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Figure A.6: Vegetative filter strips (VFS). TP and DRP effectiveness distribution is 

subjected to the effect of the adoption in the performance node. 
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Figure A.7: Forest filter strips (FFS). TP and DRP effectiveness distribution is subjected 

to the effect of the adoption in the performance node. 
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Figure A.8: Wetland restoration (WR). TP and DRP effectiveness distribution is 

subjected to the effect of the adoption in the performance node. 
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Appendix B: Summary statistics for BMP effectiveness 

Table B.1-8: Basic summary statistics are provided for all BMP effectiveness datasets. 

For TP and DRP effectiveness datasets that passed the normality test, these are the 

parameters used to generate their distributions, summary statistics for effectiveness 

datasets that failed normality are provided but not used to generate their distribution in 

Netica. 

TP Precision Feeding DRP   TP Nutrient App. Mgmt. DRP 

24.45 Mean 23.65   47.37 Mean 26.48 

20.65 Standard Deviation 21.04   24.06 Standard Deviation 41.08 

8.55 Minimum -5.90   14.00 Minimum -66.00 

70.08 Maximum 68.00   91.00 Maximum 94.00 

18 n 18   9 n 14 

Igras and Creed 2016   Gitau et al. 2005 

              

TP Reduced Till DRP   TP Contour Strip Cropping DRP 

0.58 Mean -1.79   43.68 Mean 45.00 

0.36 Standard Deviation 2.57   25.29 Standard Deviation 28.12 

-0.21 Minimum -5.00   8.00 Minimum 20.00 

0.95 Maximum 0.68   93.00 Maximum 92.50 

11 n 5   22 n 5 

Gitau et al. 2005   Gitau et al. 2005 

              

TP Forest Filter Strips DRP 
  

TP 

(PP) 
Crop Rotation DRP 

42.58 Mean 62.25   65.00 Mean 49.58 

36.11 Standard Deviation 25.64   4.08 Standard Deviation 16.54 

1.50 Minimum 28.00   60.00 Minimum 30.00 

93.00 Maximum 99.00   70.00 Maximum 75.00 

9 n 8   4 n 6 

Gitau et al. 2005   Gitau et al. 2005 

              

TP Vegetative Filter Strips DRP   TP Wetland Restoration DRP 

0.67 Mean 0.32   22.10 Mean 14.23 

0.22 Standard Deviation 0.65   43.68 Standard Deviation 45.40 

0.10 
Minimum 

2.58   

-

127.00 
Minimum 

-

154.00 

0.98 Maximum 0.97   98.00 Maximum 90.00 

106 n 72   58 n 41 

Gitau et al. 2005 updated for this Thesis   Gitau et al. 2005 updated for this Thesis 
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Appendix C: BBN model assumptions 

Table C.1: BBN model assumptions. 

Assumption Context Implication 

BMP sub-model Assumptions 

Compiled BMP 

effectiveness coefficients 

represented load reductions 

by BMPs in the Grand 

River watershed. 

Lack of regionally specific 

data; compiled 

effectiveness coefficients 

from regional and 

international sources. 

Effectiveness distributions 

may not have reflected BMP 

load reduction in the Grand 

River; results may have been 

over or under estimated. 

Similar functioning BMPs 

could be grouped and 

analyzed together. (NAM 

and RT). 

Lack of effectiveness 

coefficients for individual 

BMPs to generate 

informative distributions. 

Distributions do not 

represent expected 

reductions of individual 

BMPs in a grouping. 

BMP effectiveness 

followed a normal 

distribution unless it failed 

the normality test. 

Pragmatic decision as the 

shape of effectiveness 

distributions was evident 

from visual inspection. 

Effectiveness distributions 

might have under, or over 

estimated the probability and 

magnitude of load changes 

from BMPs. 

PP load reduction by CR ~ 

TP load reduction. 

No TP effectiveness data 

for CR not found. PP 

traditionally represented 

the dominant fraction of TP 

load in crop systems. 

TP reduction by CR might 

have been be over estimated. 

BMPs managed manure 

and mineral phosphorus the 

same. 

Limited effectiveness data 

for mineral and manure 

phosphorus reduction. 

Combined data for each 

BMP to generate a single 

effectiveness distribution. 

Load reductions for manure 

and mineral phosphorus 

might have been over or 

under estimated. 

BMP effectiveness 

assumed implemented 

BMPs intercept 100% of 

farm runoff and therefore 

100% of phosphorus load 

was treated. 

BMP effectiveness 

coefficients were generated 

in the literature based on 

input/output loads or 

present/absent BMP 

studies. 

Probability and magnitude of 

load changes might have 

been over estimated by BMP 

effectiveness, unless farmers 

do spatially implement 

BMPs to treat 100% of the 

hydrological flow path. 

BMP performance would 

equal BMP effectiveness, if 

the BMP treated 100% of 

the hydrological flow path 

in all agricultural areas 

(100% adoption), otherwise 

performance resulted in 

supressed influence on 

residual load. 

Equation to estimate 

performance is 

Effectiveness*(Adoption), 

and if adoption = 1 (100%), 

then performance = 

effectiveness. 

BMP performance might 

have over or under estimated 

load reductions in watershed 

discharge, BMP management 

at the scale of the watershed 

is considerably uncertain. 
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If BMP implementation is 

spatially random, then a 

considerably small 

probability (<1%) is 

assumed for higher 

magnitudes of phosphorus 

changes with lower 

adoption. 

The "chance" that minimal 

BMP adoption might be 

randomly implemented to 

achieve treatment of 

greater proportions the 

phosphorus load despite 

minimal treatment of the 

hydrological flow path. 

Small probabilities might 

have over or under estimated 

the likelihood of higher 

magnitude load changes by 

BMPs as they were manually 

defined; not based on 

empirical data or an 

equation.  

Phosphorus Load Assumptions 

Area of agricultural land 

receiving phosphorus 

application was 

representative of the load 

of phosphorus in 

discharged from the Grand 

River agricultural areas.  

Relative contribution of 

phosphorus load from 

agricultural activities data 

did not exist. Area of 

application proportioned 

the 2008 load among the 

three agricultural activity 

pressures. 

Proportions might have 

been over or under 

estimated and therefore the 

mass of initial phosphorus 

load might be weighted 

inaccurately for the three 

agricultural activity 

pressures. 

"1-phosphorus 

recoverability" was the 

residual proportion of 

phosphorus that is lost in 

runoff from livestock 

operations. 

Recoverability; proportion 

of phosphorus in manure 

on livestock operations 

collected for manure 

phosphorus application to 

crops. 1-phosphorus 

recoverability was thus 

used to proportion the 

2008 load among the three 

activity pressures. 

The recovery coefficients 

used were not generated for 

the Grand River watershed. 

Might have over or under 

estimated the proportion of 

initial phosphorus load 

from the Grand River 

contributed by manure 

application and livestock 

manure losses. 

The average annual 

proportion of TP that is 

DRP since 2009 in Grand 

River discharge ~ the 

proportion of TP that is 

DRP in 2008. 

Data was unavailable for 

2008 DRP load. 

The average proportion of 

TP that is DRP may have 

over or under estimated the 

true proportion for 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 



82 

Curriculum Vitae 
 

Name: Jason Igras 

 

Post-Secondary University of Western Ontario 

Education and London, Ontario, Canada 

Degrees: 2014-2016 M.Sc. 

 

 Lakehead University 

 Thunder Bay, Ontario, Canada 

 2009-2013 H.B.E.Sc. 

 Mapping Sciences Certificate 

 

Honours and NSERC Great Lakes CREATE Scholarship – Masters 

Awards: 2014-2016 

 E.G. Pleva for Academic Achievment – Masters 

 2014-2015 

 

Related Work Research Technician – University of Western Ontario 

Experience: Summer 2014 

 Graduate Teaching Assistant – University of Western Ontario 

 2014-2016 

 Watershed Survey Technician – Civica Infrastructure Inc 

 2013-2014 

 Field Survey Technician – TBT Engineering Consultants 

 2013 

 Image Processing and GIS Technician – Lakehead University 

 2012-2013 

 

Presentations: 

 

Igras, J.D.; Creed, I.F., (2016). Analyzing Great Lakes management system performance 

and uncertainty of agricultural best management practices to achieve phosphorus load 

reduction objectives. Oral Presentation. International Association for Great Lakes 

Research Conference. Guelph, Ontario. 

 

Igras, J.D.; Creed, I.F., (2016). Quantifying best management practices for 

phosphorus reduction to surface water. Oral Presentation. Great Lakes Risk 

Management Workshop. University of Western Ontario. London, Ontario. 

 



83 

Igras, J.D.; Creed, I.F., (2016). Quantifying best management practices for 

phosphorus reduction to surface water. Oral Presentation. Great Lakes Risk 

Management Workshop. University of Western Ontario. London, Ontario. 

Igras, J.D.; Creed, I.F., (2016). Using ISO 31010:2009 Bowtie Risk Analysis to 

manage multiple stressors and their cumulative effects in the Great Lakes. Oral 

Presentation. NSERC Great Lakes CREATE Multiple Stressors and Cumulative Effects 

in the Great Lakes course. University of Guelph. Guelph, Ontario. 

 

Igras, J.D.; Creed, I.F., (2016). Risk management of agricultural phosphorus; 

quantifying BMP management systems for achieving policy objectives. Poster 

Presentation. Sustainable Agricultural Systems in the Great Lakes Basin Symposium. 

University of Western Ontario. London, Ontario. 

 

Igras, J.D.; Creed, I.F., (2015). Using ISO 31010:2009 Bowtie Risk Analysis to 

manage multiple stressors and their cumulative effects in the Great Lakes. Oral 

Presentation. NSERC Great Lakes CREATE Multiple Stressors and Cumulative Effects 

in the Great Lakes course. University of Guelph. Guelph, Ontario. 

 

Igras, J.D.; Creed, I.F., (2015). Managing risks causing algal blooms in Lake Erie: 

lessons learned from the Grand River tributary of Ontario. Oral Presentation. 

International Association for Great Lakes Research Conference. Burlington, Vermont. 

 

 

 

 


