barley) with a significant amount of pasture and hay land production. In the TIN 
Watershed, small beef feedlots, a hog operation, and several dairies were observed, and in the 
ACME Watershed, large cattle feedlots, a lamb feedlot, and a hog facility were observed. In 
addition, all four watersheds have cow-calf operations.  
 
     The APMT is a risk assessment tool designed to help producers identify their greatest risk 
for P loss and minimize that risk by suggesting BMPs targeted to producers’ operations and 
answers to survey questions. The tool determines risk based on the user’s responses to a series 
of questions. It was developed using key elements of existing Government of Alberta nutrient 
management resources (Section 3). The APMT was developed in 3 yr, with many changes to 
the design and content. The APMT was tested in this study with producers to identify where 
their highest risks for P loss exist and to propose BMPs to minimize those risks. The tool was 
finalized in March 2017 and meets the first objective of this study. It is also one of the project’s 
major deliverables. Though the anticipated time it would take to develop and finalize the tool 
was underestimated, the time and effort put in to developing the APMT has resulted in a strong, 
robust tool for producers to assess their P loss risk. At the time of this report, 22% and 17% of 
the land within the TIN and ACME Watersheds, respectively, had been assessed using the tool. 
 

The second year of data collection in the treatment watersheds and first year of data 
collection in the control watersheds was completed in 2014. Data collected included weather, 
land cover, water flow, water quality, on-farm management information, and riparian health 
assessments. Generally speaking, 2015 and 2017 were dry years. Lower annual precipitation 
was observed in most watersheds in 2015 and 2017, while higher annual temperatures were 
observed in 2014 and 2016. The wettest year for the treatment watersheds was 2016, as 
observed by high annual precipitation values; whereas, the highest annual precipitation for the 
THC Sub-watershed was observed in 2014, and in 2015 for the LPT Watershed. 
   
     In the early part of this study, one of the goals was to implement as many BMPs as possible, 
and as soon as possible, with a focus on the land adjacent to the creek. It was recognized that 
this goal could not be met as quickly as intended because the project team encountered several 
challenges with producer engagement. It became evident that the time it would take to 
implement BMPs was governed by the availability of the producers. Producer cooperation and 
participation were essential to the success of the project, and the time it took to develop 
relationships and build trust with producers was more gradual than expected. 
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The study included a modelling component, which identified areas in the treatment 
watersheds with the highest runoff potential and areas prone to flooding. The SWAT 
simulations indicated that the average annual runoff depths were higher in the TIN Watershed 
(ranged from 15 to 68 mm) than in the ACME Watershed (ranged from 5 to 24 mm). Snowmelt 
peak flows were generally higher than during the rainfall runoff season in all four watersheds. 
In the TIN Watershed, the SAGA terrain analysis identified three zones of high flooding-risk, 
and one zone of high flooding-risk in the ACME Watershed. 

 
The control watersheds had higher annual flow in 2014 than the treatment watersheds. 

Threehills Creek had the highest annual flow and Acme Creek had the lowest flow in 2014. 
Average water quality parameter concentrations were generally higher in snowmelt runoff than 
in rainfall runoff in all four watersheds. Concentrations of TN and TP in Tindastoll and 
Threehills Creeks were within the expected range for other Central Parkland watersheds; 
however, concentrations in Acme Creek were higher than the expected range for other foothills 
fescue watersheds.  
  
7.2 Overall Findings 
 
     At this stage of the study, 4 yr of water quality data have been collected. Ideally, a minimum 
of six more years of data are required for a robust analysis to determine if implemented BMPs 
elicited a measurable improvement in water quality in the treatment watersheds compared to the 
control watersheds. Several other findings were realized in the first 5 yr of this study: 
 

 Approximately 22 and 17% of the TIN and ACME Watersheds, respectively, have been 
assessed using the APMT. 

 In the TIN and ACME Watersheds, approximately 4 and 3%, respectively, of the land 
along the creek and tributaries with a high-risk rating had BMPs with an expected 
immediate effect for reducing P loss implemented. Approximately 5 and 8% of the total 
TIN and ACME Watershed areas, respectively, have been implemented with BMPs.  

 Results of the APMT assessments in the TIN Watershed show that less than half (41%) 
of the land assessed was of high risk for P loss, while the results of the assessments in 
the ACME Watershed show that more than half (64%) of the land that was assessed was 
of high risk for P loss.  

 The livestock management category had the highest number of BMPs implemented in 
both treatment watersheds, specifically off-stream watering and livestock exclusion 
fencing. 

 Twenty-six out of 32 BMPs (81% adoption rate) recommended for TIN were 
implemented, and 34 out of 51 BMPs (67% adoption rate) recommended for ACME 
were implemented, not including soil testing as a BMP. 

 Compared to the high agricultural intensity watershed category reported in the AESA 
study, the median annual flow-weighted mean concentrations of TP and TN in the TIN 
Watershed were similar to the AESA values, and nearly five and 2.5 times higher than 
the AESA values, respectively, in the ACME Watershed. 

 Higher proportions of TDP compared to PP were observed in all watersheds in all years. 
 Higher proportions of ON compared to DIN were observed in all watersheds in all years. 



  

138 
 

 Nutrient concentrations were generally higher in the treatment watersheds than in the 
control watersheds. 

 The ON fraction of TN was higher than the DIN fraction in all watersheds in all years, 
but ON fractions were higher in the control watersheds than the treatment watersheds. 

 The TDP fraction of TP was higher than the PP fraction in all watersheds in all years 
 A SK Trend Analysis found little evidence that the implementation of BMPs improved 

water quality in the two treatment watersheds after 4 yr of water quality data, and 2 yr of 
BMP implementation. However, a positive trend in TP in the THC Sub-watershed (p = 
0.041) and a negative trend in TN in the ACME Watershed (p = 0.001), suggest that 
BMPs may have elicited an improvement in water quality, but this evidence is 
considered too preliminary. 

 The overall vegetative health rating for the riparian sites in the treatment watersheds (n = 
23) was “healthy, but with problems”. 

 Producer engagement has been more gradual than expected. It has taken time to build 
relationships and trust with the producers. Limited interest, available time, and 
implementation costs were also factors. 

 
7.3 Future Work 
 
 Our report highlights the work that was done in the APWP from its initiation in 2013 to 
2017––a span of 5 yr. Much has been accomplished, mainly pertaining to the first two 
objectives. The third objective is to evaluate cumulative effects of BMPs on reducing P loss at 
the watershed scale. As such, in late 2017 it was decided that only the watershed outlets should 
continue to be monitored. As well, it was recognized that more APMT assessments needed to be 
done in order to better characterize the treatment watersheds. A decision was made to continue 
working with current participating producers in 2018 and 2019 to discuss interest in pursuing 
any outstanding BMPs that were agreed to in initial conversations but not implemented from the 
first 5 yr of the study. It was suggested that during these conversations, AAF staff ask producers 
about friends, family, or neighbours who may be interested in joining the APWP, and to follow 
up with those individuals. These conversations took place in early 2018, resulting in two new 
producers in the TIN Watershed being identified, and four new producers in the ACME 
Watershed identified. Participation from potentially interested new producers was also solicited 
based on suggestions from county representatives. Similar to what was done in the project’s 
initial years, any new interested producers were stepped through the APMT, and tool-suggested 
BMPs were discussed. Details on the productivity and results of these meetings will be included 
in a future report. At the end of 2018, four more producers from the TIN Watershed had joined 
the project, and two new producers from the ACME Watershed had joined. The proportion of 
the watersheds that were assessed increased by 5% in Tindastoll, and by 14% in Acme (Table 
7.1). Unfortunately, no BMPs were implemented in 2018. Further, producer engagement 
continued to prove challenging when it came to discussions about implementing BMPs. 
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Table 7.1. Project participation and watershed assessment progress in each 
treatment watershed. 

 2013–2017 2018–2019 
 TIN ACME TIN ACME 

Producers 9 7 13 9 

Proportion 
Assessed  

22% 17% 27% 31% 

Proportion high risk  41% 64% 43% 54% 

Proportion with 
BMPsz 

5% 8% 5% 8% 

z Includes all BMPs (i.e. soil testing, additional land to spread manure) 
 
 
     In early 2019, a new direction, or ‘Phase II’, of the project was proposed. Acme and 
Lonepine watersheds were subsequently removed from the project in favour of focusing efforts 
in the TIN and THC watersheds. These watersheds were chosen because they are within Red 
Deer County, which is active in implementing BMPs through the ALUS program, and the 
project may continue to benefit from the existing working relationship with the county’s 
conservation coordinator. Second, the proximity of a full-time project staff member to the 
watersheds will continue to be beneficial for producer visits and water monitoring. Ideally, 
water samples and flow monitoring will continue for the next 5 yr (2019–2023), and this will 
provide a total of 10 yr of data—the minimum recommended amount required for statistical 
trend analyses.  
 
The objectives of Phase II, and thus revised objectives of the project are to: 
 

1. Use the APMT to assess P loss risk, and aim to assess at least 90% of the Tindastoll 
(treatment) Watershed. 

2. Continue to implement BMPs based on the APMT recommendations and available 
resources. 

3. Monitor water quality to determine the level of cumulative effects of BMPs.   

     Actions that are required to achieve these objectives during the next several years are 
described. 
 
Alberta Phosphorus Management Tool.  The final version of the APMT will be posted online 
and be made available to the public. Project staff will continue to work with producers in the 
TIN Watershed to use the APMT to assess their land, and suggested improvements or errors 
encountered while using the APMT will continue to be reported and addressed. A 
communication strategy and extension plan has been developed by AAF to promote the tool and 
encourage its use among Alberta’s agricultural producers.   
 
Producer Engagement and BMP Implementation.  Alberta Agriculture and Forestry staff 
will continue to work with current participating producers in the TIN Watershed. Previously, 
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funding for BMPs came from GF2. Moving forward, funding for BMPs is expected to come 
from the new CAP program, which was introduced in April 2018, as well as the ALUS program 
as implemented through Red Deer County (Section 1). Stricter requirements for producers 
under CAP (i.e., completion of an Environmental Farm Plan, rating of applications based on 
merit) and smaller cost-sharing ratios (i.e., maximum 70% reimbursement compared to 100% in 
some instances under GF2) are expected to make working with producers even more 
challenging due to additional time requirements and potentially less return on investment.  
 
Monitoring.  Water quality and flow monitoring will continue at the TIN and THC outlets only 
until 2023.  
 
Riparian Health Inventory Assessments.  In the summer of 2015 and 2016, RHIs were 
conducted by the Alberta Riparian Habitat Management Society (Cows and Fish) in the TIN 
and ACME Watersheds. They were done to gather baseline data on riparian function within 
certain sections of the creeks. Future RHIs are planned to be repeated at the same locations after 
5 yr since the last assessments (2021). Doing so will provide a better picture of whether 
management changes (BMPs) maintained, improved, or negatively affected riparian health. 
Corresponding control sites will be used to account for changes in riparian health attributed to 
inter-annual differences in weather or other confounding temporal factors.  
 
Evaluation of Cumulative Effects of BMPs.  Several more years of data collection are 
required to determine trends in water quality and to understand what cumulative effects, if any, 
of implemented BMPs have on water quality as measured at the TIN outlet (i.e., watershed 
scale). As more BMP implementation is expected in the next 5 yr, the likelihood that an effect 
may be detected will increase. Statistical methods utilized may include a series of multivariate 
analyses (i.e., multiple regression) and more trend analyses. Also, it is difficult to compare 
changes in water quality to water quality guidelines, as no numerical values for TN and TP exist 
(Section 1). Instead, a narrative statement is provided for PAL that recommends that TN and TP 
be maintained, and site-specific nutrient objectives should be developed (Section 5). The 
Nutrient Objectives Project, lead by AAF, aims to yield nutrient objectives that are suitable to 
the Alberta landscape. A comparison of water quality from the APWP to the results of the 
Nutrient Objectives Project may be warranted to determine if water quality is improving, 
declining, or staying the same.  
 
Trend Analysis.  This study utilized a paired watershed design in which BMPs were 
implemented in the treatment watersheds. One of the assumptions of this study is that BMPs 
were not implemented in the control watersheds, but it is acknowledged that BMPs may have 
been implemented in the control watersheds through efforts that we are not aware of (Section 
1). As such, it may be beneficial to validate this assumption. An exploratory analysis of the 
control watershed (Threehills) is warranted to determine landscape changes and if BMPs have 
been implemented by other efforts. This information will be sought from the following four 
funding programs: ALUS (Red Deer County), Growing Forward, GF2, and CAP. Further, there 
is a history of monitoring data available in the Threehills/Ray creek systems from the AESA 
Water Quality Project that may be useful for trend analyses. It may also be interesting to 
compare the landscape data against the water quality data to determine if there are any 
correlations that would warrant further examination. 
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SECTION 9 APPENDICES 
 
Appendix A. Discussion of watersheds considered for inclusion and summary water quality 
statistics 
 

Initially, only watersheds previously studied during the AESA stream survey program 
(Lorenz et al. 2008) were considered as potential sites for the APWP. This would have provided 
valuable pre-experiment water quality data. However, the majority of AESA watersheds were 
eliminated because of low runoff potential and nutrient concentrations, low agricultural intensity, 
excessive distance from AAF field offices, and/or substantial presence of non-agriculture related 
activities (e.g., municipal wastewater treatment facilities, oil and gas activity).  
 
     A desktop survey was carried out to identify suitable watersheds for the study. Criteria 
included watersheds with high densities of CFOs as identified with NRCB records, high rates of 
manure production, and high runoff potential. The desktop survey and consultation with regional 
agricultural specialists resulted in the selection of six watersheds for ground-truthing, but only 
two of those watersheds, Tindastoll and Acme, made the final selection. The other four 
watersheds considered for inclusion were: Blindman River tributary near Rimbey, Blindman 
River tributary near Blackfalds, Tongue Creek near High River, and Mosquito Creek near 
Nanton (Figures A1 to A4). These watersheds were primarily within central and southern 
Alberta.  
 

The Blindman River tributary near Rimbey was eliminated as a potential watershed after 
ground-truthing raised concerns about hydrological connectivity, low variability in the type of 
agricultural productivity, and low CFO density in the watershed. Water-quality parameters were 
then monitored in the remaining five watersheds in 2013 at the outlets and at various locations 
upstream.  
 
     Despite having high concentrations of P and N at the Blindman River tributary outlet (Table 
A1), the watershed’s poor flow connectivity and low runoff potential made it unsuitable for long-
term monitoring. Mosquito Creek and Tongue Creek were also subsequently eliminated in July 
2013. While Mosquito Creek and Tongue Creek had excellent flow connectivity and an 
increased risk of soil erosion relative to other watersheds in central Alberta, nutrient 
concentrations were very low (Tables A2 and A3). Low nutrient concentrations were likely a 
result of low snowmelt flows in these two creeks in 2013. Also, no samples were collected 
during the peak rainfall flows as it was unsafe to do so during the June 2013 flood event of the 
Bow and Oldman river systems. The average concentration of TP at the outlets of Mosquito and 
Tongue Creek was 0.11 and 0.07 mg L-1, respectively (Tables A2 and A3), compared to 0.59 mg 
L-1 for Tindastoll Creek and 2.61 mg L-1 for Acme Creek (Tables A4 and A5). Furthermore, the 
hydrology of Mosquito Creek was complex and susceptible to an irrigation diversion influence 
through Women’s Coulee, where water is diverted from the Highwood River into Mosquito 
Creek during the irrigation season. Water samples taken from Women’s Coulee frequently had 
substantially higher nutrient concentrations than downstream sampling sites and may have 
influenced water chemistry at the outlet. 
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Figure A1. The Blindman River tributary near Rimbey, Alberta.  
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Figure A2. The Blindman River tributary near Blackfalds, Alberta. Sampling sites are 
identified on the map. 
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Figure A3. Tongue Creek near High River, Alberta. Sampling sites are identified on the 
map. 
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Figure A4. Mosquito Creek near Nanton, Alberta.  Sampling sites are identified on the 
map. 
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Table A1. Water quality parameter concentration summary statistics for Blindman 
River tributary near Blackfalds sample sites in 2013. 

Parameterz Statistic 

Sample site 

BMT-1 BMT-2 BMT-4 

(n = 13) (n = 8) (n = 7) 
TN (mg L-1) Average  4.42 5.42 8.76 
  Median 3.29 5.13 7.18 
  Std. Dev.  3.10 2.41 6.29 
  Min.  1.47 2.78 2.92 
  Max.  10.64 9.48 19.88 

NO3-N (mg L-1) Average 2.15 2.39 4.58 
  Median 0.41 2.34 3.54 
  Std. Dev.  2.40 2.28 4.39 
  Min.  0.11 0.05 0.05 
  Max.  6.94 5.85 11.49 

NH3-N (mg L-1) Average  0.30 0.28 0.98 
  Median 0.05 0.05 0.10 
  Std. Dev.  0.45 0.41 1.51 
  Min.  0.05 0.05 0.05 
  Max.  1.35 1.20 3.96 

NO2-N (mg L-1) Average  0.05 0.06 0.09 
  Median 0.05 0.05 0.05 
  Std. Dev.  0.00 0.02 0.05 
  Min.  0.05 0.05 0.05 
  Max.  0.05 0.11 0.16 
TP (mg L-1) Average  0.94 2.27 1.86 
  Median 0.94 1.85 1.40 
  Std. Dev.  0.68 0.97 1.41 
  Min.  0.20 1.04 0.68 
  Max.  2.24 3.63 4.48 
TDP (mg L-1) Average  0.86 2.22 1.85 
  Median 0.60 1.83 1.35 
  Std. Dev.  0.68 0.94 1.51 
  Min.  0.19 1.01 0.58 
  Max.  2.21 3.58 4.69 
TSS (mg L-1) Average 13.63 2.30 3.83 
  Median 6.00 2.00 4.00 
  Std. Dev.  20.67 0.85 1.85 
  Min.  2.00 2.00 2.00 
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  Max.  74.00 4.40 6.00 
Cl- (mg L-1) Average  0.97 1.08 1.46 
  Median 1.00 1.10 1.50 
  Std. Dev.  0.21 0.19 0.24 
  Min.  0.50 0.70 1.10 
  Max.  1.30 1.30 1.80 
E. coli (MPN 100 
mL-1) 

Average  16.56 4.80 10.13 

  Median 4.10 0.50 1.00 
  Std. Dev.  30.08 9.80 21.41 
  Min.  1.00 <1y 1.00 
  Max.  101.40 28.80 53.80 
EC (dS cm-1) Average  0.61 0.59 0.68 
  Median 0.65 0.59 0.64 
  Std. Dev.  0.11 0.10 0.16 
  Min.  0.45 0.45 0.48 
  Max.  0.78 0.77 0.93 
pH Average  8.14 7.85 7.86 
  Median 8.10 7.90 7.80 
  Std. Dev.  0.22 0.24 0.21 
  Min.  7.70 7.50 7.50 
  Max.  8.40 8.10 8.20 
z TN = total nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, NO2-N = nitrite nitrogen, TP 
= total phosphorus, TDP = total dissolved phosphorus, TSS = total suspended solids, Cl = chloride, E. coli 
= Escherichia coli, EC = electrical conductivity, pH = potential hydrogen. 
yDetection limit for E. coli is 1 MPN 100 mL-1. 
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Table A2. Water quality parameter concentration summary statistics for Mosquito Creek 
sample sites in 2013. 

Parameterz Statistic 
Sample site 

MOS-1 MOS-2 MOS-3 MOS-4 MOS-5 MOS-6 MOS-7 

(n = 14) (n = 14) (n = 14) (n = 14) (n = 13) (n = 14) (n = 14) 
TN (mg L-1) Average  0.78 0.75 0.95 1.68 0.43 0.50 0.93 
  Median 0.83 0.77 1.18 1.53 0.25 0.52 0.90 
  Std. Dev. 0.31 0.34 0.53 0.44 0.23 0.29 0.30 
  Min.  0.25 0.25 0.25 1.15 0.25 0.25 0.60 
  Max.  1.24 1.35 1.55 2.71 0.90 1.06 1.50 
NO3-N (mg L-1) Average 0.14 0.14 0.09 0.76 0.06 0.07 0.21 
  Median 0.05 0.05 0.05 0.59 0.05 0.05 0.20 
  Std. Dev. 0.14 0.18 0.07 0.52 0.03 0.04 0.12 
  Min.  0.05 0.05 0.05 0.17 0.05 0.05 0.05 
  Max.  0.50 0.69 0.30 1.99 0.14 0.18 0.48 
NH3-N (mg L-1) Average  0.05 0.05 0.07 0.06 0.05 0.05 0.05 
  Median 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
  Std. Dev. 0.00 0.00 0.05 0.03 0.00 0.00 0.00 
  Min.  0.05 0.05 0.05 0.05 0.05 0.05 0.05 
  Max.  0.05 0.05 0.20 0.15 0.05 0.05 0.05 
NO2-N (mg L-1) Average  0.05 0.05 0.05 0.05 0.05 0.05 0.05 
  Median 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
  Std. Dev. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
  Min.  0.05 0.05 0.05 0.05 0.05 0.05 0.05 
  Max.  0.05 0.05 0.05 0.05 0.05 0.05 0.05 
TP (mg L-1) Average  0.11 0.11 0.16 0.13 0.04 0.05 0.07 
  Median 0.08 0.08 0.12 0.10 0.03 0.03 0.05 
  Std. Dev. 0.07 0.07 0.09 0.06 0.04 0.06 0.06 
  Min.  0.04 0.04 0.06 0.07 0.02 0.02 0.02 
  Max.  0.29 0.28 0.30 0.26 0.16 0.20 0.21 
TDP (mg L-1) Average  0.02 0.02 0.05 0.04 0.04 0.04 0.03 
  Median 0.02 0.02 0.04 0.04 0.05 0.05 0.03 
  Std. Dev. 0.01 0.01 0.05 0.02 0.01 0.01 0.02 
  Min.  0.01 0.01 0.01 0.01 0.01 0.01 0.01 
  Max.  0.05 0.05 0.21 0.08 0.05 0.05 0.05 
TSS (mg L-1) Average 70.46 73.89 85.66 41.06 25.20 38.31 36.03 
  Median 34.20 38.80 61.40 20.20 12.80 14.40 10.00 
  Std. Dev. 78.67 83.66 78.97 45.02 40.36 61.21 55.56 
  Min.  10.80 6.80 7.60 12.80 4.40 6.00 2.00 
  Max.  252.00 246.00 272.00 134.00 153.20 210.00 206.40 
Cl- (mg L-1) Average  0.14 0.14 0.21 0.14 0.14 0.14 0.14 
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  Median 0.14 0.14 0.14 0.14 0.14 0.14 0.14 
  Std. Dev. 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
  Min.  0.14 0.14 0.14 0.14 0.14 0.14 0.14 
  Max.  0.14 0.14 0.40 0.14 0.14 0.14 0.14 
E. coli (MPN 
100 mL-1) 

Average  228.57 334.45 567.33 573.95 214.44 229.88 540.38 

  Median 93.30 344.80 178.50 13.40 25.20 14.10 50.40 
  Std. Dev. 375.40 384.17 868.61 896.96 340.84 337.50 653.70 
  Min.  1.00 <1y 0.50 <1 y <1 y <1 y 1.00 
  Max.  1299.70 1299.70 2420.00 2420.00 1046.20 920.80 1732.90 
EC (dS cm-1) Average  0.74 0.73 1.01 1.02 0.68 0.65 0.77 
  Median 0.69 0.65 0.74 1.06 0.68 0.67 0.81 
  Std. Dev. 0.17 0.19 0.65 0.13 0.06 0.07 0.11 
  Min.  0.45 0.44 0.34 0.70 0.56 0.52 0.55 
  Max.  0.98 1.03 2.13 1.15 0.76 0.76 0.89 
pH Average  8.52 8.50 8.42 8.50 8.46 8.44 8.44 
  Median 8.50 8.50 8.40 8.50 8.40 8.40 8.50 
  Std. Dev. 0.14 0.10 0.09 0.10 0.10 0.09 0.11 
  Min.  8.40 8.40 8.20 8.40 8.30 8.30 8.20 
  Max.  8.90 8.60 8.50 8.70 8.60 8.60 8.60 
z TN = total nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, NO2-N = nitrite nitrogen, TP = total 
phosphorus, TDP = total dissolved phosphorus, TSS = total suspended solids, Cl = chloride, E. coli = Escherichia 
coli, EC = electrical conductivity, pH = potential hydrogen. 
yDetection limit for E. coli is 1 MPN 100 mL-1. 
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Table A3. Water quality parameter concentration summary statistics for Tongue Creek 
sample sites in 2013. 

Parameterz Statistic 
Sample site 

TON-1 TON-2 TON-3 TON-4 

(n = 15) (n = 14) (n = 15) (n = 14) 
TN (mg L-1) Average  0.97 0.97 0.79 0.53 
  Median 0.88 0.90 0.77 0.59 
  Std. Dev.  0.30 0.25 0.13 0.20 
  Min.  0.61 0.66 0.61 0.25 
  Max.  1.67 1.43 1.05 0.81 

NO3-N (mg L-1) Average 0.22 0.25 0.13 0.05 
  Median 0.15 0.16 0.12 0.05 
  Std. Dev.  0.22 0.23 0.09 0.00 
  Min.  0.05 0.05 0.05 0.05 
  Max.  0.83 0.70 0.34 0.05 

NH3-N (mg L-1) Average  0.05 0.05 0.05 0.05 
  Median 0.05 0.05 0.05 0.05 
  Std. Dev.  0.00 0.00 0.00 0.00 
  Min.  0.05 0.05 0.05 0.05 
  Max.  0.05 0.05 0.05 0.05 

NO2-N (mg L-1) Average  0.05 0.05 0.05 0.05 
  Median 0.05 0.05 0.05 0.05 
  Std. Dev.  0.00 0.00 0.00 0.00 
  Min.  0.05 0.05 0.05 0.05 
  Max.  0.05 0.05 0.05 0.05 
TP (mg L-1) Average  0.07 0.05 0.05 0.05 
  Median 0.05 0.04 0.04 0.03 
  Std. Dev.  0.05 0.04 0.02 0.03 
  Min.  0.02 0.02 0.03 0.02 
  Max.  0.17 0.14 0.09 0.15 
TDP (mg L-1) Average  0.04 0.04 0.03 0.02 
  Median 0.03 0.04 0.02 0.01 
  Std. Dev.  0.03 0.02 0.02 0.01 
  Min.  0.01 0.01 0.01 0.01 
  Max.  0.14 0.05 0.05 0.05 
TSS (mg L-1) Average 27.95 26.11 14.19 19.34 
  Median 12.40 10.00 12.80 10.80 
  Std. Dev.  32.07 31.79 9.04 17.56 
  Min.  2.00 4.00 4.40 2.00 
  Max.  100.00 98.00 36.00 62.80 
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Cl- (mg L-1) Average  0.40 0.42 0.32 0.14 
  Median 0.40 0.40 0.40 0.14 
  Std. Dev.  0.10 0.07 0.12 0.00 
  Min.  0.14 0.30 0.14 0.14 
  Max.  0.50 0.50 0.50 0.14 
E. coli (MPN 100 mL-1) Average  122.24 316.02 258.14 130.97 
  Median 1.50 10.70 9.15 15.60 
  Std. Dev.  254.21 560.34 399.33 227.33 
  Min.  <1 y <1 y <1 y <1 y 
  Max.  920.80 1732.90 1299.70 686.70 
EC (dS cm-1) Average  0.72 0.70 0.66 0.58 
  Median 0.67 0.70 0.66 0.61 
  Std. Dev.  0.21 0.06 0.08 0.10 
  Min.  0.45 0.61 0.45 0.34 
  Max.  1.40 0.78 0.77 0.70 
pH Average  8.47 8.49 8.41 8.38 
  Median 8.50 8.50 8.40 8.35 
  Std. Dev.  0.09 0.07 0.07 0.10 
  Min.  8.30 8.40 8.30 8.30 
  Max.  8.60 8.60 8.50 8.60 
z TN = total nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, NO2-N = nitrite nitrogen, TP = total 
phosphorus, TDP = total dissolved phosphorus, TSS = total suspended solids, Cl = chloride, E. coli = Escherichia 
coli, EC = electrical conductivity, pH = potential hydrogen. 
yDetection limit for E. coli is 1 MPN 100 mL-1. 
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Table A4. Water quality parameter concentration summary statistics for Tindastoll 
Creek Watershed sample sites in 2013. 

Parameterz Statistic 
Sample site 

TIN-1 TIN-3 TIN-2 

(n = 19) (n = 19) (n = 19) 
TN (mg L-1) Average  2.78 2.57 2.23 
  Median 2.44 2.26 2.11 
  Std. Dev.  1.23 1.35 1.19 
  Min.  1.35 0.94 0.91 
  Max.  5.64 5.85 5.01 

NO3-N (mg L-1) Average 0.69 0.49 0.40 
  Median 0.11 0.11 0.17 
  Std. Dev.  0.85 0.67 0.52 
  Min.  0.05 0.05 0.05 
  Max.  2.46 2.10 1.82 
NH3-N (mg L-1) Average  0.13 0.23 0.15 
  Median 0.05 0.05 0.05 
  Std. Dev.  0.22 0.68 0.31 
  Min.  0.05 0.05 0.05 
  Max.  0.94 3.03 1.37 
NO2-N (mg L-1) Average  0.05 0.05 0.05 
  Median 0.05 0.05 0.05 
  Std. Dev.  0.00 0.00 0.00 
  Min.  0.05 0.05 0.05 
  Max.  0.05 0.05 0.05 
TP (mg L-1) Average  0.59 0.59 0.38 
  Median 0.52 0.50 0.21 
  Std. Dev.  0.31 0.53 0.43 
  Min.  0.23 0.15 0.10 
  Max.  1.44 2.45 1.72 
TDP (mg L-1) Average  0.51 0.52 0.33 
  Median 0.44 0.47 0.17 
  Std. Dev.  0.28 0.42 0.39 
  Min.  0.18 0.14 0.08 
  Max.  1.26 1.90 1.55 
TSS (mg L-1) Average 17.98 9.60 10.86 
  Median 16.80 7.60 7.20 
  Std. Dev.  8.42 7.33 10.98 
  Min.  4.00 2.00 2.00 
  Max.  33.60 31.20 41.20 
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Cl- (mg L-1) Average  0.58 0.49 0.38 
  Median 0.50 0.50 0.40 
  Std. Dev.  0.14 0.10 0.12 
  Min.  0.40 0.30 0.14 
  Max.  0.90 0.70 0.70 
E. coli (MPN 100 mL-1) Average  355.37 114.82 171.48 
  Median 192.00 87.40 38.50 
  Std. Dev.  602.43 142.08 265.46 
  Min.  3.00 3.10 <1 y 
  Max.  2420.00 613.10 920.80 
EC (dS cm-1) Average  0.66 0.65 0.65 
  Median 0.70 0.68 0.66 
  Std. Dev.  0.15 0.14 0.13 
  Min.  0.41 0.41 0.43 
  Max.  0.87 0.85 0.89 
pH Average  8.23 8.21 8.21 
  Median 8.20 8.30 8.30 
  Std. Dev.  0.27 0.28 0.28 
  Min.  7.60 7.50 7.50 
  Max.  8.50 8.50 8.50 

z TN = total nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, NO2-N = nitrite nitrogen, TP = 
total phosphorus, TDP = total dissolved phosphorus, TSS = total suspended solids, Cl = chloride, E. coli = 
Escherichia coli, EC = electrical conductivity, pH = potential hydrogen. 
yDetection limit for E. coli is 1 MPN 100 mL-1. 
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Table A5. Water quality parameter concentration summary statistics for Acme Creek 
Watershed sample sites in 2013. 

Parameterz Statistic 
Sample Site 

ACME-1 ACME-2 ACME-3 
(n = 15) (n = 14) (n = 14) 

TN (mg L-1) Average  4.97 4.67 4.90 
  Median 3.72 3.50 3.38 
  Std. Dev.  4.09 4.01 3.48 
  Min.  2.83 2.75 2.67 
  Max.  19.10 18.40 15.19 
NO3-N (mg L-1) Average 0.45 0.17 0.31 
  Median 0.14 0.05 0.05 
  Std. Dev.  0.68 0.30 0.64 
  Min.  0.05 0.05 0.05 
  Max.  2.38 1.06 2.33 

NH3-N (mg L-1) Average  0.74 0.77 0.54 
  Median 0.05 0.05 0.05 
  Std. Dev.  2.03 2.44 1.13 
  Min.  0.05 0.05 0.05 
  Max.  7.93 9.22 4.19 

NO2-N (mg L-1) Average  0.10 0.06 0.06 
  Median 0.05 0.05 0.05 
  Std. Dev.  0.11 0.02 0.05 
  Min.  0.05 0.05 0.05 
  Max.  0.42 0.13 0.22 
TP (mg L-1) Average  2.61 3.13 3.51 
  Median 2.55 2.41 2.51 
  Std. Dev.  0.69 2.24 2.79 
  Min.  1.54 1.42 1.60 
  Max.  4.26 10.21 9.99 
TDP (mg L-1) Average  2.49 3.02 3.43 
  Median 2.51 2.38 2.45 
  Std. Dev.  0.66 2.16 2.73 
  Min.  1.56 1.37 1.59 
  Max.  3.93 9.91 9.77 
TSS (mg L-1) Average 14.91 10.77 3.66 
  Median 12.00 10.40 2.00 
  Std. Dev.  11.96 8.11 4.75 
  Min.  2.00 2.00 2.00 
  Max.  46.80 26.00 19.20 
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Cl- (mg L-1) Average  0.55 0.50 0.83 
  Median 0.50 0.50 0.45 
  Std. Dev.  0.20 0.22 1.03 
  Min.  0.30 0.14 0.14 
  Max.  1.00 1.10 3.40 
E. coli (MPN 100 mL-1) Average  390.75 641.72 92.88 
  Median 344.10 186.10 75.65 
  Std. Dev.  354.91 895.80 91.93 
  Min.  6.30 1.00 <1 y 
  Max.  1203.30 2420.00 275.50 
EC (dS cm-1) Average  1.17 1.05 1.02 
  Median 1.17 1.10 0.96 
  Std. Dev.  0.41 0.30 0.46 
  Min.  0.56 0.59 0.48 
  Max.  2.04 1.59 2.17 
pH Average  8.14 8.03 8.01 
  Median 8.20 8.00 8.00 
  Std. Dev.  0.24 0.21 0.21 
  Min.  7.60 7.60 7.60 
  Max.  8.50 8.40 8.30 
z TN = total nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, NO2-N = nitrite nitrogen, TP = 
total phosphorus, TDP = total dissolved phosphorus, TSS = total suspended solids, Cl = chloride, E. coli = 
Escherichia coli, EC = electrical conductivity, pH = potential hydrogen. 
yDetection limit for E. coli is 1 MPN 100 mL-1. 
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Appendix B. Previous versions of the Alberta Phosphorus Management Tool 
 
Early Versions of the APMT (2013 Version) 
 

The earliest versions of the APMT (circa 2013) consisted of an Excel file with multiple 
spreadsheet tabs visible at the bottom of the screen. Spreadsheet tabs were related to each 
facility, cropping or field system being assessed. Questions were arranged vertically in the rows, 
with each row containing one question. The horizontal cells contained the question and the 
available responses and corresponding risk scores. There were also cells for explaining potential 
concerns (i.e., why the question was being asked), as well as cells containing BMP suggestions 
for mitigating the risk associated with the question (Figure B1). Risk scores were assigned based 
on the answer chosen, with higher risk answers being assigned a higher score. The producer or 
extension agent would manually enter the score within the appropriate cell of the spreadsheet. 
The Excel program would then calculate the overall risk for each facility or site in the specific 
worksheet. Of the 21 spreadsheet tabs visible, a producer could complete up to 16 tabs when 
assessing their operation, with the remaining five tabs consisting of supplementary information 
such as manure production volumes and manure P content values, which were used to assist in 
calculating information used to answer the questions.  

 
While it was the intent that producers only answered assessment tabs relevant to their 

operation, all the tabs were visible to the producer in this 2013 Excel format. This created the 
potential for producers to become ‘lost’ in the many spreadsheet tabs at the bottom of the 
worksheet. An attempt was made to fit all of the columns into one standard legal page (8.5 by 14 
inches) so that it could be printed and worked on by hand. However, this limited the column 
width. In order to maintain the information on one sheet of paper, the number of columns 
available for input was limited. This, in turn, limited the number of sites or facilities that could 
be assessed on each worksheet. Users could assess between one and six sites, depending on the 
worksheet. If the producer had more facilities or fields than what could fit on a worksheet, a new 
worksheet tab had to be created for the additional sites. Another limitation of this early version 
was that while multiple BMP suggestions were available for each question, a producer who 
answered in a low or low-to-moderate risk was presented the same list of BMP suggestions as a 
producer whose answers were high risk, i.e., BMP suggestions were not specifically tailored 
based on the risk rating of the producer’s answers. Lastly, this initial version of the APMT did 
not contain a summary document or spreadsheet clearly identifying the greatest risk factors for P 
loss.  
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Figure B1. A screenshot of a representative detailed assessment tab from the 2013 version 
of the APMT.  
 
Pre-Excel Upgrade of the APMT (2014 Version) 
 

Numerous additional improvements were made to the APMT during the course of the 
following year. These included changes to tool layout as well as functional changes, such as 
more automation and more decision support information. While multiple tabs were still visible at 
the bottom of the worksheet, these tabs were formatted such that they were easier to navigate. 
Colour coding for P risk potential and the ability to evaluate P risk for multiple sites or fields was 
added to this version of the APMT (Figure B2).  

 
Risk assessment overview and summary tabs were added to the updated APMT (Figures B3 

and B4, respectively). This allowed the producer and extension agent to quickly summarize 
relevant information highlighted by the APMT. It also allowed the producer to easily identify 
sites and sources of high P risk. Portions of these overview and summary tabs were generated by 
the Excel program while other aspects were completed by AAF staff. In particular, the summary 
document had the capacity to document information that was not captured in the APMT directly. 
This information included site specific comments, agreed upon next steps, producer plans, and 
timelines.  
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Figure B2. A screenshot of a representative detailed assessment tab from the subsequent 
2014 version of the APMT.  
 

 
Figure B3. A screenshot of a blank risk assessment overview tab from the 2014 version of 
the APMT.  
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Figure B4. A screenshot of a partially completed summary tab from the 2014 version of the 
APMT.  

 
Excel Upgrade of the APMT (February 2016 Version) 

 
In late 2014, an external contractor was retained to improve the function and design of the 

APMT. Initial plans to modify the APMT into a web or desktop application proved to be cost 
prohibitive and not within the budget or timeline of this study. Consequently, a statement of 
work to improve the functionality of the APMT while still maintaining the Microsoft® Excel 
2010® spreadsheet format was drafted and sent to several potential companies, of which Serecon 
Inc. was selected to do the work.  

 
The objectives of the APMT Excel spreadsheet upgrade were to (i) transfer the worksheets 

into a more automated and convenient form, (ii) maintain the tool in the familiar and calculation-
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friendly Excel environment, (iii) add functionality to the existing assessment routines 
(acknowledging constraints of workflow speed and file weight), and (iv) maintain a balance 
between modifiability of the APMT and level of automation.  

 
Serecon Inc. representatives and programmers worked closely with AAF staff to convert the 

initial Excel spreadsheet into a more functional, streamlined format while still maintaining the 
Excel platform. The next iteration of the APMT (February 2016 version) had programming 
changes that influenced the layout and design of the tool. Namely, a main introduction page was 
created that tracked completion dates, and contained essential information about the APMT, 
instructions, reference materials, and supplementary information (Figure B5). Rapid assessments 
and detailed assessment tabs were accessible by clicking on the appropriate box on the main 
introduction page. Assessment tabs were responsive and only visible when appropriate. 
Information about management practices and livestock produced by the operation was collected 
in a General Information Questionnaire accessible from the main introduction page. This 
information was entered through a combination of direct input, drop-down boxes, and radio 
buttons (Figure B6). Answers appeared and disappeared in a responsive manner.  

 
 

 
Figure B5. A screenshot of a partially completed introduction tab following the Excel 
upgrade of the APMT (February 2016 version).  
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Figure B6. A screenshot of the general information questionnaire following the Excel 
upgrade of the APMT (February 2016 version). 

 
 
 
The rapid field and facility assessments contained questions arranged vertically with answers 

selected using drop-down boxes or radio buttons. After selecting an answer, related concerns and 
BMPs appeared below the question (Figure B7). The displayed BMPs were tailored based upon 
the answer provided, and maintained the qualitative cost and environmental benefit rankings 
present in previous versions of the APMT. Additionally, the user was able to track how far along 
they were in the rapid assessment based on the percentage complete value displayed at the top of 
the section (Figure B7).  
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Figure B7. A screenshot of a representative rapid assessment tab following the Excel 
upgrade of the APMT (February 2016 version). 

 
 
 
The detailed assessment sections maintained the vertical format for questions in the February 

2016 version of the tool. As done previously, questions were displayed under different risk 
categories such as flooding potential, runoff potential, and nutrient accumulation potential. 
However, rather than having all answers displayed horizontally, answers were re-programmed to 
display in vertical drop-down boxes (Figure B8). Based on the answers chosen, additional 
questions became greyed out if not relevant. Multiple sites/fields were available for display in a 
parallel manner, while concerns and possible BMPs appeared as a comment box when the mouse 
hovered over the question (Figure B8).  
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Figure B8. A screenshot of a representative assessment tab following the Excel upgrade of 
the APMT (February 2016 version). 

 
When the February 2016 version of the APMT was tested with external stakeholders, initial 

feedback from some of these users indicated that the columnar format was problematic. The tool 
was visually overwhelming and difficult for some users to navigate, given that columns needed 
to be relatively wide to accommodate some potential responses to questions. With the column 
being wide, some users found it difficult to associate the drop-down box answers with the 
appropriate question. This was found to interrupt the flow of responses so seriously that another 
more vertical flow was required. Secondly, the APMT was initially envisioned as a tool that 
would provide immediate feedback and guidance (i.e., at the time of an answer flagging a 
potential management issue). However, for some producers there was a strong desire to just “get 
through the survey” before being presented with feedback. In particular, the display of BMPs 
immediately in response to high-risk answers interrupted the flow of questionnaire completion. 
Furthermore, the detailed assessment comment box (containing potential concerns and BMP 
suggestions) blocked subsequent questions and was not intuitively linked to the question it 
referred to (Figure B8).  

 
After field-testing, it was apparent that it would not meet the needs of users who do not 

regularly use spreadsheet software, although the columnar format was the most efficient and 
least difficult to program and build in Microsoft® Excel 2010®. Consequently, following 
discussions between AAF staff and the contractor, a major format change to the APMT was 
initiated. This rebuild of the APMT incorporated forms, rather than spreadsheet style answer 
matrices, and BMPs were only incorporated into reports rather than the questionnaire.  
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     While the March 2017 version of the APMT maintains several aspects of previous tool 
versions, it also differs significantly from those earlier versions. An important change to the 2017 
version of the APMT is that the answers provided in the general questionnaire and rapid 
assessment sections are permanent. Once answers are entered, users cannot go back to change 
their answers. The most significant change to the final 2017 version of the APMT focused on 
simplifying the appearance of the detailed assessment questions, detailed assessment reports, and 
to the overall summary report. 
 
Alternate Technology Platform Assessment 
 

To determine how future users envisioned using the tool and what development needs would 
provide value, an assessment of the business and technical requirements of the APMT was 
commissioned in parallel with the Microsoft® Excel 2010® spreadsheet update exercise. This 
assessment was conducted by Fujitsu in association with AAF (Fujitsu 2015). The purpose of the 
assessment was to identify all requirements and the future technology platform for the APMT. 
This assessment also provided a high-level estimate of the time required and cost of a new 
solution for the APMT. It should be noted that this assessment was done on the Microsoft® Excel 
2010® APMT prior to the upgrade (i.e., 2014 version of the APMT) and not the final version of 
the APMT provided by Serecon Inc. (2017 version of the APMT, described above).  

 
In addition to feedback from stakeholders who had used the 2014 version of the APMT (pre- 

update), feedback was also solicited in three stakeholder workshops to help determine future 
business and technical requirements of the APMT. Stakeholders included AAF staff (extension, 
managers, and professional staff), municipal extension staff, AAF project sponsors, independent 
consultants, and producers. The requirements were evaluated, validated, and scored to define the 
core and desirable requirements, and a cost estimate was provided based on these scores. An 
environmental scan was conducted; however, no commercial off-the-shelf solutions were 
identified that would meet business and technical requirements for the APMT.  

 
     Any features that were identified by the assessment that could be incorporated into the Excel 
based format were added to the existing tool. The user assessment identified two options for the 
APMT development: (i) the APMT remains an Excel platform based tool, and (ii) the APMT is 
made available as a web browser-based application with a back-end database providing the 
research data, assessment questions, and evaluation of answers. A web browser-based 
application was identified as the only option that had the potential to satisfy all requirements 
(business/function and technical) identified from stakeholder feedback. Estimated development 
costs of a web browser based application with AAF back-end servers was $400,000 with annual 
sustained operation and maintenance costs of $20,000. Cost was approximated using the 
requirements and based on experience rather than a traditional estimating process. The 
assessment recommended deploying the web browser-based application in multiple releases, 
with a 6- to 8-mo time-to-delivery of the initial APMT release (mandatory/high priority 
requirements) and a further 4- to 6-mo time-to-delivery of the secondary release (desirable and 
lower priority capabilities, Fujitsu 2015). 
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Appendix C. Detailed descriptions of beneficial management practices discussed and 
agreed to in the Tindastoll and Acme Watersheds 
 
     Detailed descriptions of what specific BMPs were discussed and agreed to for the TIN (Table 
C1) and ACME (Table C2) Watersheds are presented. The tables describe the concern or P risk 
that led to BMP discussions, what BMPs were agreed to with the producers, whether any 
external funding sources were used to implement the BMPs, and what BMPs eventually were (or 
were not) implemented by the producers. Beneficial management practices were discussed with 
producers and verbally agreed to; however, producers were not financially or legally obligated to 
implement them. Any discrepancies between what was originally agreed to and what 
management practices were completed are noted. The tables also indicate if a BMP site 
overlapped with a RHI assessment site. 
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Table C1. Details on BMPs implemented within the Tindastoll Creek Watershed. 

Site Site descriptionz Potential BMPs 
BMP 
identified by 
the APMT 

BMPs 
agreed to in 
conversation 

External funding usedy 
External funding 
awarded  
(if known)x 

BMPs implemented (year) 
or not implemented and 
notes 

Producer T-BMP1 
 

T-BMP1-1 
 
RHIw 

Cattle yard with 
corrals and 
pasture. Corrals 
located very close 
to creek. Cattle 
have uncontrolled 
access to creek in 
grazing pasture.  

i) Shrink pen system; 
ii) Remove and reclaim 
parts of pen near creek 
with steep slope; 
iii) Fence off creek to 
create riparian pasture 
and control livestock 
access; 
iv) New off-stream 
watering 
system/movement of 
off-stream watering; 
v) Portable 
shelters/windbreaks to 
entice cattle away from 
creek. 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 
v) Yes 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 
v) Yes 

i) GF2 
ii) GF2 
iii) GF2 
iv) Uncertain.  
Referenced in application 
but no quote 
v) GF2 

GF2 On-Farm 
Stewardship:  
-Riparian fencing: 
$3,236.46 
-Year round/summer 
watering systems:  
$1,450.00 
-Livestock facility runoff 
control: $5,665.00 

i) Yes (2015) 
ii) Yes (2015)  
iii) Yes (2015) 
iv) Yes (2015) 
v) Yes (2015) 

T-BMP1-2 Grazing pasture 
with high water 
table. Cattle have 
uncontrolled 
access to a dugout 
as well as a 
portion of the 
creek. 

i) Portable fences to 
restrict cattle access to 
creek/dugout; 
ii) Portable fences to 
restrict cattle access to  
field/portions of field 
(wet pasture only). 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) No 
ii) No  

n/a i) Yes (2015) 
ii) Yes (2015) 
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Producer T-BMP2 

 
T-BMP2-1 Grazing pasture 

with SFBS and 
associated 
portable shelters 
located in flood 
zone.  

i) Move SFBS/portable 
shelters to higher 
ground; 
ii) Use fencing to create 
new winter feeding 
field.  

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) No 

n/a i) No, has not yet moved 
SFBS  (April 2017) 
ii) No, has not yet applied 
for funding or 
independently 
implemented BMPs (April 
2017) 

Producer T-BMP3 
 

T-BMP3-1 Manured crop 
field. Unknown 
soil nutrient 
concentrations/ 
STP.  

i) Soil test to determine 
STP;  
ii) Spread manure over 
more land. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014). Moderate-
high STP levels. 
Confirmed the need to 
spread manure over more 
land to reduce P 
accumulation risk. 
ii) Yes (Fall 2015) 

Producer T-BMP4 
 

T-BMP4-1 
 
RHI  

Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Riparian fencing;  
ii) Off-stream watering; 
iii) Riparian planting. 

i) Yes 
ii) Yes 
iii) Yes 

i) Yes 
ii) Yes 
iii) Yes 

i) GF2 & Conservation 
Partners/ALUS 
ii) GF2 & Conservation 
Partners/ALUS 
iii) GF2 & Conservation 
Partners/ALUS 

n/a i) Yes (2014–2015) 
ii) Yes (2014–2015) 
iii) Yes (2014–2015) 

T-BMP4-2 
 
RHI  

Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Riparian fencing;  
ii) Off-stream watering; 
iii) Riparian planting. 

i) Yes 
ii) Yes 
iii) Yes 

i) Yes 
ii) Yes 
iii) Yes 

i) GF2 & Conservation 
Partners/ALUS 
ii) GF2 & Conservation 
Partners/ALUS 
iii) GF2 & Conservation 
Partners/ALUS 

GF2 On-Farm 
Stewardship:  
-Riparian fencing: 
$4,159.32 
-Year round/summer 
watering systems: 
$5,201.49 

i) Yes (2014–2015) 
ii) Yes (2014–2015) 
iii) Yes (2014–2015) 
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T-BMP4-3 
 
RHI  

Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Riparian fencing;  
ii) Off-stream watering. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) GF2 & Conservation 
Partners/ALUS 
ii) GF2 & Conservation 
Partners/ALUS 

n/a i) Yes (2014–2015) 
ii) Yes (2014–2015) 

T-BMP4-4 
 
RHI  

Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Riparian fencing;  
ii) Off-stream watering; 
iii) Riparian planting. 

i) Yes 
ii) Yes 
iii) Yes 

i) Yes 
ii) Yes 
iii) Yes 

i) GF2 & Conservation 
Partners/ALUS 
ii) GF2 & Conservation 
Partners/ALUS 
iii) GF2 & Conservation 
Partners/ALUS 

GF2 On-Farm 
Stewardship:  
-Riparian fencing: 
$9,301.60 
-Year round/summer 
watering systems: 
$2,407.50 

i) Yes (2014-2015) 
ii) Yes (2014-2015) 
iii) Yes (2014-2015) 

T-BMP4-5 Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Riparian fencing; 
ii) Cattle bridge over 
creek; 
iii) Off-stream watering 
system; 
iv) Dugout. 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 

i) No 
ii) No 
iii) No 
iv) No 

n/a i) No. Producer no longer 
interested (April 2017). 
ii) No. Producer no longer 
interested (April 2017). 
iii) No Producer no longer 
interested (April 2017). 
iv) No. Producer no longer 
interested (April 2017). 

Producer T-BMP5 
 

T-BMP5-1 Manured crop 
fields (n = 3). 
Unknown soil 
nutrient 
concentrations.  

i) Soil test to determine 
STP; 
ii) Spread manure over 
more land. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014). Moderate to 
high STP levels.  
ii) Yes (2015-2016) 

T-BMP5-2 Manured crop 
fields. Unknown 
soil nutrient 
concentrations.  

i) Soil test to determine 
STP; 
ii) Spread manure over 
more land. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014). Moderate to 
high STP levels. 
ii) Additional land not 
needed 
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Producer T-BMP8 

 
T-BMP8-1 
 
RHI 

Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Stream crossings;  
ii) Riparian fencing; 
iii) Year round off-
stream watering; 
iv) Riparian planting. 
 
                  

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 

i) Yes   
ii) Yes  
iii) Yes  
iv) Yes          

i) ALUS 
ii) ALUS 
iii) ALUS  
iv) ALUS 

n/a i) Yes  (Fall 2015) 
ii) Yes (Summer 2016) 
iii) Yes (Summer 2016) 
iv) Yes (2016)     

T-BMP8-2 Cattle grazing in 
pasture with 
uncontrolled 
access to the 
creek. 

i) Riparian fencing 
ii) Off-stream watering 

Producer's 
initiative. 
APMT not 
used to 
identify 
BMPs.  

i) Yes   
ii) Yes  

i) ALUS 
ii) ALUS 

n/a i) Yes  (2016) 
ii) Yes (2016) 

z SFBS = Seasonal feeding and bedding site, STP = Soil-test phosphorus. 
y GF2 = Growing Forward 2, ALUS = Alternative Land Use Services. 
x n/a = not applicable. 
w Riparian health inventory site. 
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Table C2. Details on BMPs implemented within the Acme Creek Watershed. 

Site Site description BMPs agreed toz 

BMP 
identified 
by the 
APMT 

BMPs 
agreed to in 
conversation 

External 
funding usedy 

External funding 
awarded  
(if known)x 

BMPs implemented (year) or 
not implemented and notes 

Producer A-BMP1 
 

A-BMP1-1 
 
RHI 

Cattle grazing pasture 
with dugout and 
coulee. Prone to 
flooding/erosion. 

i) Reclaiming/securing eroded 
areas; 
ii) Cattle access bridges; 
iii) Relocation of off-stream 
watering, use of on-demand 
watering; 
iv) Removal of old wet well; 
v) Replacing or removing old 
culvert on dugout;. Install 
vegetative/rip rap stabilization 
of spill area; 
vi) Install overflow system to 
deal with high flow events; 
vii) Temporary cattle 
exclusion fencing in key areas. 

i) Yes 
ii) Yes 
iii) Yes  
iv) Yes 
v) No, 
producer 
suggestion. 
vi) No, 
producer 
suggestion. 
vii) Yes 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 
v) Yes 
vi) Yes 
vii) Yes 

i) GF2 
ii) GF2 
iii) GF2 
iv) GF2 
v) GF2 
vi) GF2 
vii) GF2 

GF2 On-Farm 
Stewardship: 
-Year round/summer 
watering systems: 
$3657.50 
-Innovative 
stewardship 
solutions: $5,712.50 

i) Yes (Aug 2015) 
ii) Yes (Aug 2015) 
iii) Yes (Fall 2017) 
iv) No 
v) Partial. Rip rap in 
spillway area (Aug 2015) 
vi) Yes (Aug 2015) 
vii) Yes (Aug 2015) 

A-BMP1-2  Cropped field. Also 
used for livestock 
seasonal feeding. 
Unknown soil nutrient 
levels. 

i) Soil test to determine STP; 
ii) Evaluate feeding practice 
impacts. Look at alternative 
options to mitigate nutrient 
accumulation at the site. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014, 2015): Manure 
had low STP; 
Bale grazing had high STP; 
Swath grazing had low STP. 
ii) Yes (2016–2017) 
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A-BMP1-3 Cropped field. 
Contains temporary 
manure storage. Prone 
to flooding. Unknown 
soil nutrient 
concentrations. 

i) Replace or remove old 
culvert to improve water flow 
and reduce flooding; 
ii) Improve drainage/ditching 
to prevent flooding; 
iii) Reduce frequency of 
manure application, apply 
manure to more land;  
iv) Make sure temporary 
manure storage is out of water 
path; 
v) Soil test to determine STP. 

i) Yes 
ii) Yes 
iii) Yes  
iv) Yes 
v) Yes  

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 
v) Yes 

i) n/a 
ii) n/a 
iii) n/a 
iv) n/a 
v) n/a 

n/a i) No 
ii) No 
iii) Yes (2017) 
iv) Yes 
v) Yes (2014). Moderate to 
high STP levels. 

A-BMP1-4  Cropped field. 
Contains temporary 
manure storage. Prone 
to flooding. Unknown 
soil nutrient 
concentrations. 

i) Soil test to determine STP; 
ii) Reduce manure application 
frequency.  

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014). Moderate STP 
levels. 
ii) Yes (2016–2017) 

A-BMP1-5 Cropped field. 
Unknown soil nutrient 
concentrations.  

i) Soil test to determine STP; 
ii) Reduce manure application 
frequency. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014). High STP 
levels. 
ii) Yes (2016–2017) 
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Producer A-BMP2 

 
A-BMP2-1 Groundwater spring in 

close proximity to 
wintering site for 
cattle. 

Initial BMP discussion 
(January  2016): 
 i) Fence off wettest part of 
pasture around spring;  
ii) Channelize flow from 
spring; 
iii) Rotate wintering sites; 
iv) Pasture rejuvenation; 
v) Drain saturated area into 
existing wetland; possible 
wetland restoration in 
receiving wetland.   
 
Follow-up BMP discussion 
(June 2016): 
i) Move SFBS; 
ii)  Entice cattle away from 
saturated area so manure pack 
does not accumulate/leave via 
runoff. Saturated area may be 
grazed minimally.  

Initial BMP 
discussion: 
i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 
v) No 
(producer 
suggestion) 
 
 
 
 
Follow-up  
BMP 
discussion: 
i) Yes 
ii) Yes 

Initial BMP 
discussion: 
i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 
v) No 
 
 
 
 
 
 
Follow-up  
BMP 
discussion: 
i) Yes 
ii) Yes 

Initial BMP  
discussion: 
i) No 
ii) No 
iii) No 
iv) No 
v) No 
 
 
 
 
 
 
Follow-up  
BMP 
discussion: 
i) n/a 
ii) GF2 

GF2 On-Farm 
Stewardship $10, 
350.00 

Initial BMP  discussion: 
i) No (April 2017) 
ii) No (April 2017) 
iii) No (April 2017) 
iv) No (April 2017) 
v) No (April 2017) 
 
 
 
 
 
 
 
Follow-up  BMP discussion: 
i) No (April 2017) 
ii) No. (Grant was awarded 
for cattle enticement 
mechanisms but were not 
purchased) (April 2017) 
 
 
  

A-BMP2-2 
 
RHI 

Cattle pasture with 
flowing artesian well-
fed watering trough. 
Watering trough is 
located in close 
proximity to creek. 

i) Fence off wettest part of 
pasture around spring;  
ii) Move watering trough out 
of low-lying area.  Control 
water flow using hoses and 
pipes; 
iii) Pasture rejuvenation; 
iv) Fence off creek (if 
necessary). 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 

i) Yes 
ii) Yes 
iii) Yes 
iv) Yes 

i) No 
ii) GF2 
iii) No 
iv)  No 

GF2 On-Farm Water 
Management 
Program: $977.08 
(Shared GF2 
application with A-
BMP2-6) 

i) No (April 2017) 
ii) Yes (2015)  
iii) No (April 2017) 
iv) No (April 2017) 

A-BMP2-3 Cropped field. 
Groundwater spring. 

i) Improve water flow with 
swales. Done following a 
professional evaluation/spring 
assessment. 

 i) Yes i) No i)  No n/a n/a 
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A-BMP2-4 
 
RHI 

Cattle pasture with 
dugout. 

i) Fence off dugout with 
portable electric fencing to 
prevent cattle access; 
ii) Off stream watering. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) No 
ii) GF2 

Wintering site 
relocation: 
$8,975.00. (Shared 
watering system with 
A-BMP2-5) 

i) No. Withdrew GF2 
application.  
ii) Yes (Summer 2016) 

A-BMP2-5 
 
RHI 

Cattle pasture with 
dugout. 

i) Use electric fence originally 
purchased for A-BMP2-4; 
ii) Use off-stream watering 
system originally used for A-
BMP2-4. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) GF2 Wintering site 
relocation: 
$8,975.00. (Shared 
watering system with 
A-BMP2-4) 

i) No (April 2017) 
ii) Yes (Summer 2016) 

A-BMP2-6 
 
RHI 

Cropped field with 
creek flowing through 
it. Also used for 
livestock seasonal 
feeding. 

i) Riparian fencing to keep 
cattle outside of riparian area;  
ii) Move existing watering 
system so water is available to 
cattle when grazed in pasture. 

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) GF2 
ii)  GF2 

GF2 On-Farm 
Stewardship-
Riparian fencing: 
$3,366.25 (Shared 
GF2 application with 
A-BMP2-2) 
-Year Round 
watering systems: 
$650.00 

i) Yes (2016) 800 m 4-strand 
fence  
ii) Partial (watering system 
moved but no gravel pad 
underneath). 
 
 

Producer A-BMP3 
 

A-BMP3-1 Manured crop field. 
Unknown soil nutrient 
concentrations. 

ii) Soil test to determine STP; 
ii) Manure management (more 
land, rates, etc.) due to 
elevated soil test levels, if 
required. 

i) Yes 
ii) Yes 

i)  Yes 
ii) Yes 

i) n/a 
ii) n/a 

n/a i) Yes (2014). Moderate to 
high STP levels. 
ii) Yes (2015) Acquired one 
more parcel of land.  
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Producer A-BMP4 

 
A-BMP4-1 Gain access to 

additional land to 
spread manure on. 

i) Install road crossings to 
improve land access for liquid 
hog manure spreading.  

i) Yes i) Yes i) No n/a i) No longer required as 
neighbours no longer 
needed/wanted manure. 

A-BMP4-2 Gain access to 
additional land to 
spread manure on. 

i) Secure more land for 
manure spreading. 

i) Yes i) Yes i) n/a n/a i) Yes (2015). Accessed 
seven additional quarter 
sections for 2015. 

A-BMP4-3 Solid-liquid manure 
separator to improve 
manure management.  

i) Solid-liquid manure 
separator. 

i) Yes i) Yes i) No n/a i) No (April 2017) 

A-BMP4-4 Cropped field to which 
manure is applied 
frequently floods.  

i) Avoid applying 
manure/fertilizer in area that 
floods or reduce application 
rates; 
ii) Evaluate drainage of 
flooded area. 

i) Yes 
ii) No, 
producer 
suggestion 

i) No 
ii) No 

i) No 
ii) No 

n/a i) No (2016) 
ii) No (2016) 

Producer A-BMP5 
 

A-BMP5-1 
 
RHI 

Small livestock grazing 
pasture with 
uncontrolled access to 
dugout and creek. 
SFBS located close to 
creek.  

i) Fence off dugout to prevent 
cattle access; 
ii) Off stream watering 
system; 
iii) Removal of SFBS (and 
move old manure pack). 

i) Yes 
ii) Yes 
iii) Yes 

i) Yes 
ii) Yes 
iii) Yes 

i) No 
ii) GF2          
iii) GF2 

GF2 On-Farm 
Stewardship 
-Year Round 
watering systems: 
$4,125.00 

i) No. No longer needed. 
Will only seasonally graze 
animals in adjacent cropland  
ii) Yes (Fall 2015) 
iii) Yes (Fall 2015) 
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A-BMP5-2 
 
RHI 

Livestock grazing 
pasture. Cattle have 
uncontrolled access to 
dugout.  

i) Portable off stream watering 
systems near dugout; 
ii) Second portable off stream 
watering system near dugout. 

Producer’s 
initiative 

i) Yes 
ii) Yes 

i) GF2 
ii) GF2 

GF2 AWE:  
-Year round watering 
systems: $13,780.00  

i) Yes (2016); 
ii) Yes (2016) 

A-BMP5-3 Mitigate yard and pen 
runoff before it enters 
the tributary to Acme 
Creek 

i) Install catch basin  i) Yes i) Yes i) No n/a i) No 

 
Producer A-BMP6 

 
A-BMP6-1 Gain access to 

additional land to 
spread manure on. 

i) Manure management (more 
land, reduced rates)  

i) Yes i) Yes i) n/a n/a i) Yes (2015) Accessed 19 
additional quarter sections 
for 2015.  
 

A-BMP6-2 Livestock grazing 
pasture with SFBS. 
Cattle have 
uncontrolled access to 
creek. Land partially 
assessed by APMT. 

i) Permanent off stream 
watering system located away 
from the creek; 
ii) Entice cattle away from the 
creek (wind fencing); 
iii) Move SFBS away from 
creek. 

Producer's 
initiative.  

i) Yes 
ii) Yes 
iii) Yes 

i) GF2 
ii)  GF2 
iii) n/a 

GF2 AWE:  
-Year round watering 
systems: $9,309.84 
AWE  

i) Yes (Fall 2016) 
ii) Yes (Fall 2016) 
iii) Yes (Fall 2016) 

A_BMP6-3 Heavily grazed 
livestock pasture with 
uncontrolled, year-
round access to creek. 
Land not assessed by 
APMT.  
 

i) Reduce stocking density; 
ii) No early spring cattle 
grazing; 
iii) Off stream watering 
system.  

Producer's 
initiative.  

i) Yes 
ii) Yes 
iii) Yes 

i) n/a 
ii) n/a 
iii) GF2  

GF2 AWE:  
-Year round watering 
systems: $10,000  

i) Yes (2016) Accessed 
additional grazing pasture 
(located outside of watershed 
boundaries) 
ii) Yes (2017) 
iii) Yes (2016) 

A_BMP6-4 Reduce manure 
application 
rate/frequency on 
landscape. Land 
partially assessed by 
APMT. 
 

i) Composting/manure facility  Producer's 
initiative.  

i) Yes i) n/a  n/a i) No (2017) 
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A_BMP6-5 Grazing pasture with 
corral facility located 
~100 m from creek. 
Livestock have 
uncontrolled access to 
creek. Land not 
assessed by APMT.  

i) New corral facility located 
away from creek; 
ii) Off-stream watering system 
to provide cattle with alternate 
watering system/entice cattle 
away from creek. 

Producer's 
initiative.  

i) Yes 
ii) Yes 

i) No 
ii) GF2 

GF2 AWE: 
- Year round/summer 
watering systems: 
$1,800.00 

i) Yes; 2016 
ii) Yes; 2016 

Producer A-BMP7 
 

A_BMP7-1 
 
RHI 

Livestock (sheep) 
grazing pasture with 
uncontrolled access to 
creek. 

i) Riparian fencing along 
creek;  
ii) Grazing management. 
Sheep will be grazed 
occasionally in riparian area 
but only for short durations 
and not in early spring.  

i) Yes 
ii) Yes 

i) Yes 
ii) Yes 

i) GF2 
ii)  n/a 

GF2 AWE:  
-Riparian fencing: 
$30,000.00  

i) Yes (Fall 2017) 
ii) Yes (Fall 2017)  

A_BMP7-2 20,000 head sheep 
feedlot. Reduce 
manure application 
rate/frequency on 
landscape.  

i) Manure composting i) NO; 
Suggested 
by producer 

i) Yes i) No n/a i) No (April 2017) 

z SFBS = Seasonal feeding and bedding site, STP = Soil-test phosphorus. 
y GF2 = Growing Forward 2, AWE = Agricultural Watershed Enhancement. 
x n/a = not applicable. 
w Riparian health inventory site. 
 
 


