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Presenter
Presentation Notes
Hi everyone, thank you for coming today. My name is Mike Gallant, and I’m a senior water resources engineer with Kerr Wood Leidal and the technical lead for the RMP. Today, I’ll be presenting Successes and Lessons learned from Bank Effectiveness Monitoring This is a 5-year study with over 20 reports and distilling this down for this presentation – if you are interested – come speak with me or reach out via email. 



• Context –City of Calgary Riparian Monitoring Program
• Effectiveness Monitoring Objectives
• What is a Bank Effectiveness Site?
• Bank Effectiveness Approaches & Methods
• Top 5 Results
• Summary
• Acknowledgements & Questions
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Topics

Presenter
Presentation Notes
These are the topics that we’ll be covering today. This presentation is a summary of the information found in the Final Program Report in the bank effectiveness monitoring section. 



Riverbank Bioengineering
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Soil and water bioengineering is the use of living plant materials to perform some engineering 
function, usually slope stabilization, erosion reduction, and vegetation establishment.

Conventional approachBioengineering approach



• Increase in use
• Resurgence since the 1990’s (Evette et al, 2009)
• The green infrastructure sector in Ontario (2018): 

• Contributes ~$4.64 billion in GDP
• directly employs 84,400 people
• potential to grow by 22% to 73% by 2030 
 Green Infrastructure Ontario Coalition, 2020

• Increase in funding
• GC Nature Smart Climate Solutions Fund investing 

$4.7B over the next ten years (2021-2030)
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bioengineering Trends
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Increase in need for bioengineering



Performance Monitoring data gap

“Long-term multi-year monitoring programs are needed to demonstrate 
performance over time and build confidence in Nature based Solutions” 

 CSA Group. April 2023. Managing Flooding and Erosion at the Watershed Scale: Guidance 
to Support Governments Using Nature-Based Solutions

“Monitoring longevity and efficacy of engineering structures and live plant 
material over time is one of the ten key issues facing researchers and 
practitioners.” 

Stokes et al. 2014. Ecological mitigation of hillslope instability: Ten key issues facing 
researchers and practitioners. Plant and Soil.
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Presenter
Presentation Notes
What that vegetation data also allowed us to do was to compare the establishment success of different species. So for example, the best performing shrub species that we identified based on Year 1 survival and growth parameters of leader growth and shoot length was sandbar willow. This species is then highly recommended to make up a major portion of a bioengineering design also because of the following:…bulletsHowever, it should not the only species since we also need diversity. The data in the report will help to identify other species that could be included. 



2013 FLOOD2005 FLOOD

2012 – CITY OF CALGARY 
DESIGN GUIDELINES

2013 – RIPARIAN STRATEGY
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DEVELOPMENT OF A MONITORING PROGRAM – CALGARY EXPERIENCE

2017 – RIPARIAN 
MONITORING PROGRAM

2016 – RIPARIAN ACTION PLAN

Presenter
Presentation Notes
There’s a lot tot ake an understanding that monitoring is needed and then put in place a program. The City of Calgary’s experience spans over almost 20 years of significant events and policy development that includes:The 2005 flood after which there were a few bioengineering projects that were piloted in the City.The development of design guidelines for erosion and flood control projects for stream bank and riparian stability restoration in 2012 – we typically refer to these as the bioengineering design guidelinesAnd then the 2013 flood happened – the design guidelines were very timely as they have been a guiding document for bioengineering design in Calgary over the last decadeAnd the riparian strategy was released also in 2013 – which contained 4 main strategies for healthy rivers and communities that are sustained by healthy river valleys.The riparian action plan was released in 2017 and is the implementation plan for the riparian strategy. Within the rap there are 3 keys three Key Actions for riparian health restoration:Integrate bioengineering techniques.Monitor riparian health and evaluate performance.Build capacity for riparian restoration and has three program areas: riparian health restoration, education and outreach and riparian land-use planningThe RAP laid the groundwork for the riparian monitoring program – that is the main topic of todays presentation



PHASE 3
• 2023-2026
• Ongoing trend 

monitoring 
and inventory 
work

PHASE 2
• 2018-2022
• Trend and 

effectiveness 
monitoring

PHASE 1
• 2017-2018
• Development 

of the 
Monitoring 
Plan
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The city of Calgary Riparian monitoring program



Bank EFFECTIVENESS monitoring OBJECTIVES

• Evaluate the effectiveness of:
• Bioengineering and planting techniques
• Maintenance procedures

• Identify advantages and limitations of bioengineering techniques
• Develop recommendations for:

• Design improvements 
• Future long-term monitoring needs

• Reporting
• Annual monitoring reports 
• Final program summary report
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Presenter
Presentation Notes
Norma did cover the objectives of the bank effectiveness component earlier this morning. The key objectives are shown here – with the main purpose of this component to evaluate the effectiveness of bioengineering projects. 



What is a bank effectiveness site?

T H E  C I T Y  O F  C A L G A R Y  R I P A R I A N  M O N I T O R I N G  P R O G R A M 1 12 0 2 4

Purpose:  bank stabilization,  protection,  or erosion mitigation

Construction:  bioengineering structural + vegetation components

Examples:  vegetated riprap,  soil  wraps,  brush layers,  l ive  STAKING

Presenter
Presentation Notes
Bank effectiveness sites are situated on the bank of the watercourses in The City and Their primary purpose is bank stabilization, protected or erosion mitigation with both structural and vegetation components. An example bank effectiveness site is shown in the photo here of a vegetated timber crib wall on the Elbow River. Other examples include vegetated riprap or retaining wall, vegetated soil wraps, brush layers, live staking, and more.  
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B IOENGINEERING PROJECTS IN CALGARY –  2005-2021
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Presenter
Presentation Notes
Cows and fish showed this chart previously, but it’s important to note where the sites for this program come from. As we all know, the 2013 flood was a major event in the city, but it also spurred a boom in the construction of bioengineering projects. Before 2013 flood: ~7 projects and After 2013 flood: ~70 projects including both internal City project – and externally delivered projects. The city kept a list of these projects in what was called the Master List of Riparian Restoration projects – and this was the basis for both the bank and riparian effectiveness components of the program.



     

Vegetated Riprap Vegetated Retaining 
Wall 

Vegetated Crib Wall Primarily Vegetative Planting 

 
 

• Identify suitable sites
• Classify sites into 5 (BE) / 4 (RE) 

typologies and 3 age classes
• Develop data collection methods and 

rating system 
• Assess selected sites – desktop and 

field assessments
• Conduct statistical analysis
• Identify successes and learnings 
• Develop recommendations
• Document and report 
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General approach

18%

18%

18%

24%

22%

Components of Rating System

Bank and Riparian 
Quality Index Rating

Success Rating

Maintenance Rating

Implementation 
Rating

Design Rating

/100

Presenter
Presentation Notes
The general approach for the bank effectiveness component was to identify suitable sites from the city’s master list,Classify the suitable sites into 5 typologies as shown on the right to group sites into manageable populations for analysis and 3 age classes so that we were comparing apples to apples for vegetation growth and establishment. We then developed data collection approaches and a rating system. The 5 components of the rating system are shown in the figure on the right – once they were added together, the sites would then have a score out of 100.Then over the 5 years of monitoring, we assessed the selected sites, identified successes and learnings and developed recommendations. Each monitoring year we prepared reports culminating with the Final Program Report that summarizes the key findings of the program and is being released today. 



• Large and unique dataset
• 69 sites and 99 assessments, 7 failure sites
• Survival & growth data 

• 7,040 live cuttings of 14 species
• 3,872 container plants of 31 species
• 57 herbaceous species

• In total, ~8,000 plantings, ~8,400 cuttings 
from 39 species; ~300 transects; ~900 
quadrats (all components)
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RMP Dataset HIGHLIGHTS

Presenter
Presentation Notes
This dataset is very large and we’re told unique worldwide It includes detailed observations from 69 sites over 99 assessmentsFor the vegetation data, we sampled almost 11 thousand individual trees and shrubs using 227 twenty metre long transects, and 669 one metre square quadrats. That breaks into 7040 live cutting of 14 different species, the most common being sandbar willow, and 3872 container plants of 31 different species, of which red osier dogwood was the most common.The data that was collected year 1 survival, leader growth shoot length and diameter for Year 1, Year 3 and Year 5 or older age class vegetation. We presented the mean, 25th percentile, and 75th percentile in the data for analysis purposed.We also sampled for 57 different herbaceous species which I’ll go though a bit later.



Bank effectiveness sites –
2018 to 2022

2 0 2 4 T H E  C I T Y  O F  C A L G A R Y  R I P A R I A N  M O N I T O R I N G  P R O G R A M 1 5

Watercourse No. of 
Sites

Bow River 41
Elbow River 17
Nose Creek 4
West Nose Creek 3
Confederation Creek 1
Shaganappi Creek 2
Forest Lawn Creek 1
Total 69

Year No. of 
Sites

Revisit 
Sites

Failure 
Sites

2018 19 0 5

2019 18 0 1

2020 21 9 1

2021 21 12 0

2022 20 9 0

Total 99 30 7

LEGEND

Project Delivery No. of 
Sites

City of Calgary 51
External 18

Presenter
Presentation Notes
This aerial image shows how the sites were distributed across the City. As shown in the table here, we assessed about 20 sites per year, with a total number of 69 individual sites, some of which were revisited 2 or 3 times over the program. So the total number of assessments was 99, of which 7 were failure site assessments.  We assessed sites over all of the main watercourses in Calgary, with the majority being on the Bow River and Elbow River. 51 of the 69 sites were delivered by the city of Calgary and 18 sites were delivered by external parties.



BRUSH LAYER
Sample size: 37

VEGETATED CRIB WALL
Sample size: 10

LIVE STAKING
Sample size: 21

WATTLE FENCE
Sample size: 1

FASCINE
Sample size: 11

VEGETATED RIPRAP
Sample size: 24

BRUSH MATTRESS
Sample size: 7

VEGETATED RETAINING 
WALL

Sample size: 7

Bioengineering 
techniques
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PLANTING
Sample size: 55

*Sample size refers to the number of transects of each technique

Presenter
Presentation Notes
When we looked more in depth at the documentation at each site, we were able to identify the bioengineering techniques that were used across the city. The 9 techniques that we assessed are shown. These were evaluated in detail during the analysis and I’ll show some results below. 



• Project documentation availability results
• Site stability and material condition observations
• Habitat enhancements
• Vegetation Design and installation
• Vegetation establishment
• Construction and maintenance practices
• Post-construction performance monitoring recommendations
• Site-specific limiting factors for project success
• Failure sites
• Ratings
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General findings / 
observations Results 
overview

Presenter
Presentation Notes
This slides shows the main general findings / observations that are included in the final report. The intent here is to show the range of results but for this presentation, I’ll be covered the bolded topics. 



• Woody vegetation Year 1 age class survivorship
• Woody vegetation growth data (Y1, Y3 and Y5+)
• Woody vegetation canopy cover and density of living shoots
• Seeding germination success
• Herbaceous vegetation cover and species diversity
• Invasive weed species monitoring
• Soil compaction impacts on vegetation growth
• Bioengineering technique success
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Statistical results 
overview

Presenter
Presentation Notes
This slides shows the statistical results that are included in the final report. Again, the intent here is to show the range of results but for this presentation, I’ll be showing results from the bolded topics. 



1. Effectiveness of design, implementation and 
maintenance practices

2. Confirmation of best practices and 
documentation of innovations

3. Validation with survival and cover targets
4. Results for the top performing species and 

stock types
5. Filling data gap for post-construction 

monitoring methods, data, analysis and results
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Top 5 results



DESIGN IMPLEMENTATION MAINTENANCE

SUCCESS BRQI TOTAL
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ratings

Presenter
Presentation Notes
The results of the ratings showed that the average ratings for all of the sites was 67/100 and in the fair category. We interpreted this result as the sites were generally successful but there was room for improvement in the delivery of bioengineering projects. Looking at the 5 component scores, At 14/18. the design rating was the highest of the ratings which was consistent with our observation that design was often pretty good. However, the lowest ratings were maintenance where there was a consistent lack of documentation that contractors actually performed maintenance, and BRQI, where the rating was low due to low cover of regenerating plants, low diversity, and presence of undesirable species. Improving on-the-ground maintenance activities such as weeding and then documenting those activities would have improved both the maintenance and BRQI ratings.



Highest rated site
R i v e r d a l e  A v e n u e  R e t a i n i n g  W a l l  
R e p l a c e m e n t  P h a s e  2  –  D o w n s t r e a m
L i v e  g r a t i n g  w i t h  b r u s h  l a y e r s  a n d  r o c k  t o e

E x c e l l e n t  e s t a b l i s h m e n t  o f  d e e p l y  r o o t e d  c u t t i n g s

o v e r a l l  s c o r e  9 2 / 1 0 0
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Presenter
Presentation Notes
Based on the ratings, the overall Highest Rated Riverbank Bioengineering Monitoring Site was the Riverdale Avenue Retaining Wall Replacement Phase 2 – Downstream on the Elbow River.That was Delivered by the former City of Calgary, Water Resources departmentWith Abel Leon as the project manager. As you can see in the inset, the project featured a live grating and brush layers, with a rock toe below to prevent toe erosion.  Vegetation establishment was very good with deep rooted cuttings. The rating for this site was 92/100. Also note that the rating for each monitored site is available in the dashboard appendix



• 7 failure sites
• Vegetation survival < 25% : 5 sites
• Structural: 2 sites
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Failure Sites

Failure Factors % of Sites
Other 100
Anaerobic soil 86
Bank or slope instability/erosi 71
Structure failure 71
Vegetation competition 71
Poor planting installation 71
Wildlife 71

Presenter
Presentation Notes
As mentioned previously, 7 failure sites were identified based on the failure criteria of vegetation survival less than 25% or the site not present or not performing structurally. Out of those 7 sites, 5 did not meet the survival target, and 2 did not meet the structural target.During the failure assessment, we document what we interpret to be failure factorsThe top failure factors were Other which included structure type (e.g., wattle fence)late installation of spring harvested cuttings (e.g., July/August install)live staking not installed according to design (e.g., too far apart, too shallow)And anaerobic soils



1. Effectiveness of design, implementation and 
maintenance practices

2. Confirmation of best practices and 
documentation of innovations

3. Validation with survival and cover targets
4. Results for the top performing species and 

stock types
5. Filling data gap for post-construction 

monitoring methods, data, analysis and results
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Top 5 results



Vegetation Design and Installation

D e e p  C u t t i n g s  &  
g o o d  a c c e s s  t o  s o i l  
m o i s t u r e

H o t  a n d  d r y  
a s p e c t s

S h a l l o w  &  
a n a e r o b i c  s o i l s
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S o i l  c o m p a c t i o n

Presenter
Presentation Notes
Some general findings and observations for vegetation design and installation:we found mostly really good results - when live cuttings were installed deeply into the riverbank and where consideration was made for getting the cuttings to soil moisture such as making sure the cuttings have ‘wet toes’ as shown in the photo. The second photo shows really good establishment at the same site 6 years later when we assessed itIn contrast, high mortality was observed where cuttings were not installed into deep soils and no consideration was made for access to soil moisture – particularly at locations with high and dry aspects. At this site, a burrito of soil was perched on riprap on a west-facing aspect and none of the planted cuttings survived. Also, we saw high mortality where cuttings were planted shallow – or less than 80% burial - and also where they were installed into anaerobic soils. We found that 78% of sites had significant compaction – which we identified as having less than 30cm of uncompacted soil. Compaction was also observed to a key limiting factor to restricting vegetation survival and growth. 
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VEGETATION DESIGN AND INSTALLATION - PLANTING TIMING

Vegetation Type1

Native Plant Seeding2 * * * * + + + +
Container Plants3 + + + +
Live Cuttings - Harvest4

Live Cuttings - Installation5

                             
                             
                                    

 
                       
                               

  
                                   

                   

JUL AUG SEP OCT NOV DECJAN FEB MAR APR MAY JUN

PLANTED IN AUGUST OUTSIDE OF 
RECOMMENDED DORMANCY PERIOD

PLANTED IN APRIL WITHIN RECOMMENDED 
PLANTING PERIOD

Presenter
Presentation Notes
A key message from this presentation today, is that we observed several sites with high mortality from installing live cuttings outside of recommended period. Writ large, installing live cuttings when they are dormant will increase the chances of success for a bioengineering project. The photo here shows a section of timber crib wall where live cuttings were installed in august – outside of the live cuttings dormancy period - on the left. And live cuttings that were installed in April – within the live cuttings dormancy period – on the right. There are hardly any live cuttings still alive on the left but on the right the vegetation is establishing nicely. This photo clearly shows the importance of live cutting installation according to the recommended schedule. We summarized the schedule into this table that is included in the final report and on a factsheet on the city riparian website. Incidentally, we also prepared a list of best practices for live cutting, container plant and seeding installation in the report. 



Site Stability and Materials selection

T o e  p r o t e c t i o n
~ 1 0 %  o f  s i t e s  w i t h  
m i n o r  e r o s i o n

‘ P e r m a n e n t ’  v s   
‘ t e m p o r a r y ’  m a t e r i a l s
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3 0 %  o f  s i t e s  w i t h  
s y n t h e t i c  m a t e r i a l s

Presenter
Presentation Notes
Ok – so now getting into the results of the bank effectiveness monitoring component. We’ll start with a summary of the general findings and observations, and then we’ll get into the statistical results later. The results of the structure assessment showed that, in general, most monitoring sites were observed to be stable with little to no erosion occurring within, upstream or downstream of the site. However, there were a minority of sites – about 1 in 10 - that were observed to have specific instances of erosion, undermining, slope raveling, and backfill material washout an example is shown in the photo on the top right. For the condition of the materials assessed at the site, In general, the rock, timber, steel, and concrete materials were found to be present according to the design of the sites and in good to excellent condition. The condition of more temporary materials such as erosion control matting, coir geogrid, hydromulch, and wattles was variable. When installed correctly, these products appeared to be functioning as intended per the example of the biodegradable coir geogrid shown in the photo on bottom left.  However, in some cases, they were not used for the appropriate application or were not installed properly and were not effectively providing site stability for vegetation establishment. Additionally, 21 of the 69 monitoring sites (30%) included a synthetic erosion control matting, geogrid or wattle product where it appeared to not be necessary due to available alternate biodegradable products. These materials will now persist on the riverbank and/or in the river and will likely pose a hazard for wildlife. Because of this, the use of synthetic materials is highly discouraged.



Innovations and recommended practices 

I n n o v a t i o n :  T a l l  
r o o t e d  c u t t i n g s

I n n o v a t i o n :  
c o n t r a c t o r  m e t h o d s

r e c o m m e n d e d  
P r a c t i c e :  S o i l  
a m e n d m e n t
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r e c o m m e n d e d  
P r a c t i c e :  F e n c i n g

Presenter
Presentation Notes
We documented several construction and maintenance successes and lessons learned. For example, tall rooted cuttings are a relatively new vegetation stock that is a live cutting that has been rooted out. These can be used for construction outside of the live cuttings dormancy period – in July and August for example – and were found to be doing well at the 3 sites we monitored when they were installed properly. We also noted several contractor innovations, an example shown here of a forks welded to an excavator bucket that allowed for efficient planting hole creation. A soil amendment and fencing both resulted in statistically higher survivorship for planted woody vegetation. They are highly recommended practices for all bioengineering and planting sites.These findings led to some recommendations in the final program report for avoiding or mitigating soil compaction. 



importance of fencing

B r o w s e d  s i t e S h o o t s  r e g r o w i n g V e g e t a t i o n  r e g r o w t h
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Site Year 3 post-construction - May 25, 2020 Regrowth of 3 to 6 shoots per stem - May 25, 2020 Regrowth on average 1.5m high by July 21, 2020

Presenter
Presentation Notes
We also observed the self-healing capacity of sites with well established vegetation. The first photo shows a site that was well protected by the rodent fence for three years, but in the spring of 2020, the fence fell over and beavers got access to the site. They had a feast and chewed a 25m section of the site. In the second photo, we observed between 3 to 6 shoots growing from each of the chewed stems. The third photo shows the site about 2 months after the first and second photos where we measured 1.5m on average of regrowth.This example firstly demonstrates the importance of protecting a site with fencing until vegetation is properly established – so 2 to 3 years of growth – and then shows how healthy vegetation with a well established root system, can rebound quickly from a significant disturbance.  



1. Effectiveness of design, implementation and 
maintenance practices

2. Confirmation of best practices and 
documentation of innovations

3. Validation with survival and cover targets
4. Results for the top performing species and 

stock types
5. Filling data gap for post-construction 

monitoring methods, data, analysis and results
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Top 5 results
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Survival Target per 
Schiechtl and 
Stern (1997)
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SURVIVAL AND Woody vegetation canopy cover by technique

Cover Target per 
Schiechtl and 
Stern (1997)

Presenter
Presentation Notes
Survival isn’t only part of the story however. in this chart, the same year 1 survival data for each technique is shown in blue, and Year 1, Year 3 and Year 5+ age class woody vegetation canopy cover is shown in the greens. A target of 66% cover from the literature is also shown.Focusing in on the same techniques that were highlighted on the previous slide, brush mattress survival is high and canopy cover is also high and meeting the target. For Plantings, while survival is high, cover is not meeting the target. But now where survival did not meet the target for vegetated crib wall, cover is meeting the target. So it’s important when setting up performance targets for a contractor to meet that not just survival is included since it is only one part of the picture. We’d recommend using survival targets for the first year or 2 to confirm good stock and methods were used for installation, but then transition to using cover or density since survival will decline over time and since the ultimate objective of a bioengineering site is full canopy cover at the end of the project. 



1. Effectiveness of design, implementation and 
maintenance practices

2. Confirmation of best practices and 
documentation of innovations

3. Validation with survival and cover targets
4. Results for the top performing species and 

stock types
5. Filling data gap for post-construction 

monitoring methods, data, analysis and results
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Top 5 results



• Shrub species result
• Sandbar willow (Salix interior) 

• Herbaceous species results
• 57 seeded species were expected
• 5 native species identified as highest performing
• More than half (n=28) were not observed, and 11 

species seeded 5 or more times and not found
• Results support better species selection and 

seed mix design and to design for diversity!
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Best performing species

Presenter
Presentation Notes
As mentioned earlier, we also looked in depth at the seeded herbaceous species and found 57 species in the project documentation for seed mixes. We then used quadrat sampling to confirm their germination at each of the sites. Based on the quadrat sampling results, the highest performing native species are listed here. Note that the germination rate for these species ranged between 25% to 100% depending on age class.Other key results are that more than half of the seeded species were not observed at allAnd 11 species were seeded 5 or more times and were not found. The list of these species is in the final report.These results will help to improve seed mix design for bioengineering sites by focusing species selection on those that will actually germinate and avoiding those that won’t.



Overall Woody Vegetation Year 1  Survival

Container Plants Year 1 Survival

Live Cuttings Year 1 Survival
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Best performing 
vegetation stock type

Presenter
Presentation Notes
Now looking at the Year 1 survival data for the planted woody vegetation, the data we collected also allows a comparison between woody vegetation stock types. Looking at Year 1 survival, for all of the assessed Year 1 woody vegetation, the survival was 76%. Which is higher than a typical survival target of 70% - which is good. However, there was significant differences between the container plants at 94% survival and live cuttings at 69% survival. This result was found across the program. Based on this result, we are recommending to use container plants instead of live cuttings – where it makes sense – such as outside of high velocity and high erosion locations on the top of bank and where project goal is revegetation. Otherwise, live cuttings are still recommended to be used on the bank in high velocity exposure areas. But we are also suggesting to include container plants among live cuttings within bioengineering techniques to increase species diversity. In a hedge brush layer for example. 



1. Effectiveness of design, implementation and 
maintenance practices

2. Confirmation of best practices and 
documentation of innovations

3. Validation with survival and cover targets
4. Results for the top performing species and 

stock types
5. Filling data gap for post-construction 

monitoring methods, data, analysis and results
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Top 5 results



Post-construction performance monitoring

• Compare RMP data to new site data
• Balsam poplar live cuttings: good in Year 1 but lagging in Year 3

• Identifies trajectory of planted vegetation
• Helps identify if mitigation measures may be needed at the site
• Same data available for bioengineering techniques
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25th 

PCTL 
Mean 75th 

PCTL 
(cm) (cm) (cm)

Balsam poplar (Populus balsamifera) 1 26 44 56 58

Balsam poplar (Populus balsamifera) 3 67 99 129 68

Species
Post-

Construction 
Year

RMP Shoot Length Data
Measured 

Average Shoot 
Length (cm)

Presenter
Presentation Notes
One example of the use of this vegetation data is post-construction monitoring of individual species in a bioengineering project to help identify the trajectory of the planted vegetation.For example, the shoot length – or total height - data for balsam poplar cuttings are shown here for Year 1 and Year 3 post-construction in the grey cells. 25th percentile, mean and 75th percentile data are shown. If you measured the average shoot length of your balsam poplar cuttings at a new site, you can compare the measured data to the RMP data and see that in Year 1 the measured shoot length is above the 75th percentile which shows good establishment, but in Year 3, the measured shoot length is at about the 25th percentile, so something is happening at the site and mitigation like more irrigation or weeding, might be needed at the site. 



• Structure design practices
• Vegetation design practices
• General program recommendations
• Improvements to City of Calgary project management practices
• Updates to Bioengineering Design Guidelines

RECOMMENDATIONS
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Presenter
Presentation Notes
We have prepared many recommendations based on the results above that we don’t have time to cover today but fall under these categories: ….I recommend that you take a look at the recommendations in the final program report. 



RMP - Riparian Areas in Calgary website: www.calgary.ca/Riparian
Bioengineering Demonstration and Education Project website: www.calgary.ca/BDEP

SHARING RESULTS

Presenter
Presentation Notes
We are actively and openly sharing the results for the RMP, including the BDEP monitoring data via The City of Calgary websites listed here, and also via technical presentations (such as this one), site tours, and a fact sheet that is posted on the City’s website. We are planning to prepare some scientific articles based on the results as well. 



SUMMARY

• Much-needed data on structural conditions and plant establishment at 
bioengineering sites

• Unique insights due to its large number of sites and expansive dataset 
• Findings can directly support improvement in bioengineering project 

design, implementation, and maintenance and overall success

Presenter
Presentation Notes
The bank effectiveness component of the RMP provides…Read the slide! …locally in Calgary, but also across Canada and internationally



KWL TEAM
KWL: Craig Kipkie, Mike Gallant, 
Deighen Blakely, Dave Murray
Terra Erosion Control: Pierre 
Raymond
Cows and Fish: Kathryn Hull
Longview Ecological: Alan Dodd 
INRAE: Andre Evette, Delphine 
Jaymond, Marie-Anne Dusz

CITY OF CALGARY TEAM
Carolyn Bowen, Harpreet Sandhu, 
Pamela Duncan, Sandy Davis, 
Norma Posada, Narayan Pokhrel, 
Jonathan Slaney, Caitlyn Howe, 
Sarah Marshall, Maggie Nelson, 
Reed Frocklage, George Roman, 
Rene Letourneau, Tim Walls, Jason 
Weiler,  James Papineau
Former Water Resources and Parks 
Business Units Project Managers

EXTERNAL ORGANIZATIONS
Friends of Fish Creek, Trout 
Unlimited, Valley Ridge Golf 
Course, Alberta Agriculture and 
Irrigation, Alberta Forestry, Parks 
and Tourism

M I K E  G A L L A N T ,  M S C E ,  P . E N G . ,  C P E S C

m g a l l a n t @ k w l . c a  

w w w . k w l . c a
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Presenter
Presentation Notes
I’d like to close by acknowledging the amazing project team from the City of Calgary, external organizations that contributed and our KWL team . Thank you
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