
Overview of the Four New Guides on Nature-
based Solutions to Address Flood Risks in 
Coastal Communities
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CEC Mission

Facilitate cooperation and community 
participation for the conservation, protection 
and enhancement of the North American 
environment.

Support sustainable development in benefit 
of present and future generations.
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Nature-based Solutions to Address 
Flooding in Coastal Cities 

Project Objectives

1 – Provide a first opportunity for NBS 
practitioners, working across North 
America in a broad range of disciplines, to 
lay the foundation for a community of 
practice 

2 – Provide knowledge and tools for 
communities to support NBS 
implementation

3 – Share practical experience on NBS
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➢ Natural Resources Canada
➢ Housing, Infrastructure and Communities Canada
➢ National Research Council Canada
➢ Procuraduria Federal de Proteccion al Ambiente
➢ Secretaría de Medio Ambiente y Recursos Naturales
➢ National Oceanic and Atmospheric Administration
➢ United States Department of State



Nature-Based 
Solutions

Nature-based Solutions (NBS) serve 
to mitigate flood risks through the 
informed use of natural systems 
and natural processes, while 
simultaneously providing 
environmental, social, and 
economic co-benefits.
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Activities
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PHASE 1
PHASE 3

PHASE 2

Guidance
 Development

Workshop 
Series

Dissemination



Guides

Provide guidance and evidence to support 
decision makers in the broader 
implementation of NBS to address coastal 
flood risks.

Co-Benefits Retrofitting
Existing

Infrastructure

Monitoring 
Efficacy

Monitoring Efficacy: 
Proposed 

Methodology & 
Indicators



Objectives 
of the 
Guides

77

Develop a value 
proposition

Summarize key 
constraints to 

implementation

Outline best 
practices

Develop strategies 
and tools to 

support decision 
making

Summarize 
opportunities 

and design 
options

Provide tangible 
examples 

through case 
studies
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NBS Guides



NBS Guides

Who is the Intended Audience 
for the Guides?



NBS Guides
Summaries of options and key considerations   
in different contexts

✓  

≠  

✓  

✓  

✓  

Step by step decision-making frameworks

Summaries of current best practices

Case studies from Canada, Mexico and the 
United States

Technical guidance

What is included in the Guides?



NBS Guides

Co-Benefits

Retrofitting Existing
Infrastructure

Monitoring Efficacy

Monitoring Efficacy: Proposed 
Methodology and Indicators



Co-Benefits

➢ Additional benefits beyond flood risk reduction

➢ Environmental, social, and economic

➢ Examples: carbon sequestration, recreation, habitat 

creation

What are Co-Benefits? 



Co-Benefits

Why Analyze NBS Co-Benefits ?

➢ Holistically compare options

➢ Improve engagement and public buy-in

➢ Assess unintended impacts and improve accountability

➢ Anticipate trade-offs and set priorities

➢ Increase funding opportunities

➢ Inform adaptive management

➢ Share knowledge



Co-Benefits

Barriers to Identify, Value, and Leverage 
Co-Benefits

• Social/attitudinal (e.g., perception that benefits are 

unrealistic or will not be realized)

• Technical (e.g., lack of technical guidance for co-benefit 

valuation)

• Environmental (e.g., seasonal or long-term variability of 

natural systems)

• Institutional (e.g., lack of funding and lack of government 

awareness)



Co-Benefits

Co-Benefits Assessment Process



Co-Benefits

Co-Benefits Assessment Process



Co-Benefits

Co-Benefits Assessment Process



Co-Benefits

Co-Benefits Assessment Process



Co-Benefits

Co-Benefits Valuation 
Methods



Co-Benefits

Case Study



Co-Benefits

Key Takeaways

➢ Engagement is key

➢ Multi-disciplinary teams are needed

➢ Resource limitations must be considered

➢ Multi-criteria analysis



Retrofitting 
Existing 
Infrastructure

Replacing, modifying, or enhancing existing gray 
infrastructure with natural or nature-based features and 
processes

What is Retrofitting? 



Retrofitting 
Existing 
Infrastructure

Objectives

➢ Value proposition 

➢ Outline incentives

➢ Summary of retrofitting  options

➢ Cost-comparisons

➢ Identify and compare retrofitting opportunities and 

options



Retrofitting 
Existing 
Infrastructure

Benefits of Retrofitting? 



Retrofitting 
Existing 
Infrastructure

Existing Data Gaps and Barriers to 
Retrofitting

• Social/attitudinal (e.g., perception that NBS do not 
provide the same level of protection and performance as 
gray structural approaches)

• Technical (e.g., lack of technical guidance, trained 
professionals, or pilot/demonstration projects in diverse 
settings)

• Environmental (e.g., seasonal and long-term variability of 
natural systems, and resilience to disturbances)

• Institutional (e.g., lack of funding, regulatory issues)

• Lack of data (e.g., on performance and co-benefits in 
varied regions, particularly in comparison to conventional, 
gray approaches)



Retrofitting 
Existing 
Infrastructure

Process for scoping retrofitting opportunities 
and options



Retrofitting 
Existing 
Infrastructure

Process for scoping retrofitting opportunities 
and options



Retrofitting 
Existing 
Infrastructure

Process for scoping retrofitting opportunities 
and options



Retrofitting 
Existing 
Infrastructure

Examples of site conditions, constraints, and 
opportunities



Retrofitting 
Existing 
Infrastructure

Wetlands



Retrofitting 
Existing 
Infrastructure

Flood-risk management benefits provided by 
retrofitting options



Retrofitting 
Existing 
Infrastructure

Relative Costs for NBS by Project Development 
Stage

Legend



Retrofitting 
Existing 
Infrastructure

Case Study - Wetland Restoration Project 
(Oregon, United States)

• Issue: repetitive seasonal flooding damaging 
properties, farmlands, highways, and rail lines

• Damages: Between 1996 – 2000, Flood-related 
losses in Tillamook are estimated to have totaled 
more than USD 60 million

• Who: Collaborative effort between 24 
communities, local, state and federal agencies

• Solution: Wetland restoration, 8 km of levees 
removed and 15 tide gates replaced further from 
the sea, 18 tidal channels reconnected

• Results: Estimated savings of $9.2 million from 
flood damages over the next 50 years, creation of 
108 jobs, reduced dredging, increasing water 
quality and storage of 25,000 tons of blue carbon



Retrofitting 
Existing 
Infrastructure

Key Takeaways

➢ Enhance the natural system function 
or reduce negative impact

➢Multi-criteria analysis

➢ Incentives



Monitoring

Overview of monitoring process
Administrative considerations
Technical considerations
Impact of site characteristics and climate       
change on monitoring results

Monitoring Efficacy

Monitoring Efficacy: Proposed 
Methodology and Indicators

✓ 
✓ 
✓ 
✓ 

Monitoring program design
Performance metrics
Performance indicators
Monitoring methodologies

✓ 
✓ 
✓ 
✓ 



Monitoring 
Efficacy

Why Monitor NBS Projects?



Monitoring 
Efficacy

NBS Monitoring Barriers

• Social/attitudinal (e.g., perception of monitoring as an 
unnecessary cost)

• Technical (e.g., lack of trained professionals or poor 
data distribution)

• Environmental (e.g., long-term variability of natural 
systems) 

• Institutional (e.g., lack of funding or regulatory 
hurdles)



Monitoring 
Efficacy

➢Overall NBS monitoring process

➢ Administrative and Technical considerations for 
developing monitoring plans

➢ Impact of site setting and climate change on 
monitoring 

➢ Comparison of the differences between monitoring 
conventional (gray) infrastructure and NBS

Focus & Structure



Monitoring 
Efficacy

➢ Site characteristics (e.g., limited tidal windows or 
daylight hours, excess vegetation growth or coverage, 
ice coverage, debris accumulation, storm damage, 
vandalism of equipment, limited proximity to 
resources, and overall site access)

➢ Climate Change (e.g., impacts to the functioning of 
monitoring equipment and techniques, shifts in 
baseline conditions and performance indicator targets)

Variables Impacting Monitoring Results



Monitoring 
Efficacy

Monitoring and Adaptive Management

Time
B
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o
n

Intervention Metric

Initial Maintenance 
Layer

Adjusted 
Maintenance Layer

Monitoring
Maintenance 
planning started



Monitoring 
Efficacy

Case Study - Mesoamerican Reef:
Securing Long - Term Funding through Insurance 
(Quintana Roo, Mexico) 



Monitoring 
Efficacy: 
Proposed 
Methodology 
and Indicators

Focus & Structure

➢Monitoring methodology

➢ Performance indicators 

➢Monitoring techniques

➢ Special considerations for different ecosystems and 
NBS type



Monitoring 
Efficacy: 
Proposed 
Methodology 
and Indicators

• Wetlands & tidal flats: marsh elevation, salinity, pH, 

oxygen, species abundance

• Beaches & dunes: dune morphology, vegetation cover, 

wave energy, change in high-water marks 

• Hybrid features: combining gray and green elements, 

with customized indicators per structure 

• Submerged features: monitoring of water chemistry, 

biomass, colonization, structural integrity

Performance Indicators Across 
Ecosystem Types



Performance Metrics & Indicator Categories

Core

Additional

Not applicable

Monitoring 
Efficacy: 
Proposed 
Methodology 
and Indicators



Example of monitoring techniques

• Hydrological monitoring (water-level loggers)

• Biological surveys (benthic communities, vegetation)

• Remote sensing (drone or satellite imagery)

• Socio-economic surveys, interviews, community-
based monitoring, social media, etc. 

Monitoring 
Efficacy: 
Proposed 
Methodology 
and Indicators



Monitoring 
Efficacy: 
Proposed 
Methodology 
and Indicators

FAIR principles for data:

➢ Findable

➢ Accessible
➢ Interoperable
➢ Reusable

Data Management & Sharing



Monitoring

Key Takeaways

➢ Collaboration and communication are key

➢ Need to expand data access and dissemination

➢ Multi-disciplinary teams are needed

➢Conventional (gray) and NBS monitoring 
differences



Cross-Cutting 
Themes

1. Engagement is foundational — co-benefits, design, and 

monitoring all require multi-sector/actor collaboration.

2. Uncertainty is expected, but manageable — through 

monitoring and adaptive management.

3. Data matters — both for valuation and monitoring. The 

guides emphasize baseline data, reference conditions, 

and long-term monitoring.

4. Capacity building & funding alignment — many of the 

barriers identified (technical, institutional, financial) 

can be addressed through strategic investments and 

partnerships.



Example of 
how the 
guides can be 
used

o A coastal city planner is assessing whether to retrofit 

a seawall or restore a marsh; they can use the 

retrofitting guide + co-benefits framework to assess 

trade-offs.

o An NGO designing a dune restoration project can 

use the monitoring methodology guide to set up an 

effective community-based monitoring plan.

o Funders evaluating proposals can use the co-benefits 

and monitoring frameworks to assess the robustness 

and long-term viability of NBS proposals.



Opportunities 
to Advance 
NBS

Develop funding streams to support long-
term monitoring, adaptive management, 
co-benefits evaluation, and retrofitting.

Resolve conflict between jurisdictional 
and agency regulations.

Require project teams to commit to data 
distribution (including failures).

67 Opportunities Identified in the Guides



Upcoming Publications

www.cec.org/publications/



Contributors
• Report Authors:

o Eleanor Simpson, DHI 
o Jessica Wilson, DHI
o Brianna Lunardi, DHI
o Aline Kaji, DHI
o Christian Appendini, DHI and National Autonomous University 

of Mexico (UNAM)
o Danker Kolijn, DHI
o Tom Foster, DHI
o Danika Van Proosdij, Saint Mary’s University and TCA
o Jennie Graham, CBWES
o Jeremy Lundholm, CBWES
o Jocelyn Kickbush, CBWES

• The CEC:
o Lucie Robidoux, Head of Ecosystems Unit, CEC
o Lauren Roy, Project Lead (previously), Ecosystems Unit, CEC 
o Catherine Boyd Michaud, Project Lead, Ecosystems Unit, CEC 
o Nicole Goñi, Project Assistant, Ecosystems Unit, CEC

• The CEC Steering Committee:
o John Sommerville and Mary-Ann Wilson, Natural Resources 

Canada
o Laurence Forget-Dionne and Catherine Lafleur, Infrastructure 

Canada
o Enda Murphy, National Research Council of Canada
o Martha Niño Sulkowska and Gloria Cuevas Guillaumin, 

Semarnat
o Pedro Joaquín Gutiérrez and Maxime Le Bail, PROFEPA
o Isabel Selene Benítez Ávila, Leonel Álvarez Balderas and Juan 

Domingo Izabal Martínez, INECC
o Trisha Bergmann, NOAA
o Julien Katchinoff , U.S. State Department

• Expert presenters and participants during the Phase 1 workshop series
o Joanna Eyquem, University of Waterloo
o Margarita Caso Chavez, Coordinadora General de Adaptación al Cambio 

Climático y Ecología – INECC
o Lauren Knapp, NOAA Office for Coastal Management
o Kees Lokman, University of British Columbia
o Joanna Acosta Velazquez, Autonomous University del Carmen
o Ana Equiarte, Tijuana River National Estuarine Research Reserve
o Salvador Herrera Montes, Urbanística
o Jeff King, Engineering With Nature® Program
o Scott Baker, National Research Council Canada
o Technical Director, ICRA Consultores
o Phil Osborne, Golder Associates Ltd. (previously)
o Agustín Bravo-Gaxiola, Independent Environmental-Land-Resources Law 

and Policy Consultant
o Kevin Shafer, Milwaukee Metropolitan Sewerage District
o Violeta Zetzangari Fernández Díaz, Universidad Autónoma de Baja 

California
o Danika van Proosdij, Saint Mary’s University and TCA
o Bhaskar Subramanian, NOAA Climate Program Office, Office of Oceanic 

and Atmospheric Research
o Chris Houser, University of Windsor
o Richard Cudney Bueno, Independent Consultant
o Vincent Leys, CBCL

• Expert presenters and participants at workshop on monitoring 
methodology
o Xavier Flores Vidal, Universidad Autónoma de Baja California
o Porfirio Álvarez, Consorcio de Instituciones del Golfo de México y 

Caribe (CIGOM)
o Horacio Limón, Consultant (Environmental economics)
o Phil Osborne, NHC 
o Pete Zuzek, Zuzek Inc
o Michelle Molnar, Municipal Natural Assets Initiative 
o Colleen Mercer Clarke, Interdisciplinary Scientist, Landscape 

Architecture/Coastal Adaptation   
o Joanna Eyquem, Intact Centre on Climate Adaptation, University of 

Waterloo
o Cole Delisle, Kahnawake Environment Protection Office
o Candice D. Piercy ,U.S. Army Engineer Research and Development 

Center
o Bhaskaran Subramanian, NOAA Climate Program Office, Office of 

Oceanic and Atmospheric Research
o Marguerite Pelletier, U.S. Environmental Protection Agency
o Dale Werkema Jr., U.S. Environmental Protection Agency
o Mads Christensen, DHI
o Alexandra Forsythe, University of Ottawa and Baird & Associates



Thank you! 

¡Gracias! 

Merci!

54

Catherine Boyd Michaud 
cboydmichaud@cec.org
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