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HIGHLIGHTS FROM PREVIOUS COURSES

ÅMCRT Foundational and Infrastructure Courses



INTERACTION

ÅThis course is being recorded

(your participation confirms your agreement) 

ÅCamerasand microphones are off

ÅPollsto receive your feedback

ÅChat is open 

ÅDuring presentation and Q&A

ÅComments are welcome and will be monitored

ÅPlease send comments to Everyone,not to the presenter

ÅSendtechnical issuesto EngGeoMB in the chat

ÅFollow-up survey, details of the presentation 



Natu re-based  
I n f ras t ruc tu re  So lu t i ons  
to  Enhance  Res i l i ence

Trainer/Facilitator: Darren Swanson, P.Eng./P.E., MPA-ID

Senior Associate



WEBINAR AGENDA

ÅWelcome, overview, and introductions

ÅSession 1: Introduction to Natural 
Infrastructure

ÅSession 2: Planning and Design 
Considerations for Natural Infrastructure

ÅSession 3: Financing Considerations

ÅClosing remarks

ÅQ&A session
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YOUR EXPERIENCE LEVEL WITH 
NATURAL INFRASTRUCTURE

Have planned, analyzed and/or designed

Have 
researched

Familiar, but no 
direct experience

Completely new



THE URGENCY OF BUILDING RESILIENCE

https://climateatlas.ca/sites/default/files/Manitoba-Report_FINAL_EN.pdf

Comparing the recent past (1976-2005) 
to the near future (2051-2080)
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NATURAL INFRASTRUCTURE

https://ccme.ca/en/res/niframework_en.pdf(page 6)

NI refers to the use of preserved, restored, or enhanced elements 
or combinations of vegetation and associated biology, land, water, 
and naturally occurring ecological processes to meet targeted 
infrastructure outcomes, such as coastal hazard management, 
riverine flood management, local stormwater management, and 
mitigation of the effects of extreme heat.

ά

έ

https://ccme.ca/en/res/niframework_en.pdf


OTHER KEY TERMS:
Nature-based Solutions (NbS)

Å As defined by the International Union for 
Conservation of Nature (IUCN) and the 
Organisation for Economic Co-operation and 
Development (OECD):

ÁάMeasures that protect, restore and 
sustainably manage natural or modified 
ecosystems, with the aim of maintaining 
or enhancing the services provided to 
human communities and benefits to 
ōƛƻŘƛǾŜǊǎƛǘȅΦέ (in CCME, 2021)

Å Umbrella term for ecosystem-based 
approaches for addressing societal challenges.

Á Encompasses approaches such as Natural 
Climate Solutions (NCS), Ecosystem-
based Adaptation (EbA), eco-disaster risk 
reduction, and green infrastructure.



ÅCanadian Council of Ministers of the Environment 
definition: 

Å άbŀǘǳǊŀƭ ǾŜƎŜǘŀǘƛǾŜ ǎȅǎǘŜƳǎΣ ŜƴƎƛƴŜŜǊŜŘ ŀƴŘ 
built features, and green technologies that 
collectively provide society with a multitude 
of economic, environmental and social 
ƻǳǘŎƻƳŜǎΦέ

ÅSometimes described as enhanced natural 
assets, incorporating land, water, and vegetation 
features alongside human-made elements to 
sustain ecosystem functions and services.

OTHER KEY TERMS:
Green Infrastructure 



ÅCanadian Council of Ministers of the 
Environment definition: 

ÅάΧŘŜǎŎǊƛōŜǎ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ōǳƛƭǘ 
environment made exclusively of 
materials such as concrete and 
steel, including bridges, dams, 
water treatment plants, culverts, 
ŘƛǘŎƘŜǎ ŀƴŘ ǎǘƻǊƳ ŘǊŀƛƴǎΦΦΦέ

OTHER KEY TERMS:
Grey Infrastructure 



ÅCanadian Council of Ministers of the 
Environment definition: 

ÁCombine nature-based elements with grey 
infrastructure to enhance the resilience of 
both the infrastructure and ecosystem 
features to higher-intensity events.

ÅUseful especially in coastal regions where hard 
defenses with soft armouringprotect people 
from extreme climate-related hazards.

ÅHybrid solutions often capable of achieving 
superior outcomes and benefits in comparison 
to NI or grey projects by themselves.

OTHER KEY TERMS:
Hybrid Infrastructure 



NATURAL INFRASTRUCTURE ON THE PRAIRIES

https://www.iisd.org/ela/blog/video/lets-talk-about-natural-infrastructure/

https://www.iisd.org/ela/blog/video/lets-talk-about-natural-infrastructure/


NI elements can improve the climate resilience and overall 
lifespan of grey infrastructure, and deliver co-benefits including 
biodiversity enhancement, habitat protection, ecosystem 
services, support for recreation and culture, improved air and 
water quality, job creation, and stimulation of rural economies.

https://ccme.ca/en/res/niframework_en.pdf(page 6, in Roy, 2018)

Picture from Unsplash

Benefits of NI, Canadian Council of Ministers of the Environment 

ά

έ

NATURAL INFRASTRUCTURE CO-BENEFITS

https://ccme.ca/en/res/niframework_en.pdf
https://www.iisd.org/articles/multiple-benefits-natural-infrastructure


/ŀƭƭǎ ƻƴ ƎƻǾŜǊƴƳŜƴǘǎ ǘƻ άǊŀƛǎŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 
of the value of nature for climate adaptation; 
embed nature-based solutions into adaptation 
policy and planning; and increase investment 
in nature-ōŀǎŜŘ ǎƻƭǳǘƛƻƴǎΦέ 

Emphasizes embracing the power of 
nature to support healthier families 
and more resilient communities.

https://gca.org/wp-content/uploads/2019/09/GlobalCommission_Report_FINAL.pdf

https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/healthy_environment_healthy_economy_plan.pdf

THE COMPLIMENTARY ROLE OF 
NATURAL INFRASTRUCTURE

Green and natural infrastructure are 
introduced as cost-effective options 
to provide more enduring resilience 
to extreme events.

https://www.gov.mb.ca/asset_library/en/climatechange/climategreenplandiscussionpaper.pdf



άStudies show that natural infrastructure is cost effective and is often a more efficient use of 
funds compared to relying solely on built infrastructure to adapt to climate change and 
ƛƴŎǊŜŀǎŜ ǊŜǎƛƭƛŜƴŎŜ όLL{5 нлнмύΦέ

άΧcost-effective way to mitigate material financial losses that 
ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ǊŜǎǳƭǘ ŦǊƻƳ ŦƭƻƻŘƛƴƎέ ŀƴŘ άŎŀƴ ƻŦŦŜǊ ƻǘƘŜǊ 
valuable environmental and social benefits that are often not 
attainable through the implementation of traditional, grey-
ŜƴƎƛƴŜŜǊŜŘ ǎƻƭǳǘƛƻƴǎΦέ

ά9ŎƻǎȅǎǘŜƳ-based approaches, including natural 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΧ can be cheaper than relying solely 
ǳǇƻƴ ΨƎǊŜȅΩ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀǎ ǿŜƭƭ ŀǎ ȅƛŜƭŘƛƴƎ Ŏƻ-
benefits.έ 

http://assets.ibc.ca/Documents/Resources/IBC-Natural-Infrastructure-Report-2018.pdf

https://www.oecd.org/environment/cc/policy-perspectives-climate-resilient-infrastructure.pdf

SCALE AND COST EFFECTIVENESS



NATURAL INFRASTRUCTURE IN DIFFERENT SETTINGS







https://www.winnipegfreepress.com/business/putting-a-little-
green-up-above-175193031.html

Green Roofs

Retention Ponds





Floating Treatment Wetlands

https://www.iisd.org/projects/floating-treatment-wetlands

https://www.winnipegfreepress.com/local/province-opens-red-river-floodway-569554112.html





Engineered Wetlands

Source: IISD.org

Shelterbelts

https://www.portageonline.com/local/trans-
canada-shelterbelt-undergoes-revamp





Salt Marsh

Source: https://atlanticadaptation.ca/en/islandora/object/acasa%3A786

Rip Rap Armouring

Beach (foreshore) stabilization 
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PLANNING & DESIGN CONSIDERATIONS:
Resilient planning and design

Integrated

Robust

Redundant

Reflective

Flexible

Resourceful

Inclusive

Bringing together and aligning city 
systems to promote consistency in 
decision making and investments.

Assets are designed, constructed, 
and maintained in anticipation of 
high-impact climate events.

Spare capacity to account for 
disruptions and surges in demand, 
and to provide multiple ways of 
fulfilling a need or function.

Willingness and ability to adopt 
alternative strategies in response to 
changing circumstances or sudden 
crises.

People and institutions learn from 
past experiences to inform future 
decision making.

Citizens and institutions are
aware of climate risks, able to adapt 
to shocks and stresses, and can 
quickly respond.

The need for broad consultation and 
many views to [solve complex 
challenges and] create a sense of 
shared ownership or a joint vision to 
build city resilience.

www.bit.ly/CityResilienceFramework

Qualities of Resilient Systems
City Resilience Framework

https://bit.ly/CityResilienceFramework


CƻǊ ŜȄŀƳǇƭŜΣ άThe Emergency 
Management (EM) Framework describes 
the sharing of EM responsibilities 
among FPT governments themselves, as 
well as with their respective EM 
partners (including but not limited to: 
Indigenous peoples, municipalities, 
communities, volunteer and non-
governmental organizations, the private 
sector, critical infrastructure owners and 
operators, academia, and volunteers).

Integrated Resourceful Inclusive

https://www.iisd.org/publications/climate-resilience-canadian-infrastructure

PLANNING & DESIGN CONSIDERATIONS:
Whole-of-society approach



2030 Agenda for Sustainable Development, adopted by 193 UN member countries

άΧǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƎƻŀƭǎΧŀǊŜ integrated and indivisibleΧέ όǇŀǊŀ муύ

άΧǿŜ ǇƭŜŘƎŜ ǘƘŀǘ no one will be left behind. Recognizing that the dignity of the 
human person is fundamental, we wish to see the Goals and targets met for all 
ƴŀǘƛƻƴǎ ŀƴŘ ǇŜƻǇƭŜǎ ŀƴŘ ŦƻǊ ŀƭƭ ǎŜƎƳŜƴǘǎ ƻŦ ǎƻŎƛŜǘȅΧέ όtŀǊŀ пύ

Integrated

Inclusive

PLANNING & DESIGN CONSIDERATIONS:
Sustainable development



PLANNING & DESIGN CONSIDERATIONS:
Participatory and rights-based approaches

1. A defined and fully agreed upon feedback and 
grievance resolution mechanism is available to all 
stakeholders before an NbSintervention is initiated.

2. Participation is based on mutual respect and equality, 
regardless of gender, age, or social status, and 
upholds the right of Indigenous Peoples to free, 
prior, and informed consent.

3. Stakeholders who are directly and indirectly affected 
by NbShave been identified and involved in all 
processes of the NbSintervention.

4. Decision-making processes document and respond 
to the rights and interests of all participating and 
affected stakeholders.

5. Where the scale of NbSextends beyond jurisdictional 
boundaries, mechanisms are established to enable 
joint decision-making of the stakeholders in the 
affected jurisdictions.

https://portals.iucn.org/library/sites/library/files/documents/2020-020-En.pdf

Criterion 5A: NbSare based on 
inclusive, transparent, and 
empowering governance 
processes.



The importance of culture and secure land and 
resource rights.

The need to avoid offsetting emissions and 
biodiversity loss.

The need for human rights-based conservation 
approaches and sustainable use.

The critical importance of avoiding human 
rights violations.

https://www.forestpeoples.org/sites/default/files/documents/Re-thinking%20nature-
based%20solutions_Seeking%20transformative%20change%20through%20culture%20and%20rights_0.pdf

PLANNING & DESIGN CONSIDERATIONS:
Indigenous perspectives and reconciliation

Four recommended areas for improved NbS
financial and technical decision making:





Hank Venema, PhD, P.Eng.

CEO and Senior Engineer

hank@strategicse.ca

204.899.0104

www.strategicsystemsengineering.ca. 

PLANNING & DESIGN EXAMPLE:
Water retention facilities for flood and drought resilience

mailto:hank@strategicse.ca
http://www.strategicsystemsengineering.ca/


Winnipeg Drought Risk: historic + climate projected
Standardized Precipitation and Evaporation Index (SPEI)



Red River Hydrologic Model
First Seamless International Model

Calibration goal > 0.7 
Validation goal > 0.6

Validation KGE ScoresCalibration KGE Scores

Strong model
performance



Global Climate Model Projections 
For Red River Basin



Climate Impacts on Red River 
Hydrology (@ St. Agathe)

Most models suggest lower runoff volumes

Spring melts are early

and smaller
Risk of flash flooding from

extreme precipitation

Key Messages
Å Elevated Flood and Drought Risk 
Å Ensemble model average projects 7% less water 

per year ςseasonality changes significantly



Natural Infrastructure for flood + drought + 
environmental protection

Åάexisting, restored, or enhanced combinations of 
vegetation and associated biology, land and 
water, and naturally occurring ecological 
processes that generate infrastructure outcomes 
such as preventing and mitigating floods, 
erosion, and landslides; mitigating effects of 
ŜȄǘǊŜƳŜ ƘŜŀǘΤ ŀƴŘ ǇǳǊƛŦȅƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊΧcan 
be existing natural features or human-made and 
constructedΦέ όICF, 2018ύΦέ  

ÅKey point:  Natural Infrastructure stacks multiple 
benefits, typically has high ROI

ÅIf you have it, keep it.   If you need it, build it

https://www.preventionweb.net/files/64196_naturalinfrastructurereporten1.pdf
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Seasonal Water Availability
typical temperate Northern Hemisphere

Flood Risk

Drought Risk

Loss of Natural Infrastructure increases 
both flood and drought risk;

HOWEVER, investment in Natural 
Infrastructure reduces both risks



Natural Infrastructure Examples (medium scale)
tŜƭƭȅΩǎ [ŀƪŜΣ Oakburn.ƛƻǊŜǘŜƴǘƛƻƴΣ DǊŀƴǘΩǎ [ŀƪŜ 



Question: WhyisLiDARimportant?

Answer: LiDARacceleratesNatural 
Infrastructure system design from field
to basin-scale

48



Celebrating Complete LiDAR coverage in the RRB



Case Study:
RM Hanover / Seine Rat 
Roseau Watershed District

50





Adaptation via Appropriate Technology
Flood and Drought protection using Retention 
Earthworks





Building the Investment Case





3377 Possible 
Placements


