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Nature-Based Infrastructure Background and Research Needs

Strategies or measures that depend on, or mimic, natural system processes to provide flood and erosion r
management functions, while delivering environmental and other societa¢nefits(Vouk et al., 2021)

Potential Benefits

‘ Manage flood and erosion risk

\

Store, slow, or disperse ‘ Improve water quality
floodwater \

. Enhance biodiversity and habita

[

. Improve aesthetics

/

‘ Provide recreational opportunities

Common Functions

Provide buffer zones
between hazards and
valued assets

Preserve or restore
sediment balance

Attract or support
stabilizing flora and
fauna

Motivation and
Research Needs

Despite growing popularity, there are still
research gaps preventing broader uptake of NB
including a need foauthoritative, national
guidance, informed by scientific evidenc&o
support design and implementation (Bridges et
al., 2021; Vouk et al., 2021)

These research gaps inspired two projects at
NRCOCRE:

Coastal NBI Riverine NBI
A Emerging technique A Nature-based
A Gaining popularity approaches have been
popular for some time
A No authoritative
national guidance
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Project Overviews: Coastal and Riverine NBI

Objectives:

A Address knowledge gapbat prevent broader
uptake of NBI for flood and erosion risk
management in Canada

A Developdesign guidancédor engineers and
practitioners

Impact:

A Reduced uncertaintiesegarding performance
and suitability

A Enhanced ability tolemonstrate flood/erosion
management

A Broaderuptake, implementation, and success
NBI

National Research

Council Canada Project Partners

Guidelinesfor design
and implementation in
Canada

Knowledge basef
NbSperformance and
application

New/improved
analytical tools
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Coastal NBI Project 4

2020  2020-2024 2024 2024-2029 2029 Partners & Contributors

Ubwes @ CLIMAtantic ///x X

Reses deline Updated guidelines \ 7 2\ @ Conservin
- P 9 DALHOUSIE DHIN * f{,’e';,“f,‘,’dig
cALIC Az and standards i
y-——4

‘, ez & @uum
Pilot studies & guideline Additional pilot studies vop s o IN INTACT CENTRE
development to address research gap TR RS mER ovamaesowmon
| L. B L.
Nature-based infrastructure for coastal
flood and erosion risk management: a . SURREY oo
Canadian design guide B s :.;:
@ VALORES (il WEST COAST
Murphy et al., 2024 Canadian Safet
and Security Program
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Riverine NBI Project :

2021  2021-2026 2026 2026-2031 2031 Partners & Contributors

Updated guidelines
and standards T
® o NATURE-ADAPT  WATERLOO

4 Calgary space2place R @

Pilot studies & guideline Additional pilot studies @ Ceden
development to address research gap Montréal &f3 stewarostipcenee

FOR BRITISH COLUMBIA

McMaster (2 g grmmasndiugen @' !SURREY

University @ Authority Credit Valley

Conservation

kuwj % DALHOUSIE AT Applied

KERR WOOD LEIDAL uOttawa NIVERSITY w  Ecohydraulics

Research Guideline

Initiation Publication

NWT Association of Communities

mpARR. GEO B McGill

HHHHH Western

Writing in Progress:

l * Government Gouvernement
of Canada du Canada

Guideline for natural and natu#eased
infrastructure for flood and erosion risk
management in Canadian river systems
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Pilot Projects and Case Studies

Reconnecting Sediment Management River Corridor Nature-based Representing
Floodplains, Strategies Management, Shareline Protection, Vegetation in Physical
Surrey, BC Calgary, AB . Calgary, AB Ot ON Models
A new park is being A large gravel bar is constricting An investigation of meander bel aW_a’ , , . ; .
developed. In addition to flow and elevating flood risk A width and the impacts of A combination of field, lab, S EI @S EES U
' ) : ' S ) . ' better represent erosion
enhanced recreational Gravel bar realignment constricting river corridors. This and numerical work to rotection brovided by live
opportunities, the design strategies are being considere work will inform construction improve understanding of pl ants in aFI)aborator }fsettin _
will alleviate flood risk by to address the blockage while | setbacks that consider both current, wave, and ship wake| | P y 9
increasin : PP - : B contributions to bank erosion;| | improved laboratory
g capacity for minimizing impacts to habitat flooding and channel migration. ; techniaues for NBI
flood water storage. and the sediment balance. B development of numerical g
. modelling tools to inform assessment.
R SURREY p:o -I uOttawa % nature-based shoreline
I uon R Colgary |*2 w@ protection strategies. Practical Tools for
'ﬂ' o et X, Decision Support
uOttawa —
I*I Natural Resources Ressollljcesnaturelles ' LRItz GTA! ON
- o " Development of improved
%-ﬂ decision support systems
o ) 3 & /7 for sustainable watershed
A Guideline is supported by Westorn Cordillera @ i management and erosion
evidence from Boreal Zone . "&,?’ . risk assessment (SPIN Tod|).
apprOX|mater 25 pilot - Prairie N\ - ‘( - visfERiso  McMaster
projects and case studies Southern Ontario g iersit g
. )
A NRGOCRE provided Québec e ©
Support and C.(_)ntributions hrctf-::. and Northern Canada (Cuntinuuus.l:-'eltmafrnst} 0 500 1,000 2000 Western Somservion
for 6 plIOt prOJeCtS Maritimes, Newfoundland and Labrador ~ 1 7 s Kilometers @Conservg;ilon
Esri, HERE, Garmin, (c) OpenStreetMap confributors, and the GIS
User community
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Pilot Projects and Case Studies

Reconnecting T N\ Sl
Floodplains, i | Notches to reconnect /.
Surrey, BC ol - | channel with floodplain

A new park is being o | \ = \

developed. In addition to \ ) \ |
enhanced recreational | S TR
opportunities, the design :
will alleviate flood risk by

increasing capacity for

flood water storage.

2 - > » '3 v ; 5 3 > B g | 1
2 : = - - b A y S N N 2
hisii «O P — | / ey P ) 5N, | L
= SU EX space2place . - "_ ;. - - ’. = - ) .,; ) 2 ¥ \ Q, | \\
- e o, .
< . - % (i \ | - oy ) 7 b

KERR WOOD LEIDAL . = > i % - 542800 512920 513040 513160 518280 18513400

uOttawa

l * I Natural Resources  Ressources naturelles
Canada Canada
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Pilot Projects and Case Studies

I | September 22, 2012
Sedlme:nt Managemen iy gglbr o
Strategies > o™
Calgary, AB

A large gravel bar is constricti
flow and elevating flood risk.
Gravel bar realignment
strategies are being considere
to address the blockage while
minimizing impacts to habitat August 29. 2021
and the sediment balance. ! Flow: 81.3 s

Calgary (*
u ()l tawa

Matrix
#'\" solutions Inc.

Preliminary Site PlagCity of Calgary.
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Pilot Projects and Case Studies

National Research
Council Canada

Conseil national de
recherches Canada

River Corridor
Management,
Calgary, AB

An investigation of meander be
width and the impacts of
constricting river corridors. This
work will inform construction
setbacks that consider both
flooding and channel migration.

Calgary

UNIVERSITY OF

WATERLOO

%
&

B
- Western




Pilot Projects and Case Studies

Nature-based
Shoreline Protection,
Ottawa, ON

A combination of field, lab,
and numerical work to
improve understanding of
current, wave, and ship wake
contributions to bank erosion
development of numerical
modelling tools to inform
nature-based shoreline
protection strategies.

il

uOttawa
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Pilot Projects and Case Studies

Representing
Vegetation in Physical
Models

Investigation of strategies to
better represent erosion
protection provided by live
plants in a laboratory setting;
improved laboratory
techniques for NBI
assessment.

W/ 5«,’& Y
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Pilot Projects and Case Studies

Existing Land-use Scenario
Al A

v
Figure 1. How urbanisation affects stream runoff m
(modified from The City of Blue Springs, Missouri) A
More imperviousness
Legend

5 8 ‘Total Stream Power (W/m)
Less imperviousness

’
Higher volume i N = l ‘0!

of surface runoff

More infiltration

Increased magnitude and

frequency of erosive flows

in the stream channels
due to urbanization

-
o Q‘(*‘,f, 2"(,)4_

'Z- 3¢
&, PR Y
m

-y : . ; Practical Tools for
Decision Support
GTA, ON

Development of improved

decision support systems
for sustainable watershed
management and erosion
risk assessment (SPIN Toc

WR%L'SB McMaster
University @
&

" SSPR (rosion Snsitvity)

i ‘\1 g} >
- ekl § e \\“'é Western Sonsarvation
Rural 1.2-3 (Moderate)
Utba 3 High) E c rm.,a..mﬁg..,..
n >3 (Hig!
Hi . (2024 Figure 2. Channel Evolution Model of stream channel responses onservgthgg
ire etal. ( ) tolincreased erosive flows from urbanization (Hawey et al., 2020) Hire et al. (2024)
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Guideline Development

_ 9 Physiographic
Introduction 1 ANIC-CNIC NIC-CNIC Considerations
. 4 Watershed Considerations
Principles & Concepts{ 2 NC-CNC & 10
p p Credit Valley & ApproaCheS
Conservation
. : NATURE-ADAPT sy easiy o Floodplain Considerations
Existing Guidance 3 e WATERLOO 11 X
_ % & Approaches
McMaster Channel Considerations &
Governance 4 ) NATURE-ADAPT Universty g | 12
i niversity Approaches
Implementation 5 le k_lﬂl 13 Design & Construction
Framework KERR WOOD LEIDAL KERR WOOD LEIDAL
—_— .
Engagement 6 % | DALHOUSIE Jinnig 14 Modelling
UNIVERSITY
uOttawa
Management & Valuatio _ _ ey ] L
of Assets 7 NATURE-ADAPT National Research Council Canada < Conservation 5 Monitoring
R Ottawa, Ontario | 2026
. ‘ ; - Many .
Applied o
Adaptive Management( 8 ) AE ZFRE .. Bl Sonims enadne  Canad4 Contributors\ 10 Case Studies
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Guideline Development

Introduction 1 Introduction | Principles & Concepts 9 ggﬁ;ﬁg{jﬁgﬁ;
Chapter Leads: Ivana Vouk & Sean Ferguszgc-CNRC Watershed Considerations
Principles & Concepts( 2 10 & Approaches
Chapter Content and Guidance:
Existing Guidance ( 3 A Objectives of the guideline | 11 ) Floodplain Considerations
A Scope, limitations, and target audience & Approaches
A Key r.ISk mgnggement concepts Channel Considerations &
Governance 4 A Guiding principles for NBI 12 Approaches

Implementation 5 Existing Guidance | Governance 13

Design & Construction
Framework 9

NATURE-ADAPT

T T T Tl T T O T T T
Sl Sl S Sty S B gl S g S g

Engagement 6 _ 14 Modellin
999 Chapter Content and Guidance: J

Existing Guidance

Chapter Lead: Joanna Eyquem

Governance

Management & Valuatio . o
of Assets Y A E:?f[a:ﬁ]sir?;rt(g_asin?gﬁ]ggg:;?“ons A Watershed and watercourse 15 Monitoring
C governance in Canada
Canadian poly, stategio fver GOVeance spproaches &
' ’ challenges i
Adaptive Management{ 8 management, and technical g 16 Case Studies
methods
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Guideline Development

_ - : : — Physiographic
Introduction 1 Chapter Leads: Allisdvatfin & Mike Gallant k_lll 0 Considerations
KERR IOOD LEIPAL
o Chapter Content and Guidance: Watershed Considerations
Principles & Concepts{ 2 A Framework for development and implementation of 10 & Approaches
NBI in river systems
Existing Guidance ( 3 A Practical guidance for each step of the framework 11 ) Fleodplain Consrl]deratuons
A i.e. practitioners tasked with designing or & Approaches
implementing NBI can go to this chapter to hel : :
P 9 . 9 P P Channel Considerations &
Governance 4 them formulate a project plan 12 Approaches
. Project
Implementation 5 Scoping 13 Design & Construction
Framework
Monitoring and System
Adaptive Characterization
Engagement 6 Management 14 Modelling
Community and
I Partner Engagement 1
Management & Valuatio o
7 Opti 15 Monitorin
of Assets Construction and Deveﬁc:;:‘?ent J
Implementation and Appraisal
Adaptive Management{ 8 \ Preliminary and 16 Case Studies

Detailed Design
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Guideline Development

Introduction

Principles & Concepts

Existing Guidance

Governance

Implementation
Framework

Engagement

Management & Valuatio
of Assets

Adaptive Management

I * I National Research
Council Canada

DALHOUSIE
UNIVERSITY

1 Chapter Leadd<eahnaViargeson

Chapter Content and Guidance:
2 A Guidance on including interested and affected

people in NBI projects

3 A The importance of ethical engagement
A Understanding who should be engaged
A Methods, tools, and resources
Inform Consult Collaborate Empower
Provide relevant Obtain feedback Work or partner Final decision
parties with on an NbS project. with relevant making authority
6 balanced and parties to ensure or leadership
objective their inputis delegated to
information about considered for an relevant parties.
an NbS project. NbS project.
7 Degree of engagement 3
Low Medium High
Websites, fact Workshops, surveys, Steering groups,
sheets, social media meetings community liaison
committees
8 adapted from IAP2, n.d and Ibrahim et al. 2025

10

11

12

13

14

15
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recherches Canada

16

Physiographic
Considerations

Watershed Considerations
& Approaches

Floodplain Considerations
& Approaches

Channel Considerations &
Approaches

Design & Construction

Modelling

Monitoring

Case Studies




Guideline Development

Introduction

Principles & Concepts

Existing Guidance

Governance

Implementation
Framework

Engagement

Management & Valuatio
of Assets

Adaptive Management

I * I National Research
Council Canada

10

11

12

13

14

1 Chapter Leads: Joanna Eyquem NATURE-ADAPT
Chapter Content and Guidance:
2 A Guidance on assessing value of natural assets
A Integrating natural assets into planning, design,
3 management, and reporting
4
5 Matural asset Human well-being
Biophysical Function Ecosystem service Benefit/value
6 or structural
proCe ss |e.g, flood water |e.g., Hlood |e.g., avoided
retention) mitigation ) damages associated
(eg., wetland) with flooding)
v
CSA Group (2023)
8

15
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Guideline Development

: : : Applied Physiographic
Introduction 1 Chapter Leads: Greg Courtice AF Erahydraullcs 9 Considerations
Brincinles & C Chapter Content and Guidance: Watershed Considerations
rinciples & Concepts{ 2 A The benefits of adaptive management 10 & Approaches
A The importance of embracing uncertainty of
Existing Guidance 3 nat.ural systems In N.BI |n|t|at.lves | 11 Floodplain Considerations
A Guidance on designing and implementing an & Approaches
adaptive management approach : :
P g PP Channel Considerations &
Governance 4 12 Approaches
_ Trigger Framework Response Protocol
Implementation 5 Monitoring Program (when is a response (what action should 13 Design & Construction
Framework warranted?) be taken?)
Engagement 6 14 Modelling
Management & Valuatio o
of Assets I 15 Monitoring
Adaptive Management{ 8 Y B e § 16 Case Studies
Failure caused by challenging Reconstructed bank protection with

construction conditions design modifications
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Guideline Development

Introduction

Principles & Concepts

Existing Guidance

Governance

Implementation
Framework

Engagement

Management & Valuatio
of Assets

Adaptive Management

I * I National Research
Council Canada

Chapter Leads: lvana Vouk & Sean FergusohNiC-CNIC

Chapter Content and Guidance:

A Description of different physiographic regions in

Canada

A General description of factors affecting flooding and

erosion

A Climate (precipitation, temperature, etc.)

A Channel Morphology
A Vegetation
A Urbanization

Drainage

[ southern Ontario Gulf of Mexico
Drainage

Arctic and Nerthern Canada (Continuous Permafrost)
0 Atlantic Canada

Ferguson & Vouk (2023)

NCC\C

A Review of Flooding and
Erosion in Canadian Rivers:
A Precursor to Guidance for
Nature-based Solutions

(R Canadi
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Guideline Development

Introduction

Principles & Concepts

Existing Guidance

Governance

Implementation
Framework

Engagement

Management & Valuatio
of Assets

Adaptive Management

I * I National Research
Council Canada

(]
1 Chapter Leads: gé"
Sally Betts, Bruce MacVicar & Elli Papangelaki: greci vaiey
2 Chapter Content and Guidance: WA%LW
A Technical chapters describing, at each scale:
3 A What should be considered? McMaster

A What can be done to manage flooding"""*""" §#
and erosion?

10

11

12

A System connectivity A Hydraulic and A NBI approaches
A Stressors and impacts geomorphic processesA Best practice

5 i Ausaﬁ!:;freshrv:gtel;'._m.

6

7

8

13

14

15
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Guideline Development

Introduction

Principles & Concepts

Existing Guidance

Governance

Implementation
Framework

Engagement

Management & Valuatio
of Assets

Adaptive Management
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1 Chapter Leads: Allisdviatfin & Mike Gallant @

KERR WOOD LEIDAL

nnnnnnnnnnnnnnnnnnnn

Chapter Content and Guidance:
2 A Practical and logistical guidance related to the design

and construction oNBI includingbut not limited to:

3 Design Construction
A Establishing risk tolerance A Contractor selection

A Regulatory requirements A Budgeting considerations
4 A Long term management A Sourcing and installing
and maintenance materials and vegetation
A Design tools and A Construction equipment
5 techniques and methods

PLANTED OUTSIDE OF RECOMMENDED PLANTED WITHIN RECOMMENDED
8 PLANTING PERIOD PLANTING PERIOD

Figure: Importance of Following the Recommended Planting Schedule (KWL,

D024)
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Guideline Development

Introduction

Principles & Concepts

Existing Guidance

Governance

Implementation
Framework

Engagement

Management & Valuatio
of Assets

Adaptive Management
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Chapter Leads: Colin Rennie m
uOttawa
Chapter Content and Guidance:
A Modelling tools and techniques to support design and
assess performance of NBI
A Modelling complexity required
A Specific considerations for NBI:
A Morphodynamiomodels
A Habitat suitability models
A Representing vegetation

Numerical Modelling

0N Yu et al. (2022)

RS

Physical Modelling
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11

12

13

14
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Guideline Development

. . . A Toronto and Region P h 1 h 1
Introduction 1 Chapter Leads: Christina Bright ) Conservalion 9 cOrfi'ggrrZEor'f;
o Chapter Content and Guidance: Watershed Considerations
Principles & Concepts{ 2 A Monitoring purposes 10 & Approaches
A Establishing baseline conditions
Existing Guidance 3 A .qultor post—construc'Flon perfor.mance 11 Floodplain Considerations
A Monitoring tools and techniques at different scales & Approaches
A Watersh(?d Channel Considerations &
Governance 4 A Floodplain 12 Approaches
A River reach
: A Point
Implementation 5 13 Design & Construction
Framework
Engagement 6 14 Modelling
Management & Valuatio o
of Assets 7 15 Monitoring
Adaptive Management{ 8 16 Case Studies
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Guideline Development

: Physiographic
Introduiction 1 9 Cori/sidgratri)ons
Principles & Concepts{ 2 10 Water;h:sp(rioogcsr:(;zratlons
Existing Guidance 3 11 FIoodgligp(r:ggsrl]deiratlons
A 12 Channel Considerations &
Governance This chapter will contain extended summaries for selected Approaches
case studies and pilot projects that highlight lessons and
Implementation 5 best practices related to multiple chapters 13) Design & Construction
Framework
Engagement 6 14 Modelling
Management & Valuatio o
of Assets I 15 Monitoring
Adaptive Management{ 8 16 Case Studies

i+l
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Conclusions

Guideline

A Guideline development well underway in collaboration with project partners and
collaborators

A Leadership from 10 different organizations Y

A Contributions from approximately 40 contributors from 23 different organizations '

Pilot Projects and Case Studies

A Guideline content is based, in part, on knowledge and lessons learned from
approximately 25 pilot projects and case studies

A Six projects were supported by NRCRE through this initiative on NBI

A 19 conference materials

A 2 graduate theses

A 2 technical reports

A 1 journal paper

A More publications underway

D. Leeder

Future Work

A Finalize guideline (copyediting, translation, publication)
A Pursue additional pilot project collaborations to address remaining gaps
(e.g. NBI applications and considerations in cold regions)
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