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EXECUTIVE SUMMARY

Introduction

In 2007, Alberta Agriculture and Rural Development ( ) initiated the 6-yr NutrientARD
Beneficial Management Practices Evaluation Project ( Project). Part of the ProjectBMP BMP
included a modelling component. The model used was the Comprehensive Economic and
Environmental Optimization Tool ( ), which was designed to evaluate the economic andCEEOT
environmental impacts of agricultural s on water and soil quality at field and watershedBMP
scales. The framework enabled interfacing among three separate computer models: SoilCEEOT
and Water Assessment Tool ( ), Agricultural Policy/Environmental eXtender ( ), andSWAT APEX
Farm-level Economic Model ( ) programs. This report summarizes the 5-yr period (2007 toFEM
2011) of modelling activities for the Project.CEEOT BMP

The models were applied to the two Project watersheds, Indianfarm Creek ( ) andBMP IFC
Whelp Creek ( ), as well as the Lower Little Bow ( ) field site. The objectives of theWHC LLB
CEEOT BMPmodelling component of the Project were to:

� Evaluate the performance of the modelling system by comparing the modelCEEOT
simulation results with field measurements collected during the Project;BMP

� Assess s and simulation scenarios in terms of environmental effectiveness andBMP
associated economic impacts;

� Provide recommendations on the extrapolation and application of modellingCEEOT
procedures and calibrated results; and

� Develop expertise to apply on different watersheds in Alberta.CEEOT

Development of Environmental and Economic Models

Environmental data for and were derived from the Project as well as aSWAT APEX BMP
variety of other databases. Data entry included water quality and quantity, livestock inventory,
topography, land management, soil physical and chemical properties, climate, and hydrology. The
APEX SWAT SWAPP SWAT APEXand models were integrated into the ( / Program) module of the
program to provide reliable simulation of detailed field processes and still take advantage of the
large watershed routing capabilities of .SWAT

The mean monthly flow rates and sediment and nutrient losses obtained from the calibrated
SWAPP were compared with measured values (2007 to 2010) from the two watersheds and the
LLB site to assess model performance. Two statistical methods were used to evaluate the
performance of the model. The and calibration results showed thatSWAPP IFC WHC SWAPP
produced fairly good predictions of runoff, total suspended solids ( ), nitrogen (N), andTSS
phosphorus (P) losses at the watershed outlets and during high flows. On the contrary, SWAPP
predictions were less accurate at the field-scale, where flow was very low.
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Representative farms were established for the two watersheds and the site to serve as theLLB
basis for the simulations and economic impact analysis. Most of the farm management dataFEM
were obtained through producer surveys including field operations, crop yields, and livestock
inventories, sales and purchases. Price data for most farm inputs and outputs were collected from
ARD, Statistics Canada, Alberta Financial Services Corporation, and a number of other agencies.
The model was populated by using Visual Basic scripts and the interface, whichFEM CEEOT
conveyed the results obtained from and simulations. For calibration, theSWAT APEX FEM
average annual output from was compared with farm cost and returns data for Alberta. InFEM
some cases, prices and other cost components were adjusted to better reflect Alberta conditions.
Output from the simulations was used in conjunction with environmental indicators from theFEM
SWAT APEXand simulations to determine the cost-effectiveness of various scenarios.

Schematic of the modelling system.CEEOT

Scenarios/Practices

Input
Data

Farm Economic Model
( )FEM

APEX SWATand
management files and
other watershed data

FEM Output

SWAPP: Fully Linked
Environmental Models

Agricultural Policy
Environmental

eXtender
( )APEX

Soil and Water
Assessment Tool

( )SWAT

Comparison and economic
and environmental

indicators
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Scenario Evaluation

In total, five scenarios were evaluated for either 30 ( and ) or 35 ( ) years.IFC WHC LLB
Scenario 1 was the baseline scenario, which represented the status quo. Scenario 2 included only
the s implemented during the field study at participating farms. Scenarios 3, 4, and 5 wereBMP
developed based on consultation with the team leads of the Project. These three scenariosBMP
included a number of practices that were considered to be relevant for each watershed and
addressed four main concerns: (a) manure management, (b) livestock management, (c) erosion
control, and (d) irrigation efficiency and runoff. Scenarios 1 through 3 were similar among the
watersheds; whereas, Scenarios 4 and 5 differed among the watersheds to reflect targeted concerns
specific to each watershed.

Scenarios simulated in the model for the Indianfarm Creek Watershed ( )CEEOT IFC , Whelp Creek Sub -

watershed (          ), and Lower Little Bow River Field ( ).WHC LLB
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IFC 2 (study) X

3 (AOPA ) X X X X

4 (cow-calf) X X X X X X X X

5 (P-limit) X X X X X X X X X

WHC 2 (study) X

3 ( )AOPA X X X X

4 (P-limit) X X X X X

5 (riparian) X X X X X X X X X

LLB 2 (study) X

3 ( )AOPA X X X X

4 (P-limit) X X X X X

5 (irrigation) X X X X X X
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The environmental indicators of runoff depth and the loss of sediment (total suspended solids)
and nutrients (total nitrogen and total phosphorus) were chosen to assess the scenarios. The results
of the model simulations showed that the scenario performance was site and watershedBMP
specific, and confirmed several conclusions from the field study.

Scenario 2 (field study s) did not result in large water quality improvements at theBMP
watershed outlets. This reflected the few s that were implemented in the watersheds, relativeBMP
to the land base of the watersheds. In contrast, at the edge-of-field, significant water quality
improvements were predicted by the implementation of a .BMP

Scenario 3 ( – Agricultural Operation Practices Act) was more effective at improvingAOPA
water quality than Scenarios 1 (baseline) and 2, but not by much. The small improvement was
because Scenarios 1 and 2 were very similar to Scenario 3, except for one distinguishing feature of
manure application setbacks in Scenario 3. The environmental, and to a lesser extent, the economic
impacts of were shown to be predicated upon the distribution of manure application fieldsAOPA
and common bodies of water, i.e., the more manure fields closer to water bodies, the greater the
impacts. This was illustrated as Scenario 3 resulted in more water quality improvements in WHC
than elsewhere, because had relatively greater numbers of manured fields and commonWHC
water bodies. Another finding related to was that the soil nitrate nitrogen ( -N) limitsAOPA NO3

were largely unbinding in effect because most soils in the two watersheds were less than the
thresholds given in during the 30- or 35-yr simulation horizon.AOPA

The addition of Scenario 4 in with cow-calf and riparian s resulted in the largestIFC BMP
environmental gains and it was also the most cost effective scenario. Adding an agronomic P limit
in Scenario 5 had little impact, as there were less than six fields in that had manure applied.IFC

The agronomic P limit in Scenario 4 of resulted in some improvement in comparison toWHC
the -N limit in Scenario 3. However, it was the buffer strips, grassed waterways, andAOPA NO3

wetland restoration in Scenario 5 that showed the greatest environmental improvements in ,WHC
albeit at a fairly significant cost.

For the site, Scenarios 4 (agronomic P-limit) and 5 (irrigation management) were slightLLB
variations on the approach taken in the field for Scenario 2. Environmental and economic results
were generally similar between the scenarios, confirming that soil P levels can be reduced and
water quality improved at the site if manure was no longer applied. However, there will be a
significant cost to haul the manure for application elsewhere.

Additional observations from the models showed:

� Riparian and cow-calf s that involved structural controls such as wetlands, off-streamBMP
watering, setbacks, buffer strips, fencing, and grass waterways resulted in significant
reductions in sediment and nutrient losses.

� Phosphorus-based manure application limits were shown to be expensive to implement. In
the P-based manure application scenarios, reduction of total P in the runoff was greater at the
edge-of-field site than at the watershed outlets. This was most likely related to the variance in
soil P concentrations, rather than the scale of observation. The site was an edge-of-fieldLLB
site with high soil-test phosphorus ( ) concentration (>200 mg kg ) that was reduced inSTP
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the model scenario; whereas, the watersheds ( and ) had low soil P concentrationsIFC WHC
and lower reduction of total P in runoff.

� It was interesting to note that the model suggested that at the site could be reducedSTP LLB
by 50% within three years while Alberta-based research suggests it would take several
decades to draw the levels down to background conditions.STP

� While detailed simulation capability provided the option of simulating complex combinations
of practices, there were some limitations in comparison to the 'real world'.

All scenarios resulted in negative net returns either from a decline in revenues or anBMP
increase in cost. The size of the representative farms affected the scale of the economic impact
when they were reported on a per hectare basis. Cost-effectiveness estimates provided insight into
which scenario generated the greatest loss reduction per dollar spent.

Cost-effectiveness ratios and trade-off assessment showed that some scenarios were superior to
others. However, in general, optimal implementation of water quality improvement scenarios
requires a combination of flexible scenario options, by starting with the most cost effective
scenarios targeted to areas where the greatest benefit can be achieved and progressively using less
cost-effective options until the watershed nutrient and sediment reduction goals have been attained.

Lessons Learned and Future Application of in AlbertaCEEOT

Very low flow volumes were often well below the predictive ability of the simulation models
used in this study. A significant amount of time was dedicated to improve calibrationSWAPP
results at the field-scale and watershed outlets. However, the final predictions of sediment and
nutrient losses at this very detailed scale were not accurate enough to justify the time spent
performing such refined calibrations at the field scale. Based on the experience gained from the
SWAPP calibrations, it is recommended that future work be conducted for watershed outlets or
sub-basin outlets with contributing areas at least the size of the or watersheds.WHC IFC

One of the primary objectives of the application to the Project watersheds was toCEEOT BMP
develop a framework and protocol for rapid application of the model to other watersheds in
Alberta. It is anticipated that future applications in other watersheds in the province willCEEOT
not entail the same level of detailed effort and data collection as was the case for the Project.BMP
Based on an inventory of the existing Alberta databases, the majority of the data are readily
available at the different scales and formats required for use in modellingCEEOT .
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1 INTRODUCTION

Alberta crop and livestock producers face challenges of increasing input costs, market
competition, and continued pressure to improve environmental stewardship ( ). A wideARD 2014
variety of beneficial management practices ( s) are promoted to producers to addressBMP
environmental concerns; however, producers often find it difficult to evaluate the relative costs and
benefits of s. In addition, the effectiveness of s to address environmental concerns is notBMP BMP
well known under Alberta conditions. More information and analysis are needed to better promote
BMP options for producers, and to assist policy makers in the development of appropriate
programs and regulations dealing with environmental issues.

Comprehensive watershed management models can be effective in predicting the effects of
implementing s. Modelling the application of s in a wide range of field conditions canBMP BMP
inform land managers about farm practices that are best for their particular operations. Models can
also save time and money since they can reduce the need for extensive field monitoring, which is
expensive and often difficult to conduct. During the past decade, numerous models were developed
to predict specific environmental processes (Williams 1995; Gassman 1997; Arnold et al. 1998;
Renaud et al. 2006), such as stream flow and the concentration of sediment, nutrients, or pesticides
in runoff at the field and watershed scales.

In 2007, Alberta Agriculture and Rural Development ( ) initiated the Nutrient BeneficialARD
Management Practices Evaluation Project ( Project). The purpose of this 6-yr study was toBMP
evaluate a variety of s under Alberta conditions in terms of environmental effectiveness andBMP
associated costs. Part of the Project included a modelling component. The model used wasBMP
the Comprehensive Economic and Environmental Optimization Tool ( ), which wasCEEOT
designed to model s in agricultural watersheds. The modelling component was carried outBMP
through collaboration between and the developer of the model, the Texas Institute forARD
Applied Environmental Research ( ). The framework is one of the few modelsTIAER CEEOT
available that can evaluate the economic and environmental impacts of s on water and soilBMP
quality at field and watershed scales. As well, it is able to simulate the effects of land use changes-
on soil and water quality under snowmelt conditions.

The objectives of the modelling component of the Project were to:CEEOT BMP

� Evaluate the performance of the modelling system by comparing the modelCEEOT
simulation results with field measurements collected under the Project;BMP

� Assess different s and simulation scenarios in terms of environmental effectiveness andBMP
associated economic impacts;

� Provide recommendations on the extrapolation and application of modellingCEEOT
procedures and calibrated results; and

� Develop expertise to apply on different watersheds in Alberta.CEEOT
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This report summarizes the 5-yr period (2007 to 2011) of modelling activities for theCEEOT
BMP Project. Some of the information included in this report s presented in ).i also (2014ARD

1.1 Overview of the Nutrient Evaluation ProjectBMP

Two watersheds and two field sites were selected for the 6-yr (2007 to 2012) Project. TheBMP
watersheds were the Indianfarm Creek Watershed ( ; 14,145 ha) in southwestern Alberta nearIFC
Pincher Creek, and the Whelp Creek Sub-watershed ( ; 4595 ha) in central Alberta nearWHC
Lacombe (Figure 1.1). The Sub-watershed used in this project was in the headwaters area ofWHC
the larger Whelp Creek Watershed. Two field-scale sites were also selected northeast of
Lethbridge: one in the Lower Little Bow River Watershed and the other in the Battersea Drain
Watershed (Figure 1.1). The Lower Little Bow River Field ( ) was about 83 ha in size and theLLB
Battersea Drain Field ( ) was 65 ha in size. The watershed and field site selection includedBDF
consideration of hydrological factors (e.g., high runoff potential), the presence of intense and
diverse farming practices, the level of cooperation by local producers, travel distance to the
watersheds, and access within the watersheds. Further details about the project are in ( ).ARD 2014

Figure 1.1. Location of the Project watersheds in Alberta ( 2014).BMP ARD
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The main objective of the Project was to investigate the environmental effectiveness andBMP
the economic implications of s under Alberta conditions. The main focus was on improvingBMP
surface water quality; however, riparian quality, rangeland quality, and soil quality were also
monitored at certain sites. A before-and-after experimental design was used for theBMP BMP
Project. This first involved monitoring the existing land management practices for 2 or 3 yr to
assess pre- conditions, starting in 2007 for , , and , and in 2008 for . ThenBMP IFC  BDF LLB WHC
specific s were implemented and the post- conditions were monitored for 2 to 3 yr.BMP BMP

A total of eleven sites were established in (Figure 1.2). Of these, eight sites had waterBMP IFC
monitoring stations and field data from all these stations were used for modelling (Table 1.1). The
number of water monitoring stations at the eight sites ranged from one to five stations. In addition,
there were 10 watershed-wide monitoring stations, of which some were also used to monitor water
at sites. Four edge-of-field and two in stream monitoring stations were used at the site,BMP BDF
and a single, edge-of-field monitoring station was used at the site (Table 1.1). In theLLB WHC
Sub-watershed, six sites, two reference sites, and four watershed-wide monitoring stationsBMP
were established (Figure 1.2). The number of water monitoring stations used at the andWHC BMP
reference sites ranged from one to three stations. The data from six , two reference, andWHC BMP
four watershed-wide sites were used for modelling (Table 1.1). Additional details about the
location and types of s relative to the modelling component are provided later in the report.BMP

Each monitoring site was instrumented to monitor surface water flow and quality.BMP
Riparian health, rangeland health, and soil nutrient status were also measured at some sites. In
addition, field observations were made of farm-field operations, crop types and yields, livestock
production, grazing management, and other management activities.

Implementation of the first three s started in 2008 after a 2 yr pre- monitoring phaseBMP BMP
at the , , and study areas. However, the timeline for installation of the remainingBDF LLB IFC
BMPs varied from site to site and occurred from 2008 to 2011 (Figure 1.2). This variation was due
to the need to collect additional pre- data at some sites.BMP
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Figure 1.2. Timelines and types of s implemented at the Indianfarm Creek ( )BMP IFC
Watershed, the Whelp Creek ( ) Sub-watershed, Lower Little Bow River Field ( ),WHC LLB
and Battersea Drain Field ( ) ( ).BDF ARD 2014
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BDF = Battersea Drain Field site LLB = Lower Little Bow River Field site

WHC Sub-watershed ( , , , , sites)WFD  EFD  SFD  NPS  SPS

IFC IMP WINWatershed ( , sites)

IFC Watershed (NMF site)

IFC REFWatershed ( site)

BDF LLB, sites

2006           2007           2008           2009           2010            2011          2012

IFC PST DMFWatershed ( , sites)

WHC Sub-watershed ( site)NFD

IFC Watershed ( site)SMF

IFC Watershed ( , , sites)DUG  OSW FEN

IFC FLTWatershed ( site)
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Table 1.1 . Beneficial management practice ( ) and watershedBMP -wide water monitoring stations used for

modelling in the Indianfarm Creek Watershed, Whelp Creek Sub-watershed, Lower Little Bow River Field,

and Battersea Drain Field.

Stationz BMP sitey,x
Watershed-

wide site
Used for

modelling Stationw BMP sitey,x
Watershed-

wide site
Used for

modelling

------------------ Indianfarm Creek ------------------ ------------------ Battersea Drain Field ------------------
1 Yes Yes 201 BDF; us Yes
2 IMP; ds Yes 202 BDF; ds Yes
3 IMP; ds Yes 203 BDF; eof Yes
4 NMF; eof Yes 204 BDF; eof Yes
5 PST; ds Yes Yes 205 BDF; eof Yes
7 PST; ds 206 BDF; eof Yes
8 PST; up
9 PST; eof ------------- Whelp Creek Sub-watershed -------------
10 PST; eof Yes 301 Yes Yes
11 WIN; ds Yes 302 NPS; ds
12 WIN; us Yes 303 NPS; us Yes Yes
13 Yes 304 Yes
14 Yes 305 Yes
15 DMF; eof Yes 306 EFD; ds
16 Yes 307 EFD; eof Yes
17 SMF; us 308 EFD; us
18 SMF; ds Yes 309 WFD; eof Yes
19 Yes 310 NFD; ds
20 Yes 311 NFD; eof Yes
21 REF; eof Yes 313 NFD; us
22 IMP; us 314 SFD; ds Yes
23 Yes 315 SFD; us
24 FLT; ds 316 SFD; us
25 FLT; ds 317 REF1; us
26 FLT; us 318 REF1; ds Yes
27 FLT; us 319 REF2; eof Yes
28 FLT; us 324 SPS; eof Yes
29 FLT; ds

------------ Lower Little Bow River Field ------------
101 LLB; eof Yes
z Station 6 was decommissioned early during the study.
y BDF DMF EFD FLT IMP= Battersea Drain Field; = Dairy Manure Field; = East Field; = Feedlot; =
Impoundment; = Lower Little Bow River Field; = North Field; = North Manure Field;LLB NFD NMF NPS = North
Pasture; = Pasture; = Reference; 1 = Reference 1; 2 = Reference 2; = South Field; =PST REF REF REF SFD SMF
South Manure Field; = South Pasture; = West Field; = Wintering.SPS WFD WIN
x ds = downstream; eof = edge of field; us = upstream.
w Station 312 was decommissioned early during the study; Station 320 was not sampled; and Stations 321, 322, and
323 were at potential sites that were not selected for the study.
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1.2 Overview of the Modelling SystemCEEOT

The model was developed as part of a United States Environmental Protection AgencyCEEOT
funded project titled the National Pilot Project on Livestock and the Environment (Jones et al.
1993; Osei et al. 2000a). It was first applied in the analysis of issues related to livestock and
poultry ( ) and was named - . The - model was subsequently augmented toLP CEEOT LP CEEOT LP
enable its use in watersheds with row crops and no livestock, as well as for evaluation of
alternative forestry practices. The latest version of (Saleh and Gallego 2007; Saleh et al.CEEOT
2007) is essentially a fully automated version of - that is capable of simulating allCEEOT LP
agricultural and forestry land uses.

The framework enables interfacing among three separate computer models: Soil andCEEOT
Water Assessment Tool ( ), Agricultural Policy/Environmental eXtender ( ), and Farm-SWAT APEX
level Economic Model ( ) programs. The two environmental models ( and ) haveFEM SWAT APEX
been extensively evaluated and tested in many countries. Currently, there are more than 200 peer-
reviewed publications available on these models (Gassman et al. 2007). Renaud et al. (2006) and
Gordon et al. (2005) reviewed several models suitable for colder climate conditions, and gave
SWAT CEEOT FEMa high ranking. The economic module in ( ) was tested and evaluated on
different types of farms in Iowa and Texas in the United States (Osei et al. 2000a; Osei et al.
2003a). A summary of past applications of the model to evaluate various agricultural andCEEOT
forestry s in various watersheds is shown in Table 1.2.BMP

The simulation process uses data files generated by Av (Di Luzio et al.CEEOT SWAT SWAT
2002) or the Arc program. The current version of fully integrates the economic andSWAT CEEOT
environmental models used in previous applications (Figure 1.3). The andCEEOT APEX SWAT
models were integrated into the ( / Program) module of the program toSWAPP SWAT APEX
provide reliable simulation of detailed field processes and still take advantage of the large
watershed routing capabilities of (Osei et al. 2000b, 2008b). Management information wasSWAT

Table 1.2. Summary of selected applications.CEEOT

Study area Subjects of analysis

Upper North Bosque River Watershed, Texas z Dry-lot dairies
Lake Fork Reservoir Watershed, Texas y Pasture dairies
Upper Maquoketa River Watershed, Iowax Multiple livestock and crops
Alto Watershed, Texasw Forestry
Duck Creek Watershed, Texas v Broilers and pastured beef
Mineral Creek Watershed, Iowau Multiple livestock and crops
Buttrick Creek Watershed, Iowa t Crops
Tipton Creek Watershed, Iowas Crops
Texasr Animal feeding operations
Ohio River Basinq Animal feeding operations
Walnut Creek Watershed, Iowa p Crops

z Pratt et al. 1997, Osei et al. 2000b, Osei et al. 2003b; y McNitt et al. 1999, Osei et al. 2003c; x Osei et al. 2000c,
Keith et al. 2000; w Saleh et al. 2004; v Keplinger and Abraham 2002; u Gassman et al. 2003; t Osei et al. 2005; s

Osei et al. 2006b; r Osei et al. 2008a; q Osei et al. 2006a; p Saleh et al. 2007.

Application of the Model to Alberta WatershedsCEEOT
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transferred to for estimation of the impacts of scenarios on key farm-level economicFEM
indicators. The Scenarios/Practices module in captures the policy module of theCEEOT CEEOT
framework (Saleh et al. 2003, 2008).

The - linkage was developed by establishing a programming interface betweenFEM SWAPP
FEM SWAPP CEEOTand the module. Several routines were included in the interface to transfer
APEX SWAT FEMand management files to format in a Microsoft® Access database table.
Furthermore, latitude and longitude coordinates representing the locations of hydrologic response
units ( s) were transferred to in the options file. The latitude and longitudeHRU FEM FEM
coordinates were used by to determine the representative farms to simulate, since these farmsFEM
differ from one region to another. Upon completion of simulations, economic model output isFEM
used in conjunction with environmental indicators from the and simulations toSWAT APEX
determine the cost-effectiveness of various scenarios.

Figure 1.3 Schematic of the modelling system.CEEOT

Scenarios/Practices

Input
Data

Farm Economic Model
( )FEM

APEX SWATand
management files and
other watershed data

FEM Output

SWAPP: Fully Linked
Environmental Models

Agricultural Policy
Environmental

eXtender
( )APEX

Soil and Water
Assessment Tool

( )SWAT

Comparison and economic
and environmental

indicators
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2 SWAPP M D DODEL ATA EVELOPMENT

During the 2007 to 2012 monitoring period of the Project, a large amount of data wasBMP
collected. However, due to time constraints, only the 2007 to 2010 data were used for CEEOT
modelling. The modelling team agreed that the data were sufficient to evaluate the performance of
the model and to assess the effects of implementing s on water quality in AlbertaCEEOT BMP
watersheds.

2.1 Preparation of Format Model Input FilesGIS

2.1.1 Topographical Data

The digital elevation model ( ) data were obtained based on 25-m and 1-m gridIFC DEM
resolutions. The 25-m grid represented ground-surface topology or relief at a scale ofDEM
1:20,000, and it had relative horizontal and vertical accuracy (depending on terrain) of ±5.0 and
±3.0 m, respectively. The data were prepared by Alberta Environment and Sustainable Resource
Development (formally Alberta Environment) in 2001 using the 83-10 projection. The 1-NAD TM
m grid was derived using remote sensing technologies called Light Detection and RangingDEM
(Li ) and it had relative vertical accuracy of ±0.3 m (Figure 2.1a).DAR

The data were obtained based on 25-m and 5-m grid resolutions. Similar to theWHC DEM IFC
DEM DEM, the 25-m grid represented ground-surface topology or relief at a scale of 1:20,000, and
it had relative horizontal and vertical accuracy (depending on terrain) of ±5.0 and ±3.0 m,
respectively. The 5-m data were derived from the 1998 1:30,000 scale aerial photographyDEM
and it had a relative vertical accuracy of ±0.75 to 1.0 m (Figure 2.2a).

The was derived from aerial photography (Little et al. 2006), and it had gridLLB DEM
resolution of 5-m and vertical accuracy of ±0.75 to 1.0 m.

The was generated from approximately 10,000 elevation points obtained using aBDF DEM
differential global positioning system ( ) and the “Point to Raster” functions in Arc 9.3GPS GIS
software (Riemersma et al. 2002). A grid resolution of 2 m was selected based on the large number
of elevation points available for the production.DEM

2.1.2 Land Management Information

In the Project, land management data were collected at field, farm, and watershed scales.BMP
Watershed-scale data were collected by recording observed land-cover using AgCapture software
(computer program developed by the former Prairie Farm Rehabilitation Administration, later re-
named the Agri-Environment Services Branch) while driving throughout the watershed on an
annual basis. Field- and farm-scale data were collected by interviewing volunteer producers and
completing a questionnaire ( ). The interviews and questionnaires were carried out once,ARD 2014
near the beginning of the project. In addition, field-scale management data were collected annually
for all of the sites.BMP

Application of the Model to Alberta WatershedsCEEOT
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Figure 2.1. Maps of Indianfarm Creek Watershed showing (a) digital elevation model, (b)
land use, (c) soils, and (d) sub-basins and water monitoring stations.

The AgCapture data were used with the exiting Western Transition Payment ProgramGRAIN
( ) 25-m grid and 2005 ortho-image data to outline polygon boundaries of unique land usesWGTPP
within the and watersheds. In total, 431 and 774 polygons were identified in the andIFC WHC IFC
WHC LLB BDFwatersheds, respectively (Figures 2.1b and 2.2b). For the and field sites, land uses
were identified based on field observations. In total, two and five polygons were used at the two
field sites, respectively.
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For the questionnaire, the producers were asked to provide land management and economic
information. Two questionnaires were used: a long version for the producers with evaluationBMP
sites on their property, and a short version for other producers in the watershed who were willing to
participate in the survey ( ). In total, 13 producers were interviewed in theARD 2014 IFC
Watershed, 27 in the Sub-watershed, and one for the site. These numbers representedWHC LLB

Figure 2.2. Maps of Whelp Creek Sub-watershed showing (a) digital elevation model, (b) land
use, (c) soils, and (d) sub-basins and water monitoring stations (Station 301 was used as the
outlet for modelling).CEEOT

Application of the Model to Alberta WatershedsCEEOT
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about 18% of the producers in the Watershed and 50% of producers in the Sub-IFC WHC
watershed. The following land management data were collected: (1) type of vegetation cover on
each farm field, (2) schedule of field operations on selected farms, (3) information on livestock
inventories and management, (4) fertilizer and manure application rates, (5) crop yields, and (6)
type of equipment and machinery. The collected management data were assembled first into a
tabulate format and then Visual Basic scripts were used to convert them into andSWAT APEX
format input files.

2.1.3 Distribution of Soil Name Series

The Agricultural Region of Alberta Soil Inventory Database ( ) represents the mostAGRASID
accessible, digital format of soils information in Alberta (Alberta Soil Information Centre 2001).
The data describes the distribution of soils within the agricultural areas of Alberta at a scale of
1:100,000. In the database, there are more than one-thousand soil series and each soil series has a
list of soil properties for up to nine layers to a maximum depth of 2 m. In addition, each soil
polygon provides information on the proportional distribution of soil series; however, there is no
information on their geographical location within polygons. Brierley and Bock (2008) developed a
method to modify information and the distribution of soil series were displayed at aAGRASID
scale of 1:30,000 for the and watersheds (Figures 2.1c and 2.1c).IFC WHC

2.1.4 Hydrographical Data

Location of existing water bodies and ephemeral streams was represented by hydrographical
data. The data were obtained from Alberta Environment and Sustainable Resource Development
(Figures 2.1d and 2.2d) and were used with the data in the Av program to helpDEM SWAT
simulate the appropriate location of streams, sub-watershed boundaries, and monitoring sites.

2.1.5 Distribution of Ponds, Wetlands, and Reservoirs

The grid and ortho-image data were also used to delineate distribution of water bodiesWGTPP
within Watershed and Sub-watershed. Ponds and wetlands were defined as theIFC WHC
intermittent or permanent water bodies located away from main channels and without water
contribution from the upstream sub-basins. The majority of ponds were assumed to be dugouts.
However, some ponds were assumed to be deep sloughs that had potential to store large volume of
runoff and were surrounded by cultivated area. Wetlands were assumed to be local depressions
under perennial cover such as pasture, shrub, or wooded areas. Reservoirs were defined as large
permanent impoundments located on the main channels (Figures 2.3 to 2.5). In total, 74 wetlands
and 70 ponds were delineated within , 56 wetlands and 35 ponds within , and no wetlandsIFC WHC
or ponds were defined within the and sites. In addition, five reservoirs were identified inLLB BDF
IFC WHC LLB, five reservoirs were identified in , and no reservoirs were identified in the and
BDF IFC WHCsites. Three of the reservoirs ( Sub-basins 20 and 27, and Sub-basin 14) were
constructed, and the other seven reservoirs ( Sub-basins 7, 9, 12, 18, and Sub-basins 2,WHC IFC
12, and 15) were natural depressions or dugouts that had a stream flow through them.
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Figure 2.3. Distribution of ponds, wetlands, reservoirs, streams, and sub-basins within the
Indianfarm Creek Watershed.

Application of the Model to Alberta WatershedsCEEOT
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Figure 2.4. Distribution of ponds, wetlands, reservoirs, streams, and sub-basins within the
Whelp Creek Sub-watershed.
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2.2 Configuration of the Watersheds

Two similar area units are used to provide certain landscape input data to and . TheSWAT APEX
HRU SWAT APEXs are used for and subareas are used for . Basically, these units represent areas
with similar biophysical characteristics, such as soil, land cover, management type, and field
boundaries that generate various hydrological responses. The number and types of s orHRU
subareas within a watershed can change as biophysical characteristics change, such as the
implementation of s. Where 's or subareas cross a boundary of two or more sub-basins,BMP HRU
the hydrological output is proportioned and routed to the appropriate sub-basins. When isSWAT
used, the watershed is partitioned into s. However, can perform better at a smaller fieldHRU APEX
scale than . Therefore, in , and are used together and as a result, aSWAT SWAPP SWAT APEX
combination of s and subareas are required.HRU

Figure 2.5. Water monitoring stations and sub-basins at the (a) Lower Little Bow River Field
and (b) Battersea Drain Field.

Application of the Model to Alberta WatershedsCEEOT
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2.2.1 Indianfarm Creek Watershed

The Watershed characteristics were derived using 1-m grid resolution Li data. Prior toIFC DAR
the watershed delineation process, the 1-m grid data were generalized into 4-m grid data in order to
overcome the limitation of Av in handling analyses of large files (Di Luzio et al. 2002). ForSWAT
SWAT calibration, the delineated total drainage area of 14,145 ha was subdivided into 27 sub-
basins (Figure 2.3; Table 2.1) and 154 different s. The outlet locations for each sub-basin wereHRU

Table 2.1. Cross-reference among the Indianfarm Creek Watershed sub -basin s, monitoring site s, andID ID

selected site names.

Sub-basin
ID

Water
monitoring

site ID
Drainage area

(ha) Site namez Water monitoring s ite description

1 1 1060.9 Outlet Instream, Watershed assessment

2 2 8.6 IMP Impoundment BMP

3 nay 21.5 Not monitored

4 15 19.4 DMF Edge of field

5 13 1957.6 In-stream tributary, Watershed assessment

6 4 67.1 NMF Edge of field

7 5 9.4 Instream (upstream of site)

8 7 9.6 Instream

9 10 54.4 PST Edge of field, Upstream of Old Corral BMP

10 9 12.6 Old Corral BMP, Downstream of site

11 8 5.8 Instream (upstream)

12 na 10.6 Not monitored

13 11 23.8 WIN Instream (downstream of site)

14 12 2156.0 Instream (upstream of site)

15 na 2.1 Not monitored

16 21 18.8 REF Edge of field

17 16 865.5 Instream, Watershed assessment

18 17 74.1 Instream (upstream of site)

19 18 56.0 SMF Instream (downstream of site)

20 na 523.3 Not monitored

21 19 2209.8 Instream, Watershed assessment

22 20 1008.5 Instream, Watershed assessment

23 na 1332.0 Not monitored

24 na 281.2 Not monitored

25 na 1011.2 Not monitored

26 na 607.4 Not monitored

27 na 737.9 Not monitored

z
Sites selected for calibration.

y Not applicable.
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selected to match the location of the existing Project water monitoring stations (Figure 2.1dBMP
and Table 2.1). For the calibration, the watershed was divided into 31 different s forSWAPP HRU
SWAT APEX HRU IFCand 144 different subareas for . The new s contained a total of about 7 ha of
area and the 144 subareas were in the remaining area (14,138 ha).IFC

2.2.2 Whelp Creek Sub-watershed

The above mentioned 5-m data were used to delineate andDEM WHCthe Sub-watershed the
sub-basin drainage areas and to estimate their landscape characteristics. Similar to , the outletIFC
locations for each sub-basin were selected to match the Project water monitoring stations forBMP
SWAT WHCcalibration (Figure 2.2d). As the result, the 4595-ha Sub-watershed area was
subdivided into 22 sub-basins (Figure 2.4; Table 2.2) and 396 different s. However, only 21HRU

Table 2.2. Cross-reference among the Whelp Creek sub-basin s, monitoring site s, and selected siteID ID

names.

Sub-basin ID

Water
monitoring

site ID

Drainage
area
(ha) Site namez Water monitoring s ite description

1 313 87.6 Instream (upstream of site)

2 311 35.6 NFD Edge of field

3 310 29.8 Instream (downstream of site)

4 309 42.7 WFD Edge of field

5 307 16.7 EFD Edge of field

6 306 8.1 Instream (downstream of site)

7 308 395.8 Instream (upstream of site)

8 316 17.4 Instream, (upstream of site)

9 315 241.6 Instream (upstream of site)

10 314 48.5 SFD Instream (downstream of site)

11 317 66.9 Instream (upstream of site)

12 318 33.4 REF1 Instream (downstream of site)

13 324 3.8 SPS Edge of field, new in 2009

14 nay 1072.0 Impoundment outlet - not monitored

15 305 31.4 Instream, Watershed assessment

16 304 382.4 Instream, Watershed assessment

17 302 25.1 Instream (downstream ofsite - not active in 2009)

18 303 1708.5 TRIB1 Instream (watershed assessment, upstream for NPS)

19 319 26.8 REF2 Edge of field

20 301 31.1 Outlet
Instream, Watershed assessment (used for SWAPP

modelling)

21 320 88.5 Actual watershed outlet

22 na 201 Instream - not monitored
z Sites selected for calibration.
y None available.
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sub-basins (4501 ha) and 366 s were selected for calibration since Station 320 (Sub-HRU SWAT
basin 21) was downstream from the monitored watershed outlet at Station 301 (Sub-basin 20). For
SWAPP HRU HRU SWATcalibration, the 366 s were modified and partitioned into 91 s for
simulation and 284 subareas for simulation. The new s contained about 354 ha ofAPEX HRU
WHC WHCarea and the 284 subareas were in the remaining area (4,147 ha).

2.2.3 and Field-scale WatershedsBDF LLB

The above mentioned 2-m and 5-m data were used to delineate andDEM BDF LLBthe
watersheds theand sub-basin drainage areas and to estimate their landscape characteristics. For
SWAT LLB HRUcalibration, the site was divided into two sub-basins (Figure 2.5a) and eight s.
The areas for Sub-basins 1 and 2 were estimated at 51.4 and 31.4 ha, respectively. However, in
SWAPP HRU HRU SWATcalibration, the eight s were modified into two s for and eight subareas
for . The calibration was conducted using monitoring data from Station 101. There was onlyAPEX
one monitoring station (Station 101) at ; however, requires at least two sub-basins toLLB SWAT
run properly. Therefore, an artificial Sub-basin 2 was created with an outlet at the intersection of
the two quarter-sections to remedy this limitation in . For calibration, the aboveSWAT SWAPP
eight s were modified into two different s for and eight subareas for .HRU HRU SWAT APEX

The field site was subdivided into five sub-basins. Station 202 was located on theBDF
Battersea Drain and was the downstream station for all the sub-basins in this quarter section
(Figure 2.5b). In calibration, Sub-basins 1 and 4 had two s each and Sub-basins 2, 3,SWAT HRU
and 5 had only one each. Areas for Sub-basin 1 to 5 ranged from 7 to 26 ha. TheHRU SWAPP
calibration for the field site was not completed, as explained in Section 4.1, and no modifiedBDF
HRUs and subareas were created.

2.3 Development of Table Format Model Input Files

2.3.1 Climate Data

The and climate input files required daily precipitation, maximum and minimumSWAT APEX
temperature, solar radiation, wind speed, and relative humidity data. For this project, historical data
from 1981 to 2010 were estimated for all townships enclosed within the , , , andIFC WHC  LLB
BDF watersheds using the observed data from adjacent climate stations and an extrapolation
procedure developed by Shen et al. (2000). In the procedure, the above weather parameters, with
the exception of precipitation, were plotted onto a township network of grid points and then the
average values were calculated inside polygons. The interpolation of precipitation values were
based on a hybrid method, which combined inverse-distance weight and nearest-station
assignment. The extrapolation method was able to predict the number of precipitation days per
month and total daily precipitation amount reasonably well. These data files were used to conduct
long-term scenario simulations (Section 5).BMP

For and calibration proposes, additional data (temperature, relative humidity, andSWAT APEX
precipitation (rain)) were measured from 2008 to 2010 using weather stations installed in IFC
Watershed ( 1, 2, 3, and 4), Sub-watershed ( 1 and 2), and at theIWS IWS IWS IWS WHC WWS WWS
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LLB BDF BMPand sites ( ). Due to lack of data availability prior to 2008 at theseARD 2014
weather stations, additional data were obtained for the 2000 to 2007 period from nearby exiting
weather stations (Table 2.3). Snow precipitation, solar radiation, and wind speed datasets for WHC
were obtained from the Environment Canada weather station Lacombe 2 (EnvironmentCDA
Canada 2011). For , solar radiation records were obtained from Brocket (AgroClimaticIFC AGDM
Information Service 2009), and wind speed and snow precipitation data were from Pincher Creek
AUT (Environment Canada 2011). Also, snow precipitation, solar radiation and wind speed
datasets were obtained from the Lethbridge station for and (Environment CanadaCDA BDF LLB
2011). The assembled model input data files included some climate data measured at the BMP
Project sites and some at nearby weather stations.

From 2007 to 2010, annual precipitation varied from the 30-yr average (Environment Canada
2011) at the , , , and research sites (Table 2.4). For example, , , andIFC WHC  LLB BDF IFC  LLB
BDF had 3 yr with annual precipitation well above average and 1 yr of annual precipitation well
below the average annual total. However, had 2 yr of annual precipitation above and 2 yrWHC
below the 30-yr average.

Table 2.3. Weather stations in close proximity to Indianfarm Creek (IFC), Whelp Creek

(WHC), Battersea Drain Field (BDF), and Lower Little Bow River Field (LLB).

Site Weather station name Data providerz

IFC Pincher Creek AUT EC
Brocket AGDM ACIS

WHC Lacombe 2CDA EC
Prentiss ACIS

BDF LLBand Iron Springs IMCIN EC
Picture Butte West ACIS

z EC ACIS= Environmenta Canada; = AgroClimatic Information Service.

Table 2.4. Annual precipitation
z

at the Indianfarm Creek ( ) Watershed, WhelpIFC

Creek ( ) SubWHC -watershed, Lower Little Bow River Field ( )LLB , and Battersea Drain

Field sites from 2007 to 2010.

IFC WHC LLB and BDF

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

30-yr averagey 515 446 365

2007 327 517 255

2008 644 280 409

2009 544 295 387

2010 679 628 410
z Precipitation values are from the nearest Environment Canada (2011) weather station.
y 30-yr averages are for 1971 to 2000 (Environment Canada 2011).
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2.3.2 Soil Physical Characteristics

The soil-physical parameters have a major impact on predicted movement of water and air
within a soil profile and on predicted water balance within a . Table 2.5 lists the soil physicalHRU
properties and describes the data sources and methods that were used to calculate these values for
SWAT APEXand .

Table 2.5. Sources of soil-physical properties for provincial watersheds.

Parameter Definition Data source for Alberta

HYDGRP Soil Hydrologic Group - part of United
States Soil Conservation Service Curve
Number (SCS-CN) method that describes
relationship between rainfall and runoff
under given soil and land cover conditions.
The method identifies fourSCS
hydrological soil groups (A, B, C, D)
based on soil permeability.

The grouping was assumed based on the
saturated hydraulic conductivity (K) of most
restrictive layer to a depth of 1.0 m using the
following grouping criteria: A for K > 254
mm h-1, B for K ranging between 84 and 254
mm h-1, C for K ranging between 8.4 and 84
mm h-1, and D for K < 8.4 mm h-1.

Sol_ZMX Maximum rooting depth of soil profile Assumed the same as the entire depth of soil
profile

ANION EXCL_ Fraction of porosity from which anions are
excluded

Assumed model default 0.50

SOL CRK_ Potential crack volume of the soil profile Assumed model default 0.50 m3 m-3

TEXTURE Texture of soil layer AGRASID databasez

SOL_Z Depth from soil surface to bottom of layer AGRASID database
SOL BD_ Moist bulk density AGRASID soil texture data and Saxton and

Willey (2006) equationsy

SOL AWC_ Available water capacity ( )AWC of the
soil layer

AWC FC= – WPx

FC Water content at field capacity AGRASID soil texture data and Saxton and
Willey (2006) equations

WP Water content at permanent wilting point AGRASID soil texture data and Saxton and
Willey (2006) equations

SOL_K Saturated hydraulic conductivity AGRASID soil texture data and Saxton and
Willey (2006) equations

SOL CBN_ Organic carbon content AGRASID database
CLAY Clay content AGRASID database
SILT Silt content AGRASID database
SAND Sand content AGRASID database
ROCK Rock fragment content AGRASID database
SOL ALB_ Moist soil albedo SOL ALB OM_ = (0.7/ (Exp (0.5596* ))) 2

Where: = _ *1.724OM SOL CBN
USLE_K USLE soil erodibility (K) factorw Williams (1995) equations
z AGRASID = Agricultural Region of Alberta Soil Inventory Database (Alberta Soil Information Centre 2001).
y The performance of the Saxton and Willey (200 6) equations was evaluated by comparing the predicted
SOL BD  FC WP_ , , and values with the measured values (no included in this report). The comparison of 55 soil
records obtain from 40 different soil quality benchmark sites yielded r2 of 0.66, 0.60, and 0.78 for _ , ,SOL BD  FC
and , respectively.WP
x FC WP= field capacity moisture content; = wilting point moisture content.
w USLE = Universal Soil Loss Equation.
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2.3.3 Soil Chemical Characteristics

To initiate simulations, and require initial concentrations of -N, organic NSWAT APEX NO3

( ), water soluble P ( ), and organic P ( ) for all soil layers. Generally, is not readilyON WSP OP WSP
available because soil-test P ( ) is more commonly measured. In the Project, soil samplesSTP BMP
were collected from the 0- to 15-cm depth on selected sites to measure -N, ammoniumNO3

nitrogen ( -N), and concentrations. The content was tested using the ModifiedNH STP STP4

Kelowna ( ) method (Qian et al. 1991). More detailed information on soil sampling is availableMK
in (2 ). Wright et al. (2003) showed that there is a linear correlation (y = 0.84x-16, r =ARD 014

2

0.99) between the and Mehlich 3 methods for . To estimate the values, first theMK STP WSP MK
STP STPvalues were converted to Mehlich 3 values, using the equation from Wright et al. (2003).
Then an algorithm described by McFarland (2006) was used to estimate based on theWSP
Mehlich 3 values.STP

2.3.4 Measured Water Quantity and Quality

As of December 2010, 4 yr of flow and water quality data were available for the WatershedIFC
and the and sites, and 3 yr for the Sub-watershed. These data have been discussedLLB BDF WHC
in more detail in (20 ). The available data from these watersheds were used for the initialARD 14
SWAPP SWAT APEX( and ) testing and calibration processes.

It is important to note that in contrast to the water monitoring data, separates P intoSWAPP
orthophosphate ( -P) and fractions, and N into -N and fractions. The -P andPO OP NO ON PO4 3 4

NO OP ON3-N fractions were considered water soluble; whereas, the and fractions were considered
sediment bond. In calibration, the -P and fractions were assumed to be equivalentSWAPP PO OP4

to total dissolved P ( ) and particulate ( ) fractions, respectively, as reported in (20 ).TDP PP ARD 14
In addition, for total phosphorus ( ) and total nitrogen ( ) it was assumed that:TP TN

= -P +TP PO OP4

= -N + + nitrite N ( -N) + ammonia N ( -N)TN NO ON NO NH3 2 3

To prepare for calibrating sediment and nutrient losses for and , an initial analysis ofIFC WHC
the relationships between stream daily discharge and nutrient and sediment concentrations was
conducted. Strong relationships ( < 0.005) existed between stream discharge and , ,P ON  OP
PO TSS IFC4-P, and total suspended solids ( ) at the main stream sites (Stations 1, 5, and 11) in
(Table 2.6). However, only showed a strong ( < 0.005) correlation with -P and a weakerWHC POP 4

correlation with ( < 0.05) at the outlet (Station 301). The field sites generally had weaker andON P
often insignificant correlations relative to the main stream sites in . Whereas, in , fieldIFC WHC
Station 314 flow had relatively strong correlations with -N, -N, , and . At fieldNO NH ON OP2 3

Station 319, nutrient and sediment concentrations were inversely related to discharge, and this may
have resulted from groundwater influences and a relatively high water table. The lack of
correlation between nutrient or sediment concentration with stream discharge suggests that other
factors may control the export of sediment and nutrients.

Application of the Model to Alberta WatershedsCEEOT
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2.3.5 Livestock Inventory

Livestock inventories were used to estimate of the amount of manure applied to agricultural
lands in and . An estimate of the number of livestock in was obtained via the aerialIFC WHC IFC
survey conducted on March 5, 2009 ( ). In , a livestock inventory estimate wasARD 2014 WHC
determined from the 2007-2008 land use and economics survey ( ). The livestock- 2014ARD
inventories were continuously updated through field observations and updates from producers. The
total number of cows and calves in was estimated at 10,725, with approximately 8000 cattleIFC
confined in two feedlots and about 2725 on pasture (Table 2.7). In , there were approximatelyWHC
2159 cows and 481 calves, with approximately 1879 cows confined in dairy operations and 280 on
pasture. In addition to the livestock estimate in , there is a small feedlot with approximatelyWHC
400 cattle (capacity of 1500) located just outside the boundary of the watershed. The majority of
the manure produced in this feedlot was spread in the northern portion of (Sub-basin 18). ItWHC
is important to note that cattle were essentially the only type of livestock in the andIFC WHC
watersheds.

Table 2.6. Spearman rank correlation (rs) results for nutrient and sediment concentrations correlated with

stream discharge at Indianfarm Creek Watershed (2007 to 2009) and Whelp Creek Sub -watershed (2008 to

2009).

Station nz NO3-N
y NO2-N NH3-N ON PO4-P OP TSS

Indianfarm Creek Watershed x

1 65 0.06 ns -0.03 ns -0.07 ns 0.40 **** 0.38 **** 0.56 **** 0.58 ****
4 21 -0.07 ns 0.24 ns 0.25 ns -0.01 ns 0.19 ns 0.49 ** 0.48 **
5 61 0.07 ns -0.03 ns -0.08 ns 0.57 **** 0.39 **** 0.56 **** 0.54 ****
9 12 0.24 ns 0.45 ns 0.74 ** 0.64 * 0.74 ** 0.65 ** 0.30 ns
11 52 0.27 * -0.11 ns 0.01 ns 0.59 **** 0.52 **** 0.60 **** 0.71 ****
15 8 0.49 ns 0.30 ns 0.07 ns 0.37 ns 0.40 ns 0.06 ns 0.09 ns
18 45 0.47 **** -0.06 ns 0.17 ns 0.27 * 0.05 ns 0.16 ns 0.32 **
21 17 -0.02 ns -0.09 ns 0.59 ** -0.24 ns -0.27 ns -0.15 ns 0.12 ns

Whelp Creek Sub-watershedx

301 36 -0.02 ns -0.07 ns -0.12 ns 0.31 * 0.79 **** 0.22 ns 0.08 ns
307 8 0.44 ns 0.56 ns 0.26 ns 0.41 ns 0.10 ns 0.81 ns 0.47 ns
309 13 -0.09 ns 0.12 ns -0.65 ** -0.19 ns 0.03 ns 0.31 ns 0.18 ns
311 24 -0.23 ns 0.01 ns 0.42 * 0.53 *** 0.21 ns 0.21 ns -0.04 ns
314 28 -0.28 ns 0.48 *** 0.41 ** 0.50 *** 0.28 ns 0.45 ** 0.08 ns
318 8 0.54 ns -0.05 ns 0.10 ns 0.13 ns 0.13 ns 0.29 ns 0.46 ns
319 31 -0.18 ns -0.32 * -0.13 ns -0.43 ** -0.17 ns -0.45 *** -0.41 **
324 5 0.40 ns 0.00 ns 0.00 ns 0.90 ns 0.90 ns 0.60 ns -0.36 ns
z Number of observations.
y NO3-N = nitrate nitrogen, NO2-N = nitrite nitrogen, NH3-N = ammonia nitrogen, = organic nitrogen,ON PO4-P =
orthophosphorus, = organic phosphorus, = total suspended solids. Organic N = total KjeldahlOP TSS – NH3-N.
Organic P = TP – PO4-P. Organic P values may be slightly overestimated because particulate inorgan ic P was not
measured; however, this fraction was assumed to be negligible.
x Correlation significance is denoted * (P < 0.05), ** (P < 0.025), *** (P < 0.01), **** (P < 0.005), and ns (not
significant).
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2.4 Gaps, Assumptions, and Limitations in the Existing Database

Osei et al. (2009) outlined in a protocol document a comprehensive list of the data requirements
for using computer modelling systems, particularly , to evaluate the economic andCEEOT
environmental impacts of s. The protocol document also discussed the 2008 data gaps andBMP
how to address these gaps. For the most part, data items indicated by Osei et al. (2009) as a
minimum requirement were available for simulations. However, data acquisition effortsCEEOT
were ongoing and additional data were added during the project to meet each of the data
requirements (Section 3). In addition to this effort, the following assumptions were made while the
SWAPP calibrations were conducted.

Table 2.7. Livestock inventory estimates by sub-basin for the Indianfarm Creek

Watershed in 2009 and the Whelp Creek Sub-watershed in 2007 and 2008.

Indianfarm Creek Watershed Whelp Creek Sub-watershed

Sub-basin Cows and calves Sub-basin Cows Calves

1 160 1 0 0
2 0 2 0 0
3 0 3 110 20
4 50 4 0 0
5 325 5 0 0
6 0 6 0 0
7 50 7 394 105
8 0 8 0 0
9 0 9 0 0

10 0 10 0 0
11 0 11 0 0
12 0 12 0 0
13 35 13 0 0
14 4,000 14 76 72
15 0 15 0 0
16 0 16 336 68
17 0 17 220 60
18 200 18 923 61
19 0 19 0 0
20 4,075 20 0 0
21 1,125 21 0 0
22 70 22 100 95
23 0
24 0
25 560
26 75
27 0

Total: 10,725 Total: 2159 481

Application of the Model to Alberta WatershedsCEEOT
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2.4.1 Soil Data

Soil samples were collected at the field scale in the watersheds where the s wereBMP
implemented ( ). The soil characterization data showed that soil texture varied amongARD 2014
sampling locations on each farm field. However, the modelling soil input data did not capture this
variability due to the fact that delineation of soil texture distribution at very fine-scale was beyond
the scope of the Project. Therefore, the modelling of soil input data (distribution of soilBMP
texture) was generalized according to the information.AGRASID

2.4.2 Land Management Data

As mentioned above, the land management data were collected each year by recording land
cover distribution and by annual interviews about farming activities with the producers with BMP
sites on their land. However, this type of information was not available for the majority of farm
polygons within each watershed. Collecting such detailed information was beyond the scope of the
BMP Project. Therefore, for modelling purposes, the detailed field-level information was
extrapolated to the nearby fields where the land cover was similar. With this approach, it was
possible that the farm management data extrapolated to adjacent polygons may not have captured
the actual farm practices such as manure and fertilize application rates, timing and intensity of the
farm operations, and livestock stocking rates and grazing management.

2.4.3 Precipitation Data

The precipitation data collected at the and weather stations were variable among rainIFC WHC
gauges within each watershed. In modelling, it was assumed that the observed data from four IFC
and two stations was sufficient to capture a distribution of rainfall amounts within eachWHC
watershed. In addition, it was assumed that the snow data acquired from nearby Pincher Creek,
Lacombe, and Lethbridge weather stations were acceptable for the study watersheds.

2.4.4 Pond, Wetland, and Reservoir Data

Three types of impoundment parameter inputs were estimated for : the fraction of sub-SWAPP
basin area that drains into a water body (contributing area coefficient), the surface area, and the
impoundment storage capacity. The contributing area coefficients were estimated based on visual
interpretation of the spatial distribution of impoundments within each sub-basin (Table 2.8). The
coefficient value ranged from 0.02 to 1.00 and its value increased with increasing proximity to the
sub-basin outlet and the main channel. The storage capacity of impoundments was initially
estimated by assuming the maximum average depths were 0.2 m for ponds, 0.3 m for wetlands,
and 3.6 m for dugouts. However, these assumptions over simplified the storage capacities of the
impoundments, and the final storage values were estimated during the auto-calibration of SWAT
(Section 4).

In the Watershed, the ponds were often dugouts, and the wetlands were natural areas thatIFC
had very small water storage capacities relative to ponds. As a result, the wetland storage
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characteristics were combined with the pond characteristics, and they were entered into the SWAT
model as one type of impoundment. Also, it was estimated that the ponds and wetlands accounted
for 17.7 ha of the area and they had about 403,000 m  store capacity (Table 2.8). For theIFC WHC

3

Sub-watershed, it was estimated that ponds occupied an area of about 14.2 ha with a storage
capacity of 218,000 m , and wetlands occupied an area of about 175.6 ha, with a storage capacity

3

of 389,000 m .
3

Table 2.8. Estimated impoundment parameters for Indianfarm Creek ( ) and Whelp Creek ( )IFC WHC

watersheds.

Sub-
basin

Contributing
area

coefficientz

Surface
area
(ha)

Storage
capacity

(×104 m3)
Sub-
basin

Contributing
area

coefficientz

Surface
area
(ha)

Storage
capacity

(×104 m3)

IFC ponds and wetlands IFC reservoirsy

1 0.02 0.30 1.20 2 1 0.75 1.9
3 0.85 0.24 0.96 12 1 1.43 2.8
4 0.95 1.00 0.30 15 1 0.5 1.1
5 0.08 1.83 7.32 20 1 14.2 60
6 0.79 0.50 0.10 27 1 7.2 29

9 0.95 2.00 0.40 Total 24.1 94.8
14 0.08 2.09 8.36
16 0.45 2.50 0.40
17 0.01 1.05 0.60
18 0.61 1.20 0.80
20 0.28 1.76 7.04
22 0.01 0.13 0.52
23 0.90 1.62 6.48
24 0.15 0.51 2.04
25 0.03 0.39 1.56
26 0.08 0.56 2.24

Total 17.7 40.3
WHC ponds WHC wetlands

1 0.82 0.34 2.88 1 0.73 16.85 4.58
2 0.90 0.70 0.40 7 0.85 30.08 9.94
3 0.10 0.45 0.24 8 0.60 0.37 0.07
4 0.17 0.62 0.04 9 0.72 34.13 9.78
5 0.79 1.59 0.51 11 0.20 1.46 0.20
7 0.76 0.65 5.15 14 0.20 43.16 5.86
9 0.69 0.69 2.07 16 0.17 9.80 1.36

10 0.75 0.24 0.02 17 0.04 7.31 1.11
11 0.92 1.66 0.56 18 0.23 22.99 4.63
12 0.94 0.60 0.14 19 0.02 0.32 0.01
14 0.29 4.42 6.17 20 0.03 1.29 0.19
16 0.13 0.30 0.72 22 0.02 7.83 1.21

18 0.33 1.56 2.19 Total 175.6 38.9
19 0.04 0.09 0.01 WHC reservoirsy

20 0.02 0.17 0.34 7 1 1.60 0.40
22 0.02 0.12 0.37 9 1 0.45 1.10

Total 14.2 21.8 12 1 0.75 0.18
14 1 44.00 43.00
18 1 0.69 1.00

Total 47.5 45.7
z Proportion of sub-basin area that drains into a pond, wetland, or reservoir.
y Parameters were estimated at the emergency spillway level.

Application of the Model to Alberta WatershedsCEEOT
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The storage parameters of the constructed reservoirs were based on the available dam design
specifications. The parameters of the remaining reservoirs (dugouts and natural depressions) were
estimated based on the assumptions mentioned above.

In simulations, the user has the option of entering the surface area and water storageSWAT
volume at the principal and emergency spillway water levels for each impoundment. The former
level relates to full storage supply or flood control level and the latter level relates to the
emergency flood control level. For nearly all of the impoundments, except for the constructed
reservoirs ( Sub-basins 20 and 27, and Sub-basin 14), it was assumed that the waterIFC WHC
surface areas and the water storage volumes were the same at the principal and at the emergency
spillway water levels.

3 FEM D D CATA EVELOPMENT AND ALIBRATION

3.1 Development of Representative Farms

Representative farms were established for the two watersheds and the site to serve as theLLB
basis for the simulations and economic impact analysis. The representative farm structuresFEM
were based primarily on information obtained through the producer surveys. Based on the surveys,
13 representative farms were established for the Watershed, 27 representative farms for theIFC
WHC LLBSub-watershed, and one representative farm for the site (Table 3.1). The representative
farm for the field site was not completed because this site was dropped from theBDF CEEOT
calibration, as explained in Section 4.1. The survey farms were not an exact replication of the
farms in each watershed, but did reflect the diversity of operations in the two watersheds.

The model provides the capability to include as much detailed farm-level information as
required. The information used in defining each of the representative farms in included theFEM
data categories in Table 3.2. The check marks in the table indicate the primary source of the data.
For example, the field operations information was drawn primarily from the surveys in order to
reflect the actual management practices in the watersheds.

Table 3.1. Representative farm types in the Indianfarm Creek Watershed ( )IFC , Whelp

Creek Sub-watershed ( )WHC , and Lower Little Bow River Field ( )LLB .

Farm type IFC WHC LLB

Cow-calf 1

Backgounding/finishing 2 1

Cow-calf/backgounding/finishing 9 7

Dairy 7

Dairy and cattle 1

Swine 1

Horse 1

Crop 10

Irrigated crop 1
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In most cases, the data were supplemented by other sources, as indicated by an asterisk in
Table 3.2. For instance, the proportion of owned land was usually provided in the farm surveys.
However, when this was not available, regional figures were obtained from databases.ARD

In two categories, there were two primary sources. For example, farmers that completed the
long survey provided an inventory of farm machinery and identified the equipment used on each
field operation. The short survey did not ask for information on equipment inventories, and
consequently, the automatically assigned equipment from the internal default equipment tableFEM
to complete the representative farm structure. Also, detailed information on farm structures and
facilities were available from databases for dairy farms, while other farm types were assignedARD
general estimates for total value of farm structures.

The field operations or management practices identified in the 2007 farm surveys (long and
short surveys) included all aspects of cropping and livestock operations. A summary of three
management practices that could impact water quality in the two watersheds and the field-scale site
are shown in Table 3.3. For example, of the 13 farms surveyed in , twelve farms grazed cattle,IFC
and that occurred on 89 of the 104 fields covered in the farm surveys. However, only three farms
applied manure to fields, and that occurred on only four fields in total. It is important to note that
the areas shown in the table reflect land areas operated by the farm and not necessarily the size of
the drainage area simulated in .FEM

3.2 Farm Data Sources

Most of the farm management data were obtained through producer surveys. These data
included field operations, crop yields, and livestock inventories, sales and purchases. Price data for
most farm inputs and outputs were collected by staff for the simulations. Specific dataARD FEM
sources are shown in Table 3.4.

Table 3.2. Primary and secondary data sources.
z

Data categories Field surveys ARD databasesy Model defaults

Land area farmed – owned / leased � *
Cropping systems � *
Field operations � *
Crop yields � *
Livestock inventory � *
Equipment inventory � �

Farm structures and facilities � �

Farm lending and borrowing terms �

Farm input and output prices � *
z
� = primary data source, * = secondary data source.

y ARD = Alberta Agriculture and Rural Development.

Application of the Model to Alberta WatershedsCEEOT
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3.3 Management Data Input

As mentioned in Section 2.1.2, management data from the 2007 survey were assembled first
into a tabulate format and then Visual Basic scripts were used to convert them into input files for
the modelling system. These input files can be imported directly by . However,CEEOT FEM FEM
also is able to obtain some of this management data through interfacing with .SWAT

Table 3.3. Summary of selected management practices identified in the 2007 farm surveys.

Summary of selected management practices

Survey farms
in the FEM Grazing

Manure
applied

Fertilizer
applied

Indianfarm Creek Watershed
Farms 13 12 3 8
Fields 104 89 4 35
Area (ha) 5806 5100 300 3033
Application rate (Mg ha-1) - - 60.2 -

Whelp Creek Sub-watershed
Farms 27 11 11 19
Fields 116 23 35 50
Area (ha) 2726 265 970 599
Application rate (Mg ha-1) - - 58.3 -

Lower Little Bow River Field
Farms 1 - 1 1
Fields 2 - 2 2
Area (ha) 305 - 305 305
Application rate (Mg ha-1) - - 85.0 -

Table 3.4. Farm price datasources.

Data Sourcez

Regional crop area distribution ARD, Statistics Canada
Farm input prices ARD
Farm product prices– crop and forage ARD AFSC  CWB, ,
Crop yields AFSC, StatisticsCanada, ,AGC ARD
Cost and returns estimates– crop, forage, livestock ARD (AgriProfit$)
Crop agronomic requirements ARD
Crop nutrient contents USDA  NRC,
Livestock nutrient requirements NRC
Ammonia volatilization losses by manure application type ARD
Manure production characteristics ASABE ARD,
z AFSC AGC ARD= Alberta Financial Services Corporation, = Alberta Grain Commission, = Alberta Agriculture
and Rural Development, = American Society of Agricultural and Biological Engineers,ASABE CWB = Canadian

Wheat Board, = National Research Council, = United States Department of Agriculture.NRC US USDA
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During simulation of the baseline and alternative scenarios, any changes in management
practices at the farm level for a given scenario (e.g., changes in manure application rates and
timing) were conveyed to through the interface program. The interface alsoFEM CEEOT CEEOT
conveyed the results obtained from and simulations (e.g., sediment and nutrientSWAT APEX
losses) to as well as to where evaluated the economic impacts of changes inFEM FEM
environmental factors (e.g., sediment and nutrient losses).

3.4 Gaps and Limitations in the Existing Database

The representative farms developed for the economic evaluation through the were basedFEM
directly on farm surveys. In some cases, the surveys were missing information about the size or
composition of the farm, or the information did not reflect normal farm conditions. These
deficiencies can negatively affect the estimates of total farm net revenue. However, this may not
affect the impact analysis of the policy scenarios since the change in net farm income resulting
from the new management practice is the main focus. Nevertheless, to improve the assessments of
baseline net farm incomes, supplemental information was added to the farms. Examples are:FEM

1.  Some of the farms had farm property outside the study area, for which no farm management
information was collected (i.e., field operations and crop production). Consequently, the
machinery capital equipment costs were originally allocated in to a small land area.FEM
This resulted in excessively high costs per hectare, and unrealistically low net revenue
estimates. To resolve this, several representative farms required the inclusion of additional
hypothetical fields to better reflect the actual area farmed as indicated in the surveys. Crop
operations data for these additional fields were based on other fields in the farm, or from
similar farms within the watershed.

2.  Some farm managers shared equipment with other farm managers. Adjustments were needed
to ensure the machinery capital costs on a per hectare basis were realistic.

3.  Low yields were periodically recorded due to low rainfall levels during either the pre- or
post- years of the project. In some cases, this would have adversely impacted the resultsBMP
of the policy scenario analysis. Specifically, the economic analysis results of changes in net
farm income would reflect weather patterns more so than the implementation.BMP
Consequently, these yields were adjusted to reflect more normal weather conditions in order
to better reflect the economic impact of the scenario. It is important to note that yieldBMP
adjustments were not made for the and runs because yield is not an input intoAPEX SWAT
those models, but rather an output from the models.

4.  Many of the policy scenarios involved the development of setbacks or buffer zones. These
setbacks often required a change in manure or fertilizer applications rates. This in turn would
likely have resulted in a change in crop yields. Since resources were not available to measure
or obtain these changes in yield, assumptions were made. Essentially, the yields on setback
areas were reduced in proportion to the reduction in nutrient applications since
supplementary nutrient applications were not made on those fields. The accuracy of the
assumed changes could have affected the estimated economic impact of the scenario
analysis.

Application of the Model to Alberta WatershedsCEEOT
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3.5 Calibration Results and DiscussionFEM

The Farm-level Economic Model was calibrated to reflect the economic conditions of farms in
Alberta. For calibration, the average annual output from was compared with farm costFEM FEM
and returns data for Alberta. In some cases, prices and other cost components were adjusted to
better reflect Alberta conditions.

The calibration primarily entailed adjusting model input parameters to ensure that costs of field
operations were similar to summaries reported in custom rate surveys applicable to Alberta. The
model was also calibrated to ensure that cost components of various livestock enterprises were also
in line with annual published estimates maintained by economists. Simple comparisons wereARD
made to determine in each case whether the fixed and variable cost components and total costs
reported by were reasonably in line with the published estimates ( 2007a, 2007b, 2009).FEM ARD
In general, output from on costs of field operations were reasonably in line with theFEM
published estimates and little adjustment in model coefficients was necessary to bring the model
output in line with the observed data. On the other hand, cost components of livestock enterprises
were adjusted more substantially to bring the output on livestock operations in line withFEM
published data on costs and returns for dairy, beef, and hog operations.

4 SWAPP CALIBRATION

4.1 Calibration Procedure

The stream flow calibrations for and were initiated in 2009 and continued inSWAPP IFC WHC
2010 and 2011. Calibrations were also started for the single monitoring station at and forLLB
three edge-of-field monitoring stations at the site in 2009, and continued only for inBDF LLB
2010 and 2011. In 2010, the site was excluded from subsequent modelling due to very poorBDF
flow calibration results and difficulties in obtaining satisfying results in subsequent model runs.
These difficulties were related to very low average monthly flow rates and high variability of
runoff among monitoring stations under the similar irrigation amounts.

Model calibrations were conducted by running and within on a dailySWAT APEX SWAPP
basis from 2000 to 2010 for and , and from 2002 to 2010 for . The first 7 yr forIFC LLB WHC IFC
(2000 to 2006) and 6 yr for (2002 to 2007) simulations were considered as an equilibrationWHC
(warm-up) period for the model. This period was deemed necessary for soil conditions and other
biophysical properties to reach levels reflective of the management practices being simulated.
Accordingly, the first several years of model output were not included in calibration results or
output of model simulations for the scenarios. With few exceptions, the last 4 yr (2007 to 2010) of
simulations were used for assessing model performance for , and the last 3 yr (2008 to 2010)IFC
were used for and . This assessment was carried using a statistical procedure (Sub-LLB WHC
section 4.2). For the site, 2007 was not used in the calibration process because the 2007LLB
irrigation volumes were not measured at the site.
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In the Watershed, nine sub-basins were selected for the calibration based on theIFC SWAPP
availability of large amount of field data collected at these sites (Figures 2.1d and Table 2.1). Six of
the sub-basins were outlets of sites (Stations 2, 4, 10, 15, 18, and 21). Two were along theBMP
main stream (Stations 5 and 11) and one was at the watershed outlet (Station 1). The 2007 to 2010
observed maximum average monthly flow was 0.092 m  s at Station 2 (primary tributary) and

3 -1

5.0 m  s at Station 1 (watershed outlet).
3 -1

For the Sub-watershed, nine of the 22 sub-basins were also selected for theWHC SWAPP
calibrations based also on the availability of large amount of field data collected at these sites
(Figures 2.2d and Table 2.2). In the selected sub-basins, six sub-basins were the outlets of BMP
sites (Stations 307, 309, 314, 318, 319, and 324) and one sub-basin (Station 311) was within the
North Field site. One main tributary was in Sub-basin 18 (Station 303) and the outletBMP WHC
was in Sub-basin 20 (Station 301). Observed maximum average monthly flows were 0.008 m  s at

3 -1

Station 319 and 0.188 m  s at Station 301 from 2008 to 2010.
3 -1

For the site, the calibration was conducted for the site outlet (Station 101; Figure 2.5),LLB
since there was no flow measurement available at a sub-basin scale. The observed maximum
average monthly flow was 0.003 m  s from 2008 to 2010.

3 -1

To calibrate the model in this study, the pre- and post- management conditions wereBMP
included. The s were actually implemented at different times among the sitesBMP BMP
(Figure 1.2), and the model input land management data captured the variability of field operations
and timing of implementation. TheBMP SWAPP calibration was conducted based on the
modelling procedures and instructions provided in the user manuals of Steglich and Williams
(2008) and Waidler et al. (2011). Ultimately, the calibration process resulted in establishing values
for a set of parameters and assumptions that represented the environmental baseline or calibration
baseline scenario.

To obtain adequate model performance without unduly time-consuming calibration procedure, a
two-step procedure was used in calibration. In the first step, calibration was performed using only
SWAT SWAT. There were two reasons for this: First, an auto-calibration procedure is available in ,
but not in . This auto-calibration routine allows improvements to the modelAPEX SWAT
performance with little effort. Second, when calibrating with two models it can be very difficult to
determine the reasons for changes in model performance. Thus, it is often necessary to resort to a
stepwise calibration process when more than one model is involved. In this case the natural
recourse is to start with and use its auto-calibration routine to establish basic parameters forSWAT
the watershed that provide reasonable performance. In the second step, calibration wasAPEX
performed in concert with the previously calibrated model to arrive at desired parametersSWAT
for simulations.

The auto-calibration was conducted using a computer program called - 2SWAT SWAT CUP
(Abbaspour 2008). The program includes four sub-programs: Sequential Uncertainty Fitting
algorithm ( -2), Generalized Likelihood Uncertainty Estimation ( ), Parameter SolutionSUFI GLUE
(ParaSol), and a Bayesian framework implemented using a Markov chain Monte Carlo ( )MCMC
technique. In this project, the -2 sub-program was selected because it uses very efficient andSUFI
reliable optimization algorithms that allow for the completion of calibration and uncertainty
analyses in a reasonable timeframe (Setegn et al. 2009).

Application of the Model to Alberta WatershedsCEEOT
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Once the auto-comparison showed a reasonable agreement between monthly simulatedSWAT
and measured flow values, the majority of input files were exported into for furtherSWAT SWAPP
manual calibrations of the and models. Within , the majority of the land useSWAT APEX SWAPP -
categories (i.e., subareas) were assigned to . The model was primarily used to routeAPEX SWAT
the predicted flow, losses, and nutrient losses through existing stream channels andAPEX TSS
reservoirs to the watershed outlet. Based on prior experience in other watersheds, the project team
expected improved results with the entire system than with the model alone (SalehSWAPP SWAT
and Gallego 2007; Saleh et al. 2007; Osei et al. 2008a).  In the current modelling study, nutrient
and sediment losses in surface water were expressed as loads, or more specifically as export
coefficients (kg ha or Mg ha ).

-1 -1

4.2 Evaluation Methods

The mean monthly flow rates, sediment losses, and nutrients losses obtained from the calibrated
SWAT SWAPPand were compared with measured values (2007 to 2010) from the two watersheds
and the site to assess model performance. Although and can produce daily,LLB SWAT APEX
monthly, and annual results, it was decided to use the monthly values based on a number of
difficulties associated with daily measurements and the unreliability of model results under very
low runoff conditions. In addition, since the model was used to compare the scenarios usingBMP
the modelled annual average results obtained from 30-yr periods, the monthly calibration was
sufficient.

Two statistical methods were used to evaluate the performance of the andSWAT SWAPP
models. The first statistical method used the correlation of determination (R ) to evaluate the

2

precision of the regression models to predict flows, sediment losses, and nutrient losses. The R  is
2

the proportion of total variation in the observed data that can be accounted for by a linear equation
using the predicted values.

The second method of evaluating model predictions is the Nash and Sutcliffe coefficient (Nash
and Sutcliffe 1970). This method measures how well the distribution of predicted values
corresponds to the distribution of values using the following equation:

� �

� ��

�

�

�

�

�
��

n

i

n

i

OOi

PiOi
E

1

2

1

2

1 Equation 4.1

where: E = Nash and Sutcliffe coefficient
n = the number of observations
Oi = observed mean monthly values (m3 s-1)
Pi = predicted mean monthly values (m3 s-1)
Ō = mean Oi for the entire observation period (m3 s-1)

31



An E value of one indicates perfect agreement between the average annual observed and model
predicted values. An E value of zero indicates that the predicted values are no better than the
observed mean. Furthermore, when E is less than zero, it indicates that the model predictions are
worse than using the observed mean. In this study, an E value of 0.6 or higher was considered
indicative of a satisfactory calibration; however, it was expected that lower E values could be
obtained based on the very low magnitude of flow, losses, and nutrient losses at the fieldTSS
scale.

4.3 Setting ParameterValues of s used in CalibrationSWAPP

4.3.1 Setting Values for ParametersSWAT

For the Watershed auto-calibration, 60 simulations were selected for the inputIFC SWAT
parameter sensitivity analysis. Based on these results, the 17 most significant of these parameters
were selected for further auto-calibration efforts (Table 4.1). These included parameters related to
snowmelt, water balance, and surface runoff. The values of these parameters were allowed to vary
during the auto-calibration process, while the other parameters not being calibrated wereSWAT
held constant. Only the 2 parameter in the .mgt files, the _K2 parameter in the .rte files, andCN CH
the _ parameter in the .sol files (Table 4.2) were allowed to vary independently amongSOL ALB
sub-basins within the Watershed. All other parameters were held constant for all sub-IFC IFC
basins.

For the Sub-watershed auto-calibration, more than 500 simulations were initiallyWHC SWAT
conducted for the input parameter sensitivity analysis. Based on these simulations, 37 parameters
were entered into -2 from the input files (Tables 4.1 and 4.2). These parameters wereSUFI SWAT
considered to be sensitive for the water balance and magnitude of surface runoff. The 37 parameter
values were allowed to vary in each simulation while the other parameters were heldSWAT
constant.

Table 4.1 shows the initial minimum and maximum values and final values for 17 parameters
calibrated within -2 with a “v__” code. The “v__” code in front of each parameter indicatesSUFI
that the initial parameter value was replaced by a given value. Table 4.2 shows the minimum and
maximum initial and final values for an additional 20 parameters calibrated within -2 withSUFI
“r__ and “v__” codes. The “r__” code in front of each parameter means that the initial parameter
value was multiplied by one plus a given value. The site was calibrated manually, andLLB
therefore, only the parameters in Table 4.1 were provided.SWAT

The initial range of values of the “v__” code parameters were set to be equal to the maximum
values recommended in the user manual (Neitsch et al. 2005). Whereas, the initial values ofSWAT
the “r__” code parameters were estimated using the above mentioned datasets. Since the estimated
initial values had high spatial variability, they were allowed to vary in auto-calibration within
±10% of the initial values. In addition, the value changes of “.bsn” parameters were applied
uniformly to all sub-basins within the Sub-watershed. The values of the remainingWHC
parameters shown in Tables 4.1 and 4.2 (.hru, .gw, .pnd, .mgt, .rte, and .sol) were allowed to vary
independently among sub-basins within the Sub-watershed.WHC

Application of the Model to Alberta WatershedsCEEOT
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During the auto-calibration, -2 adjusted the value of the and parameters basedSUFI IFC WHC
on the provided initial range of values while holding the others fixed. After completing all
simulations defined in the iteration, -2 provided suggestions for a new range of values forSUFI
those parameters that would most likely improve model predictions. In total, five iterations were
completed for the Sub-watershed, and this included more than 2500 simulations. AtWHC SWAT
that point, the auto-calibration was abandoned because additional simulations did not yield
significant improvements in the calculated model performance indicators (R2 and E coefficients).
For , the application of -2 was very limited because it was possible to achieve acceptableIFC SUFI
results from with manual calibration techniques.SWAT

In the calibration process, surface runoff and base flow were simulated together. During the
modelling, the amount of surface runoff was adjusted with curve number ( 2 in .mgt), ponds,CN
soil characteristics (Table 4.2), and parameters controlling snowmelt (Table 4.1). The base flow
was adjusted using selected groundwater parameters, the plant uptake compensation factor (EPCO
in .bsn), and the soil evaporation compensation factor ( in .bsn) (Table 4.1).ESCO

Table 4.1. Range of values for selected parameters forSWAT Indianfarm Creek Watershed ( IFC), Whelp

Creek Sub-watershed (WHC), and Lower Little Bow River Field ( LLB).

Selected parameters

Range of values

Initial                  Final

Name in SWAT z Description Min. Max. IFC WHC LLB

v__ .bsnSFTMP Snowfall temperature (ºC) -5 5 0.60 0.61 0.60

v__ .bsnSMTMP Snowmelt base temperature (ºC) -5 5 2.72 2.70 2.78

v__ .bsnSMFMX Melt factor for snow on June 21 (mm water/ºC-day) 0 10 4.95 5.98 4.95

v__ .bsnSMFMN Melt factor for snow on December 21 (mm water/ºC-day) 0 10 2.48 2.54 2.48

v__ .bsnTIMP Snow pack temperature lag factor 0.01 1 0.07 0.10 0.07

v__ .bsnSNOCOVMX Minimum snow water content that corresponds to 100%
snow cover, 100, (mmSNO water)

0 50 37 30 30

v__ 50 .bsnSNO COV Fraction of snow volume represented by SNOCOVMX

that corresponds to 50% snow cover

0.01 0.99 0.16 0.28 0.16

v__ .bsnSURLAG Surface runoff lag coefficient 1 12 1 1 1

v__ .bsnESCO Soil evaporation compensation factor 0.01 1 0.67 0.90 0.87

v__ .bsnEPCO Plant uptake compensation factor 0.01 1 0.89 0.30 0.69

v__ .hruCANMX Maximum canopy storage (mm water) 0 100 9 4 4

v__ _ .gwGW REVAP Groundwater “revap” coefficient 0.02 0.2 0.03 0.02 0.02

v__ .gwGWQMN Threshold depth of water in the shallow aquifer required

for return flow to occur (mm water)

0 5000 16 2 0

v__ _ .gwALPHA BF Base flow alpha factor (days) 0 1 0.36 0.22 0.05

v__ _ .gwGW DELAY Groundwater delay time (days) 0 500 1 1 31

v__ .gwREVAPMN Threshold depth of water in the shallow aquifer for
“revap” or percolation to the deep aquifer to occur (mm

water)

0 500 17 17 1

v__ _ .gwRCHRG DP Deep aquifer percolation fraction 0 1 0.08 0.02 0.05
z Abbreviations for SWAT input files extensions: .bsn = basin, .hru = hydrologic response unit, . gw = groundwater.
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4.3.2 Setting Values for ParametersAPEX

Parameters considered sensitive for the water balance, losses, and nutrient losses wereTSS
selected for calibration (Table 4.3). Before each simulation, one or more of the parameters was
adjusted manually, and then after running the model, the predicted average monthly flow and total
monthly losses were compared with the measured values.

The majority of the parameters selected for calibrations were included in theAPEX
PARM APEXCONT0604.dat and the .dat files. Table 4.3 shows the parameters that were calibrated,
their acceptable range of values, and the values for , , and .IFC WHC LLB

Table 4.2. Initial and final range of values for selected parameters from theSWAT SUFI -2 auto-calibration

for Whelp Creek Sub-watershed (WHC) and Indianfarm Creek Watershed ( IFC).

Selected parameters

Range of values

Initial
IFC
final

WHC
final

Name in SWAT z Description Min. Max. Min. Max. Min. Max.

v__ _K2.rteCH Effective hydraulic conductivity – main channel alluvium
(mm hr-1)

0 150 0.05 5.50 0.50 3.50

v__ _ (1SOL ALB -5).sol Moist soil albedo 0.01 0.25 0.05 0.15 0.02 0.13

r__ .hruSLSUBBSN Average slope length (m) -0.1 0.1 nay na -0.06 0.15

r__ _ .pndPND FR Fraction of sub-basin area that drains into ponds -0.1 0.1 na na -0.18 0.12

r__ _ .pndPND PSA Surface area of ponds when fi lled to principal spillway
(ha)

-0.1 0.1 na na -0.06 0.13

r__ _ .pndPND PVOL Volume of water stored in ponds when filled to the

principal spillway (10 4 m3 water)

-0.1 0.1 na na -0.1 0.08

r__ _ .pndPND ESA Surface area of ponds when fi lled to emergency spillway
(ha)

-0.1 0.1 na na -0.06 0.13

r__PND EVOL_ .pnd Volume of water stored in ponds when filled to the
emergency spillway (10 4 m3 water)

-0.1 0.1 na na -0.1 0.08

r__ _K.pndPND Hydraulic conductivity through bottom of ponds
(mm hr-1)

-0.1 0.1 -0.1 0.1 -0.12 0.14

r__ _ .pndWET FR Fraction of sub-basin area that drains into wetlands -0.1 0.1 na na -0.19 0.06

r__ _ .pndWET NSA Surface area of wetl ands at normal water level (ha) -0.1 0.1 na na -0.09 0.12

r__ _ .pndWET NVOL Volume of water stored in wetlands when filled to normal

water level (104 m3 water)

-0.1 0.1 na na -0.11 0.07

r__ _ .pndWET MXSA Surface area of wetlands at maximum water level (ha) -0.1 0.1 na na -0.09 0.08

r__ _ .pndWET MXVOL Volume of water stored in wetlands when filled to
maximum water level (10 4 m3 water)

-0.1 0.1 na na -0.11 0.07

r__ _K.pndWET Hydraulic conductivity through bottom of wetland
(mm hr-1)

-0.1 0.1 na na -0.09 0.14

r__ 2.mgtCN Initial runoff curve number for moisture cSCS ondition II -0.1 0.1 -0.1 0.1 -0.14 0.09

r__ _N2.rteCH Manning’s “n” value for the main channel -0.1 0.1 -0.1 0.1 -0.12 0.11

r__ _ (1SOL AWC -5).sol Available water capacity of the soil layer (mm water/mm
soil)

-0.1 0.1 -0.1 0.1 -0.08 0.14

r__ _K(1SOL -5).sol Saturated hydraulic conductivity (mm hr -1) -0.1 0.1 na na -0.1 0.17

r__ _ (1SOL BD -5).sol Moist bulk density (mg m
-3

or g cm
-3

) -0.1 0.1 na na -0.14 0.15
z Abbreviations for SWAT input file extensions: .hru = hydrologic response unit, .pnd = pond, .mgt = management ,
.rte = channel route, and .sol = soil.
y na = not applicable.
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Table 4.3. Parameter values for calibrations for the IndianfarmAPEX Creek ( ) Watershed, Whelp CreekIFC

( ) SubWHC -watershed, and Lower Little Bow River Field ( ).LLB

Acceptable values Final values

Parameter description Min. – Max. IFC WHC LLB

Parameter # (PARM0604.dat file)

15- Runoff curve number weighting factor 0.0 – 1.0 0.4 0.0 0.4

16- Curve number retention factor 1.0 – 1.5 1.0 1.0 1.0

17- Soil evaporation – plant cover factor 0.0 – 0.5 0.5 0.5 0.5

20- Runoff curve number initial abstraction 0.05 – 0.4 0.30 0.20 0.3

22- Runoff curve number for frozen soil 0.05 – 0.5 0.05 0.15 0.15

25- Rainfall intensity coefficient 0.0 – 2.0 0.5 1.0 0.5

40- Groundwater storage threshold 0.001 – 1.0 1.0 1.0 1.0

42- Curve number index coefficient 0.5 – 1.5 0.5 1.3 0.5

44- Upper limit of curve number retention 1.0 – 2.0 1.7 1.2 1.7

49- Maximum canopy rainfall interception 2.0 – 15 10.0 4.0 4.0

50- Rainfall interception coefficient 0.05 – 0.3 0.05 0.25 0.05

61- Soil water tension factor 0.0 – 1.0 0.1 0.4 0.1

80- Soil radiation threshold  for Snowmelt 10 – 20 20.0 16.0 10.0

18- TSS routing exponent 1 – 1.5 1.5 1.05 1.5

19- TSS routing coefficient 0.01 – 0.05 0.01 0.01 0.01

45- TSS routing travel time coefficient 0.5 – 10 3.0 5.5 3.0

46- RUSLE C-factor residue coefficient 0.5 – 1.5 1.0 1.0 1.0

47- RUSLE C-factor crop height coefficient 0.5 – 1.5 0.5 1.0 0.5

4- Water storage N leaching 0 – 1 0.7 0.1 0.7

14- Nitrate leaching ratio for surface runoff 0.1 – 1 1.0 0.1 1.0

30- Soluble phosphorus runoff exponent 1 – 1.5 1.5 1.0 1.5

32- Organic N and P transport exponent 1 – 1.2 1.0 1.0 1.0

62- Manure erosion equation coefficient 0.1 – 0.5 0.1 0.1 0.1

68- Manure erosion exponent 0.1 – 1.0 0.1 0.1 0.1

69- Manure erosion coefficient 1.0 – 1.5 1.5 1.2 1.5

72- Volatilisation/nitrification coefficient 0.05 – 0.5 0.2 0.3 0.2

74- Nitrate leaching ratio for return flow 0.01 – 0.05 0.05 0.03 0.05

Parameter (APEXCONT.dat file)

Maximum groundwater storage 5 – 200 50.0 100.0 50.0

Groundwater residence time in days 0 – 365 10.0 20.0 10.0

Return flow 0.0 – 1.0 0.1 0.02 0.1

Potential evapotranspiration equation B.-R.z B.-R. B.-R.

Soil loss equation RUSLE2y RUSLE2 RUSLE2
z B.-R.: Baier-Robertson equation (Baier and Robertson 1965).
y RUSLE2: modified Revised Universal Soil Loss Equation (Renard et al. 1997).
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The selection of the parameters in Table 4.3 was based on the sensitivity of these parameters on
the model output. Initially, the default values were adjusted to match the predicted flow,APEX
sediment loss, and nutrient losses with the measured data. Once a parameter value was established,
the value was held constant for all sub-basins in each watershed. The parameter values in Table 4.3
were the result of calibration efforts for the two watersheds and one field site, and represented the
final values used in scenario simulations based on water monitoring data through 2010. In addition
to the parameters in Tables 4.1, 4.2, and 4.3, other parameters were used in and andAPEX SWAT
were set to default values. No model parameters or routines were excluded from the assessments.
We anticipated the parameter values that resulted from the model calibration efforts were more
appropriate than the model defaults for watersheds in Alberta.

The model allows evaluation of groundwater elevation fluctuation on surface runoff. TheAPEX
user has the option of entering the minimum (min.), maximum (max.), and initial (init.) water
depths, or use model default values. For the and calibrations, the groundwaterWHC LLB
parameters were estimated using the existing field measurements from and fieldWHC
observations from . However, for the calibrations, model default values (min. = 50 m,LLB IFC
max. = 100 m, and init. = 75 m) were used. The default values were assumed to be appropriate
because measurements showed that the water table was generally deep (well below the maximum
depth of the soil profile) and groundwater likely had little effect on surface runoff.

4.4 Calibration Results and Discussion

Early calibration of and models (Olson and Kalischuk 2009) for the andSWAT SWAPP IFC
WHC SWAPP SWATwatersheds showed that had significant advantages over in predicting flow,
sediment losses, and nutrient losses. Based on this observation, only calibrations wereSWAPP
continued for , , and .IFC WHC LLB

While reviewing the calibration results, it is important to recognize the results were also
affected by the estimated values of and calibration parameters (Tables 4.1, 4.2, andSWAT APEX
4.3). Since the majority of these parameters were derived for the outlet of each watershed, the
SWAPP predictions were also more improved at the watershed outlet than at the outlet of
individual sites within the watershed. Also, it is important to note that in addition to model
prediction uncertainty, there was also uncertainty associated with measured flow and water quality
data used in model calibration. An earlier study (Harmel and Smith 2007) showed that uncertainty
inherent in measured data is usually acknowledged but very often overlooked by the modellers
during the calibration and validation processes due to the lack of data input on measurement
uncertainty.

4.4.1 Indianfarm Creek Watershed

The comparison between monthly simulated and observed values showed that predicted flow,
TSS losses, and nutrient losses were better for the main stream water monitoring stations (Stations
1, 5, and 11) than for the stations at the sites (Stations 2, 4, 8, 9, 15, 18, and 21; Table 4.4).BMP
For the environmental indicators (i.e., flow, , and nutrients), the R2 values ranged from 0.65 toTSS
0.97 for the main stream stations and from 0.00 to 0.98 for the stations at the sites. Similarly,BMP
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the E values ranged from 0.31 to 0.95 for the main stream stations; whereas, the E values ranged
from -0.14 to 0.87 for the site stations. The model predicted the outlet relativelyBMP SWAPP IFC
well, as all R2 values were generally greater than 0.7 and all E values were generally greater than
0.7, with the exception of the loss (E = 0.56). The predictions of flow and losses wereOP TSS
acceptable for two out of six field-scale stations. However, the predictions of nutrient losses were
less accurate at most stations and E values were mostly less than 0.5 or in many cases negative.
The implication is that the model performs better when dealing with larger watersheds than very
small micro-watersheds or fields. This is particularly true when flow rates are very low in the
watershed of interest. Factors such as differences in data precision (soil types, weather, and other
data for specific field sites may be different from the average sub-basin level data used in
simulations) as well as undocumented events make it difficult for the model to perform as well on
small farm fields as opposed to large watershed areas where these precise data differences may
even out.

A satisfactory performance of at the main stream stations can be attributed to theSWAPP IFC
larger flow volumes and more prolonged periods of flow than at the sites. Prediction of flow,BMP
TSS APEX SWATlosses, and nutrient losses by field and watershed scale models, such as and , is
more reliable for areas with higher flow regimes (Saleh et al. 2000). This is due to better
functionality of models and higher reliability of measured data for comparison. For example, the
main stream stations experienced flow during 4 mo in 2007, 6 mo in 2008 and 2009, and 8 mo in
2010. The maximum average monthly flow at the outlet was 5.0 m s-1 in June 2010IFC
(Figure 4.1). In addition, the main stream stations flowed during snowmelt and rainfall events in
each of the 4 yr. During these longer periods of flow, the and nutrient losses had a betterTSS
chance of achieving equilibrium with flow rates, and this resulted in satisfactory model
performance.

The calibration results also showed that during the 4-yr period (2007 to 2010), SWAPP
overestimated the rate of flow by 3%, loss by 62%, 4-P loss by 24%, loss by 20%, andTSS PO ON
TN IFCloss by 8% at the outlet (Station 1) (Figure 4.1). During the same period, the model
underestimated the losses of 3-N by 8%, by 46%, and by 30%. It is interesting to noteNO OP TP
that over and under predictions of nutrient losses were not consistent with overestimation of flow
and sediment loss. Generally, we would expect that model overestimation of flow and lossesTTS
would also result in an overestimation of nutrient losses. However, this assumption was not true for
IFC TSS IFC. This may indicate a complex fate and transport processes of and nutrients in the
Watershed that the model cannot predict based on the input data provided for model calibration.

On the contrary, field-scale stations had much lower flow rates than the main stream, and the
field measurements were subject to a greater range of flow variability. For example, the maximum
average monthly flow ranged from about 0.001 to 0.030 m s-1 at Stations 21 and 18 during the
4-yr study period, respectively. The prediction of these low flow events very often was inSWAPP
the margin of error of the field-scale model simulations. During calibration runs, it was discovered
that minor changes in precipitation amounts (i.e., < 5 mm) had large effects on field-scale flow
predictions. The majority of the water monitoring stations did not have precipitationBMP
measurements. Therefore, there is a possibility that local precipitation variation may have caused
greater differences between measured and predicted flows at the field-scale stations compared to
watershed-wide stations.
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Figure 4.1. Measured and -predicted average monthly values for (a) flow, (b) totalSWAPP
suspended solids ( ), (c) nitrate nitrogen, (d) phosphate phosphorus, (e) organic nitrogen,TSS
(f) organic phosphorus, (g) total nitrogen, and (h) total phosphorus at the Indianfarm Creek
Watershed outlet (Station 1) from 2007 to 2010.
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The 4-yr (2007 to 2010) prediction of nutrient losses at field-scale stations was also notSWAPP
consistent with the prediction of flow and loss. Using Station 18 as an example, the modelTSS
underestimated the rate of flow by 15%, 3-N loss by 44%, loss by 66%, loss by 37%,NO ON OP
TN TP TSS POloss by 54%, and loss by 8%. The model overestimated loss by 3% and 4-P loss by
1% (Figure 4.2). This was not a surprise if we consider the fact that the field-scale measurements
of nutrient and sediment concentrations showed little or no correlation with the corresponding
measured stream discharges (Table 2.6). This also may suggest that other factors may control the
export of sediment and nutrients besides stream discharge.

4.4.2 Whelp Creek Sub-watershed

Similarly to , the calibration results showed that the calculated R  and values at theIFC WHC
2 E

mainstream stations (Stations 301 and 303) were higher than at the field-scale stations (Stations
307, 309, 311, 314, 318, 319, and 324; Table 4.4). At Stations 301 and 303, the R  and values

2 E
ranged from 0.57 to 0.99 and from 0.17 to 0.98, respectively. However, at the field-scale stations,
there was a wide range of R  and values, and the majority of the calibration results were not

2 E
acceptable (i.e., R  and values < 0.6). As mentioned above in Section 4.4.1, it is generally

2 E
expected that computer simulation models would perform better on a larger scale than for very
small field sites.

Satisfactory performance of at the main stream stations can be attributed to the greaterSWAPP
flow volumes (the maximum average monthly flow was 0.187 m s ; Figure 4.3) and longer

-1

duration of flows than at the field-scale stations. Similar to , it appears that the andIFC TSS
nutrient losses had a better chance of achieving equilibrium with flow rates during larger and
longer periods of flow. This was also reflected in the very good predictions of large runoffSWAPP
events in 2010, which had a dominant effect on calculated R  and values. Further analysis of the

2 E
calibration results for the outlet showed that during the 3-yr period, underestimatedWHC SWAPP
the rate of flow by 16%, loss by 29%, -N loss by 11%, -P loss by 4%, loss byTSS NO PO ON3 4

85%, loss by 74%, and loss by 2% (Figure 4.3). The model overestimated the total lossTN TP OP
by 12%. It is interesting to note that -P was the dominate fraction of losses at thePO TP WHC4

outlet (Station 301) and that was able to predict very well both fractions of ( -P andSWAPP TP PO4

OP) yielding R  and values ranging from 0.79 to 0.99 and from 0.60 to 0.98, respectively
2 E

(Table 4.4). However, a significant underestimation of can be related to inconsistency betweenON
field measurements of and fractions. For example, the measured fraction in wasON OP ON TN
unusually high (Figure 4.3e, g) when compared to the measured fraction in (Figure 4.3f, h).OP TP
In , the export of and is directly related to loss. Since the predicted lossesSWAPP ON OP TSS TSS
were low (Figure 4.3b), the predicted and fractions were also low (Figure 4.3e, f).ON OP

Less satisfactory prediction of at the field-scale stations may be attributed to very lowSWAPP
maximum average monthly flows and high flow variability among the monitoring stations. For
example, in July 2010, during an extreme rainfall event, four out of seven stations did not record
runoff. Of the three stations that did have flow, Station 309 had a maximum average monthly flow
of 0.002 m s (Figure 4.4). The other two stations had maximum flows less than 0.008 m s . The

-1 -1

fact that four stations did not generate runoff can be related to water storage. Field observations
showed that water was stored in local depressions and there was no flow conductivity among sub-
basins. The Sub-watershed is characterized by a large number of wetlands, ponds,WHC

Application of the Model to Alberta WatershedsCEEOT
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Figure 4.2. Measured and -predicted average monthly values for (a) flow (b) totalSWAPP
suspended solids ( ), (c) nitrate nitrogen, (d) phosphate phosphorus, (e) organic nitrogen,TSS
(f) organic phosphorus, (g) total nitrogen, and (h) total phosphorus at Station 18 in the
Indianfarm Creek Watershed from 2007 to 2010.
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Figure 4.3. Measured and -predicted average monthly values for (a) flow, (b) totalSWAPP
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Figure 4.4 Measured and -predicted average monthly values for (a) flow, (b) totalSWAPP
suspended solids ( ), (c) nitrate nitrogen, (d) phosphate phosphorus, (e) organic nitrogen,TSS
(f) organic phosphorus, (g) total nitrogen, (h) total phosphorus at Station 309 in the Whelp
Creek Sub-watershed in 2008, 2009, and 2010.
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impoundments, and depressions and these greatly affect flow rates at the field stations and
eventually the main stream stations. It was difficult to accurately predict the storage capacity of
these depressions due to limited accuracy of input data (±0.75 m) used in the simulations.DEM
For minor flow events, the depressions will often not fill to capacity and flow is not connective.
During these small events, often predicted incorrectly that there was flow at theSWAPP
downstream station since the model prediction was in the margin of error of the field-scale model
simulations. These water storage issues were likely compounded downstream through the WHC
Sub-watershed.

It was expected that would predict larger flow events with better accuracy because theSWAPP
storage depressions would fill and water would flow more freely through the Sub-watershed.WHC
This was true at the outlet (Station 301) and field-scale Stations 309, 311, 319, and 324WHC
during the June 2010 runoff events. However, Stations 307, 314, and 318 did not meet these
expectations because contrary to predicted flow values, field observations did not reportSWAPP
runoff events. This flow overestimation perhaps can be attributed to different amounts of
precipitation at these stations. Since the available precipitation data used in the model was derived
from only two stations, perhaps it was not sufficient to capture the spatial variability of rainfall
intensity within the watershed.

As mentioned before, the lack of correlation between the measured and predicted values of
flow, loss, and nutrient losses during very low flow events was partly due to errors associatedTSS
with the accuracies of measurement devices and model precision at this scale. In addition, the
majority of the 2008 and 2009 field-scale runoff events were generated by snowmelt and the
observed flow rates were impacted by the proximity of snow drifts relative to the flume locations.
Field observation showed that the distribution of snow drifts varied from year to year within each
sub-basin. Since the 2008 to 2010 snow precipitation was below the 30-yr average, the majority of
snowmelt was intercepted by local depressions and very often snow drifts located near the flumes
were the main source of the recorded flow.

Similar to , it is important to recognize that the estimated values of andIFC SWAT APEX
calibration parameters (Tables 4.1, 4.2, and 4.3) and the lack of data input on measurement
uncertainty had some effect on calibration results.WHC

4.4.3 Lower Little Bow FieldRiver

Despite low average monthly flow rates, low and nutrients losses, and rather smallTSS
drainage area (Figure 4.5a), the calibration of flow, -P loss, and loss were relativelyPO TP4

successful at the site outlet (Station 101). The R  values ranged from 0.68 to 0.71 and theLLB
2 E

values ranged from 0.58 to 0.69 (Table 4.4). However, the calibration of , -N, , andTSS  NO ON OP3

did not yield good results and R  and values were less than 0.5. This mixed performance of
2 E

SWAPP can be attributed partly to discrepancy between observed flow discharge and
corresponding nutrient and losses. During the 2008 to 2010 period, for example, the observedTSS
average monthly flow peaks ranged from 0.0026 to 0.0031 m s (Figure 4.5a). However, the

-1

observed corresponding average monthly export of ranged from 0.0 to 0.11 Mg haTSS
-1

(Figure 4.5b). Also, in 2009, the observed losses were more than 10 times higher than in 2010,TSS
even though in 2009 the observed flow peak was about 25% less than in 2010. These observed TSS
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Figure 4.5. Measured and -predicted values for (a) average monthly flow, (b) totalSWAPP
suspended solids ( ), (c) nitrate nitrogen, (d) phosphate phosphorus, (e) organic nitrogen,TSS
(f) organic phosphorus, (g) total nitrogen, and (h) total phosphorus at Station 101 at the
Lower Little Bow River Field site in 2008, 2009, and 2010.
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losses were very difficult to model because the field observations did not provide additional
explanation as to why this occurred. Perhaps this could be related to the surface disturbance and re-
seeding of the grass in the drainage channel on July 3, 2009 ( ).ARD 2014

Further analysis of the calibration results at the outlet showed that during the 3-yr period,LLB
SWAPP TSS NO POunderestimated flow by 22%, loss by 42%, -N loss by 43%, -P loss by 2%,3 4

ON OP TN TPloss by 99%, loss by 91%, loss by 76%, and loss by 21% (Figure 4.5). The
measured and modelled data showed that exported larger amounts of dissolved N and PLLB
fractions than organic fractions. In addition, better prediction of flow rates resulted inSWAPP
better prediction of -P and losses (Figure 4.5a, c, d). However, a very poor prediction ofPO TP4

TSS ON OPlosses resulted in even poorer predictions of and losses (Figure 4.5b, e, f).

4.5 Summary of Calibration Results

The and calibration results showed that produced fairly good predictions ofIFC WHC SWAPP
the cumulative effects of implementation on runoff, , N, and P losses at the outlets of theBMP TSS
main streams. Generally, the calculated R  and values were larger than 0.60. A satisfactory model

2 E
performance can be attributed to the relatively large flow rates and prolonged periods of flows
under which the , N, and P losses had a better chance of achieving equilibrium with flow rates.TSS

On the contrary, predictions were less accurate at the field-scale sites where flowSWAPP BMP
events were very low at , , and . The calculated R  and values were highly variableIFC WHC LLB

2 E
among sites, and the majority of the R  and values were < 0.60. Less accurate predictionBMP

2 E
can be related to (1) measured high variability of flow, , and nutrients among monitoring sites;TSS
(2) very low flow conditions and limitations of model prediction at this scale, and; (3) lack of
model input data on uncertainty inherent in measured data. Explanations for this disparity in model
performance has also been provided in Sections 4.4.1 and 4.4.2.

Generally, it is during high runoff events when large amount of sediment and nutrients are
exported from agricultural areas. The calibration results showed that prediction of flowSWAPP
rate and , N, and P losses was relatively successful during these events in the main streams. InTSS
spite of less satisfactory results at the field-scale sites and during low flows, proved to beSWAPP
an effective tool for relative evaluation of cumulative effects of implemented s in theBMP
agricultural watersheds.
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5 BMP SCENARIO MODELLING

Beneficial management practice scenarios were simulated using the calibrated model toCEEOT
predict the economic and environmental impacts of these practices in the Watershed,IFC WHC
Sub-watershed, and site. The environmental impacts were restricted to water flow and waterLLB
quality indicators including sediment and nutrient losses at the outlets of sub-basins and the entire
watersheds. Economic impacts were determined using typical farm enterprise cost and return
indicators.

Two categories of scenarios were simulated for the two watersheds and the site: (1) aBMP LLB
field study scenario representing the distribution of monitored s implemented in theBMP BMP
watersheds during the field study and (2) non-monitored s or policy scenarios. The field studyBMP
BMPs were only simulated within the sub-basins where they were implemented and not simulated
throughout the watersheds. The non-monitored scenario represented three additionalBMP
scenarios. Each scenario consisted of a combination of specific practices or policies that were not
necessarily evenly applicable to all land use parcels within each watershed.-

In this study, while the same assumptions were used in the economic as well as the
environmental simulations, the economic simulations were performed in separate runs ratherFEM
than within the interface. This is because the interface had not yet been upgradedCEEOT CEEOT
to process information transfer between the three models for the types of scenarios that were
evaluated. Nonetheless, the results from all three models are mutually consistent and were used to
determine estimates of cost-effectiveness for the scenarios.

5.1 Development of Scenarios for Modelling

In total, five scenarios were evaluated for the and watersheds and the siteIFC WHC LLB
(Table 5.1). Scenario 1 was the baseline scenario, which represented the status quo without s.BMP
Scenario 2 included only the s implemented during the field study at the participating farms.BMP
Scenarios 3, 4, and 5 were developed based on consultation with the team leads of the BMP
Project. These three scenarios included a number of practices that were considered to be relevant
for each watershed and addressed four main concerns: (a) manure management, (b) livestock
management, (c) erosion control, and (d) irrigation efficiency and runoff. Scenarios 1 through 3
were similar among the watersheds in terms of the broad definitions of the scenarios; whereas,
Scenarios 4 and 5 differed among the watersheds to reflect different targeted concerns specific to
each watershed.

5.1.1 Scenario 1: Baseline

For all three study areas, the baseline (status quo) scenario included the distribution of the
existing farm management practices prior to the field implementation of the s. The majorityBMP
of the baseline scenario input data were very similar to the input data developed for model
calibration since both datasets were prepared using the same farm survey reports (Sections 2.1.2
and 3.3). The main differences between these two datasets were in the inputs of land management
and climate data.
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The farm survey indicated that most producers complied with Alberta Agricultural Operation
Practices Act ( ) regulations but there were instances where this may not have been the case.AOPA
For example, in many cases, setbacks for manure application were not provided during the survey,
so it was assumed they were not implemented. Also, specifies that manure should not beAOPA
applied on frozen ground without a permit of approval. The survey showed that one field received
manure during March in , prior to the expected spring rains. It was assumed this was doneIFC
under a permit. The permit approval process ensures winter spreading occurs in a low risk area.
Approval to apply in winter may be environmentally better compared to the alternative in a
specific case, such a manure storage failure issue, for example. Based on the farm survey, for the
few fields (n=5) that received manure in , it was generally not incorporated within 48 h. ThoseIFC
fields may have been in forage or direct seeded where the regulations do not require incorporation,
and most of the farmers in have suggested incorporation is impractical due to wind erosionIFC
concerns. All the surveyed practises were reflected in the baseline scenario exactly as specified in
the farm survey data for the specific farms, i.e., manure application in winter months in one case,
surface application of manure without incorporation in , and absence of manure applicationIFC
setbacks along common bodies of water.

Table 5.1. Scenarios simulated in the model for the Indianfarm Creek WCEEOT atershed ( ), WhelpIFC

Creek Sub-watershed ( ), and Lower Little Bow River Field ( ).WHC LLB
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IFC 2 (study) X

3 ( )AOPA X X X X

4 (cow-calf) X X X X X X X X

5 (P-limit) X X X X X X X X X

WHC 2 (study) X

3 ( )AOPA X X X X

4 (P-limit) X X X X X

5 (riparian) X X X X X X X X X

LLB 2 (study) X

3 ( )AOPA X X X X

4 (P-limit) X X X X X

5 (irrigation) X X X X X X
z Descriptions of the land-use management practices are provided in Sections 5.1.1 through 5.1.5 and in Appendix 1.
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For the and other alternative scenario simulations, specific aspects of these managementBMP
practices were altered as dictated by the requirements of the each scenario. Furthermore, in
contrast to the calibration process, the survey management data were stretched over the 30-yr (IFC
and ) and 35-yr ( ) simulation periods for the purpose of simulating the baseline andWHC LLB
alternative scenarios, and the corresponding climate data input files were also prepared for the
entire simulation period.

A number of complications were encountered when defining the baseline (status quo) for land
parcels where s were implemented. Since most of the s were implemented in stages withBMP BMP
implementation times that differed from one site to another (Figure 1.2) it was sometimes difficult
to determine when implementation began and baseline (pre- ) management ended for aBMP BMP
specific subarea. In such cases where a clear demarcation in time between pre- and post-BMP BMP
management was not apparent, an approximate date was established and used to represent the end
of pre- management. For all fields, only the pre- management period was used toBMP BMP BMP
establish the baseline scenario.

5.1.2 Scenario 2: Field Study

A number of s were implemented in the study watersheds to provide field measurementBMP
data for the evaluation of those practices (Table 5.2). Scenario 2 represented the post- phaseBMP
of the field study. Therefore, in this scenario most of the land base within the andIFC WHC
watersheds had the same management practices as in Scenario 1 except for the few sites where the
field study s were implemented. Details of the field study s are in (201 ). A briefBMP BMP ARD 4
description of the field study s and their inclusion in the models is provided in the followingBMP
sub-sections.

Table 5.2. Field study BMPs in the Indianfarm Creek Watershed, Whelp Creek Sub -

watershed, and Lower Little Bow River Field.

Indianfarm Creek Watershed Impoundment site ( )IMP

North Manure Field site ( )NMF

Pasture ( )PST site

Wintering site ( )WIN

South Manure Field site ( )SMF

Dairy Manure Field site ( )DMF

Whelp Creek Sub-watershed West Field site ( )WFD

North Field site ( )NFD

East Field site ( )EFD

South Field site ( )SFD

North Pasture site ( )NPS

South Pasture site ( )SPS

Lower Little Bow River Field Lower Little Bow River Field ( )LLB
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5.1.2.1 WatershedIFC

Impoundment site ( ).IMP The site included a body of water created by an earth dam on aIMP
tributary of and a surrounding pasture of about 35 ha. The was cattle exclusion (aboutIFC BMP
5 ha) from the impoundment, using fencing and off-stream watering. In total, three subareas were
defined for the cattle exclusion in order to accurately capture the routing sequence for the .BMP
For this site in Sub-basin 2 (Figure 2.3), conventional practices (primarily grazing) were first
simulated for all subareas during the baseline scenario. Next, the was simulated byBMP
substituting a 'no grazing' management file for the management files that were used on areas
immediately surrounding the impoundment. This model approach represented the installation of
fencing to exclude cattle from the impoundment and the provision of off-stream watering.

North Manure Field site ( ).NMF The site consisted of about 390 ha of annually croppedNMF
field with grassed drainage channels in the field. The approach involved manure setbacks andBMP
exclusion of the fall grazing cattle along approximately 600-m grassed channels by fencing in fall
2010 and using livestock management tools. During the field study, manure was not applied on the
field but this was modelled as a manure setback rather than exclusion. Upon detailed review of the
spatial distribution of the fields, the site was divided into six subareas (about 65 ha each),NMF
reflecting soil and crop variations as well as the differences in management between the baseline
scenario and the implementation on this site. Conventional practices (including status quoBMP
grazing practices and livestock access to streams) were simulated on all subareas in the baseline
scenario. For the simulation of this , a “no-grazing” management file that entailed minimalBMP
application of inorganic fertilizer in the whole field (including drainage channel) and no manure
application within 30 m of the drainage channel were simulated to mimic a manure application
setback in Sub-basin 6 (Figure 2.3). For modelling purposes only, inorganic fertilizer rates used in
the setback area were lower than the agronomic rates, but sufficient to maintain good crop cover.

Pasture site ( ).PST The site was a 121-ha area with several small pastures that were used forPST
cattle grazing. During the grazing season, cattle had continuous access to , which flowedIFC
through the site. The site also included an old corral structure that drained into a tributary ofPST
IFC PST. A total of 14 subareas (about 80 ha) were defined for the site by dividing existing
subareas into smaller fields in order to facilitate simulation of s for this site. TheBMP BMP
involved removal of the corral structure next to mainstem in Sub-basin 1, and theIFC
implementation of rangeland management tools to promote rotational grazing. Exclusion was
targeted on the riparian pasture area during the most sensitive time of the grazing season, in terms
of risk to the riparian area (May and June). In addition, a new windbreak and off-stream watering
system was installed in Sub-basin 1. The baseline entailed an alfalfa-oat rotation, whereas, for the
BMP BMPscenario a continuous rotational pasture land use was implemented, to reflect the
implementation plan. Pre- management practices were simulated as baseline grazingBMP
conditions during the baseline scenario simulation. During scenario simulation in Sub-basinBMP
7 (Figure 2.3), the majority of the subareas were simulated with alternative grazing schedules to
reflect improved management practices. In particular, cattle were moved among several pastures to
minimize overgrazing and improve vegetative cover. On a few of the subareas at this site, a “no-
grazing” management practice was simulated to reflect instances when cattle were excluded from
that area or were moved to other fields for grazing.

Application of the Model to Alberta WatershedsCEEOT
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Wintering site ( ).WIN The site was a farmstead on that had a cattle winter feeding andWIN IFC
bedding area, which drained directly into the creek. Cattle had direct access to the creek during the
grazing season. The in Sub-basin 13 entailed relocation of the wintering site to a new siteBMP
further away from the creek (Sub-basin 9; Figure 2.3). The also included fencing and off-BMP
steam watering to limit cattle access to the creek and riparian area during the more sensitive part of
the grazing season. Similar to the sites previously described, the pre- management practicesBMP
were simulated as baseline grazing conditions during the baseline scenario simulation. Also,
special management files were created for various subareas to simulate post- implementationBMP
practices. To adequately simulate this scenario, the entire wintering site was divided into 12
subareas (about 68 ha). The subarea divisions were necessary to simulate the above mentioned
BMPs.

South Manure Field site ( ).SMF This was a 57-ha field where manure was surface applied in
small piles in the fall, and then levelled in the spring. Due to logistic and weather factors, a BMP
plan was not implemented at this site during the field study. However, a manure setback (30 m) on
either side of 700-m long drainage channel was simulated in Sub-basin 19 (Figure 2.3). For the
simulation, the setback (about 6 ha) received very little inorganic fertilizer and no manure
applications.

Dairy Manure Field site ( ).DMF The main component of this site was discontinuation ofBMP
manure application during winter months in selected areas due to elevated in the soil. ThreeSTP
unique subareas (about 15 ha) were delineated based on the intersections of fields and s forHRU
BMP BMPsimulation in Sub-basin 4 (Figure 2.3). The scenario was simulated by substituting 'no
manure application' management files for the management files that were used in baseline scenario
simulation.

5.1.2.2 Sub-watershedWHC

West Field site ( ).WFD The site (65 ha) was an annually cropped field. The s at thisWFD BMP
site included a nutrient management plan for poultry manure application and 30-m setbacks from
the drainage channel in the field. Five unique subareas (about 34 ha) were created at the siteWFD
after overlaying the field boundaries with the distributions in Sub-basin 4 (Figure 2.4). TheHRU
pre- manure management practices were simulated for the baseline scenario. In theBMP BMP
scenario, a manure setback was simulated for both sides of the drainage channel. As with the IFC
setbacks on the monitoring sites, the manure setbacks in the monitoring sitesBMP WHC BMP
received no manure applications and a very low rate of inorganic fertilizer. The fertilizer
application was lower than the agronomic rate, but sufficient to maintain good crop cover. In the
remaining area of Sub-basin 4, the model simulated poultry manure applied based on 3 to 4 yr of
crop P removal.

North Field site ( ).NFD The s consisted of 30-m wide manure setbacks from theNFD BMP
drainage channel, nutrient management plans for manure application, a change from surface to
injected liquid manure application, some erosion control, and relocation of a solid manure storage
area. In the scenario simulation for this site (about 7 ha), the setbacks were implemented onBMP
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three subareas located west of the main stream in Sub-basin 1 (Figure 2.4) and on one subarea
located east of the main channel in Sub-basin 3. In addition, the manure storage was relocated from
one subarea in Sub-basin 1 to a different subarea in Sub-basin 2. Similar to , the setbackWFD
subareas received a very low rate of inorganic fertilize and no manure.

East Field site ( ).EFD The intended s could not be implemented at this site because of aBMP
change from annual to forage crop cover early in the study. Instead, liquid manure was surface
applied to the forage crop using a nutrient management plan and setbacks were implemented on
both sides of the drainage channel (about 6 ha). The field changes provided a novel opportunity to
examine the environmental impacts of a nutrient management approach where, theoretically, a
farmer had excess manure and a limited land base. The above mentioned s were implementedBMP
and simulated on three subareas in Sub-basin 5 (Figure 2.4).

South Field site ( ).SFD This site was an annually cropped field covering the majority (60 ha) of a
quarter section. Two drainage channels originated from the west side of the field, merged within
the field, and exited the field near the northeast corner. The s included surface application ofBMP
liquid dairy manure based on a nutrient management plan and using 30-m manure setbacks along
the drainage channel near the exit point. The site had four unique subareas (about 45 ha)SFD
where the s were implemented. Manure setbacks were simulated directly south of waterBMP
monitoring Station 314 in Sub-basin 10 (Figure 2.4). As with the other setbacks, these manure
setbacks also entailed no manure applications and minimal inorganic fertilizer application to
maintain vegetative cover. In the remaining area of Sub-basin 10, liquid dairy manure was applied
based on crop N requirements.

North Pasture site ( ).NPS This site was a 4-ha pasture bisected by Whelp Creek. The wasBMP
the use of an additional 5 ha of pasture area to effectively reduce the stocking density. In 2009, the
grazing area was increased to 9 ha. The site had six unique subareas in Sub-basin 17NPS
(Figure 2.4). In contrast to the baseline, grazing was simulated for all subareas except for a small
area (about 10 by 15 m) near water monitoring Station 301, where entered the pasture. ThisWHC
10- by 15-m area was a bioengineering site, which was fenced and excluded from grazing to
promote willow grow. The model simulated no grazing in this area.

South Pasture site ( ).SPS This site was a heavily grazed, 36-ha pasture. The includedBMP
dividing the pasture into three paddocks using electric fencing and a watering system, and rotating
the cattle among the paddocks during the grazing season. The site had four unique subareas inSPS
Sub-basin 13 (Figure 2.4). The pre- management practices were simulated as open accessBMP
grazing with no watering system or fencing during the baseline scenario simulation. Rotational
grazing was simulated on all four subareas under the scenario. The specific grazing scheduleBMP
used in the actual field implementation was also simulated in the model runs.

Application of the Model to Alberta WatershedsCEEOT
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5.1.2.3 Field SiteLLB

The site was a 130-ha annually cropped field with two centre pivot irrigation systems. TheLLB
soil in the field contained very high concentration (>200 mg kg ) in the top 15 cm of soil dueSTP

-1

to beef cattle manure application. The s included discontinuation of manure application (i.e.,BMP
no P additions) on the entire field, establishment of a grass channel, and soil nutrient management
to determine if inorganic fertilizer N was required. Manure applications were allowed only when
soil P levels became less than 60 kg ha . Also, irrigation was discontinued in a small area (a few

-1

hectares) of excessive wetness near the drainage channel outlet. Irrigation application was
monitored and maintained at approximately 80% of the total available water.

In the baseline scenario, manure applications were simulated as reflected in the survey data
showing that manure was applied once every 3 yr on the subareas. Furthermore, irrigation
scheduling was maintained as specified in data obtained on current practices of the farm. In the
BMP STPscenario, manure application was allowed only when concentration became less than
60 mg kg , which is considered the agronomic threshold above which added P is general not

-1

required to achieve optimum crop growth (Howard 2006). An iterative procedure was used to
determine when concentration became less than 60 mg kg and manure application could beSTP

-1

resumed.

5.1.3 Scenario 3: AOPA

The in Alberta includes regulation for manure application to fields (Province of AlbertaAOPA
2010). The baseline scenario included standards, as the regulations were enforced at theAOPA
time. However, as previously mentioned, there were instances in the Baseline Scenario where
practices were not environmentally optimal such as surface application of manure without 48 h
incorporation, manure application in winter months, and the absence of manure application
setbacks. Scenario 3 permitted an opportunity to evaluate regulations considering the mostAOPA
environmentally ideal practices, regardless of practicality or ability of the farmer to implement
them. Four parts of the manure management regulations were considered for Scenario 3. OfAOPA
the four parts, only the manure application setbacks distinguish the Baseline Scenario and
Scenario 3, as both model scenarios were almost compliant with application based on -N,NO3

incorporation in 48 h, and no winter application. Scenario 3 for the site also included theLLB
irrigation application rates specified for Scenario 2.

� Manure application based on nitrate nitrogen concentration in the top 60 cm of soil.
The survey data suggested farmers in the watersheds were compliant with this regulation.
Therefore, this practise was included in the Baseline Scenario for the 30 or 35 yr of
simulation. The regulations specify that manure can only be applied on fields if the soil
NO3-N concentration is less than a given threshold based on soil testing (Table 5.3). The
NO3-N limits vary according to soil type, soil texture, and depth to water table. To simulate
this requirement, an iterative procedure was used to determine soil -N concentrations atNO3

the end of each year of simulation. Manure applications in the following year were then
predicted upon whether the soil -N concentration exceeded the predetermined threshold.NO3

The operations files were modified accordingly and the entire simulation was executedAPEX
for all subareas.
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� No manure application on frozen or snow-covered land. The Baseline Scenario included
one instance of manure application in the winter in , as specified in the survey responses.IFC
A couple of the field s under Scenario 2 modelled no manure application in the winter,BMP
and in those cases, the specific management indicated in (201 ) was used in the model.ARD 4
For Scenarios 3, 4, and 5 where no manure application was permitted in the winter, the model
simulated application in the spring or summer of the same year.

� Manure incorporation within 48 hours of application. The specifies that manureAOPA
applied on cultivated fields must be incorporated within 48 h (two days) after application.
The model permits the user to define the time of manure application, so for Scenarios 3, 4,
and 5, as well as for subareas that used manure incorporation in Scenario 2, a maximum of 48
h was used as opposed to the Baseline Scenario, where in a few instances manure was not
incorporated. To simulate manure incorporation, manure applications were modified to
include a tillage depth in the operation listing file. This implied that manure wasAPEX
incorporated immediately after or during application. In , an additional tillage operationFEM
was used within 48 h if no tillage operation already followed the manure application.

� Setbacks for manure application. Setbacks from common bodies of water are required for
fields that receive manure. In , manure must not be applied within 10 m of a commonAOPA
body of water when using sub-surface injection. This would apply mainly liquid manures.
Manure that is surface applied and incorporated within 48 h cannot be applied within 30 m of
a common body of water. For surface applied manure that cannot be incorporated, such as
winter spreading, or spreading on forages or direct seeded land, the width of the setback area
depends on the slope of the field (Table 5.4). To model this, the size of the setback area was
based on the applicable width, and the area of the main field was reduced by the size of the
setback. On the setback areas, manure applications were eliminated, and although not
required by , the simulation assumed no supplemental fertilizer applications were used.AOPA
Setbacks were required under Scenarios 3, 4, and 5. The modelling of setbacks applied to
many fields, as many common bodies of ephemeral water existed. It is important to note for
Scenario 2, the specific management indicated in (201 ) was used in lieu of generalARD 4
AOPA specifications. In particular, Scenario 2 included the addition of commercial fertilizer
application on a number of the setbacks.

Table 5.3. Soil nitrate nitrogen (NO3-N) limits in the top 60 cm of soil in for fieldsAOPA

receiving manure (Province of Alberta 2010).

Soil texture

Coarse textured soils
(>45% sand)

Medium and fine textured soils

<4 m to water
table

>4 m to water
table

Soil type ----------------------- (kg ha-1 NO3-N) -----------------------

Brown 80 110 140
Dark Brown 110 140 170
Black 140 170 225
Gray Luvisolz 110 140 170
Irrigated 180 225 270
z The old term Grey Wooded is used in the Act (Province of Alberta 2010).

Application of the Model to Alberta WatershedsCEEOT
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5.1.4 Scenario 4: Cow-calf and / P-limitsIFC WHC LLB

Scenario 4 differed among the three study areas. For , Scenario 4 (cow-calf) includedIFC
Scenario 3 plus the following four cow-calf and riparian management practices:

� Cattle restrictions. Cattle access to streams, creeks, or other water bodies was restricted.
This involved total exclusion for an extended period of time, and was applied to all subareas
adjacent to streams, creeks, and other water bodies. This is in contrast to cattle restrictions
that were required under the scenario, where this restriction was applied to only a fewBMP
subareas, such as the Impoundment site. Cattle exclusion was simulated by inserting a
subarea on the downstream edge of the main field and eliminating all grazing operations that
were scheduled to occur in the new subarea.

� Rotational grazing. Rotational grazing was applied to cattle pastures when required for the
specific scenario. Rotational grazing is the practice of moving cattle from pasture to pasture
in a scheduled fashion in order to improve pasture conditions, particularly for riparian
pastures during the more sensitive period of the grazing season (i.e., in the spring) when these
pastures are at higher risk to degradation by cattle access. The rotations were designed so that
cattle were excluded from riparian pastures, and the associated creeks or streams, during the
more sensitive periods.

� Vegetative buffer strips. Buffer strips were placed on a portion of the field adjoining
dugouts, wetlands, and other water bodies other than streams. The purpose of a buffer strip is
primarily to filter sediments and reduce runoff flow velocity and edge-of-field erosion. In the
simulations, buffer strip width was set at 15 m and consisted of perennial pasture vegetation.

� Grassed waterways. Drainage channels within cultivated fields were converted to
permanent grass cover simulated at a 15-m width.

Scenario 4 (P-limit) for and included Scenario 3 as well as manure applicationWHC LLB
based on P uptake rate of receiving crops and no fall application. Manure application in the spring
and summer may reduce nutrient losses compared to fall application of manure, which is at a
higher risk of nutrient loss during spring snowmelt events. Scenario 4 for also included theLLB
irrigation application rates specified for Scenario 2.

Table 5.4. Manure application setback widths under regulationsAOPA for

unincorporated, surface applied manure (Province of Alberta 2010).

Mean slope within 90 m of a common body of water
Setback width

(m)

< 4% 30
> 4 to < 6% 60
6 to <12% 90

>12% no manure application
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5.1.5 Scenario 5: P-limit, Riparian, and IrrigationIFC WHC LLB

For the Watershed, Scenario 5 (P-limit) included all of the features of Scenario 4 inIFC
addition to manure application based on P uptake rate of crops and no manure application in the
fall or winter.

Scenario 5 (Riparian) for augmented Scenario 4 with riparian management practices,WHC
restrictions on fall tillage as well as wetland restoration. To simulate the wetland restoration feature
of this scenario, a portion of all subareas adjacent to wetlands, dugouts and other water bodies
other than streams was simulated as a wetland. Specifically, wetland vegetation was grown on a
15-m strip of each applicable subarea and no farming operations were performed on that strip.

For , Scenario 5 (irrigation) included Scenario 4 and automatic irrigation schedulingLLB
(based on an assumed 15% crop water stress factor depletion of plant available soil-water capacity
used to trigger irrigation) and irrigation was prevented in critical runoff source areas.

5.2 Modelling Assumptions, Specifications, and Limitations

5.2.1 General Model Specifications

Once calibration was completed, the initial values of model parameters and coefficientsCEEOT
were established for each watershed for the scenario simulations. Also, the majority of modelBMP
input data used in model calibration was included in the input data of scenarios with theBMP
exception of land/farm management and climate input data. The new management input data files
were prepared for all the scenarios for , , and watersheds to represent theBMP IFC WHC LLB BMP
management practices that were incorporated in each scenario. In addition, the climate input files
used in model calibrations were modified. The new files used 30 yr (from 1971 to 2000 for IFC
and ) and 35 yr (from 1971 to 2005 for ) of climate data available from the nearestWHC LLB
weather stations instead of 8 or 10 yr used in model calibration.

One assumption implicit in all scenarios is that any manure generated on-farm but notBMP
applied within that watershed was hauled out of the watershed and applied elsewhere. In particular,
for the scenarios in which manure applications were based on the P uptake rate of crops
(Scenario 5 in ; Scenarios 4 and 5 in and ), or based on soil P (Scenario 2 in ) orIFC WHC LLB LLB
N (Scenario 3 in all watersheds) levels, any manure not applied on the subareas included in the
simulations was assumed to be hauled out of the watershed with an average hauling distance of 8
km. Thus, the environmental results for those scenarios would reflect a reduced amount of manure
nutrient application in the watershed. However, the economic implications of hauling manure a
greater distance, even outside of the study watersheds, was included in the evaluation.

5.2.2 Routing Sequence for Project Watersheds

Information on the hydrological routing sequence between sub-basins is pertinent to a correct
understanding of the environmental impacts of simulated scenarios at the sub-basin level and at the

Application of the Model to Alberta WatershedsCEEOT
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outlet of each watershed. This is because the values of environmental indicators at the outlet of
each sub-basin are greatly influenced by flow emanating from upstream sub-basins, and ultimately
the environmental indicators at the outlet of each study watershed are influenced by the values of
the respective indicators in all upstream sub-basins.

The sub-basin-level routing sequence for each watershed is presented in Figures 5.1 and 5.2.
The outlet for watershed was in Sub-basin 1 and the outlet of watershed was in Sub-IFC WHC
basin 20. The site had only two sub-basins and its outlet was in Sub-basin 1 (Figure 2.5a).LLB

5.2.3 Model Specifications that Differ among ScenariosBMP

This sub-section outlines the unique assumptions, specifications, and limitations that were used
in the simulations for each of the scenarios. Since the unique model specifications wereCEEOT
defined according to the scenario features, the presentation here is organized by scenario feature
rather than by watershed.

1:

Outlet

16 25 15 24 12 11
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4

Figure 5.1. Sub-basin model routing sequence for the Indianfarm Creek Watershed. The
creek tributaries (Tr) are marked with black arrows and the main creek is marked with red
arrows.
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5.2.3.1 Manure Incorporation

To varying degrees, this management practice is a component of all scenarios, including the
baseline. The models define this practice as liquid manure injection or solid manure incorporation,
whereby solid manure that is surface applied is tilled into the soil within 48 h of application. A
number of producers were already incorporating manure within 48 h of application, and therefore
would effectively have this scenario practice on their fields in the baseline scenario. Thus, inBMP
the baseline scenario, manure was incorporated on a few fields. However, in scenarios that required
manure incorporation, all fields receiving manure were simulated as having the manure
incorporated within 48 h of application.

To simulate this management practice, two main options are present in . The first optionCEEOT
is to specify a nutrient application depth in the model (in the operation file). The secondAPEX
option is to add an appropriate tillage operation in the operation file after and within 48 h of the
manure application operation. For this study, the first option was used; however, the additional
utilities created for these scenario simulations allowed us to use the second option as well, just by
specifying that option when running simulations. A 7.62-cm (3 inch) depth was assumed for the
manure incorporation scenario.

5.2.3.2 Manure Setbacks

This scenario management practice is in Scenarios 3, 4, and 5. Manure setbacks were simulated
in the environmental and economic models as separate areas within the crop (parent) fields. Based
on model specifications assumed for the scenarios, these setbacks did not receive manure or
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Figure 5.2. Sub-basin model routing sequence for the Whelp Creek Sub-watershed. The creek
tributaries (Tr) are marked in black arrows and the main creek is marked with red arrows.
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inorganic fertilizer, but were otherwise treated the same as the parent crop field. Thus, the same
crop was grown in the setback as the main field and the same cultural practices, weather, and soil
attributes were used.

In the environmental simulations, it was assumed that flow was routed from the main field
through the setback before leaving that subarea. To calculate the area for the setback, a square
configuration was assumed for the parent main field (length by width). This assumption was made
because it was impossible to determine the configuration of every field individually and a square
configuration would serve as a good average for most cases. The area of the setback was calculated
as the setback width (as specified in ) times the length of the main field (which equals theAOPA
width of the field since a square configuration was assumed).

In the economic model simulations, a separate field was assigned to the setback with a size
equal to the setback width times the length of the main field, as described above. A yield penalty
was used for the setback area since no supplemental nutrient application was assumed.

The reduction in nutrient applications in the setback area will generally lead to yield reductions.
Yield reduction would result in less biomass cover on the setback area, and this may result in a
greater potential for sediment runoff. Thus, without supplemental nutrient applications, the setback
areas, as simulated, may result in increased sediment and particulate nutrient losses from the entire
field. However, some fields, with a long history of manure application and an excess of residual
nutrients in the soil, may not experience yield reductions without added fertilizer for several years.

5.2.3.3 Soil Nitrate Nitrogen Limits on Manured Fields

For Scenarios 3, 4, and 5, soil -N limits were simulated by pausing the simulation atNO APEX3

the end of each year to determine whether or not the soil -N level exceeded the thresholdsNO3

specified in (Table 5.3). If the soil -N level exceeded the threshold, manure applicationsAOPA NO3

scheduled for the next growing season were eliminated. The soil -N limits are not applicable toNO3

inorganic fertilizers, so fertilizer application was maintained for each year of simulation at the
baseline rates.

5.2.3.4 No Manure Application on Frozen or Snow-covered Land

For scenarios 3, 4, and 5, all manure applications that were scheduled for dates with high
probability of snow cover or frozen conditions were moved to a different time during the spring,
summer, or fall of the same year when the possibility of snow or frozen conditions were negligible.
Specifically, manure applications originally scheduled for late October through March were moved
to the time of planting in spring, usually in May. This is in contrast to the baseline scenario where
manure applications were maintained on those dates regardless of the possibility of snow cover or
frozen conditions.
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5.2.3.5 Soil-test Phosphorus Limits

Soil-based P-limit. For the Scenario 2 (P-limit), manure application was restricted untilLLB STP
levels in the top 15 cm of soil were reduced to 60 kg ha . As in the -N soil limit simulations,

-1
NO3

the model was iterated in progressive steps. First the simulation period was set to 1 yr. TheAPEX
model was then simulated for each subarea using the management practice information specified in
the baseline scenario for that subarea. At the end of the simulation, the concentration was readSTP
from the output files. The simulation was then repeated for 2 yr. For this second simulation,APEX
any manure applications scheduled for Year 2 were eliminated if the concentration reached orSTP
exceeded 60 mg kg . This procedure was repeated for 3 yr, 4 yr, and so on until the model had

-1

been executed for the entire 35-yr time horizon. The revised management file for each subarea was
then used for the simulation.BMP

Agronomic P-limit. For Scenario 5 in and Scenario 4 in and , the manureIFC WHC LLB
application was based on agronomic P requirements, or the P crop removal. The implications of the
soil-based versus agronomic P-limits will be manifested in the soil. In the case of the soil-based
approach, there will be a drawdown in to at least 60 mg kg concentration. In the case of theSTP

-1

agronomic P-limit approach, will not change (i.e., should remain static) as the amount of PSTP
added should match the amount of P removed by the crop.

5.2.3.6 Reduced Tillage

Reduced tillage entailed elimination of all deep tillage operations that occur in the fall or winter
months. This feature applied only to Scenario 5 for the watershed simulations.WHC

5.2.3.7 Wetlands

Wetlands restoration or wetlands development was simulated by creating a 15-m wide subarea
along the edge of the field that borders the water body. A special operation file was used forAPEX
this wetland subarea that triggered the wetland simulation routine in . The sub-basin file wasAPEX
appropriately modified so that flow from the upland area of a field routed through the wetland
prior to leaving the field.

5.2.3.8 Cattle Restrictions

This scenario feature entailed elimination of cattle access to the streams or other water bodies.
However, since this scenario feature was used in combination with other riparian structural
controls including setbacks and buffer strips or wetlands, no additional model specifications were
applied. Specifically, the setbacks, buffer strips, and wetlands introduced subareas between the
field and the water body that did not include grazing. Consequently, there was no need to further
introduce an additional restriction for this scenario feature.

Application of the Model to Alberta WatershedsCEEOT
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5.2.3.9 Rotational Grazing

Rotational grazing was simulated in all scenarios other than Scenario 2 with the objective to
improve pasture conditions. This scenario feature was implemented by improving the curve
number of grazed pastures where this feature applied, in comparison to pastures where open
access, unmanaged grazing occurred.

5.2.3.10 Grassed Waterways

As with the wetlands, a 15-m subarea was created within the upland field and simulated as a
grassed area that mimicked a buffer strip or filter strip. A special operation file was used toAPEX
account for this feature, which also triggered the filter strip routine within . All flow from theAPEX
upland area of the field was routed through the waterway prior to leaving the field.

5.3 Simulation Procedures and Interpretation of Results

The results presented below are annual averages of the 30 yr ( and ) and 35 yr ( )IFC WHC LLB
simulation horizons. Specifically, the impacts presented were computed as follows. First, the
average annual environmental losses at the outlet of each of the watersheds were calculated by
taking the average of all 30 or 35 annual output values for each environmental indicator.SWAT
Annual average losses were computed for all five scenarios: the baseline and the four alternative
scenarios. The environmental impacts for each alternative scenario were determined as percentage
changes of each indicator value relative to the baseline value.

Economic impacts were similarly calculated. First, the average annual value of each economic
indicator was calculated by taking the average of the 30- or 35-yr simulation output from forFEM
each farm. Then the farm-level annual averages were summed using all farms in the watershed of
interest to obtain watershed-level annual averages. This computation was performed for each
scenario and for a number of economic indicators, although the main economic indicator was net
farm returns. Then the annual average values were divided by the total farmland area in hectares
among all the representative farms to arrive at per hectare values for the economic indicators.
Finally, economic impacts for each scenario were computed as the difference between the baseline
per hectare value (mainly net farm returns) and the corresponding per hectare value for the same
indicator for each scenario.

The fact that the results presented here are average annual impacts for each simulated scenario
and each environmental and economic indicator relative to baseline simulations implies a number
of things. First, the magnitude of the impacts for any given year may be different from the average
impacts. In fact, the impact for any given year may be of the opposite effect to that indicated by the
average value. This is particularly true for the environmental impacts, which are dependent upon
weather patterns, but also true for the economic impacts.

Secondly, the impacts do not depict any dynamic patterns or trends with time and do not answer
questions related to dynamics or trends of indicators. This means these results do not indicate how
many years it will take to reach a desired target. They simply indicate the relative impact of each
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scenario for an average year, and an average year may never be observed. Dynamic patterns and
trends may be gleaned from the annual results of the model simulations but were not discussed in
this report.

Thirdly, the actual or simulated impacts also differ spatially. This means the results were
different from one area of the watershed to another. As with the dynamic patterns, the impact of a
scenario for a given location may also be different from the average impact presented for that
scenario at the outlet of the watershed. Scenario impacts are presented at the sub-basin level in
more detail in Appendices 2 to 6. However, the impacts of specific fields within each sub-basin are
also likely to differ and these results are not presented in this report. For the economic indicators,
the scenario impacts differ from one farm to another. As well, the simulated farm-level scenario
impacts presented in this report are for representative farms. While representative farms are by
definition representative of the farms in the watershed, they are not identical to actual farms in
each watershed.

Plotting the environmental and economic impacts on a graph shows the trade-offs between
environmental improvements (E) and changes in farm profits ($) (Figures 5.3). The horizontal axis
in each of the figures corresponds to farm profits, with regions to the left of the vertical axis
representing reductions in profit, while regions to the right of the vertical axis represent
improvements in farm profits for the selected scenario. Similarly, regions above the horizontal axis
represent percentage increases in an environmental indicator, while regions below the horizontal
axis represent percentage reductions (or improvements) in the environmental indicator. A scenario
is superior to another if it lies below and to the right of the other. For example, in Figure 5.3,
Scenario D is superior to the other three scenarios.

Figure 5.3. Schematic of the model output showing environmental and economicCEEOT
impacts of simulated scenarios, where A, B, C, and D each represent a scenario of s.BMP
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5.4 Results and Discussion of Scenario Simulations

5.4.1 Baseline Scenarios for , , andIFC WHC LLB

The sub-basin scale results showed high variability in average annual runoff depths and in
average annual and nutrient losses within each watershed. For example, in ,TSS IFC  CEEOT
predicted average annual runoff depths ranged from 14 mm in Sub-basins 2, 3, and 23 to 205 mm
in Sub-basin 5 (Appendix 2). The predicted maximum average loss was 5.43 Mg ha in Sub-TSS

-1

basin 5 and the maximum average and loss were 18.8 and 3.7 kg ha in Sub-basin 27,TN TP
-1

respectively. Generally, higher runoff depths resulted in higher and nutrients losses (Sub-TSS
basins 5 and 27). An exception was Sub-basin 19 where the average runoff depth of 90 mm
generated relatively high average nutrient loss (5.5 kg ha -N and 2.0 kg ha -P) when

-1 -1
NO PO3 4

compared to 118 mm runoff depth in Sub-basin 22 (2.6 kg ha -N and 0.5 kg ha -P). This
-1 -1

NO PO3 4

result may be attributed to the effects of manure spreading near the drainage channel at the SMF
site and the influences of the cattle pasture/calving area in Sub-basin 18. The average STP
concentration in the soil measured during the field study was slightly above the agronomic
threshold of 60 mg kg and this suggests that excessive amounts of manure had not been applied in

-1

recent years.

In and , the sub-basin scale average annual runoff depths, and average annualWHC LLB
sediment and nutrients losses were much lower compared to (Appendices 3, 4). In ,IFC WHC
runoff depths ranged from 0.5 mm (Sub-basin 5) to 80 mm (Sub-basin 19). The maximum
sediment loss of 0.019 Mg ha was in Sub-basin 19, the maximum loss of 0.74 kg ha was in

-1 -1
TN

Sub-basin 9, and the maximum loss of 0.46 kg ha was in Sub-basin 14. For , the averageTP LLB
-1

runoff depth of 22 mm was predicted for both sub-basins (Appendix 4). Sediment loss ranged from
0 to 0.019 Mg ha , loss ranged from 0.97 to 1.25 kg ha , and loss ranged from 0.35 to

-1 -1
TN TP

0.42 kg ha . Sediment and nutrients losses were larger in Sub-basin 1 due to the greater slopes of
-1

tributary channels.

A comparison of the watershed-wide simulation results indicated that had nearly five timesIFC
higher runoff potential (99 mm) than (19 mm) and (22 mm) (Table 5.5). In addition,WHC LLB
IFC average sediment losses were predicted to be more than 140 times higher when compared to
WHC LLBand sediment losses. High runoff and sediment loss potential also resulted in high N
and P losses. For example, losses were more than six times higher than losses, andIFC TN LLB
more than 37 times higher than losses. The losses were more than three and nineWHC IFC TP
times higher than and losses, respectively. The model also predicted 62% higher -PLLB WHC PO4

losses in than in even though the values were nearly five times lower than theIFC LLB IFC STP
LLB STP WHC LLBvalues ( ). Under similar and runoff potential, the simulationARD 2014
results suggest and losses were nearly five and three times higher at the site than at theTN TP LLB
WHC TN TP LLBSub-watershed, respectively (Table 5.5). Higher and losses at the site can be
related to the high values in the soil. These results suggest that high runoff potential in isSTP IFC
a dominate factor that controls sediment and nutrient loss in the watershed. However, the high soil
nutrient concentrations cause larger nutrient losses at the site than atLLB WHC.
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5.4.2 Alternative Scenarios for the Indianfarm Creek Watershed

5.4.2.1 Scenario 2 (Field Study) Simulation

At the subarea scale, it was predicted that changes in flow and nutrient losses would occur for
Scenario 2 when compared to the baseline. With few exceptions, nearly all subareas with a BMP
site had reductions in flow and and nutrient losses (Table 5.6). Subareas 970 and 971 for theTSS
PST BMP BMPwere notable exceptions where the resulted in increased nutrient and sediment
losses and runoff volumes. In these two subareas, the baseline entailed an alfalfa-oat rotation;
whereas, for the scenario a continuous rotational pasture land use was implemented, to reflectBMP
the -implementation plan. While it may be difficult to conceive of the increase in sedimentBMP
and nutrient losses as a result of the rotation change, the only differences simulated between the
two scenarios were the change in rotation and the timing of livestock grazing on those subareas.
Thus the increase in sediment and nutrient losses is likely due to an interplay of change in crop
cover and livestock grazing schedules along with the specific biophysical properties (weather,
soils, topography) of those subareas. Due to the very small size of these subareas it is
recommended that the impacts be interpreted restrictively and not generalized for other areas with
similar rotations and grazing schedules.

The weighted averages of flow and nutrient losses for the sites showed that nearly all sitesBMP
were reduced in Scenario 2 relative to the baseline values, except for the site (Table 5.6).PST
Annual flow reductions were small (< 2%) for the sites, with a slight ( %) increaseNMF SMFand 1
in flow at the site. The flow reductions were greater at the ( %)  andPST IMPDMF (12%), WIN4 ,
( %) sites. Based on the s for these t sites, it is unclear what mechanisms would be5 hreeBMP
responsible for flow reduction. The elimination of manure application at the site  exclusionDMF ,
of cattle from the water body were not designed to alterIMP , and relocation of the wintering site
flow. However, with cattle exclusion, perhaps improved vegetation cover around the impoundment
reduced flow into the impoundment. On the other hand, nearly all of the water that flows through
the impoundment originates from a large area upstream (Sub-basin 23; Figure 2.3) and this area
was not influenced by the s.IMP BMP

Table 5.5. Comparison of baseline scenario annual average runoff depths, and TSS and nutrient

losses for the Indianfarm Creek Watershed ( ), WhelpIFC Creek Sub-watershed ( ), andWHC Lower

Little Bow River Field ( )LLB .

Watershed

Runoff

(mm)z

TSS ON OP NO3-N PO4-P TN TP

(Mg ha-1) -------------------------- (kg ha-1) --------------------------

IFC 99 (82) 1.40 4.96 0.86 2.97 0.65 7.93 1.51

WHC 18 (8) 0.002 0.16 0.06 0.05 0.11 0.21 0.16

LLB 22 (23) 0.01 0.03 0.02 1.23 0.40 1.25 0.42
z Values in brackets are measured average annual runoff depths during 2007 to 2010 for IFC and during 2008 to
2010 for WHC and LLB.

Application of the Model to Alberta WatershedsCEEOT
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Table 5.6. Percentage change for Scenario 2 relative to the baseline scenario for flow, total suspended solids

( )TSS , and nitrogen and phosphorus fractions for the sites in the Indianfarm Creek Watershed.BMP

BMP
site

Subarea
ID

Subarea
size
(ha)

Subbasin
ID

Flow TSSz TN TP ON OP NO3-N PO4-P

------------------------------------ (%) ------------------------------------

Per subarea

DMF 116 13.8 4 -12.5y -8.3 -12.4 -19.1 -15.8 -18.6 -4.5 -20.0

DMF 130 2.3 4 -11.7 -8.8 -16.5 -25.8 -22.4 -25.6 -3.9 -26.1

DMF 390 1.4 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
IMP 960 2.6 2 -8.5 -7.9 -12.0 -21.1 -26.2 -28.1 -4.8 -9.1

IMP 2400 0.4 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
IMP 104 2.0 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NMF 1401 2.8 6 -0.6 0.0 -4.9 -26.9 -4.6 -20.3 -5.1 -32.1

NMF 299 3.1 6 -0.3 0.0 -1.2 -10.0 -0.9 -7.0 -1.5 -14.0

NMF 358 2.2 6 -0.5 6.3 -1.5 -16.8 0.0 -11.8 -3.1 -22.4

NMF 327 1.8 6 -1.2 0 -7.7 -49.6 -3.1 -57.1 -12.3 -45.2

NMF 9 15.8 6 -0.6 16.7 -3.7 -25.9 -2.5 -20.0 -4.7 -30.5

NMF 319 40.0 6 -0.7 33.3 -6.8 -39.5 -4.3 -33.3 -8.9 -43.6

PST 313 2.2 10 -60.2 -25.0 -60.5 -71.0 -77.1 -23.7 -36.7 -90.3

PST 968 3.4 10 -4.0 -3.4 29.7 -3.3 -10.7 13.0 174.2 -25.5

PST 183 12.9 1 -0.7 0.0 2.7 -1.5 4.1 -2.0 1.6 0.0

PST 316 2.1 1 -0.8 -2.4 -6.1 -6.7 -7.0 -6.0 -3.5 -9.5

PST 972 14.2 1 -0.7 0 2.3 -2.8 2.8 -3.8 1.9 0.0

PST 309 5.5 1 -3.5 11.1 10.6 1.2 3.7 0.0 16.3 3.4

PST 197 19.0 1 -0.7 0.6 13.1 5.0 47.8 4.0 2.9 6.7

PST 180 0.6 7 6.8 -52.2 -71.5 -81.2 -80.4 -79.2 -51.1 -87.3

PST 967 6.7 7 7.9 -52.3 -73.2 -82.7 -80.7 -79.9 -54.9 -92.7

PST 970 4.0 8 63.6 77.1 257.1 154.2 208.7 215.7 402.5 83.6

PST 196 3.2 8 29.0 33.3 153.1 40.5 -22.2 71.4 287.6 30.7

PST 314 0.6 9 -0.7 11.1 -19.5 -49.1 -23.8 -53.8 -17.3 -47.5

PST 969 0.7 9 -0.7 18.2 -20.6 -50.0 -25.6 -53.8 -17.9 -48.8

PST 971 5.3 11 38.7 211.5 368.5 245.4 464.1 289.7 139.8 105.9

SMF 714 6.2 19 -1.7 0.0 -22.2 -41.0 -16.7 -16.9 -23.5 -54.8

WIN 332 0.5 9 -26.7 -75.0 -94.0 -50.0 -66.7 0.0 -94.3 -57.1

WIN 975 0.9 13 -0.8 3.4 -2.1 -2.4 -2.1 -5.1 -2.1 -1.1

WIN 993 7.4 13 -13.9 -31.7 -44.0 -35.9 -51.7 -47.9 -15.3 -16.9

WIN 1400 0.2 13 -14.0 -32.5 -44.0 -35.7 -51.7 -47.2 -15.3 -17.0

WIN 989 26.99 14 -0.2 0.0 -0.4 -2.3 -0.6 -3.2 0.0 0.0

WIN 991 1.1 11 0.0 0.0 -0.8 -2.1 -2.2 -1.9 0.0 -2.4
WIN 993 7.4 13 -13.9 -31.7 -44.0 -35.9 -51.7 -47.9 -15.3 -16.9
WIN 994 5.2 24 0.2 0.0 -8.1 0.0 0.1 0.8 -24.9 -3.3
WIN 995 6.32 14 0.0 0.0 -0.7 0.0 -0.5 0.0 -1.0 0.0

WIN 998 3.4 11 0.0 0.0 0.1 0.0 0.0 0.0 0.6 0.0
WIN 999 3.5 12 0.0 0.0 -0.1 -0.9 -0.1 0.0 -0.4 -3.7
WIN 1000 5.5 24 0.0 -2.6 -13.3 -0.9 -0.7 0.0 -29.5 -3.7
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For most of the s, the reduction in P fractions was generally greater than for N fractionsBMP
(Table 5.6). In the case of the site, P fractions were reduced; whereas,PST N and flow and TSS
were increased in Scenario 2. In addition, it was predicted that the NMF and SMF sites would have
a reduction of TP losses by about 33 and 41% on average, respectively. However, the IMP and
WIN sites were predicted with smaller (12 and15%, respectively) reductions of TP.

Attempts to compare the simulated impacts to measured impacts in the field were notBMP
successful primarily because the duration of available measured data was too short to correct for
weather impacts. Specifically, the sites had been installed for only a few years and theBMP
measured impacts were heavily skewed by changes in weather that occurred between 2007 and
2010, as reflected in significant differences in measured flow volumes from year to year (ARD
2014).

There was a wide range of implementation costs among the sites (Table 5.7). MostBMP BMP
of the costs occurred at the time of implementation. However, some costs were continuous,BMP
such as annual soil sampling and analysis, and these were modelled for all simulation years.

The project costs listed in Table 5.7 were applied as a new capital investment in andBMP FEM
were then amortized for a 7-year period. For the six farms with sites, the net economicBMP
impact of the s was a reduction in net return ranging from $0.01 to just over $8 ha yrBMP

-1 -1

(Table 5.8). Although the change in average annual net returns during the simulation period varied
considerably among sites, much of the difference in change in net return per hectare stemsBMP
from the even larger variation in the size of the farms that implemented the s. For example,BMP
the reduction in annual net returns for the farm was more than six times that of the farm,SMF WIN
but expressed on a per hectare basis, the reduction was actually smaller.Larger farms translate into
lower costs per hectare when assessed at the farm level.

Table 5.6. Continued.

BMP
site

Subarea
ID

Subarea
size
(ha)

Subbasin
ID

Flow TSSz TN TP ON OP NO3-N PO4-P

----------------------------------------- (%) -----------------------------------------

Weighted average per siteBMP

DMF 17.5 -11.9 -8.3 -12.7 -19.9 -16.6 -19.4 -4.2 -20.6

IMP 5.0 -4.2 -3.5 -6.1 -12.1 -14.0 -16.8 -2.4 -4.8

NMF 65.7 -0.6 17.4 -5.0 -32.5 -3.2 -25.9 -6.6 -37.4

PST 80.4 1.3 0.6 -5.6 -23.9 -8.7 -20.8 -1.0 -31.3

SMF 6.2 -1.7 0.0 -22.2 -41.0 -16.7 -16.9 -23.5 -54.8

WIN 68.4 -4.7 -8.3 -14.7 -18.0 -16.8 -16.0 -9.7
z TSS TN TP ON OP= total suspended solids, = total nitrogen, = total phosphorus, = organic nitrogen, = organic
phosphorus, NO3-N = nitrate nitrogen, PO4-P = phosphate phosphorus.
y A negative percentage means the Scenario 2 value was less than the baseline scenario value.
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The model results at the watershed outlet for Scenario 2 showed much smaller environmental
impacts compared to the sites. Again, this is due to the small total area of theBMP BMPs

compared to the overall watershed. At this scale, the model predicted that Scenario 2 (field study
BMP NO POs) would reduce -N loss by about 4% and -P loss by about 2% at the outlet during a3 4

30-yr period (Table 5.9). To a lesser extent (< 2%), and losses would also be reduced.TN TP
Organic N and losses would only be affected slightly and loss and flow would not beOP TSS
affected by Scenario 2. These results suggest that most of the reduction in N and P would be
caused by a reduction in the concentration of the soluble forms of these two nutrients. The small
changes may reflect that the field study s in Scenario 2 only represented six sites in the wholeBMP
watershed and the vast majority of the watershed was not simulated with s. The reduction inBMP
the annual farm profits (net returns) per hectare of the field study s, averaged for the entireBMP
watershed, was estimated at $0.92 ha yr (Table 5.9). This reduction in net returns reflects a

-1 -1

decline in revenues and/or increase in costs. The decline in average revenues, primarily through
reductions in harvested crop area or productivity, was about $0.77 ha yr on average, while the

-1 -1

increase in costs was about $0.15 ha yr .
-1 -1

Table 5.8. Summary of the Farm-level Economic Model annual economic results simulated for
Scenario 2 (field study BMPs) relative to Scenario 1 (baseline) for Indianfarm Creek Watershed.

z

BMP
site

Change in annual farm cost Change in net return

Variable
($ yr-1)

Capital
($ yr-1)

Total cost
($ yr-1)

Total cost
($ ha-1 yr-1)

Total net
return
($ yr-1)

Total net
return

($ ha-1yr-1)

IMP -228 -193 -421 -0.41 -769 -0.76

PST 686 1,161 1,847 5.95 -1,847 -5.95

WIN 585 990 1,575 8.19 -1,575 -8.19

SMF 793 -1,611 -818 -0.54 -12,007 -7.93

NMF 34 58 93 0.01 -93 -0.01
DMF 232 0 232 0.87 -255 -0.84
z Negative numbers indicate a reduction in value relative to the baseline; positive numbers indicate an increase
relative to the baseline.

Table 5.7. Summary of the beneficial management practices ( )BMP implementation costs for
Scenario 2 (field study BMPs) for Indianfarm Creek Watershed.

z

BMP
site

Farm size
(ha)

Materials and
contracts

($)
Labour

($)
Total capital cost

($)

Annual costBMP
(e.g., soil testing)

($ yr-1)

IMP 1,018 17,512 360 17,872 0
PST 310 16,643 2,960 19,603 0
WIN 192 15,490 1,220 16,710 0
SMF 1,514 2,530 0 2,530 306
NMF 12,376y 822 160 982 0
DMF 268 0 0 0 203
z These are implementation costs incurred by the farms as reported in the 2010 Progress Report (OlsonBMP
and Kalischuk 2011). The bioengineering costs at the , ,IMP WIN and PST sites were not included.
y This farm size is based on the area owned (3237 ha) and rented (12,950 ha) by the farmer, as reported in the
producer survey. Some of this land area may be outside IFC Watershed.
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5.4.2.2 Scenario 3 ( ) SimulationAOPA

Scenario 3, when simulated on all applicable farms in the watershed, had little impact at the
outlet of Watershed. The model predicted about a 1% reduction in -P loss and a 1%IFC PO4

reduction in loss (Table 5.9). Total N and losses were predicted to decline by less than 1%ON TP
each. Flow, loss, and -N loss were predicted not to change. On average, Scenario 3 wasTSS NO3

projected to result in a $0.34 ha yr reduction in net farm returns in . Economic impacts for
-1 -1

IFC
individual farms are reported in Appendix 5 for Scenario 3. For individual representative farms,
changes in net returns ranged from a reduction of about $ ha to an increase of about4.37

-1

$1. ha .75
-1

The predictions from Scenario 3 suggest that the management of manure application, based on
NO AOPA3-N limits through , was not much different to manure application practices prior to when
AOPA did not have confined feeding operation and manure management regulations. This is not
surprising because the model predicted that none of the subareas ever reached the soil -N limitNO3

for this area of 225 kg ha (Table 5.3), which is required to trigger manure application constraints.
-1

The maximum predicted soil -N was about 44 kg ha in the fourth year of the simulationNO3

-1

(Figure 5.4), and this was for Subarea 973 in the south portion of Sub-basin 9 (Figure 2.3). Actual
soil-test N measured at the , , , and sites during the field study was well belowDMF NMF SMF REF
the -N limits, and this was likely true for the whole watershed. In addition, less thanAOPA NO3

15%, or slightly more than 2000 ha, of the total land base in was predicted to receive manureIFC
application (Table 5.10).

Table 5.9. Annual average environmental and economic results based on 30 -yr simulation for the outlet of

Indianfarm Creek Watershed for different scenarios.

Flow TSS ON OP NO3-N PO4-P TN TP Net return

Predicted values

Scenarioz (m3 s-1) (Mg yr-1) ---------------------------- (kg yr-1) ----------------------------- ($1,000 yr-1)

Scenario 1 0.443 19,833 70,158 12,191 41,978 9,212 112,137 21,403 7,649

Scenario 2 0.444 19,828 69,934 12,143 40,243 9,001 110,178 21,145 7,633

Scenario 3 0.443 19,830 69,277 12,152 41,963 9,096 111,240 21,248 7,643

Scenario 4 0.408 14,914 7,430 2,430 36,802 8,714 44,232 11,144 7,620

Scenario 5 0.408 14,911 7,423 2,432 36,798 8,561 44,221 10,992 7,360

Change relative to baseline (Scenario 1) y

------------------------------------------- (%) ------------------------------------------- ($ ha-1 yr-1)

Scenario 2 0.0 0.0 -0.3 -0.4 -4.1 -2.3 -1.8 -1.2 -0.92

Scenario 3 0.0 0.0 -1.3 -0.3 0.0 -1.3 -0.8 -0.7 -0.34

Scenario 4 -8.1 -24.8 -89.4 -80.1 -12.3 -5.4 -60.6 -47.9 -1.65

Scenario 5 -8.1 -24.8 -89.4 -80.1 -12.3 -7.1 -60.6 -48.6 -16.14
z Scenario 1 = baseline; Scenario 2 = field study BMPs; Scenario 3 = management practices; Scenarios 4 andAOPA
5 = alternative scenarios.
y Differences for Scenarios 2 to 5 are expressed relative to Scenario 1 (baseline). Negative numbers indicate a
decrease compared to the baseline.

Application of the Model to Alberta WatershedsCEEOT
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The predictions from Scenario 3 in also suggest that the use of setbacks of no manureIFC
application alongside common water bodies had little effect on the Watershed. The land baseIFC
used for manure application in Scenario 3 was only 2% less compared to Scenario 1 (baseline)
(Table 5.10; Appendix 6). This decrease was due to the establishment of setbacks that excluded
manure application. This reduction represented less than 0.4% of the total land base in IFC
Watershed. While the setbacks represent only a 2% reduction in the land area that received manure
in the scenario, this area was in critical source areas near common water bodies. However, the
mainstem, as well as the main tributaries, have riparian zones wide enough so that 30-m or wider

Figure 5.4. Predicted minimum, maximum, and average soil nitrate nitrogen ( -N) levelsNO3

among the subareas for each simulation year for 30 yr in the Indianfarm Creek Watershed,
as simulated during Scenario 3.
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Table 5.10. Manure application rates and water setbacks for modelled scenarios in theBMP

Indianfarm Creek ( )IFC Watershed.

Scenarioz

Manure application Land base for sBMP

Landbasey Manure N Manure P Setback
Grass

waterway Buffer strip

(ha) --------- (kg yr-1) ---------- --------------------- (ha) ---------------------

Scenario 1 2,060 164,015 48,392 0 0 0

Scenario 2 2,055 163,287 48,244 nax 0 0

Scenario 3 2,013 160,391 47,362 47 0 0

Scenario 4 1,980 157,626 46,520 47 192 126

Scenario 5 2,027 99,664 21,196 47 192 126
z Scenario 1 = current application practises; Scenario 2 = implementation of field study BMPs; Scenario 3 = manure
application is N-based with setbacksAOPA ; Scenarios 4 = Scenario 3 practises with the addition of riparian buffers
and grassed waterways; and Scenario 5 = manure application is P-based and spring applied.
y Total land base in isIFC 14,145 ha.
x Not applicable.
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setbacks would not be required on adjacent manured fields. Plus, the smaller drainage channels in
and near fields where setbacks could be applied would likely only generate a very small percentage
of the total runoff. Also, as indicated above, the soils in the Watershed did not seem to have anIFC
excessive accumulation of nutrients from manure application.

5.4.2.3 Scenario 4 (Cow-calf) Simulation

Scenario 4 is the first scenario to show large reductions in all environmental indicators
(Table 5.9). This scenario augments Scenario 3 ( ) with grazing management and riparianAOPA
conservation practices. In addition, the area of manure N and P (kg yr ) land application in

-1

Scenario 4 was reduced by 4% compared to Scenario 1 (baseline) (Table 5.10; Appendix 6). The
model assumed a reduction in land available for manure applications in Scenario 4 compared to
Scenario 3 because in addition to the setbacks required in Scenario 3, additional land area was used
for buffer strips and grassed waterways in Scenario 4, which also excluded manure application
from these areas.

The model predicted reductions of about 61% of and 49% of at the watershed outletTN TP
compared to the baseline (Table 5.9). Even larger reductions (>80%) in and losses wereON OP
predicted. Flow and losses were also predicted to decline by about 8 and 25% from baseline,TSS
respectively. The reduction in flow would result in loss reduction even if concentration remained
similar. A reduction in loss would result in reduced particulate nutrient loss such as andTSS ON
OP BMP. The application of rotational grazing and riparian s would likely help stabilize stream
banks and reduce erosion and sediment loss. This scenario was estimated to cost $1.65 ha

-1

annually throughout the watershed (Table 5.9), with a range of about $0.06 to $1 . ha7 48
-1

(Appendix 5). Compared to Scenario 3 ( ), the cattle restriction to water bodies andAOPA
application of grazing management, grass waterways and buffer strips had a much larger positive
environmental effect compared to the application of -N limits and setbacks through .NO AOPA3

This would suggest that grazing management improvements, better protection of riparian areas,
and implementation of grass waterways would be more effective than additional manure
management s for this particular watershed. This seems reasonable for since most of theBMP IFC
northern portion of the watershed is cultivated land and a majority of livestock activity occurs in
the riparian areas. The southern portion of the watershed is predominantly grassland and there is
cow-calf activity throughout. As indicated above, it is predicted that less than 15% of the
watershed area receives manure application, which corresponds with the three feedlots in . As aIFC
result, manure management may not be as applicable to as compared to other agricultureIFC
watersheds that have a greater concentration of confined feeding operations, which are associated
with manure application.

5.4.2.4 Scenario 5 (P-limit) Simulation

Scenario 5 showed nearly the same environmental impacts as Scenario 4, except that -P andPO4

TP losses were reduced slightly more in Scenario 5 (Table 5.9). Scenario 5 includes Scenario 4
BMPs with the addition of agronomic P-based manure application rates and application restricted
to spring and summer periods. As mentioned in Scenario 4, it is predicted that less than 15% of the
watershed area receives manure application and hence, the practise is applied to a very small

Aplication of the Model to Alberta WatershedsCEEOT
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portion of the watershed. These predictions suggest that in the Watershed P-based applicationIFC
of manure would only result in a small improvement in water quality. Results were further
validated during the field study, where results measured at four of the field study sitesSTP BMP
( , , , and sites) were less than 100 mg kg in the top 15 cm and often less thanNMF SMF DMF REF

-1

the agronomic threshold of 60 mg kg ( ).
-1

ARD 2014

Unlike the relatively low costs associated with Scenarios 2, 3, and 4, Scenario 5 was projected
to cost about $16 ha yr relative to the baseline (Table 5.9), expressed per hectare of owned and

-1 -1

leased farmland in the watershed. The substantial increase in cost was primarily due to the increase
in manure hauling costs because more land was required to accommodate P-based manure
application, and part of the land was also used for buffer strips, wetlands, and waterways required
in this scenario. Where the land base does not change significantly for the environmental
simulations, the cost increase was due to the fact that manure was exported off the farm, at an
assumed hauling distance of 8 km, and hence entailed a significant cost to the producer. The
change in net returns for individual representative farms ranged from an increase in returns of
about $3 ha yr to a decline of about $ ha yr . Unlike the economic.5 213 (Appendix 5)

-1 -1 -1 -1

simulations, the environmental models did not distinguish between manure application fields in
terms of land ownership and implicitly assumed that the manure was hauled out of the watershed.

5.4.2.5 Cost Effectiveness of ScenariosBMP

A graphical comparison of environmental indicator ( , flow, , or ) change and farmTSS TN TP
profit impact shows very little change in the four environmental indictors for Scenarios 2 (field
study s) and Scenario 3 ( ) at a watershed scale (Figure 5.5a, b, c, d). In contrast,BMP AOPA
Scenarios 4 (cow-calf) and 5 (P-limit) resulted in decreases in all four indicators. In terms of farm
profit, Scenarios 2 to 4 were similar to the baseline, with each registering a slight reduction in net
returns. It is clear that Scenario 4 resulted in almost the same reductions in the environmental
indicators as Scenario 5, but at much lower cost.

One way to approach cost-effectiveness is how much it costs to obtain one unit improvement in
an environmental indicator. When expressed as the cost per unit of environmental indicator change,
Scenario 4 is more cost effective than Scenarios 2 and 5. For example, while the cost was less than
$5 Mg of reduced with Scenario 4, the same amount of reduction cost more than ten

-1
TSS TSS

times (over $52 Mg ) with Scenario 5 (Table 5.11). Scenario 3 ( ) resulted in a small
-1

AOPA
improvement in farm profits, and as a result, most of the cost-effectiveness values associated with
Scenario 3 were negative.

71



Scenario 2

Scenario 3

Scenario 4
Scenario 5

-30

-25

-20

-15

-10

-5

0

5

-20 -15 -10 -5 0

P
er

ce
n

ta
g

e 
ch

an
g

e 
fr

o
m

 b
as

el
in

e

Farm profit impact ($ ha-1 yr-1)

Scenario 2

Scenario 3

Scenario 4
Scenario 5

-10

-8

-6

-4

-2

0

2

-20 -15 -10 -5 0

P
er

ce
n

ta
g

e 
ch

an
g

e 
fr

o
m

 b
as

el
in

e

Farm profit impact ($ ha-1 yr-1)

Scenario 2

Scenario 3

Scenario 4

Scenario 5

-60

-50

-40

-30

-20

-10

0

10

-20 -15 -10 -5 0

P
er

ce
n
ta

g
e 

ch
an

g
e 

fr
o
m

 b
as

el
in

e

Farm profit impact ($ ha-1 yr-1)

Scenario 2

Scenario 3

Scenario 4
Scenario 5

-70

-60

-50

-40

-30

-20

-10

0

10

-20 -15 -10 -5 0

P
er

ce
n
ta

g
e 

ch
an

g
e 

fr
o
m

 b
as

el
in

e

Farm profit impact ($ ha-1 yr-1)

a) Total Suspended Solids

c) Total Nitrogen

b) Runoff Depth

d) Total Phosphorus

Figure 5.5. Impacts of scenarios on farm profits and (a) total suspended solids losses, (b)
runoff depth, (c) total nitrogen losses, and (d) total phosphorus losses for Indianfarm Creek
Watershed.

Table 5.11. Cost effectiveness of alternative scenarios for the Indianfarm Creek Watershed.

Flow TSS Organic N Organic P NO3-N PO4-P Total N Total P

Scenarioz ($ m-3)y ($ Mg-1) -------------------------------- ($ kg-1) --------------------------------

Scenario 2 -3.49 3,478.64 83.15 393.39 10.74 88.58 9.51 72.30

Scenario 3 -1.26 -1,998.82 -7.23 -163.06 -414.61 -55.04 -7.11 -41.15

Scenario 4 0.02 4.82 0.38 2.43 4.58 47.67 0.35 2.31

Scenario 5 0.23 52.49 4.12 26.47 49.86 396.55 3.80 24.81
z Scenario 1 = baseline; Scenario 2 = field study BMP AOPAs; Scenario 3 = manage ment practices; Scenarios 4
and 5 = alternative scenarios.
y negative values indicate.
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5.4.3 Alternative Scenarios for the Whelp Creek Sub-watershed

5.4.3.1 Scenario 2 Simulation

Since the s were installed on relatively small sites, the field-scale impacts determined withBMP
the model provide better insights into their relative effectiveness than the model results atAPEX
the outlet. Values of key indicators for baseline and site simulations are presented inBMP
Appendix 3 (Table A3.5). The weighted averages of the subareas containing the s showed thatBMP
some s were more effective than others for most or all of the environmental indicatorsBMP
(Table 5.12). For instance, the and sites were projected to reduce losses by aboutEFD SPS TP 28
and 26% on average, respectively. However, the and sites were predicted to have verySFD WFD
minimal impacts on the environmental indicators. For example, Subarea 5101 at the site hadWFD
no effect on the indicators, largely due to the fact that the size of Subarea 5101 was very small
compared to the upslope field. Furthermore, there was limited biomass growth on the setback area
due to the reduced nutrient application on that area, and this increased flow rate and sediment
losses.

A major reason for the minimal impacts from and may be attributed to the fact thatSFD WFD
these two sites had very small flow and sediment and nutrient losses in the baseline. Consequently,
any changes caused by the implementations would be within the margin of error of the fieldBMP
scale model simulations. For instance, baseline predicted sediment loss for subarea 5501 of SFD
was 0.01 Mg ha while it was 0.0 Mg ha under the scenario. This is represented correctly as

-1 -1
BMP

a 100% reduction, but the absolute magnitudes are clearly very small.

The implementation costs for the sites in were relatively low, i.e., <$5,000BMP WHC
(Table 5.13). However, the annual manure and soil testing costs for two of the sitesBMP BMP
were about $1,000 or more. The simulation results showed that the average annual costsyr

-1 FEM
of the s (reduction in net returns) ranged from $4.53 to $35.86 ha relative to Scenario 1BMP

-1
yr

-1

(Table 5.14).

At the watershed scale, the results obtained for the Sub-watershed were different fromWHC
those obtained for the Watershed. The model simulations predicted that Scenario 2 (FieldIFC
Study s) would have a larger impact in Sub-watershed than in Watershed. TotalBMP WHC IFC
suspended solids were reduced by 0.9% and N and P parameters were reduced from 2.9 to 8.9%
(Table 5.15). There was a negligible reduction in flow; however, this was not surprising since the
BMPs simulated in the model were not designed to reduce runoff volume. Both watersheds had
similar numbers of field study s; however, Sub-watershed is about one-third the size ofBMP WHC
IFC BMP WHCWatershed. Therefore, a similar number of sites in may potentially have a larger
effect on a smaller watershed. Also, the difference in types and distribution of sites within theBMP
two watersheds may be factors. The field study s in were mainly nutrient managementBMP WHC
BMPs in annually cropped fields; whereas, cattle grazing and riparian management were the main
BMP IFCs implemented in .

Economic impacts at the watershed level showed a cost slightly greater than $4 ha yr , which
-1 -1

is an annual average among all farms within the watershed and for all simulation years
(Table 5.15).
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Table 5.12. Percentage change for Scenario 2 relative to the baseline scenario for flow, total suspended solids

( ), and nitrogen and phosTSS phors fractions for the sites in the Whelp Creek SubBMP -watershed.

BMP
site

Sub-
area
ID

Subarea
Size (ha)

Sub-
basin

ID

Flow TSS TN TP ON OP NO3-N PO4-P

---------------------------------------- (%) ----------------------------------------

Per subarea

EFD 1297 0.5 5 1.1 0.0 -99.3 -91.2 -100 -100 0.0 -90.6

EFD 1311 2.5 5 1.2 0.0 -51.2 -41.5 -51.3 -50.0 0.0 -41.1

EFD 5000 3.1 5 0.4 0.0 -11.9 -10.7 -12.0 0.0 0.0 -11.0

NFD 415 1.1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NFD 424 0.6 1 0.0 0.0 0.0 -5.9 0.0 0.0 0.0 -8.3

NFD 432 0.7 3 0.6 0.0 -35.7 -9.1 -83.3 0.0 0.0 -11.1

NFD 604 3.1 3 0.6 0.0 -16.7 -12.5 -21.4 -50.0 0.0 0.0

NFD 419 1.1 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NPS 934 0.4 17 -7.7 0.0 -71.0 -50.0 -90.5 -50.0 -30.0 -50.0

NPS 940 3.2 17 -9.1 0.0 -21.5 -14.6 -22.0 -23.5 -18.2 -13.5

NPS 2400 0.04 17 5.7 0.0 -83.3 0.0 0.0 0.0 -83.3 0.0

NPS 748 1.2 17 -15.2 0.0 -28.8 -24.5 -29.5 -33.3 -16.7 -23.6

NPS 927 0.2 17 -12.4 0.0 -26.1 -18.3 -26.8 -31.3 -16.7 -16.8

NPS 2401 0.8 17 8.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SFD 5500 0.8 10 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SFD 5501 0.2 10 3.5 -100 0.0 0.0 0.0 0.0 0.0 0.0

SFD 1918 18.5 10 -0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SFD 1909 26.0 10 -0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SPS 2717 3.7 13 2.5 0.0 0.3 -3.6 -0.2 -4.1 100 0.0

SPS 2719 9.9 14 -13.5 0.0 -12.3 -26.0 -7.8 -24.4 -37.5 -27.4

SPS 6000 10.7 14 -18.6 0.0 -15.0 -27.3 -9.4 -27.4 -42.9 -27.3

SPS 6001 11.5 14 -19.1 0.0 -13.6 -27.5 -7.3 -26.6 -44.9 -28.3

WFD 1988 16.5 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WFD 5100 5.1 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WFD 5101 2.0 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WFD 1684 0.8 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WFD 1694 9.8 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Weighted average per siteBMP

EFD 6.1 0.8 0.0 -37.2 -27.5 -37.3 -33.3 0.0 -27.2

NFD 6.6 0.3 0.0 -8.0 -4.6 -10.0 -15.1 0.0 -1.7

NPS 5.8 -10.2 0.0 -25.1 -17.6 -25.8 -27.8 -18.9 -16.3

SFD 45.5 -0.8 -20.0 0.0 0.0 0.0 0.0 0.0 0.0

SPS 35.8 -16.7 0.0 -10.8 -26.2 -6.2 -24.7 -41.8 -27.5

WFD 34.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Application of the Model to Alberta WatershedsCEEOT
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Table 5.13. Summary of the implementation costs for Scenario 2 (BMP field study BMPs) for

Whelp Creek Sub-watershed.
z

BMP Project cost

Annual costBMP
(e.g., soil testing)

($ yr-1)BMP site
Farm size

(ha)

Materials and
contracts

($)
Labour

($)

Total capital
cost
($)

NFD 57 1,451 80 1,531 1,483

EFD 185 0 0 0 203

SFD 292 30 80 110 588

WFD 306 0 0 0 966

NPS 56 174 960 1,134 0

SPS 40 3,340 880 4,220 0
z

These are implementation costs incurred by the farms, as reported in the 2010 Progress Report (Olson andBMP
Kalischuk 2011).

Table 5.14. Summary of the Farm-level Economic Model annual economic results simulated for
Scenario 2 (field study BMPs) relative to Scenario 1 (baseline) for Whelp Creek Sub-watershed.

z

BMP site

Change in annual farm costz Change in net returnz

Variable
($ yr-1)

Capital
($ yr-1)

Total costs
($ yr-1)

Total cost
($ ha-1 yr-1)

Total net return
($ yr-1)

Total net return
($ ha-1yr-1)

NFD 1,155 103 1,258 22.20 -2,032 -35.86

EFD -410 0 -410 -2.22 -2,051 -11.12

SFD -149 1,566 1,417 4.86 -4,991 -17.11

WFD 415 68 483 8.61 -483 -8.61

NPS 1,561 -449 1,112 3.63 -1,386 -4.53

SPS 42 314 356 8.80 -356 -8.80
z Negative numbers indicate a decrease compared to the baseline value; positive numbers indicate an increase in
value.
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5.4.3.2 Scenario 3 ( ) SimulationAOPA

The manure N application (kg yr ) in Scenario 3 was reduced by about 4% compared to
-1

Scenario 1 (baseline) (Table 5.16; Appendix 7), largely reflected in a reduction in land area
receiving manure. Scenario 3 resulted in small increases (< 1%) in flow and and -NTSS NO3

losses; whereas, , , -P, , and losses decreased from 8.7 to 20.7% (Table 5.15). TheON  OP PO OP TP4

model predicted that the application of setbacks would result in a greater improvement toAOPA
water quality in the Sub-watershed compared to the Watershed (Tables 5.9 and 5.15).WHC IFC
This difference may reflect the larger proportion of manured annual cropped land in WHC
compared to .IFC

As with , the soil -N levels in (Figure 5.6) in Scenario 3 were less than the -NIFC NO WHC NO3 3

limit for this watershed (black, medium to fine textured soil, rain-fed) of 225 kg ha -N
-1

NO3

(Table 5.3). The maximum soil -N value predicted was less than 140 kg ha , which was forNO3

-1

Subarea 160 in the first year of simulation. Therefore, manure application was not restricted due to
NO3-N limit exceedance.

For Scenario 1, about 50% of the land base in was simulated with manure applicationWHC
(Table 5.16). The area used for setbacks in Scenario 3 was 91 ha, and this resulted in a decrease the
total area simulated with manure application to 48%. This represents a 4% decrease of total manure
applied land from Scenario 1 to Scenario 3.

Table 5.15. Annual average environmental and economic results based on 30-yr simulation for the outlet of the

WHC Sub-watershed for different scenarios.

Flow TSS ON OP NO3-N PO4-P TN TP Net  return

Predicted values

Scenarioz (m3 s-1) (Mg yr-1) --------------------------- (kg yr-1) -------------------------- ($1,000 yr-1 )

Scenario 1 0.024 9.9 645 243 208 439 853 683 522

Scenario 2 0.024 9.8 627 222 201 416 828 638 511

Scenario 3 0.024 10.0 570 193 209 388 779 581 504

Scenario 4 0.024 10.0 520 186 205 390 725 576 320

Scenario 5 0.013 5.4 288 106 118 195 405 301 315

Differencesy

----------------------------------------- (%) ----------------------------------------- ($ ha-1 yr-1)

Scenario 2 -0.1 -0.9 -2.9 -8.9 -3.3 -5.4 -3.0 -6.6 -4.14

Scenario 3 0.7 0.4 -11.6 -20.7 0.4 -11.7 -8.7 -14.9 -6.74

Scenario 4 0.5 0.5 -19.4 -23.6 -1.5 -11.2 -15.0 -15.7 -74.24

Scenario 5 -47.4 -45.4 -55.4 -56.4 -43.4 -55.6 -52.5 -55.9 -75.92
z Scenario 1 = baseline; Scenario 2 = field study BMP AOPs; Scenario 3 = A management practices; Scenarios 4 and 5
= alternative scenarios.
y Differences for Scenarios 2 to 5 are expressed relative to Scenario 1 (baseline). Negative values indicate a decrease
compared to the baseline.
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Scenario 3 is projected to entail an average cost of nearly $7 ha annually in at the
-1

WHC
watershed level (Table 5.15). Economic impacts for individual farms for Scenarios 3 to 5 are
reported in Appendix , which shows the range of costs from one farm to another for each5
scenario. Total farm-level economic impacts of Scenario 3 ranged from zero up to about
$3 ha yr reduction in farm profits. Most of the economic impacts are due to yield reductions in4

-1 -1

the setback areas as well as slight increases in manure hauling costs since the setbacks take up land
that would have received manure.
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Figure 5.6. Trends in soil nitrate nitrogen ( -N) levels among subareas for a 30-yr periodNO3

in the Sub-watershed.WHC

Table 5.16. Manure nitrogen and phosphorus application and s implemented under differentBMP

scenarios for the SubWHC -watershed.

Scenariosz

Manure application Land base of BMPs

Manure
land basey

Manure
N

Manure
P Setback

Grass
waterway

Buffer
strips Wetlands

(ha) ----- (kg yr-1) ----- ------------------------- (ha) -------------------------

Scenario 1 2,285 157,854 57,537 0 0 0 0

Scenario 2 2,280 158,013 57,582 nax 0 0 0

Scenario 3 2,194 152,383 55,633 91 0 0 0

Scenario 4 2,194 130,443 32,807 91 0 0 0

Scenario 5 2,142 127,562 32,045 90 64 43 24
z Scenario 1 = baseline; Scenario 2 = field study BMP AOPAs; Scenario 3 = management practices; Scenario 4 = P
based manure application; and Scenario 5 = P-based application, wetland restoration, reduced tillage, and buffer
strips.
y Refers only to area receiving manure. Total land base for is 4501 ha. Manure in excess of amounts that canWHC
be assimilated on land in originating farms was assumed to be hauled out of the watershed rather than being applied
on neighbouring land areas within the watershed.
x Not available.
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5.4.3.3 Scenario 4 (P-limit) Simulation

In Scenario 4, the land base for manure application occurred within the watershed was reduced
by 43% compared to Scenario 1 (baseline) (Table 5.16; Appendix 7). This reduction occurred
because in Scenario 4, manure was simulated to be applied based on agronomic P requirements and
the model simulated that manure was hauled outside the watershed boundaries as soon as soils
reached agronomic P levels. The simulated results showed further decreases in most parameters
including -N (Table 5.15). As with Scenario 3, the largest reduction occurred for andNO ON OP3

losses. Similar to the results for , the switch to P-based application of manure only predicted aIFC
small improvement in water quality compared to the current regulations (Scenario 3). ThisAOPA
is probably not unexpected, because manure was applied based on crop removal of P in this
simulation. This approach would prevent any further accumulation of P in soil; however, it would
not reduce for those soils with excess P from previous manure application. In fall of 2010, theSTP
average measured in the field study sites ranged from 16 to 94 mg kg in the top 15-cm soilSTP

-1

layer, and this is likely typical for the whole watershed. Though some soils were above the
agronomic threshold of 60 mg kg , most soils, if not all, in the watershed do not have excessive

-1

concentrations of .STP

Scenario 4 resulted in an average reduction in net return of $74.24 ha yr relative to the
-1 -1

baseline for the watershed as a whole (Table 5.15). Individual representative farm results ranged
from a reduction of about $3 0 ha to an increase of about $1 ha . This reduction is9 3 (Appendix 5)

-1 -1

largely attributable to increased manure hauling and spreading costs due to the P-based manure
application restriction. Similar to , manure was assumed to be hauled 8 km from the originatingIFC
farm to a site outside the watershed. On the receiving field, the manure was applied using the same
P-based application restriction that was imposed on the originating farm.

5.4.3.4 Scenario 5 (Riparian) Simulation

Scenario 5 included Scenario 4 with the addition of cattle restrictions to water bodies and
implementation of buffer strips, grass waterways, wetland restoration, and reduced tillage
operations. The results suggest that these additional s may have a major improvement onBMP
water quality compared to the other scenarios.

Scenario 5 resulted in an average reduction in net returns of just under $76 ha yr relative to
-1 -1

the baseline for the watershed as a whole (Table 5.15). This was only slightly greater in magnitude
than the farm-level economic impact of Scenario 4. Individual representative farm results ranged
from a reduction of about $ 0 ha to an increase of about $ ha . The additional40 6 (Appendix 5)

-1 -1

c 6ost of Scenario relative to Scenario 4 was due primarily to the value of foregone crop
production on land placed in buffer strips and wetlands. In Watershed and Sub-IFC WHC
watershed, the final scenario (Scenario 5) entailed the largest negative economic effect among the
scenarios.
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5.4.3.5 Cost Effectiveness of ScenariosBMP

All four alternative scenarios in resulted in reduced farm profits. Farm profit wasBMP WHC
reduced by less than $10 ha yr for Scenarios 2 and 3 and less than $80 ha yr for Scenarios 4

-1 -1 -1 -1

and 5 (Figure 5.7). Scenarios 2, 3, and 4 had little effect on and flow (Figure 5.7a, b);TSS
whereas, these scenarios resulted in some reductions (3 to 16%) in and (Figure 5.7c, d).TN TP
Even though Scenario 4 simulation predicted greater reductions in and compared toTN TP
Scenarios 2 and 3, the reduced farm profit was 14 to 26 times more for Scenario 4. Scenario 5
simulation predicted a similar reduction in farm profit as Scenario 4; however, reductions in flow,
TSS TN TP BMP, , and were much larger than the other three scenarios. The additional s in
Scenario 5 (buffer strips, grass waterways, wetland restoration, and reduced tillage in the fall), only
decreased farm profit marginally compared to Scenario 4, making Scenario 5 more cost effective
than Scenario 4 in terms of cost and environmental improvement. While the structural practices in
Scenario 5 took land out of production, the loss in revenue was mostly offset by reductions in costs
of field operations.

Figure 5.7. Impacts of scenarios on farm profits and (a) total suspended solids losses, (b)
runoff depth, (c) total nitrogen losses, and (d) total phosphorus losses for Whelp Creek Sub-
watershed.

a) Total Suspended Soilids

c) Total Nirtogen

b) Runoff Depth

d) Total Phosphorus
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Cost-effectiveness of each scenario for improvements in the environmental indicators of interest
is summarized in Table 5.17. If is used as the indicator of interest, Scenario 3 ( ) is theTP AOPA
most cost-effective, although Scenarios 2 is similar. On the other hand, for flow reduction,
Scenario 2 is the most cost-effective. The most cost-effective scenario may not be the scenario of
choice if it does not result in the level of environmental improvement desired. In that case, a
combination of s from different scenarios may be required to achieve the environmentalBMP
objective at least cost. For example, it was identified that the large reduction in farm profit for
Scenario 4 was caused by increased manure hauling for P-based application. If this component was
removed from the scenario, we would expect environmental improvement with a reduced farm
profit similar to Scenarios 2 and 3 or slightly greater. This approach is particularly helpful when
cost-effectiveness measures are available at the sub-basin level so that alternative scenarios or
BMPs can be targeted to locations where they are most cost effective rather than applying a single
practice uniformly throughout an entire watershed.

5.4.4 Alternative Scenarios for the Lower Little Bow River Field

Scenario 2 (field study) included manure application based on concentrations, irrigationSTP
management, and a grassed waterway. Hence, Scenario 2 components were somewhat similar to
Scenarios 4 and 5, although Scenario 4 assumed manure application based on agronomic P
requirements. The irrigation management modelling in Scenarios 2 and 5 would be slightly
different; Scenario 2 would have greater variability due to the weather variability and management
logistics.

The Scenario 2 simulation resulted in a moderate to large reduction in the environmental
indicators compared to the baseline. The lowest reduction was for flow, followed by TSS
(Table 5.18). Total was reduced by 85% and was reduced by 56%, and most of theseTN TP
predicted reductions were in soluble forms ( -N and -P).NO PO3 4

Table 5.17. Cost effectiveness of alternative scenarios for the Whelp Creek Sub-watershed.
z

Flow TSS Organic N Organic P NO3-N PO4-P Total N Total P

Scenarioy ($ m-3) ($ Mg-1) ------------------------------- ($ kg-1) -------------------------------

Scenario 2 30.00 217,022 1,037 883 2,774 809 755 422

Scenario 3 -6.03 -746,966 414 615 -38,741 601 419 304

Scenario 4 -83.29 -7,132,583 2,731 5,939 110,806 6,906 2,665 3,193

Scenario 5 0.97 77,354 976 2,539 3,865 1,429 779 914
z Cost-effectiveness ratios are computed as change in net farm returns divided by change in relevant environmental
indicator. Thus when the change in the environmental indicator is very small, the cost -effectiveness ratios would
be extremely large, potentially approaching infinity when there is negligible change in the environmental indicator.
y Scenario 2 = field study BMP AOPAs; Scenario 3 = management practices; Scenarios 4 and 5 = alternative
scenarios.
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Because of the high concentration of (> 200 mg kg ) at the site, the cessation ofSTP LLB
-1

manure application was a major part of Scenario 2 and the actual in the field study. It isBMP
expected, with time through crop removal, will decrease and reduce the amount of P loss fromSTP
the field. A reduction to near or even below the agronomic threshold of 60 mg kg would be ideal.

-1

The model simulated the change in during the 35-yr period for the six subareas in . TheSTP LLB
model predicted an immediate reduction in , and after the first 3 yr, concentration wasSTP STP
reduced nearly in half (Figure 5.8). In stark contrast, the actual field study showed no decrease in
STP after 3 yr of no manure application. It is likely that in the field, the large build-up of organic P
from manure application was able to buffer changes in concentration due to crop removal inSTP
the short term. Therefore, the model may have overestimated the rate of decline and a longerSTP
period may be required. Indraratne et al. (2009) predicted it would take 75 to 99 years for inSTP
excess of 300 mg kg (Olsen extraction method) in manured soil to recover within 5% of original

-1

concentrations under southern Alberta conditions.

The model predicted that concentration declined from Year 1 through Year 33 at whichSTP
time reached 60 mg kg for Subarea 101, 201, and 203 (Figure 5.8). As a result, manureSTP

-1

application was resumed in the simulation in Year 34, and this caused a spike in STP
concentrations to more than 100 mg kg in these subareas, resulting in no manure application for

-1

the Year 35. In the other subareas (104, 105, and 202), it took two more years until Year 35 to
reduce the to less than the 60 mg kg threshold.STP

-1

Table 5.18. Annual average environmental and economic results based on 35 -yr simulation for the outlet of

the Lower Little Bow River Field under different scenario model simulations.

Flow TSS ON OP NO3-N PO4-P TN TP Net returns

Predicted values

Scenarioz
x10-3

(m3 s-1) (Mg yr-1) ------------------------------ (kg yr-1) ---------------------------- ($1,000 yr-1)

Scenario 1 0.584 1.1 2.2 1.2 101.3 33.4 103.6 34.7 $1,377

Scenario 2 0.536 0.9 1.9 0.8 13.2 14.6 15.1 15.4 $1,347

Scenario 3 0.585 1.1 2.2 1.1 95.7 31.4 97.9 32.5 $1,375

Scenario 4 0.583 1.0 2.2 0.8 72.0 14.8 74.1 15.6 $1,347

Scenario 5 0.458 0.9 1.2 0.4 64.0 14.7 65.2 15.1 $1,344

Differencesy

-------------------------------------------- (%) -------------------------------------------- ($ ha-1 yr-1)

Scenario 2 -8.1 -11 -16 -38 -87 -56 -85 -56 -44.57

Scenario 3 0.2 0 -3 -9 -6 -6 -5 -6 -7.94

Scenario 4 -7.1 -7 -4 -33 -30 -56 -28 -55 -43.98

Scenario 5 -21.6 -13 -48 -65 -37 -56 -37 -56 -47.56
z Scenario 1 = baseline; Scenario 2 = field study BMP AOPAs; Scenario 3 = management practices; Scenarios 4
and 5 = alternative scenarios.
y Differences for Scenarios 2 to 5 are expressed relative to Scenario 1 (baseline).
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The model predicted much less reductions for Scenario 3 ( ). The largest reduction wasAOPA
for at 9% and did not change compared to the baseline (Table 5.18). Predicted soil-testOP TSS
NO3-N concentrations were highest for Subarea 202, with a range from about 0 to 180 kg ha

-1

(Figure 5.9). Soil at the site had more than 45% sand content and the water table may be lessLLB
than 4 m below the soil surface, at least in the lower portions of the site. With these conditions, and
under irrigation, the -N limit for this site is 180 kg ha (Table 5.3). In the model simulation,NO3

-1

soil -N levels were not high enough to warrant cessation of manure applications. As a result,NO3

the amount of reductions in nutrient losses was much lower compared to the Scenario 2, which had
no manure application. The small reductions predicted for Scenario 3 may have been the result of
manure setbacks from the field drainage channel for all applicable fields and incorporation of
manure; whereas, the baseline simulation included setbacks only on some fields. Actual field
measurements showed that average soil-test -N was about 272 kg ha in fall 2010. Therefore,NO3

-1

in some years, the -N limit was likely exceeded and manure should not have beenAOPA NO3

applied. However, in the model simulations, the soil-test -N levels never exceeded theNO3

predetermined threshold. Consequently, the baseline manure application schedule wasAOPA
maintained for , except that no nutrients were applied on the setbacks simulated for eachAOPA
field receiving manure and manure was incorporated within 48 h of application.

There was essentially no change in flow for Scenario 3 (Table 5.18), and this was because
irrigation application was not limited in the critical source area as in the Scenario 2 simulation.
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Figure 5.8. Predicted changes in soil-test phosphorus ( ) concentration by subarea at theSTP
Lower Little Bow River Field for a 35-yr period.
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Scenarios 4 and 5 had large nutrient loss reductions (Table 5.18). Similar to Scenario 2,
reduced manure application rate was simulated for Scenarios 4 and 5. However, for Scenario 2 no
manure was applied; whereas, for Scenarios 4 and 5 manure was applied based on crop P removal.
This is likely why the reductions in -N and were less for these two scenarios compared toNO TN3

Scenario 2. Surprisingly though, the reduction in -P and for the Scenario 4 and 5PO TP4

simulations were the same as Scenario 2, and the reduction in was even greater. As indicatedOP
above, the reductions in P loss in the Scenario 2 simulation could be explained by the reduction in
STP with time without manure application for 35 yr. However, for Scenarios 4 and 5, manure
application was simulated based on crop P, and should result in no net change in with time.STP
Therefore, would remain high in the soil and a source for nutrient loss. Therefore, relative toSTP
Scenario 2, the model may have over predicted the reduction in nutrient loss in Scenarios 4 and 5.

The Scenario 5 simulation, which included precision irrigation management, predicted a 22%
reduction in flow rate and the largest reduction in loss. Scenarios 2, 4, and 5 were moreTSS
expensive than Scenario 3 (Table 5.18). These three scenarios also had a greater impact on
environmental indicators than Scenario 3. The main reason for the large economic and
environmental impacts predicted for these three scenarios is because of reduced manure
application on the field and increased hauling costs of the remaining manure. For Scenario 2, net
revenue was reduced by nearly $45 ha yr , or about $34,000 yr for the 778-ha area this farm

-1 -1 -1

owns. Scenarios 4 and 5 were predicted to cost from $44 to $48 ha yr .
-1 -1

Scatter plots showing the trade-offs between each of the environmental indicators and the
associated financial impacts are shown in Figure 5.10. Depending on the indicator of interest, some
scenarios are clearly superior to others. On the other hand, none of the other scenarios are shown to
be superior to the others based on output from the model simulations.

Figure 5.9. Predicted soil-text nitrate nitrogen ( -N) concentration in Subarea 202 in theNO3

Lower Little Bow River Field for a 35-yr period.
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Cost-effectiveness values in dollars per unit of environmental indicator reduced showed that no
single scenario is superior in terms of cost-efficiency for all indicators (Table 5.19). The BMP
Scenario 2 (field study s) was the most cost-effective in terms of -N and ; whereas,BMP NO TN3

Scenario 5 (irrigation) was most cost-effective for and reduction. It is important toOP ON
emphasize again that, as with previous watersheds, direct comparisons between the model output
and actual measured impacts on the field are not always feasible due to specific circumstances in
the field that are not replicable within the model. In particular, specific irrigation events or farm
operations that were not adequately captured in the input data might result in economic and
environmental impacts that are different from field observations.

a) Total Suspended Solids

c) Total Nitrogen

b) Runoff Depth

d) Total Phosphorus

Figure 5.10. Impacts of scenarios on farm profits and (a) total suspended solids losses, (b)
runoff depth, (c) total nitrogen losses, and (d) total phosphorus losses for the Lower Little
Bow Field.River
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5.5 Model Simulation Summary and Conclusions

A total of five scenarios were simulated using the modelling system for theCEEOT IFC
Watershed, Sub-watershed, and the site. Environmental and economic impacts wereWHC LLB
derived from the output to assist in determining the costs and effectiveness of eachCEEOT
alternative scenario for the three study areas. Each scenario consisted of multiple scenario features
or practices. As is usually the case, the impacts of the same scenario feature differed from one
study area to another, based on biogeophysical properties of the areas, the distribution of scenario
implementations in each area, as well as the economic profile of the farms on which those
scenarios were simulated.

The scenarios simulated for the three study areas were not identical. However, the AOPA
scenario (Scenario 3) had essentially the same features or requirements for all three study areas.
Nonetheless, even with Scenario 3, the specific implementation of the scenario for each area was
unique due to the fact that the requirements of the scenario were contingent on site specific field
conditions. For instance, required manure application setbacks for fields adjacent toAOPA
common water bodies, and the distribution of fields adjacent to common water bodies differed
from one study area to another. Consequently, the scenario impacts cannot be compared among
watersheds without due consideration to the differences in their implementation in each area.

Relative to the baseline scenario, which was defined as the status quo, the Scenario 2 (field
study s) was found to be effective at the field scale for each watershed. However, Scenario 2BMP
had minor impact at the outlet of the and watersheds due to the fact that the proportionIFC WHC
of the area covered by the s was small. On the other hand, Scenario 2 for the site had aBMP LLB
significant impact at the outlet of that study area because the entire study area was the field site on
which the was implemented.BMP

Scenario 3 ( ) also had varied impacts for the three areas relative to the baseline scenario.AOPA
In general, was more effective for sub-basins that entailed significant areas in setbacks thanAOPA
in areas where the requirements of did not apply as much.AOPA

Scenarios 4 and 5 imposed progressively greater practice requirements. In , cow-calf andIFC
riparian management practices were first imposed, followed by manure application restrictions
based on crop P uptake rates. Conversely, the analysis first imposed manure application PWHC
restrictions, and then riparian practices as well as reduced tillage. Scenarios 4 and 5 for the LLB
site were generally similar to those of the Sub-watershed, except that irrigation managementWHC
was the additional requirement in Scenario 5 for the site. Results from model simulationsLLB

Table 5.19. Cost-effectiveness of alternative scenarios for the Lower Little Bow River Field.

Flow TSS Organic N Organic P NO3-N PO4-P Total N Total P

Scenarioz ($ m-3) ($ Mg-1) ------------------------------- ($ kg-1) -------------------------------

Scenario 2 2.46 31,927 10,548 8,055 42 196 42 191

Scenario 3 -19.86 -522,046 9,779 6,289 117 325 116 309

Scenario 4 135.38 110,091 40,951 8,922 124 195 124 191

Scenario 5 0.99 28,444 3,632 4,952 105 210 102 201
z Scenario 2 = field study BMP AOPAs; Scenario 3 = management practices; Scenarios 4 and 5 = alternative
scenarios.
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showed that while the riparian practices were more effective at reducing sediment and organic
nutrient losses, the manure application rate restrictions were generally associated with a reduction
in farm profits.

Cost-effectiveness ratios and trade-off assessment showed that some scenarios were superior to
others. However, in general, optimal implementation of water quality improvement scenarios
requires a combination of flexible scenario options starting with targeting the most cost effective
scenarios to sites where the greatest benefit can be achieved, and progressively moving to less
cost-effective options until the watershed nutrient and sediment reduction goals have been attained.

6 A CEEOT O A WPPLICATION OF TO THER LBERTA ATERSHEDS

In the current study, detailed data were collected from two large agricultural watersheds (IFC
and ) and two field-scale sites ( and ), including land management, land cover, soilWHC LLB BDF
data, landowner survey data, water quality data, and weather data. These data were used to
calibrate the model (Section 4), which was then used to simulate five scenarios forCEEOT BMP
each of the , , and study areas (Section 5). One of the objectives of the modellingIFC WHC LLB
component for this study was to have a functional model that could be applied to other agricultural
watersheds in Alberta. However, it is not practical or affordable to obtain the same level of detailed
data for other provincial watersheds as was collected for the watersheds in this study. Nevertheless,
the application of the model at a coarser scale to other watersheds throughout the provinceCEEOT
will be beneficial in terms of program assessment and development of policy options. ThisBMP
section will describe the requirements needed to use the model for other watersheds, asCEEOT
well as provide some limitations that need to be considered.

6.1 Inventory of Available Datasets for Modelling Alberta Watersheds

Based on an inventory of the existing Alberta databases, the majority of the data are readily
available at different scales/formats for use in modelling of agricultural watersheds inCEEOT
Alberta. The following is a short description of existing databases. Appendices 8 and 9 provide
internet or/and server links to database sources and definition of the data variables.

Climate data. Alberta likely has the most extensive network of meteorological stations in Canada
(Figure 6.1). These stations measure temperature, precipitation, humidity, and wind speed, and
potential evapotranspiration is determined. The network of solar radiation measurements is sparse
in the province; however, the amount of data are likely suitable for modelling. HistoricalCEEOT
(1901 to 2010) interpolated climate data (precipitation, temperature, wind, relative humidity, and
solar radiation) are also available for 6900 townships in the agricultural zone of Alberta.

Surface water quality. Alberta Environment and Sustainable Resource Development ( ) hasESRD
long-term water quality sampling stations at various locations along the primary rivers in Alberta
(Figure 6.2). These long-term sites generally have data for the past 15 to 30 yr. Water samples are
analyzed for conductivity, turbidity, total dissolved solids, filterable and non-filterable residue
(suspended solids), dissolved oxygen , , , , total Kjeldahl nitrogen ( ), -N, -TP TDP TN TKN NH NO3 3

N, -N, pH, temperature, fecal coliforms, , chlorophyll, pesticides, additionalNO2 Escherichia coli
ions, and metals.

Application of the Model to Alberta WatershedsCEEOT
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Figure 6.1. Network of meteorological stations with overlaid cities and townships polygons in
Alberta (AgroClimatic Information Service 2009).
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Figure 6.2. Locations of Alberta Environment and Sustainable Resource Development river
water quality monitoring sites in Alberta (Alberta Environment Information Centre 2012).
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Water Survey of Canada ( ) also monitors stream discharge at 455 gauging stations andWSC
sediment concentration and losses at 124 gauging stations in Alberta. The monitoring period varies
among stations; however, large amounts of data are available for at least the past 30 yr.

Water quality data were collected through the Alberta Environmentally Sustainable Agriculture
( ) Program in 23 small agricultural watersheds (Figure 6.3) from 1997 to 2006AESA (Lorenz et al.
2008). Water quality parameters measured were , , , -N, -N, -N, non-TP TDP TKN  NO NO NH3 2 3

filterable residue (suspended solids), pH, temperature, conductivity, fecal coliforms, Escherichia
coli, and a variety of pesticides. Total particulate phosphorus ( ) was calculated as = –TPP TPP TP
TDP TN TN TKN NO NOand was calculated as = + -N + -N.3 2

It is important to recognize that the availability of the existing water quality and quantity data
vary among and monitoring stations. Most of the stations include flow data;ESRD WSC WSC
whereas, the sediment data are available at fewer stations. Also, not all stations have flowERSD
and water quality data. Some stations may have flow data but no water quality data, and vice versa.

Lake specifications and water quality. Bathymetry for large Alberta lakes is available from the
Alberta Geological Society. Lake volumes can be estimated from the bathymetry data. Lake levels
and water quality data are available from .ESRD

Reservoir specifications. Reservoir volume and surface area at full supply level, construction
date, location, and diagrams of the larger reservoirs are available from Water Management
Operations at .ESRD

Surface water and groundwater usage. Allocation amounts of creek, river, or groundwater for
each section of land are available from . Water usage can be estimated from the amountESRD
allotted to municipalities and industries. Actual water use relative to allocation amounts has been
approximated by for each type of water user.ESRD

Wastewater treatment plants. Data such as discharge rates and water quality analyses are only
available from individual municipalities. To find a wastewater treatment facility for a particular
community or county, a search tool is provided by .ESRD

Elevation data. The 30-m grid of elevation postings in the Advanced Spaceborne Thermal
Emission and Reflection Radiometer ( ) are at a suitable resolution and quality forASTER DEM
application in large watersheds. Consideration will need to be given on how the implementation of
BMPs can be applied at this resolution, as well as at coarser or finer scales.

Land use and land cover. The majority of water quality data in Alberta is from 1995 to 2006.
Therefore, the satellite image data from about 2000 developed by Agriculture and Agri-Food
Canada ( ) appears to be the most suitable for future applications. The land coverAAFC CEEOT
classification was designed to distinguish between types of agricultural coverage and is likely the
best for modelling purposes.

Soil. The Agricultural Region of Alberta Soil Inventory Database ( ) is the mostAGRASID
extensive soil dataset for Alberta, as described in Sub-section 2.1.3 of this report (Alberta Soil
Information Centre 2001). Soil attributes are included for each soil type, with detailed information
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Figure 6.3. Locations of the 23 Alberta Environmental Sustainable Agriculture Program
(1999 to 2006) watersheds in Alberta (Lorenz et al. 2008).
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for each soil layer, such as layer depths, sand, silt, and clay fractions, organic carbon content, pH,
base saturation, cation exchange capacity, saturated hydraulic conductivity, water retention, bulk
density, and electrical conductivity.

Groundwater. Regional groundwater assessments have been completed for most agricultural
counties in Alberta (Figure 6.4) by Hydrogeological Consultants Ltd. and the Alberta Geological
Society. The regional assessments spatially identify the aquifers within the surficial deposits and
upper bedrock, describe the quantity and quality of each aquifer, and identify the hydraulic
relationships between aquifers. Additional groundwater depths are available from the waterESRD
well information database.

Figure 6.4. Counties in Alberta with completed groundwater assessments (Hydrogeological
Consultants, Ltd. 2010).
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Figure 6.5. Watershed boundaries of watersheds in Alberta (Godwin and MartinPFRA
1975).

Farm operations. Farm operations are best summarized by the Statistics Canada Census of
Agriculture, which is georeferenced at a variety of scales. Available data scales include census
division, (Prairie Farm Rehabilitation Administration) watersheds, soil landscapes ofPFRA
Canada polygon, and ecodistrict. Of these, the watersheds (Figure 6.5) are the smallest andPFRA
correspond to the locations of the stream gauging stations. Most of the Census of AgricultureWSC
data applicable for modelling is outlined in Appendix 9, but note that Appendix 9 does not include
every variable.

Application of the Model to Alberta WatershedsCEDEOT
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Farm input prices. Crop prices are available from the Alberta Financial Services Corporation
( ) website. Livestock prices are available from Canfax and from AgriProfit$ database.AFSC ARD
Prices for primary fertilizer and chemical inputs are available from the Agricultural InputARD
database.

Crop yields. Provincial average crop yields are available from databases compiled fromARD
Statistics Canada data. Regional crop yields are available for major crops from databases.ARD

Crop and livestock farm production costs. Production cost estimates are available from the
ARD AgriProfit$ database.

6.2 Macros and Extension Tools Developed for Input Data PreparationCEEOT

In order to facilitate simulations for the three watersheds in this study, the followingCEEOT
programming extensions were developed as external augmentations to the model. TheseCEEOT
extensions will be embedded into the program in order to facilitate seamlessCEEOT CEEOT
applications in other Alberta watersheds.

6.2.1 Input File Creation

The input files used in all three models ( , , and ) were based largelyCEEOT APEX  SWAT FEM
on farm survey data. A detailed farm survey was conducted at the beginning of the project, and this
was followed by annual surveys of participating producers that had sites installed on theirBMP
properties. Survey data were received in Microsoft® Word® forms. The information for each farm
was then transferred to a separate, standardized Microsoft® Excel® spreadsheet. In order to
generate the , , and input files, a Visual Basic macro was written to transfer theAPEX  SWAT FEM
farm data into and input files. For land uses that need to be simulated in , theSWAT FEM APEX
SWAT APEX CEEOTfiles were then converted into using 's built-in file conversion tools. The
FEM FEMproject files ready for simulation were also generated after execution of the macro
using 's built-in file import utilities.FEM

The Microsoft® Excel® input file generation macro can be used for any watershed assessment
where similar survey data are available. For watersheds where no survey data are available,
representative farms can be generated from aggregate farm data sources such as the quinquennial
census or other published aggregate farm data tables. From these sources, the size of representative
farms, crop rotations, and livestock herds can be established. The representative farms thus defined
can be augmented with management practice information available from staff or local expertsARD
in the county or watershed of interest.

6.2.2 Representative Farm Definition

Osei et al. (2003a) and Osei et al. (2008a) developed a data disaggregation and statistical
clustering procedure for generating representative farms from aggregate farm data. The procedure
was applied to the United States Agricultural Census to develop representative farm data for all
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states and counties in the United States. A similar procedure will be incorporated into the CEEOT
interface and used to develop representative farm information from the county-level or watershed-
scale Agricultural Census data for Alberta. With this procedure, the aggregate data are first
disaggregated to recreate a distribution of farms that is very close to the actual population of farms
in the watershed or county of interest. Then, simple statistical clustering procedures are used to
categorize the list of farms into groups using selected farm attributes and defining one or more
representative farms for each group.

6.2.3 Management File AssignmentSWAT

Farm survey data collected during the field study represented only a small portion of area in
each watershed. For and simulations of all the other land areas in the watersheds, itAPEX SWAT
was necessary that the input fields generated for the surveyed areas be applied to these other areas
as well. For this purpose, a routine was developed that assigned management files to each
hydrologic response unit ( ) based on land use distribution. A manual check of theseHRU -
assignments was required to ensure they were reasonable.

6.2.4 Customized Scenario Input File Generation

The model contains a number of built-in scenario generation features. However, for thisCEEOT
study, many detailed scenario features needed to be applied to various land areas. Thus, routines
were developed to allow for the design of custom scenario features. The following are specific
features that were developed for the and watersheds and the site, and used inIFC WHC LLB
simulating the scenarios reported in Section 5.

Limits on nutrient applications. One of the routines developed as part of this effort allows for
manure and other nutrient applications to be based on crop P or N agronomic requirements. These
are calculated based on average crop yields. In the scenario simulations of the present project
(Section 5), only the P agronomic restriction was used in Scenario 5 for , in Scenarios 4 and 5IFC
for , and in Scenarios 2, 4, and 5 for .WHC LLB

Timing of field operations. This feature allows for field operations to be changed to different
dates as needed. The macro simply reads in all the field operations and modifies the dates of the
ones in question, moving them to the new chronological sequence in the operation files as required
by the scenario being simulated. This feature was used for simulating scenarios that prohibited
manure applications in the fall or winter months or on frozen ground and allowed the application
of manure in the spring and early summer.

Structural practices. Flexibility was introduced in scenario definitions to include requirements
for setbacks, grassed waterways, wetlands, and other structural features. To enable simulation of
these features, a routine was developed that modified the sub-basin files for each sub-basinAPEX
of each watershed. The structural feature required for the scenario being simulated was inserted in
the right location within the sub-basin file and the subarea sizes and other attributes were modified
accordingly.

Application of the Model to Alberta WatershedsCEEOT
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Modification of tillage operations. The routine developed to modify timing of field operations
also provided an option for elimination of tillage operations as needed. This specific feature was
used for elimination of deep tillage operations in the watershed, except in instances whereWHC
the tillage operation in question was the only operation in a given year.

Incorporation of manure. Manure incorporation is an option in the routine developed for tillage
and timing features. This routine provides two options for manure incorporation: (1) adjust the
nutrient application depth for manure applications in the operations file or (2) add a specificAPEX
tillage operation on a specified date after manure has been applied. In the scenario simulations for
IFC WHCand (Section 5), the first option was used in order to avoid unnecessary soil disturbance
that might mask the results of the simulations.

Soil nutrient limit application. Due to the need to simulate soil -N limits in , a specialNO AOPA3

routine was developed that iterates through simulations, stopping simulation at the end ofAPEX
each year of the simulation horizon to determine if soil nutrient levels warranted manure
applications in the following year. In this routine, the soil -N level was computed based on theNO3

concentration in the 0- to 0.6-m soil layer, as specified in (Province of Alberta 2010). TheAOPA
soil -N concentration (mg kg ) was multiplied by the soil bulk density to obtain the total massNO3

-1

per unit area, expressed in kilograms per hectare.

6.3 Procedure for and Scenario AssessmentBMP

The system has been used to evaluate a wide array of s and other scenarios in aCEEOT BMP
number of watersheds. The tool can also handle combinations of s and scenarios that do notBMP
necessarily involve s. In Osei et al. (2009), a protocol was outlined to enable users toBMP CEEOT
apply the modelling system efficiently in any watershed and the protocol could be used for any
watershed within Alberta. The protocol document discusses pertinent topics such as how to define
baseline and alternative scenarios, the kinds of practices or scenarios that can be simulated in
CEEOT, and how to interpret model results, among others. The document provides a step-by-step
guide that will enhance the application of in watershed assessments. The reader is referredCEEOT
to the protocol document (Osei et al. 2009) for additional details on how to perform watershed
assessments, particularly with the system.CEEOT

6.4 Limitations of Applications in Other Alberta WatershedsCEEOT

One of the primary objectives of the application to the three study watersheds ( ,CEEOT IFC
WHC LLB, and ) was to develop a framework and protocol for rapid application of the model to
other watersheds in Alberta. It is anticipated that future applications in other watersheds inCEEOT
the province will not entail the same level of detail of effort and data collection as was the case for
the , , and watersheds. However, while similar analyses can be accomplished withIFC WHC LLB
less effort, there are a number of limitations of any application, particularly as comparedCEEOT
to the detailed approach used for the three study watersheds. There are two main limitations: data
and scope.
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Data limitations. The detailed data assembled for the current study will generally not be available
for other watersheds. Thus, applications to other watersheds will be at a coarser scale.CEEOT
There will be limited calibrations and the analyses derived from the model simulations will be
applicable in a broader sense.

Scope limitations. The model is applicable primarily to agricultural land uses. WhileCEEOT
plans are under way to include urban land simulations within the model, this has not yet been
implemented. Therefore, there will be limited applicability to watersheds that contain significant
non-agricultural land uses.

7 CONCLUSIONS AND RECOMMENDATIONS

7.1 Lessons Learned from Application in AlbertaCEEOT

7.1.1 Field Measurement Data Lessons

BMP simulation efforts were limited because it was not feasible to adequately compare field
BMP CEEOT BMPmeasured effects against the simulation results. The field measurement data
available for assessment were of relatively short duration. While the spatial distribution ofBMP
water monitoring stations was fairly good, only 1 or 2 yr of measured data of post-BMP
management conditions were available for the simulations, which were run for either a 30-CEEOT
or 35-yr period. It would be ideal to have field measurement data of longer duration for model
validation.

7.1.2 Model Calibration Lessons

The strategy for application of the model was based on the assumption that it would beSWAPP
possible to calibrate the model and eventually evaluate scenarios at the same time that fieldBMP
data were collected and analysed. This assumption was incorrect because issues arose with the
existing input data or with recently collected field data. For example, the initial data had 25-DEM
m grid resolution and only after attempting to calibrate at the field scale did it become evident that
the 25-m resolution was not suitable. Therefore, late in 2008, more accurate data (Li 1-DEM DAR
m and 5-m grid) were acquired and watershed delineation and configuration were redone. In
addition, the locations of all the monitoring stations were not all identified at the start of theBMP
project and new sites were established late in 2008 and early 2009. Due to these changes, theBMP
initial watershed delineation was no longer valid and also needed to be redone. Furthermore, field
data were not always fully analyzed and verified at the time of model calibration, and some of the
field data entered into had to be adjusted at the same time as the calibrations wereSWAPP
conducted.

To avoid similar calibration issues at the end of 2010, no new data were added to .SWAPP
Instead, the previously entered data from 2009 were verified again and calibrations were conducted
one more time. The expectation was that this calibration process would improve the 2009
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calibration results and the 2010 field data would be used to validate in 2011. However, theSWAPP
2009 calibration results were still not satisfactory due to poor model performance in the 2008 and
2009 drought years, so additional calibration was conducted in 2011 using 2010 field data.

This calibration approach was not very efficient because it involved three series (2009, 2010,
and 2011) of data entry and calibration procedures. In general, it does not take much more time to
input 3 yr of data than 1 yr of data, and likewise the time requirements for model calibration are
similar using 1 yr or 3 yr of data. Based on these experiences, we suggest that any future modelling
project should not be initiated until all of the field data are available and the data quality has been
verified.

A significant amount of time was dedicated to improve calibration results at the field-SWAPP
scale and watershed outlets. However, the final predictions of sediment and nutrient losses at this
very detailed scale were not accurate enough to justify the time spent performing such refined
calibrations. Based on the experience gained from the calibrations, we suggest that forSWAPP
future similar projects, should not be calibrated at such a detailed scale. Instead, weSWAPP
recommend calibrating it for the outlets of larger areas about the size of the orWHC IFC
watersheds. The research team agreed that this approach of calibration would be adequateSWAPP
for relative evaluation of the cumulative effects of implementation.BMP

A notable lesson related to the foregoing is that virtually all computer simulation models are
severely limited when used to mimic very low flow conditions as was typical of the andIFC WHC
field-scale stations. Consequently, when selecting watersheds it would be helpful to choose ones
where significant flow volumes are expected under normal weather conditions. When flow
volumes are very low, some of the differences attributed to the or scenario being evaluatedBMP
may well be due to other unrelated factors such as measurement error or malfunctioning of
sampling devices. In addition, very low flow volumes are often well below the predictive ability of
the simulation models being used.

7.1.3 Model Performance Lessons

There were a number of issues with the performance of the interface. These issuesSWAPP
came to surface during different phases of the project and very often caused the orSWAT APEX
model simulation to crash. Based on the frequency of these crashes, we learned that the SWAPP
interface was still in a development stage and provided a challenge to new users. Some of the
issues were attributable to the complexity of hydrological processes in the Canadian prairies, the
size of the sub-basin areas, and the number of subareas in each sub-basin. For example, it was
particularly challenging for to simulate snowmelt events, summer drought conditions, andSWAPP
the sequence of surface flow among subareas where ponds and wetlands were present. In addition,
the manual was last updated in June 2008, and some input and outputs from the most recentAPEX
version of the model did not correspond to references provided in the manual. During the 4APEX
yr of the modelling project, the following six improvements were implemented, either to the
SWAPP APEXinterface or to to improve model performance:

1. grossly overestimated the effect of ponds because it did not account for return flowAPEX
amounts when ponds were present in the subarea. This problem was solved by revising the
pond calculation subroutine in .APEX
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2. crashed due to an error in the input to the sequence routing. This issue was resolvedAPEX
in the “saf” files, where many urban subareas were not included in the inputs evenAPEX
though they were used in routing.

3. crashed due to a limited number (1000) of subareas allowed to be simulated in anyAPEX
sub-basin. This issue was resolved by increasing the limit to 9000 subareas.

4. crashed due to a limited number (15) of irrigation operations per year thatAPEX APEX
was able to accept. This problem was solved by increasing the limit from 15 to 20
operations.

5. was not predicting the timing of the snowmelt events correctly at the sub-basinAPEX
scale. This problem was solved by providing the inputs of Parametersoption of overwriting
22 and 80 from the 0604. file for each sub-basinPARM DAT “sba” file.

6.   In the last version of , the 0604. file has five more parameters that wereAPEX PARM DAT
added to help with calibrations.APEX

7.1.4 Farm Data Development Lessons

The representative farms for the Project were based on farm surveys in the studyBMP
watersheds. As a result, they varied considerably in size and character. Some of the actual farms
had land outside of the study areas and this led to some issues regarding the calculation of capital
costs. Future applications of in Alberta should be based on a smaller number ofCEEOT
representative farms developed to reflect average farm characteristics in watersheds.

The crop rotations of actual farms in the Project also varied considerably. This led to extraBMP
efforts in developing the data input tables. Future applications should use more standardized crop
rotations that are derived from actual historical cropping patterns as part of the process of defining
statistically valid representative farms.

7.1.5 Farm Equipment and Facilities Lessons

The default machinery list may not adequately reflect current farm machinery used in Alberta.
The list of equipment and purchase prices are presently being updated for future applications of
CEEOT in Alberta. As well, detailed information on farm facilities was only available for Alberta
dairy enterprises. Facility values for other farm enterprises should be identified for future studies.

7.1.6 Scenario Simulation Lessons

BMP IFC WHC LLBscenarios were developed for the and watersheds and the site with the
objective of evaluating environmental changes and economic impacts of s related to manureBMP
application, livestock management, late-fall tillage operations, irrigation efficiency, and other
management practices. Each scenario included a suite of practices (Sub-section 5.1.2). Due toBMP
this simulation approach, the model was only able to evaluate the outcome ofCEEOT
implementing the suite of s established in each scenario, and not the effects ofBMP BMP
individual s within each scenario. In future projects, it is suggested that the effects ofBMP
individual s be simulated first before evaluating scenarios consisting of combinations ofBMP
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BMPs. In other words, if a scenario containing multiple practices is evaluated, it is difficult to
determine which practices within that scenario were responsible for the impacts observed. To gain
a better understanding of the scenario impacts, it is helpful to simulate scenarios that contain only
one practice or feature before combining them into another scenario that consists of multiple
practices.

7.2 Recommendations for Future Model DevelopmentsCEEOT

In the Project, the model was calibrated and tested for two agriculturalBMP CEEOT
watersheds and one field site, and proved to be a powerful modelling tool. In spite of many
positive features, we discovered that framework had some modelling limitations.CEEOT

Concentration values in the model output are required to assist in interpretation.

� Water quality is most often evaluated and interpreted with compliance to federal and
provincial water quality guidelines, which are concentration based. In the current modelling
study, nutrient and sediment losses in surface water were expressed as export coefficients
(kg ha yr or Mg ha yr ) are useful to determine impacts within a closed basin and in

-1 -1 -1 -1

particular, loading impacts on lakes. However, concentration data are required to determine
acute water quality conditions, such as toxicity, and concerns to water users and the protection
of aquatic life.

Simulation of composite scenario analysis and different manure/fertilizer application options
on individual fields needs to be fully automated.

� Currently, the scenario analysis component of the model can only modelCEEOT
(implement) one at a time. However, in the Project, each scenario included aBMP BMP
number of s. In addition, there were issues dealing with nutrient application andBMP
management. The manure/fertilizer application was based on crop P and NBMP
requirements; however, does not take into account the existing annual variability ofCEEOT
soil P and N levels based on manure or fertilizer applications. Also, the BMP
manure/fertilizer P and N application rates were established after examination of actual soil N
and P content. Due to these limitations, the scenario development and the input dataCEEOT
for the manure/fertilizer based s were prepared outside the model using Excel®BMP CEEOT
macros. To address these limitations, several Excel® macros and extension programming
tools were developed during the course of the Project. Incorporation of these extensionBMP
tools into the framework will help to address these constraints and improve theCEEOT
model's functionality.

Definition of routing sequence of subareas in the subarea input file needs automation.APEX

� Generally, the Av program automatically generates the sub-basin area hydrologicalSWAT
routing sequence for and then the user can automatically generate the subarea routingSWAT
sequence for the model with . However, in the Project, the andAPEX CEEOT BMP IFC
WHC watersheds had a large number of subareas and the automatic preparation of subarea
routing sequences for each sub-basin was not possible. Therefore, the routing schemes for
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APEX IFC WHCfor the and watersheds were prepared partially manually and partially with
the use of Excel® macros. The process was time consuming and subject to development
errors, which required more time for quality checks and verification. To address these
difficulties, integration of the Excel® macros and other tools that were used in the project
into the interface would streamline the process of defining subareas and farmCEEOT
management files prior to simulating the scenarios.

The creation of input data for composite scenarios needs development.FEM BMP

� The framework has the ability to automatically prepare input data files forCEEOT APEX
and models using the files from the “txtinout” directory. However, in theFEM SWAT BMP
Project, only files were prepared within the model. The input files wereAPEX CEEOT FEM
prepared through a large Excel® workbook with data and information widely placed on
individual worksheets. The data were input into initially by applying a scriptFEM VBA
designed to gather all of the information in a certain order. Also, simulations wereFEM
conducted outside the main interface. As a recommendation to improve futureCEEOT
applications, it would be useful to increase standardization or compactness of the input tables
to improve the ease of data entry, and to simplify the degree of programming requiredVBA
to transfer the information to .FEM

The results from simulations should be available at the field-scale.FEM

� The output files generated by report costs primarily at the whole-farm level. AnotherFEM
useful recommendation to improve applications would be to add output filesCEEOT
reporting data at the field-scale, in terms of providing useful output for economic analysis,
and to provide additional means of reviewing or testing the model output.

Facilities and equipment data need to be developed for all types of farm enterprises in
Alberta.

� Data currently available on equipment complements and facilities on farm enterprises do not
cover all relevant farm types. Only data for dairy equipment and facilities were available for
the provincial watershed assessments. Future economic evaluations for various watersheds in
Alberta would be improved by obtaining reliable data on equipment and facilities on typical
farms in the province.

In addition to the benefits of estimating the economic and environmental implications of
alternative scenarios, the model application to the and watersheds and theBMP CEEOT IFC WHC
LLB site also provided a number of benefits in terms of improved and readily available tools for
future applications in other watersheds in Alberta.

Application of the Model to Alberta WatershedsCEEOT
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7.3 Conclusions, Key Findings, and Recommendations

The results of the model simulations showed that the scenario performance was site andBMP
watershed specific, and confirmed several conclusions from the field study. This provides
confidence that future modelling efforts may not need as detailed ground truthing as was
completed during the Nutrient Evaluation Project.BMP

� Scenario 2 (field study s) did not result in large water quality improvements at theBMP
watershed outlets when compared to the baseline. This reflects the few s that wereBMP
implemented in the watersheds relative to the land base of the watersheds. In contrast, at the
edge-of-field, significant water quality improvements was predicted by the implementation of
BMPs.

� Scenario 3 ( ) was more effective at improving water quality than the baseline andAOPA
Scenario 2, but not by much. This is because the two previous scenarios were very similar to
Scenario 3 with the one distinguishing feature in Scenario 3 being the manure application
setbacks. The environmental and, to a lesser extent, the economic impacts of wereAOPA
shown to be predicated upon the distribution of manure application fields and common
bodies of water, i.e., the more manure fields closer to water bodies, the greater the impacts.
This was illustrated as Scenario 3 resulted in greater water quality improvements in WHC
than elsewhere, because had relatively greater numbers of manured fields and commonWHC
water bodies. Another finding related to is that the soil -N limits were largelyAOPA NO3

unbinding in effect because most soils in the two watersheds were less than the thresholds
given in during the 30- or 35-yr simulation horizon.AOPA

� Scenarios 4 and 5 were generally designed to address the perceived water quality issues. In
IFC BMP, the addition of Scenario 4 with cow-calf and riparian s resulted in the largest
environmental gains and it was also the most cost effective scenario. Adding an agronomic P-
limit in Scenario 5 had little impact, as there were less than six fields in that had receivedIFC
manure.

� The agronomic P-limit in Scenario 4 for resulted in some improvement in comparisonWHC
to the -N limit in Scenario 3. However, it was the buffer strips, grassed waterways,AOPA NO3

and wetland restoration in Scenario 5 that showed the greatest environmental improvements
in , albeit at a significant cost.WHC

� Scenarios 4 (agronomic P-limit) and 5 (irrigation management) were slight variations on the
approach taken in the field for Scenario 2 at the site. Environmental and economicLLB
results were generally similar between the scenarios, confirming that water quality at the site
is likely to be improved but there will be a significant cost to haul the manure.
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Riparian and cow-calf s that involved structural controls such as wetlands, off-streamBMP
watering, setbacks, buffer strips, fencing, and grass waterways resulted in significant
reductions in sediment and nutrient losses.

� In , the riparian s resulted in about 50% reduction of , and compared toWHC BMP TSS TN TP
the baseline scenario. In , the cow-calf and riparian s resulted in about 25%IFC BMP
reduction of and about 0 to 0% reduction of and , respectively, compared to theTSS TN TP6 5
baseline scenario. Although the percent reductions appear substantial in both watersheds,
WHC TSSgenerally had very low concentrations of and particulate nutrients, so the
reduction may not be biologically significant. In contrast, and particulate nutrientIFC TSS
concentrations were relatively high, and reduction in these parameters may be
environmentally beneficial.

� The economic impacts of these controls were minimal in areas where prime cropland was not
involved because the opportunity cost of the land placed in these structural controls was
relatively low when compared to higher valued cropland.

Phosphorus-based manure application limits were shown to be expensive to implement. In
the P-based manure application scenarios, reduction of in the runoff was greater at theTP
edge-of-field sites than at the watershed outlets. This was most likely related to the variance
in soil P concentrations, rather than the scale of observation.

� The simulation showed that P-based manure application limits were expensiveCEEOT
because of increased manure hauling costs, even with a hauling distance of only 8 km.

� The 30-yr simulation showed the reduction at the edge-of-field ( site) was about 50%TP LLB
when manure application was based on a soil or agronomic P rate compared to the baseline
scenario, for which manure was applied based on the -N rate.AOPA NO3

� In the watershed simulations, agronomic P-based manure application resulted in TP
reductions of about 1% at the watershed outlets for and . This small reduction mayIFC WHC
be related to the relatively few fields that receive manure in and the fact that most soilsIFC
were below agronomic P concentrations in both watersheds. In contrast, the site hadLLB
STP STPconcentrations that were very high (>200 mg kg ).

-1

All scenarios resulted in negative net returns either from a decline in revenues or anBMP
increase in cost. The size of the representative farms affected the scale of the economic impact
when they were reported on a per hectare basis.

� The economic impact of s varied among farms depending on the individualBMP
characteristics of the farms and the extent to which the was applied on-farm. When theBMP
economic results were reported on a per hectare basis, the size of the individual
representative farms also affected the magnitude of the economic impact. Larger farms
resulted in smaller economic impacts per hectare than smaller farms.

Application of the Model to Alberta WatershedsCEEOT

102



While detailed simulation capability provided the option of simulating complex combinations
of practices, there were some limitations in comparison to the 'real world'.

� Development of the model applications entailed micro-scale simulations, with moreCEEOT
than 1000 subareas each in the and watersheds. Micro-scale simulations wereIFC WHC
deemed necessary because of the need to evaluate the field study sites in eachBMP
watershed. These micro-scale simulations were possible because of the combination of field-
and watershed-scale environmental models and farm-level economic model, as well as the
pre-processing routines that were developed to generate input files for each scenario. There
were some challenges in validating at such a small scale.

� Model simulations of the field study s required some modification, particularly whenBMP
livestock were involved. Rather than modelling the physical presence of livestock,
simulations involved changing the grazing practise such that cattle were rotated more or less
frequently. Similarly, the model simulation of fencing or off-stream watering was for cattle
exclusion. Bioengineering of riparian areas could not be simulated.

� In some cases, the simulated would not be possible or practical to implement in theBMP
field. For example, manure incorporation on a windy day in would result in topsoilIFC
losses, and as such, may not be a practical approach for manure management in the area.
Similarly, the manure setbacks in the Sub-watershed may make field operations veryWHC
difficult or cumbersome. The modelled irrigation management at the site wouldLLB
probably provide logistical challenges for the farmer to implement in terms of the field
challenges and resource commitment.

Cost-effectiveness estimates provided insight into which scenario generated the greatest loss
reduction per dollar spent. However, the most cost-effective scenario may not necessarily
achieve the water quality goal.

� Cost-effectiveness values presented for all scenarios and indicators in each watershed showed
that some scenarios will achieve the reductions for a given indicator much more cost-
effectively than others. The most cost-effective scenario may actually entail a greater cost to
land owners, but it is more cost-effective because the nutrient loss reduction is greater in
proportion than the cost increase associated with that scenario.

� Cost-effectiveness estimates are an aid in targeting practices to achieve water quality goals at
least cost. If the most cost-effective scenario does not achieve the water quality goal, either
the second most cost-effective practice or a combination of the practices may be used in
certain areas.
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9 APPENDICES

Appendix . Glossary of terms1 .

AOPA. Agricultural Operation Practices Act specifies acceptable manure application management
standards for all farm operations in Alberta that handle manure.

Beneficial management practices. Any agricultural management practice that mitigates or
minimizes negative effects and risks to the environment by maintaining or improving water, land
and air quality, and biodiversity ( 2006).AFRD

Buffer strip. A vegetative buffer placed downslope of a field to reduce sediment loss and reduce
flow of nutrients or contaminants from the field to an adjacent water body.

Common water body. A significant accumulation of surface water that is shared by multiple
landowners.

Grassed waterway. A natural or constructed channel established for transport of concentrated
flow at safe velocities using adequate vegetation. Grass waterways are generally broad and shallow
by design to move surface water across farmland without causing soil erosion (Green and Haney).

Hydrologic response units ( s).HRU A basic computational unit used in that represents theSWAT
areas within a watershed that generate similar or homogeneous hydrologic response to a given
input. In general, areas representing an have similar biophysical properties, primarily soilHRU
type, and land use.

Irrigation efficiency. The ratio between irrigation water actually utilized by growing crops and
water diverted from a source (as a stream) in order to supply such irrigation water (Merriam
Webster. Available at http://www.merriam-webster.com/dictionary/irrigation efficiency).

Reduced tillage. A tillage system that leaves about 15 to 30% of crop residue cover on the soil. In
terms of tillage intensity, reduced tillage is between intensive tillage and no-tillage.

Rotational grazing. The shifting of livestock to different units of a pasture or range in regular
sequence to permit the recovery and growth of the pasture plants after grazing (Merriam Webster.
Available at http://www.merriam-webster.com/dictionary/rotation grazing).

Subarea. A basic computational unit used in . It is similar to a used for . AAPEX HRU SWAT
subarea represents an actual or virtual field or a portion thereof.

Wetland restoration. Restoration of original wetland hydrology, vegetation, or functions, usually
at sites where wetlands existed previously, but where they have been impacted by prior or
surrounding land use (http://oregonexplorer.info/willamette/WillametteBasinGlossary).

Application of the Model to Alberta WatershedsCEEOT

110



Appendix 2. estimated annual average cumulative flow and sediment and nutrientSWAPP
losses at the outlet of each sub-basin for the Indianfarm Creek Watershed.
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Table A2.3. Pred icted baseline 30-yr averages for flow, total suspended solids ( ), and fractions ofTSS

nitrogen and phosphorus for the beneficial management practices ( ) sites in Indianfarm CreekBMP

Watershed.

BMP
site

Sub-
area
ID

Subarea
size
(ha)

Sub-
basin

ID

Flow

(mm)
TSS

(Mg ha-1)

TN TP ON OP NO3
-N PO4-P

--------------------- (kg ha-1) ------------------------

DMF 116 13.8 4 28.1 0.24 4.43 0.68 3.10 0.43 1.33 0.25

DMF 130 2.3 4 26.6 0.34 4.05 0.62 2.77 0.39 1.28 0.23

DMF 390 1.4 4 11.9 0.04 0.95 0.05 0.12 0.02 0.83 0.03

IMP 960 2.6 2 59.0 0.38 8.19 0.90 2.75 0.57 5.44 0.33

IMP 2400 0.4 2 80.7 2.36 12.87 1.09 8.62 1.03 4.25 0.06

IMP 104 2.0 2 61.3 0.15 7.76 0.66 1.37 0.29 6.39 0.37

NMF 1401 2.8 6 52.1 0.06 4.50 1.45 1.96 0.64 2.54 0.81

NMF 299 3.1 6 64.1 0.28 8.39 2.29 4.44 1.29 3.95 1.00

NMF 358 2.2 6 57.3 0.16 6.83 2.08 3.60 1.10 3.23 0.98

NMF 327 1.8 6 52.6 0.06 4.56 1.47 1.98 0.65 2.58 0.82

NMF 9 15.8 6 40.7 0.00 3.13 1.33 1.59 0.49 1.54 0.84

NMF 319 40.0 6 44.4 0.03 3.40 1.29 1.61 0.51 1.79 0.78

PST 313 2.2 10 29.4 0.08 2.66 1.31 1.57 0.38 1.09 0.93

PST 968 3.4 10 20.0 0.29 4.07 1.20 3.18 0.69 0.89 0.51

PST 183 12.9 1 194.2 2.39 5.86 0.68 2.70 0.49 3.16 0.19

PST 316 2.1 1 191.3 0.83 14.92 2.24 11.18 1.82 3.74 0.42

PST 972 14.2 1 194.2 2.37 6.04 0.72 2.89 0.53 3.15 0.19

PST 309 5.5 1 197.9 0.27 5.39 0.85 2.44 0.56 2.95 0.29

PST 197 19.0 1 194.7 1.80 3.96 0.40 0.90 0.25 3.06 0.15

PST 180 0.6 7 160.3 1.57 49.84 8.60 34.59 6.55 15.25 2.05

PST 967 6.7 7 160.3 1.72 53.49 9.21 37.87 7.15 15.62 2.06

PST 970 4.0 8 33.5 0.35 4.73 1.31 3.55 0.70 1.18 0.61

PST 196 3.2 8 37.2 0.03 2.28 1.16 0.99 0.28 1.29 0.88

PST 314 0.6 9 58.3 0.09 2.46 1.06 0.84 0.26 1.62 0.80

PST 969 0.7 9 58.3 0.11 2.48 1.06 0.86 0.26 1.62 0.80

PST 971 5.3 11 44.4 0.52 8.45 1.41 5.96 1.07 2.49 0.34

SMF 714 6.2 19 132.6 0.15 12.92 2.12 2.51 0.77 10.41 1.35

WIN 332 0.5 9 81.6 0.04 12.87 0.08 0.12 0.01 12.75 0.07

WIN 975 0.9 13 71.0 0.29 4.29 1.27 2.88 0.39 1.41 0.88

WIN 993 7.4 13 72.0 0.82 12.02 2.31 9.47 1.42 2.55 0.89

WIN 1400 0.2 13 72.0 0.83 12.06 2.30 9.51 1.42 2.55 0.88

WIN 989 27.0 14 40.0 0.61 2.81 0.44 1.78 0.31 1.03 0.13

WIN 991 1.1 11 40.0 0.61 2.87 0.44 1.83 0.31 1.04 0.13

WIN 1000 5.5 24 45.9 0.39 9.61 1.15 5.40 0.88 4.21 0.27

WIN 993 7.4 13 53.7 0.10 4.97 0.95 1.83 0.54 3.14 0.41

WIN 994 5.2 24 72.0 0.82 12.02 2.31 9.47 1.42 2.55 0.89

WIN 995 6.3 14 47.6 0.63 12.99 1.62 8.74 1.32 4.25 0.30

WIN 998 3.4 11 59.6 1.85 29.31 3.86 25.70 3.41 3.61 0.45

WIN 999 3.5 12 54.9 0.82 15.02 2.34 12.17 1.80 2.85 0.54
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Table A2.6. Predicted Scenario 2 30-yr averages for flow, total suspended solids ( ), and fractions ofTSS

nitrogen and phosphorus for the beneficial management practices ( ) sites in Indianfarm CreekBMP

Watershed.

BMP
site

Sub-
area
ID

Subarea
size
(ha)

Sub-
basin

ID

Flow

(mm)
TSS

(Mg ha-1)

TN TP ON OP NO3
-N PO4-P

------------------------ (kg ha-1) ----------------------------

DMF 116 13.8 4 24.6 0.22 3.88 0.55 2.61 0.35 1.27 0.20

DMF 130 2.3 4 23.5 0.31 3.38 0.46 2.15 0.29 1.23 0.17

DMF 390 1.4 4 11.9 0.04 0.95 0.05 0.12 0.02 0.83 0.03

IMP 960 2.6 2 54.0 0.35 7.21 0.71 2.03 0.41 5.18 0.30

IMP 2400 0.4 2 80.7 2.36 12.87 1.09 8.62 1.03 4.25 0.06

IMP 104 2.0 2 61.3 0.15 7.76 0.66 1.37 0.29 6.39 0.37

NMF 1401 2.8 6 51.8 0.06 4.28 1.06 1.87 0.51 2.41 0.55

NMF 299 3.1 6 63.9 0.28 8.29 2.06 4.40 1.20 3.89 0.86

NMF 358 2.2 6 57.0 0.17 6.73 1.73 3.60 0.97 3.13 0.76

NMF 327 1.8 6 52.3 0.07 4.39 1.09 1.93 0.52 2.46 0.57

NMF 9 15.8 6 40.2 0.02 2.89 0.67 1.54 0.21 1.35 0.46

NMF 319 40 6 44.1 0.04 3.17 0.78 1.54 0.34 1.63 0.44

PST 313 2.2 10 11.7 0.06 1.05 0.38 0.36 0.29 0.69 0.09

PST 968 3.4 10 19.2 0.28 5.28 1.16 2.84 0.78 2.44 0.38

PST 183 12.9 1 192.8 2.39 6.02 0.67 2.81 0.48 3.21 0.19

PST 316 2.1 1 189.8 0.81 14.01 2.09 10.40 1.71 3.61 0.38

PST 972 14.2 1 192.8 2.37 6.18 0.70 2.97 0.51 3.21 0.19

PST 309 5.5 1 191.0 0.30 5.96 0.86 2.53 0.56 3.43 0.30

PST 197 19.0 1 193.4 1.81 4.48 0.42 1.33 0.26 3.15 0.16

PST 180 0.6 7 171.2 0.75 14.22 1.62 6.77 1.36 7.45 0.26

PST 967 6.7 7 173.0 0.82 14.33 1.59 7.29 1.44 7.04 0.15

PST 970 4.0 8 54.8 0.62 16.89 3.33 10.96 2.21 5.93 1.12

PST 196 3.2 8 48.0 0.04 5.77 1.63 0.77 0.48 5.00 1.15

PST 314 0.6 9 57.9 0.10 1.98 0.54 0.64 0.12 1.34 0.42

PST 969 0.7 9 57.9 0.13 1.97 0.53 0.64 0.12 1.33 0.41

PST 971 5.3 11 61.6 1.62 39.59 4.87 33.62 4.17 5.97 0.70

SMF 714 6.2 19 130.4 0.15 10.05 1.25 2.09 0.64 7.96 0.61

WIN 332 0.5 9 59.8 0.01 0.77 0.04 0.04 0.01 0.73 0.03

WIN 975 0.9 13 70.4 0.30 4.20 1.24 2.82 0.37 1.38 0.87

WIN 993 7.4 13 62.0 0.56 6.73 1.48 4.57 0.74 2.16 0.74

WIN 1400 0.2 13 61.9 0.56 6.75 1.48 4.59 0.75 2.16 0.73

WIN 989 27.0 14 39.9 0.61 2.80 0.43 1.77 0.30 1.03 0.13

WIN 991 1.1 11 40.0 0.61 2.85 0.44 1.82 0.31 1.03 0.13

WIN 1000 5.5 24 45.9 0.38 8.33 1.14 5.36 0.88 2.97 0.26

WIN 993 7.4 13 53.7 0.10 4.93 0.93 1.79 0.53 3.14 0.40

WIN 994 5.2 24 62.0 0.56 6.73 1.48 4.57 0.74 2.16 0.74

WIN 995 6.3 14 47.7 0.63 11.94 1.62 8.75 1.33 3.19 0.29

WIN 998 3.4 11 59.6 1.85 29.33 3.86 25.70 3.41 3.63 0.45

WIN 999 3.5 12 54.9 0.82 15.00 2.32 12.16 1.80 2.84 0.52

Application of the Model to Alberta WatershedsCEEOT
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Appendix 3. estimated annual average cumulative flow and sediment and nutrientSWAPP
losses at the outlet of each sub-basin for the Whelp Creek Sub-watershed.
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Appendix 4. estimated annual average cumulative flow and sediment and nutrientSWAPP
losses at the outlet of each sub-basin for Lower Little Bow River Field ( ) under differentLLB
scenario input data.
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Appendix 5. Summary of the economic results for Scenarios 3, 4, and 5.
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Appendix 6. Manure applications simulated for the Indianfarm Creek Watershed.
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Appendix 7. Manure applications simulated for the Whelp Creek Sub-watershed.
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Appendix 8. Inventory of available datasets and their sources for modelling provincial-scale
watersheds.
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Appendix 9. List of available data from the Census of Agriculture.

Variable name Variable description

farms Total number of farms and area

Crop related

crorgny Total number of farms producing certified organic products - Farms Reporting

orgfvny Fruits, vegetables or greenhouse products - Farms Reporting

orgfcny Field crops (grains, oilseeds, etc.) - Farms Reporting
organny Animals or animal products (meat, milk, eggs, etc.) - Farms Reporting

tfarea Total area of farms - Farms Reporting and area

aowned Total area owned - Farms Reporting and area

tlsrtcs Total area rented, leased or crop shared from all sources - Farms Reporting and area
alsdgov Total area leased from governments - Farms Reporting and area

arnted Total area rented or leased from others - Farms Reporting and area

acrpshr Total area crop shared from others - Farms Reporting and area

size1 to size14 Total farm area (under 4 hectares up to 1425 hectares and over) - Farms Reporting
all individual

crops grown

Number of farms and area for wheat, barley, corn, canola, etc.

tforage Total, forage land - Farms Reporting and area
cultld Cultivated area - Farms Reporting and area

summrf Summerfallow - Farms Reporting and area

impast Tame or seeded pasture - Farms Reporting and area

unimpst Natural land for pasture - Farms Reporting and area

fertil Use of commercial fertilizer - Farms Reporting and area
manure Total, manure - Farms Reporting and area

msolid Manure application using a solid spreader - Farms Reporting and area

mirrig Manure application using an irrigation system - Farms Reporting and ar ea
mliqsur Manure application using a liquid spreader (on surface) - Farms Reporting and area

mliqinj Manure application using a liquid spreader (injected) - Farms Reporting and area

manuprd Production of manure - Farms reporting and mass

kgnitro Nitrogen in manure - Farms reporting and mass
herbci Use of herbicides - Farms Reporting and area

insecti Use of insecticides - Farms Reporting and area

fungic Use of fungicides - Farms Reporting and area

ncroprot Crop rotation - Farms Reporting

nprmgras Permanent grass cover - Farms Reporting

ncovcrop Winter cover crops - Farms Reporting
ncontour Contour cultivation - Farms Reporting

nstripcr Strip-cropping - Farms Reporting

ngraswat Grassed waterways - Farms Reporting

ngrmanny Green manure crops for plough-down - Farms Reporting
nmchcpny Mechanical or hand weeding of crops - Farms Reporting

nwindyes Windbreaks or shelterbelts - Farms Reporting
tilconv Tillage incorporating most of the crop residue into soil – Farms Reporting and area
tilcons Tillage retaining most of the crop residue on the surface - Farms Reporting and area
tillno No-till seeding or zero -till seeding - Farms Reporting and area

chemsf Weed control on summerfallow land, chemical only - Farms Reporting and area

tillsf Weed control on summerfallow land, tillage only - Farms Reporting and area
combsf Weed control on summerfallow land, tillage and chemical combination on the same land -

Farms Reporting and area
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Variable name Variable description

Livestock related

tcattl Total cattle and calves - Farms Reporting and number

bulls Bulls - 1 year and over - Farms Reporting and number

mlkcow Dairy cows - Farms Reporting and number

bfcows Beef cows - Farms Reporting and number

steers Steers - 1 year and over - Farms Reporting and number

calfu1 Calves - under 1 year - Farms Reporting and number

heifer Total heifers - 1 year and over - Farms Reporting and number

cattle Selected cattle - Farms Reporting and number

topigs Total pigs - Farms Reporting and number

tsheep Total sheep and lambs - Farms Reporting and number

totplt Total poultry - Farms Reporting and number

bees Colonies of bees - Farms Reporting and number

horses Horses and ponies - Farms Reporting and number

bison Bison (buffalo) - Farms Reporting and number

deer Deer (excluding wild deer) - Farms Reporting and number

lamas Llamas and alpacas - Farms Reporting and number

Economics related

accntny Bookkeeping, payroll or tax preparation - Farms Reporting

lvcrpny Livestock and/or crop record keeping - Farms Reporting

tottrc Total tractors - Farms reporting, number, and market value

vehicle Vehicles - Farms reporting, number, and market value

totcomb Combines - Farms reporting, number, and market value
tswtmow Swathers and mower-conditioners - Farms reporting, number, and market value

totbal Balers - Farms reporting, number, and market value

tharvst Forage harvesters - Farms reporting, number, and market value
tcultsd Tillage, cultivation, seeding and planting equipment - Farms reporting, number, and market

value

virrig Value of irrigation equipment - Farms reporting and market value

totfcap Total farm capital - Farms Reporting and market value

valulb Total value of land and buildings - Farms Reporting and market value

vallvsk Value of livestock and poultry - Farms Reporting and market value

ncap1 -ncap12 Total farm capital (under $50,000 - $2,000,000 and over) - Farms Reporting

rntexp Rent and leasing of land and buildings - Farms Reporting and $ amount

tcshwge Total wages and salaries - Farms Reporting and $ amount

fertpd Fertilizer and lime purchases - Farms Reporting $ amount

chempd Purchases of herbicides, insecticides, fungicides, etc - Farms Reporting and $ amount
seedpd Seed and seedling purchases (excluding materials purchased for resale) - Farms Reporting

and $ amount

feedpd Total feed and supplement purchases - Farms Reporting and $ amount

lvstpd Livestock and poultry purchases - Farms Reporting and $ amount
fuel All fuel expenses (diesel, gasoline, oil, wood, natural gas, etc) - Farms Reporting and $

amount

totexp Total farm business operating expenses - Farms Reporting and $ amount

salesxfp Total gross farm receipts (excluding forest products sold) - Amount $
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