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Definition of a Wetland

• 3 key features define a 
wetland (Mitch et al. 
Wetlands 6th Edition):
• Presence of standing water 

during some or all of the 
growing season
• Unique soils (hydric soils) which 

only form under saturated 
conditions
• Vegetation adapted to wet 

conditions (facultative or 
obligate wetland plants)

https://theworld.org/stories/2013-11-29/saved-mangroves-philippine-town-dodges-haiyans-storm-surge



What makes wetlands unique?
• “Kidneys of the 

landscape”
• Downstream  

receivers  of  water  
and  waste  from  
both  natural  and  
human sources
• Settle sediment, 

transform nutrients 
� clean the water

Agusan Marsh; https://www.silverkris.com/inspiration/nature-adventure/outdoors/agusan-marsh/



What makes wetlands unique?

• “Nature’s 
supermarket”
• Extensive food  

chain  and  rich  
biodiversity  they  
support

Olango Island Wildlife Sanctuary; https://www.worldatlas.com/articles/ramsar-wetlands-of-philippines-importance-in-wetland-conservation.html



What makes wetlands unique?
• Not isolated  

systems
• Interact  

strongly  with 
adjacent  
terrestrial  and  
aquatic  
ecosystems
• Flood control
• Drought 

mitigation
• Carbon storage 

Sasmuan Pampanga Coastal Wetlands; https://www.goodnewspilipinas.com/pampangas-sasmuan-wetland-is-new-ramsar-site-of-international-
importance/



What are Ecosystem Services?

• The benefits humans get from nature
• Food, clean water, flood risk reduction, 

carbon sequestration 
• Term was made popular in the Millennium 

Ecosystem Assessment (2005)
• 4 categories of services

• Supporting (e.g., primary production, nutrient 
cycling)

• Provisioning (e.g., Food, water, fuel)
• Regulating (e.g., climate, flood, water 

purification)
• Cultural (aesthetic, recreational, spiritual, 

educational)

millenniumassessment.org/documents/document.356.aspx.pdf

https://www.millenniumassessment.org/documents/document.356.aspx.pdf


Human Well-
Being
• Context is not just 

health, meaning 
not being ill, but 
full suite of aspects 
of well-being
• Security
• Livelihood options
• Social cohesion
• Freedom of choice

millenniumassessment.org/documents/document.356.aspx.pdf

https://www.millenniumassessment.org/documents/document.356.aspx.pdf


Coastal Ecosystem Services
Examples of benefits:
1. Wave attenuation/coastal 

buffering
2. Carbon storage
3. Fisheries (subsistence, 

recreational and commercial)
4. Recreation & tourism
5. Water filtration
6. Cultural services
7. Habitat for other species

Lamb et al. Science. 2017https://www.globalchange.gov/browse/reports/climate-change-impacts-united-states-third-national-climate-
assessment-0



Socializing ecosystem 
services
• How we talk about ecosystem 

services matters
• Not too technical or jargony
• “What can marshes do for 

Crisfield?”
• Protect
• Fun & beauty
• Breeding ground for food and birds
• Recreation and tourism

• Use simple words and discuss values 
that community cares about



Valuing Nature’s Benefits
• Ecologist � Value of nature is 

infinite but can’t put that in a 
calculation
• Came to realize we must value 

benefits from nature, otherwise 
they are zero in cost-benefit 
analyses and people’s 
spreadsheets/decisions
• Huge market failures for these 

communal goods and services � 
one potential solution is 
environmental markets

Ben Slyngstad, USGS



Three Benefits I Study

1. Natural Infrastructure (Nature-based solutions)

2. Coastal Blue Carbon (Natural climate solutions)

3. Nature and Human Health

Images: NOAA, A. Sutton-Grier, & https://www.anthropocenemagazine.org/conservation/2012/09/biodiversity-under-our-skin-2/

 



1. Natural 
Infrastructure

Image: NOAA



Gray (Built) Infrastructure

Natural Infrastructure

Sutton-Grier et al. 2015



Natural infrastructure slows waves and reduces height
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Many Factors 
Influence Amount of 
Coastal Protection 
Provided

Sutton-Grier et al. 2015

Images: WWF, NOAA, James Morgan, http://www.wwf.org.au/?uNewsID=12960#

Mangrove: http://pangaeabio.com/floridas-mangroves-are-making-a-move-north/



Natural Infrastructure

• Benefits of Natural 
Infrastructure:

• Can strengthen with time
• Can be self-maintaining 

and has the potential for 
self-repair after storms 

• Can grow and keep pace 
with sea level rise

• Can be more cost-effective
• Provides benefits all the 

time

Sutton-Grier et al. 2015



Additional Coastal 
Ecosystem 
Services

Examples of additional benefits:
1. Fisheries (recreational and 

commercial)
2. Carbon storage
3. Recreation & tourism
4. Water filtration
5. Cultural services
6. Habitat for other species

Lamb et al. Science. 2017https://www.globalchange.gov/browse/reports/climate-change-impacts-united-states-third-national-climate-
assessment-0



Hybrid 
Approach

Hybrid Infrastructure (green + gray)
• Can combine strengths of green and gray
• Can use gray to protect green as it establishes
• Can use green to protect gray to extend the lifetime 

or reduce costs

Sutton-Grier et al. 2015



Hybrid: Living 
Shorelines 

• Living shorelines: Use a combination of habitat 
restoration and built features to provide 
protection from erosion and storms 

• Provides many of the benefits of natural 
habitats  

• Restored marsh with oyster sill, Pivers Island, 
NC

Images: NOAA



Hybrid Innovation in Coastal Urban Landscapes



Hybrid Solutions Function Better Under Extreme Conditions: Bulkheads

76% of bulkheads damaged or destroyed; no living 
shorelines damaged.
Images: Gittman et al. 2014 and Sutton-Grier & Gittman 2018



Hybrid Solutions Function Better Under Extreme 
Conditions: Culverts

Hurricane Irene: 1000 traditional culverts damaged, none 
of the stream simulation ones were

Images: Sutton-Grier & Gittman et al. 2018



International Natural and Nature-Based Features 
(NNBF) Guidance

https://ewn.el.erdc.dren.mil/nnbf-guidelines.html



“Meet the multimillion-dollar building deliberately 
built to drown” (Washington Post, Oct 2022)
• Different approach to 

building in resilience
• Norfolk, VA 
• Elizabeth River Project’s 

$8.1 million headquarters
• First time a U.S. private 

property owner has 
agreed to a rolling 
conservation easement� 
when water gets too high 
they will demolish building 
and abandon the site

Image: Washington Post



Additional Coastal Hybrid Innovation

Images: https://www.nytimes.com/2012/11/04/nyregion/protecting-new-york-city-before-next-time.html

Innovation and nature-based strategies are possible even in major urban areas



Research and Planning for future: Adaptation
• Wetlands adapt to sea level 

rise
• Accumulate sediment and 

organic matter to keep pace 
OR

• Migrate inland as waters rise
• Study examined where 

inland migration would like 
be possible or blocked
• Naturally
• Based on human 

infrastructure
• Important opportunity to 

plan now NOT to build in 
important wetland 
migration corridors

Enright et al. 2016. Frontiers in Ecology and the Environment



Opportunity: 
Incorporate More 
Natural Infrastructure 
into Urban Landscape 
Planning and Coastal 
Resilience Efforts

Images: Sutton-Grier & Gittman, European Env Agency, Dept of Env Conservation NYC, and CPRA’s St. Bernard Parish Living Shoreline Demonstration Project



2. Coastal Blue 
Carbon

Image: A. Sutton-Grier



Carbon “Colors”

Black Carbon 
(human
emissions)

Blue Carbon
(coasts and oceans)

Green Carbon
(terrestrial plants)

Coastal
Blue Carbon

Coastal habitats:
Salt marshes
Mangroves
Sea Grasses

www.pmel.noaa.gov/co2/story/Research

http://www.pmel.noaa.gov/co2/story/Research
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What does “coastal blue carbon” look like? It’s actually BROWN.

Image: A. Sutton-Grier



Coastal Habitats Sequester Carbon
• Smaller total area, 

but much greater 
sequestration in 
coastal blue carbon 
habitats � 
important natural 
carbon sink

McLeod et al.  2011.  Frontiers in Ecology and Environment



Coastal Habitats Store Carbon
In coastal habitats, most carbon is stored in sediments and 
less in biomass

Source: Murray, Brian, Linwood Pendleton, W. Aaron Jenkins, and Samantha Sifleet.  2011.  Green Payments for Blue Carbon: Economic Incentives 
for Protecting Threatened Coastal Habitats. Nicholas Institute Report.  NI R 11-04. 



Healthy Coastal Wetlands: Sinks for CO2

Howard and Sutton-Grier et al. 2017



Degraded Coastal Wetlands: Sources of Greenhouse 
Gases

Howard and Sutton-Grier et al. 2017



Rapid Loss of Coastal 
Carbon Services

• Global rates of loss range from 0.4-3.0% 
(Howard and Sutton-Grier et al., 2017)
• Impressive sinks become sources when 

destroyed
• Loss of Blue Carbon Coastal Wetlands 

has the annual emissions of the U.K.

• How to incorporate this benefit into 
science and policy opportunities

Images: Ilka Feldman & Jason Lee



U.S. Policy: Federal 
Policies

• Incorporate coastal wetland 
carbon benefits into federal 
policy implementation
• Coastal Wetlands in U.S. 

greenhouse gas inventory for 
the first time in Spring 2017



Other Policy 
Opportunities

Include coastal wetlands in 
voluntary carbon markets
– Verified Carbon Standard 

method to get carbon 
credits for coastal wetland 
restoration anywhere in 
the world (VM0033, 
November 2015)
– September 2020 new VCS 

methodology for wetland 
protection: “REDD+ VCS 
Methodology Framework 
(VM0007)”

Image: NOAA
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International Blue 
Carbon Projects: 
Kenya- Mikoko Pamoja
• Mangrove restoration and conservation

• 117 ha
• Alternative livelihoods

• Eco-Tourism

• Images: Wylie et al. 2016 Marine Policy
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Global 
Climate 
Mitigation 
Potential



Opportunity: 
Protect blue carbon 
and one also 
protect many other 
benefits we value 

Images: Saki, NOAA, Richard Carey, and Saki



Coastal Blue Carbon “Triple Win”: 
Mitigation, Adaptation, and Conservation

Images: Britannica & Ethan Daniels



Applying this in 
the Philippines

• Philippines among most 
vulnerable countries to 
flood damage from 
typhoons and extreme 
events
• Typhoon Haiyan (2013) caused 

more than 6,000 deaths and 
over US $2 billion in damages

• Between 2005 to 2015, 56% 
property damage due to 
typhoons and storms, another 
29% due to floods 

• Need effective and cost-
effective approaches for 
flood risk reduction

https://www.bbc.co.uk/news/world-24866265



Mangrove 
wetlands can help
• One hectare of mangroves in Philippines 

provides on average more than US $3200/year 
of direct flood reduction benefits

• Across Philippines, mangroves reduce flooding 
to 613,000 people annually
• 23% live below poverty
• Avert more than US $1 billion in damages to 

residential and industrial property 

• If mangroves were restored to 1950 distribution, 
additional benefits:
• 267,000 people annually, including 61,000 people 

below poverty

• US $450 million in annual averted damages

• If current mangroves (data from 2010) were 
lost, 24% more people would be flooded 
annually 
• Additional 613,000 more people, many of whom live 

in poverty

• Damages to residential and industrial property 
increase by 28% to more than US $1 billion annually; 
and 766 km of roads would be flooded

• From: Valuing Protective Services of Mangroves in the 
Philippines: Technical report (World Bank, 2017)

Image: https://haiyanmangroves169.wordpress.com/i-introduction/

 



Mangroves in Philippines
• Spatial distribution of 

mangroves circa 2000 
256,185 ha (19% protected)
• As high as 60% loss of 

Philippine mangroves lost 
since 1920s (Garcia et al. 
2014) and may be 70% 
today
• Between 1985-2005, 

Southeast Asia lost 26.5% of 
mangroves (Soc. for 
Mangrove Ecosystems)

Map: Long and Giri, 2011



Mangrove Loss in Philippines
• Cause: Destruction for fishponds, development, and charcoal 

fuel
• Opportunity: Protect existing mangroves
• Restore degraded or destroyed mangroves

Pagbilao 
mangroves
Menendez 
et al. 2019



Good News: Mangrove Loss has 
slowed
• Switch from loss to conservation in last 

decade (Song et al. 2021)
• Mangoves included in National Greening 

Initiative



Conservation International Project: Silonay 
Mangrove Conservation Area
• Villages protected by 

mangroves fared better in 
Typhoon Haiyan
• Silonay Mangrove 

Conservation in Oriental 
Mindoro area is CI project 
to help restore mangroves 
and protect communities

https://interaksyon.philstar.com/breaking-news/2018/07/30/131382/mangroves-are-a-natural-shield-against-typhoons-in-the-philippines/



Mangrove 
Planting App



Equity and Ecosystem Services
• Spatial nature of 

many ecosystem 
services (except 
carbon which is 
globally mixed)

• Want to consider 
more than ecological 
factors when choosing 
sites; consider 
beneficiaries 
(serviceshed) as well

• Mandle et al. 2015



Consider Mangrove Benefits for People and Property 

• Do not make 
decisions just on 
property value
• Highly populated 

areas provide 
benefits to people 
and property (3 
(Manila), 4, and 5
• But some places the 

benefits to people 
are much higher than 
to property (6, Coast 
of Samar Island)

Menendez et al. 2018



Funding Projects: Environmental Markets and PES

• Environmental Markets 
– Lack of compliance markets
– Voluntary carbon market (VCS 

methodologies)
– Sundarbans project in India

• Payment for Ecosystem Services
• Sustainable Shrimp prices 

– Vietnam Mekong Delta case study 
– Wylie et al. 2016



Funding Projects: Debt-for-Nature-Swap
• Debt for Nature Swaps: Ecuador example

– Like refinancing a mortgage, only for 
government bonds

– Ecuador bonds sold cheaply to Credit Suisse 
– Bank then converted them to $656 million 

Galápagos Marine Bond, which it used to 
finance a loan that will help Ecuador fund 
conservation 

– Biggest debt-for-nature swap in history
– Ecuador committed to spend more than $323 

million over 18 years on conservation in the 
Galápagos region

– Manage and monitor the Hermandad Marine 
Reserve, a newer 2021 protected area 

– Money from transaction will also help create an 
endowment intended to fund such activities in 
perpetuity

https://www.nytimes.com/2023/05/09/climate/galapagos-ecuador-debt-nature.html



Funding Projects: Disaster Recovery & Federal 
Funds• Disaster funding: “blue skies 

planning” if possible to be 
shovel ready when disaster 
funding becomes available 
(learned from Superstorm 
Sandy)

• Innovation competition like 
Rebuild by Design 
Rockefeller opportunity in 
NE US

• Nature-based solutions: 
now incorporated into 
Bipartisan Infrastructure 
Law funding in US
– Congressional funding

• Bond Options: Catastrophic 
hazard bonds, resilience 
bonds, and blue bonds

https://rebuildbydesign.org/hurricane-sandy-design-competition/



Philippines’ National Greening Program
• Malampaya Sound in the 

Philippines’ Palawan province 
Mangrove restoration: Lessons 
Learned
– Involve local community
– Understand indigenous knowledge and 

cultural practices
– Help people understand mangroves 

provide fish and storm risk reduction
– Recruit locals to help with planting and 

protecting mangroves
• Government extended program 

until 2028
– 7.1 million hectares (17.5 million acres) 

of degraded forestlands

https://www.eco-business.com/news/indigenous-belief-systems-bolster-mangrove-reforestation-in-palawan/



Involve Local Communities
• Indigenous Filipino women in 

Busanga region working to protect 
their community by restoring 
mangroves

• Passage of an ordinance banning 
mangrove forest clearing, and the 
mobilization of Indigenous men and 
women as volunteer coastal guards 
who enforce the policy

• Busuanga’s Indigenous women have 
volunteered as citizen scientists to 
monitor restored mangroves

Image: Community Centered Conservation (C3) Philippines



Lots of Opportunities to Leverage Ecosystem Services to 
Create Support for Wetlands Protection and Restoration 

and Support Livelihoods, Communities, and Cultures

https://www.eco-business.com/news/indigenous-belief-systems-bolster-mangrove-reforestation-in-palawan/



Discussion Prompts
• “What benefits from wetlands do you think will be most of value to your 

community?” 

• “What questions do you still have about ecosystem services provided by 
wetlands after the talk?” 

• “What information do you see needing in order to measure and value the 
benefits of wetlands in your community?”

• “Are certain wetland values important to some stakeholders while other 
benefits are more of interest to others (in other words, will different 
stakeholder groups have different thoughts on which benefits are of most 
value?”)? 
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+1 703-261-5258

mailto:Asutton-grier@usgs.gov
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