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INTERACTION

A This course is beimgcorded
(your participation confirms your agreement)

A Camerasand microphonesare off

A Pollsto receive your feedback

A Chat is open
A During presentation and Q&A
A Comments are welcome and will be monitored
A Please send comments Everyonenot to the presenter

A Sendtechnical issueso EngGeoMBn the chat

A Followup survey,details of the presentation
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WEBINAR AGENDA

A Welcome, overview, and introductions

A Session 1tntroduction to Natural
Infrastructure

A Session 2Planning and Design
Considerations for Natural Infrastructure

A Session 3Financing Considerations
A Closing remarks
A Q&A session




POLLs & QUIZZES

Use Aipay Scan (o pay me.
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YD)  sido s now part of Webex! Cro

Your go-to interaction app for hybrid meetings

Engage your participants with live polls, Q&A, quizzes and word clouds — whether you meet in the office, online or in-
between.

Get started for free

schedule o demo



Wordcloud poll iﬁ—.“\
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What types of climate hazards are you most
concerned about?

Flooding, extreme weather o
Desertification

, _ Water quality . ,
Pluvial flooding Surface flooding
Permafrost

. fire
Food securitygxtreme heat extreme weather events

s08 polar melting heat waves Wildfire ...

Droughr wave

Wildfires

winter roads

Floods Ice melting

@
Extreme weather F O O I n
Global Warming

Permafrost melt . .
excessive rain

Sea Level rise wild

L
~= Drought
Debris flow

Health
Floodfloodind

andslides

s S R . ain intensiti
Municipality's building in flood zones Rain intensities

) Extreme weather eventskExtrem
Extreeme temperature



YOUR SECTORS
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Consulting (Engineering/Geoscientis i
Supplier, Manufacturer EE——
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Federal Government I
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Academia, Education, Researcim
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Student W
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Other I
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YOUR EXPERIENCE LEVEL WITH
NATURAL INFRASTRUCTURE

Have planned, analyzed and/or designt
Completely new

Have
researched

> Familiar, but no
direct experience
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THE URGENCY OF BUILDING RESILIENCE.@r;é.

0 o Prairie

Climate Centre

From Risk to Resilience

Manitoba
AND CLIMATE CHANGE Comparing theecent past(19762005)

to the near future (20512080)
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https://climateatlas.ca/sites/default/files/ManitobeReport_FINAL_EN.pdf
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NATURAL INFRASTRUCTURE

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

Canadian Council  Le Conseil canadien

of Ministers des ministres
of the Environment  de l'environnement

NATURAL INFRASTRUCTURE FRAMEWORK:
KEY CONCEPTS, DEFINITIONS AND TERMS

https://ccme.ca/en/res/niframework _en.pdfpage 6)



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

OTHER KEY TERMS: f £
Nature-based SolutiondNpbS -

A As defined by the International Union for
Conservation of Nature (IUCN) and the
Organisation for Economic @peration and
Development (OECD):

A d&Measures 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
0 A 2 RA (b BEME[1202DY

A Umbrella term for ecosysterhased
approaches for addressing societal challenges.

A Encompasses approaches such as Natural
Climate Solutions (NCS), Ecosystem
based AdaptationEbA, ecadisaster risk
reduction, and green infrastructure.




OTHER KEY TERMS:
Green Infrastructure

A Canadian Council of Ministers of the Environment
definition:

A dabl GdzN¥ f @S3ISGl 0AGBS aeains &= T3AYSSNB
built features, and green technologies that
collectively provide society with a multitude
of economic, environmental and social
2 dzi O2 YS & ¢

A Sometimes described anhanced natural
assets incorporating land, water, and vegetation
features alongside humamade elements to
sustain ecosystem functions and services.



OTHER KEY TERMS: &=
Grey Infrastructure

A Canadian Council of Ministers of the
Environment definition:
AdXRSaAONROGSA FSI GdzN
environment made exclusively of
materials such as concrete and
steel, including bridges, dams, iy
water treatment plants, culverts, ey
RAGOKSA YR a402NY RNIAYaADDDE

O dzA f




OTHER KEY TERMS:
Hybrid Infrastructure

A Canadian Council of Ministers of the
Environment definition:

A Combine naturdased elements with grey
infrastructure to enhance the resilience of
both the infrastructure and ecosystem
features to higheintensity events.

A Useful especially in coastal regions whieed
defenses with soft armouringprotect people
from extreme climateaelated hazards.

A Hybrid solutions often capable of achieving
superior outcomes and benefits in comparison
to NI or grey projects by themselves.
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NATURAL INFRASTRUCTURE ON THE PRAIRIE@WQ‘

We want tltolk to you about
NATURAL INFRASTRUCTURE

https://www.iisd.org/ela/blog/video/letstalk-about-naturakinfrastructure/



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

NATURAL INFRASTRUCTUREBEQEFITS

NI elements camrmprove the climate resilienceand overall
lifespan of grey infrastructure, ardkliver cabenefitsincluding
biodiversity enhancement, habitat protection, ecosystem
services, support for recreation and culture, improved air and
water quality, job creation, and stimulation of rural economies:

Benefits of NI, Canadian Council of Ministers of the Environment
https://ccme.ca/en/res/niframework _en.pdfpage 6, irRoy, 2013

Natural Infrastructure

. = Biodiversity & So|Vin eSO cietal
Climate Resilience :
Ecosystem Integrity [SSueES

Picture fromUnsplash


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

THE COMPLIMENTARY ROLE OF
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NATURAL INFRASTRUCTURE
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A Made-in-Manitoba

Climate and
Green Plan

Hearing from Manitobans

Manitoba

Sustainable 2017
Development

Green and natural infrastructurare
introduced as coseffective options

to provide more enduring resilience
to extreme events.

: . . 2 %4 TN ffuig-?qur';:;m #AdaptOurWorld
~ "Alz “" \ NN ADAPTATION

A HEALTHY s

ENVIRONMENT AND

A HEALTHY ECONOMY

Canada'’s strengthened climate plan
to create jobs and support people,
communities and the planet

ADAPT NOW: A GLOBAL CALL FOR

| A
ST o el

e P

LEADERSHIP ON CLIMATE RESILIENCE

g
-}

=
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[ Fffta 2y I20SNYyYSyda G2
of the value of nature for climate adaptation;
embed naturebased solutions into adaptation
policy and planningand increase investment
innatured F 8 SR &2t dziA 2y a dé

PR o\ L L

Sete Canada

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

https://lwww.gov.mb.ca/asset_library/en/climatechange/climategreenplandiscussionpaper.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climatehange/climateplan/healthy_environment_healthy_economy_plan.pdf

https://gca.org/wp-content/uploads/2019/09/GlobalCommission_Report_ FINAL.pdf
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SCALE AND COST EFFECTIVENESS 12

OStudies 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
AYONBIFI &S NBaAtASYOS O6LL{5 HAHMU PE

BC W BA INTACT CENTRE @winico  [intact]

.. Climate-resilient
»Infrastructure

v
[

Combatting Canada’s
Rising Flood Costs:

Natural infrastructure is an underutilized option

/]

7

)
\‘

l

\ POLICY PERSPECTIVES
\ -

/

2y

tember, 2018

a Xosteffective way to mitigate material financial lossehat
& 9 O 2 &-ba&dil Spproaches, including natural p2dZ R 20KSNBAAS NBadzZ & FNRY Ff22RAy3Ié
A Y T NI a lchlddz®&cheapebtian relying solely valuable environmental and social benefitbat are often not
dzLJ2y WINBeEeQ Ay TN} &l NHzO G dza&mabld thiough $1€ implemantaion & fraRitloyaH gre® 2
benefits £ SYIAYSSNBR a2f dzil A2y & dé

https://lwww.oecd.org/environment/cc/policyperspectivesclimateresilientinfrastructure.pdf
http://assets.ibc.ca/Documents/Resources/HBaturatinfrastructureReport2018.pdf
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NATURAL INFRASTRUCTURE IN DIFFERENT SET

EXTREME
DO
Coastal REME
COASTAL STORMS
Plant ol A5 1 Green roofs —— 4
an CY— PR DITA
Sait stabilization F VEN ) P
marsh rees oqd other
Y SEA LEVEL RISE n 5  vegetation _l
LAY Nl _ :
Perched M . ‘ g =78
(==
3 beach Lo g'l\&-ﬂ*, [

Giorbenefite: e Artificial reef ——— R
Carbon sequestration

Recreation and
and rain garde better mental health

Improved air quality

Aquatic habitat

Riverine Rural
A
~ Co-benefits: Shelterbelt S WILDFIRES
Nutrient reenbe
Riverba filtration M»M ’ \4'
S9ELIY Species - Prescribed fire
Reforestatio OO0D and seedaing habitat . :
B 111111111, (e (e
" . o 111 g 111111 g 11

® S

Co-benefits:
Food production
Carbon sequestration

Agrotore




Multiple-choice poll (Multiple answers)

=

Which landscape do you most often work in? ole6[2
Coastal (and shoreline)
G 15 %

Riverine
G 13 %

Urban (city/town)
. NEWQ

Rural (prairie)
G 50 %

Forests (boreal, parklands)
G 15 %

Northern (tundra)
G 10 %

slido




Urban frastructure Solutions EXTREME
| HEAT

EXTREME
PRECIPITATION R &

Trees and other

Permeable vegetation —l
pavement Y

.......

Co-benefits:

Recreation and improved
and rain gardens mental health

Improved air quality

Source: bitly /CadInfra




Retention Ponds




Riverine Natural Infrastructure Solutions

Co-benefits:

T Nutrient
e Riverban W filtration
I vegetation Species
Reforestation FLOODING  @ndseeding habitat

FlOOdp|Oin Wetldnd . |

l restoration restoration and
construction

DROUGHT

Source: bit.ly/Cadinfra




Floating Treatment Wetlands

Red River Floodway

Canal de dérivation
de la Riviére Rouge

https://www.winnipegfreepress.com/local/provineepéensred-river-floodway-569554112.html




Rural Natural Infrastructure Solutions Source: bity/Cadinro
WILDFIRES

Greenbelt
- (5% 'h “
N T

Shelterbelt

WIND STORMS
AND EROSION

Co-benefits: Agroforestry J

Food production ( IISD
Species habitat



Source: 11SD.org




Coastal Natural Infrastructure Solutions ERUiSK ey
COASTAL STORMS
Plant (@ o I
stabilization —l TO=.‘
SEA LEVEL RISE

Co-benefits:
Carbon sequestration
Aquatic habitat



Salt Marsh Rip Rap Armouring

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



Multiple-choice poll (Multiple answers)

Which of the following natural infrastructure
solutions enhance resilience to increased
stormwater in urban areas? (select all that

apply)
(1/2)

Bioswales @
G 52 %

Artificial reefs
&l 8 %

Wetland restoration @
G 4 %

Fire-resistant native species
Gl 8 %

Permeable pavements @

G ©0 %

slido




Multiple-choice poll (Multiple answers)

Which of the following natural infrastructure
solutions enhance resilience to extreme heat in
cities and towns? (select all that apply)

Trees and other vegetation ®

G © 6 %

Green roofs @

S ——————s

Green firebreaks
G 1%

Riparian buffers
G 12 %

Hybrid green and reflective roofs @
G 2/ 0%

slido
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PLANNING & DESIGN CONSIDERATIONS:
Resilient planning and design

Qualities of Resilient Systems
City Resilience Framework

Bringing together and aligning city People and institutions learn from

|ntegrated systems to promote consistency in Reflective past experiences to inform future
decision making and investments. decision making.

Citizens and institutions are

Assets are designed, constructed, aware of climate risks, able to adapt
Robust and maintained in anticipation of Resourceful to shocks and stresses, and can

highrimpact climate events.

quickly respond.

Willingness and ability to adopt The need for broad consultation and

Flexible alternative strategies in response to Inclusive many views to [solve complex
changing circumstances or sudden challenges and] create a sense of
crises. shared ownership or a joint vision to

) build city resilience.
Spare capacity to account for y

=L=Yel0lale1gl@ disruptions and surges in demand,
and to provide multiple ways of
fulfilling a need or function.

- Fookerrer - ARUP

www.bit.ly/CityResilienceFramework



https://bit.ly/CityResilienceFramework

Ca DY
PLANNING & DESIGN CONSIDERATIONS: O.i 6‘
Wholeof-society approach

C 2 NJ S E Th¥ Edfe®&ncyd
Management (EM) Framework describes
the sharing of EM responsibilities

among FPT governments themselves, as

well as with their respective EM Emergency
partners(including but not limited to: Management
Indigenous peoples, municipalities, Strategy for
communities, volunteer and nen Canada

governmental organizations, the private
sector, critical infrastructure owners and

operators, academia, and volunteers). Toward a
Resilient 2030

\ J
|

00 =,
Canadd  [Ponaio Quebecss 20800m  ufie  Moniosa @

Integrated Resourceful Inclusive FR B G Apeter egbam = ©3 vuidn ()

https://www.iisd.org/publications/climateresiliencecanadianinfrastructure
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PLANNING & DESIGN CONSIDERATIONS: e 6’
Sustainable development

2030 Agenda for Sustainable Developmeatopted by 193 UN member countries
GXOKS adzadl Ayl of S irfkeg§rat&ifard idivslk ¢ 38 LE AX | MEB 0
GXgS LI Seaswilib& lefibehindRecognizing that the dignity of the

human person is fundamental, we wish to see the Goals and targets met for all
yIEGA2ya FyR LIS2LXSa FyR F2NFff asS3avySyaa 27

) SUSTAINABLE M,
%/ DEVELOPMENT Zan” ALS

NO (I GOOD HEALTH l]UAlITY GENDER BIIAIWIATER

POVERTY . AND WELL-BEING EDUCATION EﬂUAUTV ANI]SAIIITATI]H
® o o ©

o, ° AR R

Integrated
8 DEGENT WORK AND g INDUSTRY, INNOVATION 1 REDUCED 1 1 -
ECUNOMIDGRUWTH ANDINFRASTRUCTURE INEQUALITIES mwmms GUNSUMFH(II
ANI]PR(]I]UGIION
l ¢
el AHEE
Inclusiv
BEr e ERSENY 6 212 | 17 ClUSIve

L3 2

@ SUSTA|NABLE
DEVELOPMENT
GALS

.31:’
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PLANNING & DESIGN CONSIDERATIONS: ‘i
Participatory and rightdbased approaches

Criterion 5ANDbSare based on 1. A defined and fully agreed updeedback and
inclusive, transparent, and grievance resolution mechanisng available to all

. stakeholders before aNbSintervention is initiated.
empowering governance

processes. 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.

IUCN

\’ 3.  Stakeholders who are directly and indirectly affected
IUCN Global Standard for by NbShave beeridentified and involved in all
Nature-based Solutions processef the NbSintervention.

wpofNes 4, Decisioamaking processedocument and respond
to the rights and interest®f all participating and
affected stakeholders.

5.  Where the scale dlbSextends beyond jurisdictional
boundaries, mechanisms are established to enable
joint decisionmakingof the stakeholders in the
affected jurisdictions.

https://portals.iucn.org/library/sites/library/files/documents/202020-En.pdf



PLANNING & DESIGN CONSIDERATIONS:
Indigenous perspectives and reconciliation

Four recommended areas for improvaihS
. . . . . NATIONAL
financial and technical decision making: OBSERVER

Indigenous groups suspicious of

The importance of culture and secure land and ~ ;hatural solutions’ proposed at
UN climate conference

resource rights.

The need to avoid offsetting emissions and
biodiversity loss.

The need for human rightisased conservation
approaches and sustainable use.

The critical importance of avoiding human
rights violations.

-
Df} Forest

Fi{ Peoples
X Programme

https://www.forestpeoples.org/sites/default/files/documents/R#hinking%20nature
based%?20solutions_Seeking%?20transformative%20change%20through%?20culture%20and%20rights_0.pdf

i3



Multiple-choice poll (Multiple answers)

What factors determine level of risk? (select all
that apply)

Degree of hazard, amount of exposure, level of vulnerability @

G  ©0 %

Time of the day
G 11%

Likelihood and impact @
S /%

Latitude and longitude
G 26 %

Probability and severity @
e ——————, R

slido




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

Hank Venemarnhp, P.Eng.
CEO and Senior Engineer
hank@strategicse.ca

o TR

WWWw.Strategicsystemsengineering.ca



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

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

SPEI 12 month periods

05 4 mlm m“m lﬂ Mmu

N

dld . il

Wiy W

SPEI
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Red River Hydrologic Model '@'.5‘

First Seamless International Model o
Calibration goal > 0.7

Validation goal > 0.6

Calibration KGE Scores Validation KGE Scores

Basin KGE Basin KGE

sub_basins sub_basins

g 2 [ NA EED @ [Jo-o0.2
. PR\ B 03-04 . p : B 0.2-03
L o7 VR ; [J04-05 o LIRS £303-04
Strong model s . S Tlos-0s
' { W[ 107-08 [Jo6-0.
performance ) - <3 I 0.8-0.9 = 3;’.3_;

i B 08 -1

48.0 48.0

46.0 46.0

-100.0 -98.0 -96.0 -94.0 -100.0 -98.0 -96.0

HEC-HMS 2.

of Engineers.

— Integrated Modelli
f‘@ ‘ GlOBALWATERFUTLIJRES = W @ esa | Prograr foF Canads

-94.0
ﬁ TRAT
&‘- N AN ERA OF GLOBAL CHANGH Global Water Futures b ssmims ENEINEIEEIE
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Global Climate Model Projections o
For Red River Basin

Precipitation

gcm

e historical

Precipitation {mm)
[*5]
o
o

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec

Mean Temperature

gcm

e historical

Temperature(C)

CORDEX-NA simulation domain, 0.44°/50km resolution

o (&) STRATEGIC



Climate Impacts on Red River  TEREEEE _
Hydrology (@ St AgathE) A Elevated Flood and Drought Risk

A Ensemble model average projects 7% less w

per yearg seasonality changes significantly

St Agathe Average Annual Hydrograph

18388 Spring melts are early Risk of flash flooding from
- and smaller extreme precipitation

gcm

Flow (m3/s)
()]
o
o
o

—ccm ensemble
- historical

Most models suggest lower runoff volumes @ STRATEGIC

SYSTEMS ENGINEERING nc.
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Natural Infrastructure for flood + drought + <
environmental protection

Adexisting, restored, or enhanced combinations Of  —
vegetation and associated biology, land and
water, and naturally occurring ecological Best Practices and Resources on
processes that generate infrastructure outcomes ~ ©'™a'e Restiient Natural Infrastructure
such as preventing and mitigating floods,
grgsmn and landslides; mltlgatlng effects of T
SEGUNBYS KSFUOT | YR dauzNR Epyse
be existing natural features muman-made and .,

constructedP §CF,2018 P ¢

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

PN 1581

jon that nbnpupodovwl t approved by, the Canadian Cou n:lﬂhnwof

is ro < ins infs i
N - » - M Enviror ot (CCME). CCME is committ highest standards of research and analysis in its publications.
e Ris [ for t nccur yon contained in this n -poﬂmddoo 5 NOt warrant Nlnfofm onho
ou have it, keep | ou need it, build i e e B L
b) " b} © Canadian C. il of Minist f 8

) IR



https://www.preventionweb.net/files/64196_naturalinfrastructurereporten1.pdf

Seasonal Water Availability
typical temperate Northern Hemisphere

Water Availability

Loss of Natural Infrastructure increast
both flood and drought risk;
HOWEVER, investment in Natural
Drought Risk Infrastructure reduces both risks

HJ

Flood Risk

v

M A M J J A S O N D @STRATEGIG

SYSTEMS ENGINEERING inc.



Natural Infrastructure Examples (medium scale) o 4e

t St f & Qakbuinf A BRBEGSYUA2YE DNIvyiQa [ |

A

GHG emissions reduction

-

— Habitat/Biodiversigy =

v

°

L g S —
< -

) AIDNESIC
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Question:Whyis LIDARmportant?

Answer. LIDARacceleratedNatural
Infrastructure system designom field
to basinscale




Celebrating Complete LIDAR coverage in the RRB

Netey-Grassmere 2019
~
Red Rover

Nethey-Grassmere 2016

Ried River

Shurgeon
Red River

East Assiniboine

Seine Rat 2016

1
I
I
1
1
I
I
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Case Study:
RM Hanover / Seine Rat
Roseau Watershed District




Niverville 5 '

y,

=

Kleefeld

Manning

Hanover

To .

Steinbach

(S

STRATEGIC

SYSTEMS ENGINEERING nc.




Adaptation via Appropriate Technology Tl
Flood and Drought protection using Retention i e
Earthworks

B (o) sTRATEGIC



Flooding on Flooding on Road
Agricultural Land Infrastructure

-

Y
==
N

Objectives:
Reduce Flooding Retain
l-- Water, add Co-benefits

iE 4
’J—.u =\

Urban Property
Flooding

) AIDNESIC



Building the Investment Case

BCR ~3-4
With Water
Quality +
Habitat

BENEFIT/CO
ST Ratio ~2

Flood
Reduction + —
Water

Supply

o) ARSI
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