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Purpose

This Briefing Note aims to support
wetland managers by highlighting the
benefits for climate mitigation and
adaptation of restoring wetlands and
managing them effectively.

Background

The Scientific and Technical Review
Panel (STRP) of the Ramsar Conven-
tion on Wetlands recommended in its
2016-2018 work plan the development of
a Briefing Note highlighting the reasons
and potential for restoring wetlands in the
context of a changing climate, building
on Ramsar Briefing Note No.4: The ben-
efits of wetland restoration. The Standing
Committee identified this as one of the
STRP's highest priority tasks.
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As the climate continues to change, our ability to adapt will depend on our
ability to put in place a range of responses. Key among these are the wise use

of wetlands and the restoration of degraded wetlands. Harnessing the natural
capacity of wetlands to buffer communities against the adverse effects of climate
change can increase climate resilience.

This Briefing Note highlights key information from recent reports on wetlands
and climate change mitigation and adaptation. It includes assessments of
carbon uptake and storage, which find that the continuing loss and degradation
of wetlands has resulted in significant losses of their stored carbon to the
atmosphere. Evidence of the value of wetlands in reducing disaster risk is
reviewed, showing that the loss of wetlands is associated with greater human
and ecological impacts, and economic costs. It also includes a discussion of
approaches to wetland restoration to help recover these benefits. It uses the term
restoration in the broadest sense of the Ramsar Convention, which includes
both projects that aim to return sites to their original conditions and projects
that improve wetland functions without necessarily promoting a return to pre-
disturbance conditions.

Key messages

1. The wise use and restoration of wetlands is essential to protect stored carbon
and reduce avoidable carbon emissions. Wetlands are globally important carbon
sinks, storing vast amounts of carbon and thereby helping to mitigate climate change.
Peatlands hold a disproportionate amount of the earth’s soil carbon, and coastal
wetlands such as mangroves, salt marshes and sea grass beds are vital for the
sequestration of “blue carbon”. Together, they store more carbon than all of the world’s
forests combined.

2. Prioritizing wetland protection and restoration can enhance climate adaptation
and resilience. As extreme weather events such as storms, flooding, droughts and
heat waves increase in frequency, wetland protection and restoration increases climate
resilience by buffering communities from coastal storm surges, reducing wave damage
and floods, and stabilizing shorelines, water supplies and local microclimates. As such,
wetlands are a critical part of ecosystem-based adaptation practices designed to build
community resilience and reduce disaster risk.
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the Ramsar Convention

Briefing Note No.4: The benefits of
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3. Wetlands play a vital role in retaining water on the landscape, maintaining local
climate and water cycles and reducing temperature extremes. Wetlands store
water from precipitation and slowly release it to the surrounding environment, which can
also recharge groundwater aquifers and maintain atmospheric water cycles. Evaporation
and the transpiration of water from vegetation have a local cooling effect. Draining
wetlands reduces local water storage and can lead to increases in local daytime
temperatures.

4. Protecting and restoring wetlands to increase climate mitigation and resilience
delivers many co-benefits. Wetland conservation and restoration help protect against
the effects of a changing climate. However, there are many other ecological, cultural and
socio-economic benefits that wetlands provide that contribute to human wellbeing, such
as the provision of food, energy and clean water, support to livelihoods and biodiversity,
and sites of spiritual and cultural importance. Identifying and valuing the full suite of
wetland ecosystem services provide a strong rationale for restoration.

5. Protecting and restoring wetlands for climate mitigation and adaptation reflects
a key tenet of Ramsar’s Strategic Plan and represents progress towards meeting
the Sustainable Development Goals and the Paris Agreement on Climate Change.
Efforts to protect and restore wetlands and promote their wise use will help countries
achieve Nationally Determined Contributions under the Paris Agreement on climate
change, and contribute towards the SDGs, Aichi Targets and other important global
policy goals.

Box 1. Key terms used in climate change assessments

Greenhouse gas balance is the contribution of net carbon dioxide (CO2) and methane
(CH4) uptake or release to global warming. One molecule of CH4 contributes
approximately 34 times as much to global warming as one molecule of CO2 (IPCC
2013a). The greenhouse gas balance is expressed in CO2-equivalents per area and
time.

Methane emission rate is the CH4 release per area per time. Methane emission rates vary
strongly in time and across ecosystem types. As the production of CH4 is suppressed
in the presence of sulfate, saltwater and brackish systems tend to have much lower
methane release rates than freshwater systems. In the presence of oxygenated topsail,
methane oxidation may occur, resulting in negative methane emission rates.

Carbon sequestration is the removal of carbon from the atmosphere and its storage in an
ecosystem in a given area over a given time. This is caused by biological processes
such as photosynthesis.

A carbon sink results from the long term (of at least one year) sequestration of carbon
by an ecosystem (i.e., more carbon is taken up than is released). Living and dead
vegetation, as well as soil carbon, constitute the carbon sink.

Carbon stock is the total carbon stored in an ecosystem, regardless of the time it took to
build up this stock.




Wetlands International, a partner of the Ram-
sar Convention on Wetlands, has established a
fund for community-based peatland restoration
initiatives called the Indonesian Peatlands
Partnership Fund (IPPF). On the picture:
Peatland restoration by local community in
Indonesia, blocking drainage channel

Introduction

The earth’s climate is changing at an unprecedented rate. The effects of a changing climate
are many and vary by location, with intensifying storm activity, rising sea levels and more
frequent floods and droughts predicted (IPCC, 2013b). Globally, the risks of climate-related
disasters are increasing, and an estimated 90% of disasters are estimated to be water-related
(UNISDR, 2015). Costs are high: between 2006 and 2015, the proportion of lives lost due to
weather- and climate-related disasters increased from 40% to nearly 49% of lives lost due

to natural hazards (UNISDR, 2015; see also Kumar et al. 2017). The need for strategies to
mitigate climate change and adapt to its changing conditions has become urgent.

The protection and restoration of wetlands is a key component of the measures needed

to mitigate climate change and reduce disaster risks. Wetlands, particularly peatlands
and coastal systems (salt marshes, mangroves and sea grasses), store vast amounts of
carbon, both in plant biomass and especially in their soils. The drainage or conversion
(loss) of wetlands not only reduces their ability to take up and store carbon, but can cause
large quantities of previously accumulated carbon to be lost, moving it from the soil to the
atmosphere as carbon dioxide (CO2).

Wetlands also increase the resilience of communities to damage caused by storms and
extreme weather. Many types of wetlands, such as mangroves, floodplains, coral reefs
and coastal peatlands are natural buffers against weather hazards, and wetland loss and
degradation in many regions is strongly linked to increases in climate-related impacts.

Wetland loss and degradation

The global extent of wetlands is estimated to have declined by between 64% and 71% in the
20th century (Davidson, 2014). Over the long term, inland wetlands have declined more
rapidly (averaging 61% loss) than coastal wetlands (46% lost). Wetland area has declined in
all regions, by 12% in Oceania and as much as 59% in Latin America, and recent data shows
that about 35% of inland and marine/coastal wetlands were lost between 1970 and 2015
(Ramsar Convention on Wetlands, 2018). The rate of loss has been increasing, with the rate
in the past century estimated to be 3.7 times greater than in previous centuries (Davidson,
2014). Impacts on ecosystem services include decreased rates of carbon sequestration,
reduced protection of coastal zones, increasing flood flows, more variable water supplies, and
the loss of habitat for fisheries (Duarte et al. 2013).

Wetlands as high-carbon ecosystems

Wetland soils contain a disproportionate share of the earth’s total carbon. Although they
occupy only between 5% and 8% of the earth’s total land surface, their soils hold 35% or more
of the estimated 1,500 gigatons (Gt, or billion metric tonnes) of organic carbon that is stored
in soils (Mitsch & Gosselink, 2015).




Figure 1

Carbon take-up and release by coastal
wetlands

Intact coastal wetlands (from left to right,
mangroves, tidal marshes and sea-
grasses) take up carbon (green arrows)
where it is sequestered for the long term
in woody biomass and soil (red arrows)
or respired back to the atmosphere
(black arrows). When they are drained,
deforested, dredged or converted for ag-
riculture, the carbon stored in the soils is
released as CO2. (Howard et al. 2017).

Wetland plants take up carbon via photosynthesis and build plant biomass, which can
accumulate in the soil as organic matter. Wetlands also release carbon to the atmosphere

in the form of the greenhouse gases CO2 and CH4 (methane). The balance between carbon
uptake and release varies by wetland type and determines their ability to act as a carbon sink

(Table 1).
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Table 1: Relative rates of carbon fluxes and capacity to build long-term carbon stocks for
different wetland types

Wetland Type

Salt Marsh
Mangrove

Freshwater
Tidal Marsh

Estuarine Forest
Sea grass Bed

Tropical
Peatland

Temperate-
Boreal Peatland

Inland
Freshwater
Mineral Soil
Wetlands

Forested
Freshwater
Wetlands

Soil Carbon
Sequestration
Rate

High
High
High

High
High

Low

Low

Low to High

High

Methane
Emission Rate

Low
Low to High
High

Low
Low

Moderate to
High

Moderate to
High

Moderate to
High

Moderate

Ability to act
as Net GHG
Sink

High
Moderate to High

Low

High
High

Moderate

Moderate

Low to
Moderate

Moderate

Long Term
Carbon Stocks

High
High

Moderate

Moderate
High
Very High

Very High

Low to
Moderate

Very High

Adapted from Crooks et al. 2011. Note that there may be some overlap in the wetland types shown.




Peatlands

Peatlands excel at carbon storage. They are considered carbon “hot-spots”, holding the largest
long-term store of carbon of any ecosystem type (Joosten et al. 2016). Peat typically accumulates
over thousands of years, making it the most space-effective stock of organic carbon in the
biosphere. They are found in 90% of the world’s countries. They cover only about 3% of earth’s
land surface, yet they hold twice as much carbon as all of the world’s forests combined; estimated
at between 180 and 450 Gt globally (Joosten et al. 2016). In total, peatlands make up over 30%

of inland wetlands (Ramsar Convention on Wetlands, 2018). Northern peatlands are the largest
in area (4 million square kilometres (Yu, 2012), concentrated in North America and Eurasia,
while tropical peatlands make up at least 10 to 12% of the total peatland resource (Joosten, 2016).
Estimates of the extent of tropical peatlands are rising as new areas are discovered, such as

the Cuvette Centrale depression in central Congo, where a wetland complex covering 145,500
km2 holds an estimated 30.6 Gt of carbon (Dargie et al. 2017). The largest peatland, found in
Western Siberia, is the size of France and Germany combined and holds billions of tons of carbon
(MacDonald et al. 2006). Because they provide an enormous long-term carbon sink, undisturbed
peatlands are a critical global asset in the effort to regulate climate.

Coastal wetlands and blue carbon

Coastal wetlands (with a focus on intertidal sites) also excel at sequestration, of what is called
“blue carbon” (McLeod et al. 2011). Blue carbon is the high-density carbon that accumulates in

coastal systems as a result of their high productivity and sediment-trapping ability. Estimates

show that that the rate of carbon sequestration in coastal wetlands is greater than in all of the

terrestrial forests combined, despite forests having a much larger area (Figure 2) (McLeod

et al. 2011). On average, sea grasses, saltmarshes and mangroves sequester carbon 35 to 57

times faster than tropical forests (Mcleod et al. 2011).

The world’s tidal salt marshes store an estimated 437 to 1,210 million tonnes of carbon in
their vegetation and soils (Siikamaki et al. 2012), while mangroves store an estimated 5 Gt of
carbon (Chmura et al. 2003).

Carbon storage in mangroves is exceptionally high compared with most forest types.
Mangroves may sequester carbon in the form of organic soil and peat. A study of mangroves
in desert inlets on the coast of Baja California (Ezcurra et al. 2016) shows that organic

soils have been accumulating for nearly 2,000 years and harbour an average below-ground
carbon content of 1,130 (+ 128) metric tonnes of carbon per hectare. Another study found

a mean storage of 968 metric tonnes of carbon per hectare, to a depth of 5 meters or more
(Murdiyarso et al. 2009; Donato et al. 2011).
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Figure 2

Average annual rates of soil carbon
sequestration in terrestrial forests
compared to coastal wetlands.

Error bars indicate maximum rates
recorded for each ecosystem type (note
the logarithmic scale on the y-axis; from
McLeod et al. 2011).
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Manglares de Nichupté, These dense
strips of mangrove protect inland areas
against hurricanes and storms. Ecological
restoration work has led to an average sur-
vival rate of 91% of mangrove introduced
through reforestation.

Carbon emissions through wetland drainage and
degradation

Peatland losses

Drained or damaged wetlands are a major source of greenhouse gas emissions. Human
disturbance, particularly drainage, releases carbon in CO2, leading in years to the loss of
carbon that accumulated over centuries or millennia. Current rates of release are equivalent
to nearly 6% of global human CO2 emissions (Joosten et al. 2016).

In the tropics, forested peat domes, where peat accumulates into thick, dome-shaped
expanses, have been subject to clearing and agriculture, with many deforested for paper
production, then drained and replanted with palm oil plantations. This liberates large
quantities of carbon and makes them vulnerable to wildfires that, once started, can burn for
years (Figure 3; Bell, 2016). Recent peat fires in Indonesia made it the third largest emitter of
COz2 globally, behind China and the United States (Biello, 2009). Approximately 65 million ha
(or 15%) of the world’s peatlands have been drained due to agriculture, grazing, peat mining
and bioenergy production (Biello, 2009). The total CO2 emissions from drained peatlands, in
combination with releases from peat fires (mainly in Southeast Asia, Russia and Canada), are
estimated at over 3 Gt of CO2 per year (Biello, 2009).

Coastal wetland losses

Drainage or conversion of coastal wetlands is widespread, particularly for agricultural use.
Between 1970 and 2015, 35% of the total global area of mangroves was cleared and drained
(Ramsar Convention on Wetlands, 2018). Aquaculture is a driver of wetland loss, as mangrove
forests are converted to shrimp ponds that subsequently become emitters of CO2. Shrimp
ponds in Southeast Asia, for example, release an estimated 5.8 to 14 million tonnes CO2 per
year, which is comparable to the greenhouse gas emissions from the conversion of forested
peatlands in Indonesia (Sidik &Lovelock, 2013). In total, emissions from mangrove conversion
account for nearly one fifth of the total global emissions from deforestation, resulting in
damages costing between USD 6 billion and USD 42 billion annually (UNEP, 2014).

Restoration to reduce emissions
and enhance carbon stocks

Peatland restoration

Restoring wetlands using techniques such as rewetting peatlands to raise the water table and
re-saturate soils in order to reverse the effects of drainage is an effective means to decrease
COz2 emissions and preserve existing carbon stocks.

In this type of restoration effort, there are two primary goals:

1. to reduce or avoid carbon emissions, thus preserving the carbon they currently hold; and
2. to rebuild carbon stocks by recreating the processes that lead to carbon sequestration.
Best practices for peatland restoration include the following:

= Rewetting can be accomplished using simple methods to reestablish hydrology. Installing
weirs or blocking drains and ditches to prevent water leaving the site can be effective
over relatively small areas but can be difficult to accomplish over large, drained peatland
expanses. Blocking larger canals and drainage ways within a site can rewet larger areas.
Typically, a series of plugs are needed to disperse water (Dommain et al. 2010). In any
project, the local landscape and hydrology must be integrated into restoration planning.

= Paludiculture?, or the rewetting of former drained peatlands for wet cultivation, is a means
to incentivize restoration by governments and the private sector. Typically, paludiculture
focuses on reed mowing and biomass production for fuel, with the protection of peat as the
primary goal. Sphagnum farming for horticultural uses may also be permitted on rewetted
bogs in order to reduce mining of intact systems. Benefits include protection of stored

1 See Resolution X.25: Wetlands and “biofuels”.



More than 150 million mangrove trees have
been planted in approximately 500 villages in
the Sine Saloum delta and in the Casamance.
This result makes it the largest example of
mangrove reforestation in the world. In total,
almost 12,000 hectares of mangrove have
been restored by the people of Senegal.

carbon, the provision of renewable fuels and the protection of biodiversity and cultural
practices (Wichtmann et al. 2016).

= The benefits of wet cultivation practices in protecting organic soils extend to other wetland
types, for example, wet meadows for grazing and mowing, floodplain forestry and reed and
willow production.

= The most effective long-term strategy for restoration is community-based engagement, at
all stages of a project from the design to implementation. This promotes local stewardship
through the use of local knowledge and builds capacity for effective management within
communities.

= The Ramsar Convention on Wetlands recognizes? the value of peatlands for climate change
mitigation, maintaining biodiversity and other ecosystem services, emphasizing that in
any restoration plan it is important to incorporate the principles of wise use to promote
sustainable management.

Rewetting degraded peatlands significantly reduces carbon emissions from soils as
waterlogging slows peat oxidation and allows vegetation to re-establish. Although rewetting
may lead to an initial increase in methane emissions, those emissions tend to decrease over the
first few years to levels consistent with undisturbed natural sites (IPCC, 2013a; Joosten et al.
2016). Rewetting also reduces the emissions of nitrous oxide, another potent greenhouse gas.

Research has shown that, compared to degraded sites, restored peatlands have lower carbon

emission rates and over time, can become net carbon sinks (Joosten et al. 2016). In a project

to restore peat swamps around Moscow that burned in a 2010 heatwave, 35,000 ha are being
restored by blocking drains and replanting vegetation, and CO, emissions have decreased by

200,00 tonnes of carbon per year as a result (Pearce, 2017).

Table 2. Reduction of GHG emissions from peatlands drained for different human
activities after rewetting

Reduction in carbon emissions after rewetting

Human land use on drained (tonnes CO, ha' yr')
peatlands

Temperate zone Boreal zone
Forest 6 2
Cropland 28 34
Grassland 20 25
Peat 9 11

From Barthelmes et al. 2015.

Restoring coastal wetlands for blue carbon storage

The restoration of coastal wetlands has the potential to decrease greenhouse gas emissions,
increase rates of carbon sequestration and build long-term carbon stocks, as well as provide
other ecosystem services related to disaster risk reduction. Research has been underway for
several decades, and projects are increasingly extensive (1,000 ha to 5,000 ha; Crooks et al.
2011) in order to create substantial regional benefits.

2 See Resolution XII.11: Peatlands, climate change and wise use: Implications for the Ramsar Convention and Resolution
VIIILA7: Principles and guidelines for wetland restoration.




Restored coastal marshes begin accumulating carbon almost immediately, at rates equivalent
to natural reference sites, although they may lag in total carbon storage, which takes

longer to rebuild (Craft et al. 2003). The outcomes of mangrove restoration vary, but recent
studies show that following mangrove re-forestation, soil carbon concentrations increase
significantly with forest age. Soil carbon stocks can reach the level of natural sites within ten
years of restoration, despite lower tree biomass in the restored sites (Delvecchia et al. 2014).

Best practices for coastal wetland restoration include:

= In tidal marsh restoration, the tidal regime and land elevation are critical parameters
because they determine the extent, duration and timing of submergence. This is essential
for success because they largely determine how much sediment deposition or erosion will
occur, which in turn determines if a site can adjust to rising sea levels.

= Restoring and managing water levels, capturing the full range of tidal exchange to promote
vegetation reestablishment and sediment trapping, and planning restoration in the context
of the surrounding landscape adds resilience to the restored site and assists in the recovery
of the processes that lead to carbon accumulation.

It is important to also note the value of inland freshwater wetlands for carbon uptake and
storage. Less attention has been paid to freshwater inland sites which, in the United States of
America for example, hold about five times as much carbon as the U.S.A.’s coastal wetlands,
due to their much larger extent (Nahlik & Fennessy, 2016). On a regional basis, wetlands may
contain disproportionately large carbon stocks that might be targets for the implementation
of policies related to climate protection.

Wetlands for disaster risk reduction

Coastal wetlands

The frequency of natural disasters has doubled over the past 35 years, and the majority of
those disasters are water-related. Coastal communities are among those most at risk from
increasingly frequent natural disasters, including storm surges, flooding and inundation
from sea level rise. Some 40 million people live in flood-prone coastal cities, and this
figure is projected to rise to 150 million by 2070 (Temmerman et al. 2013). Salt marshes
and mangroves arguably provide the best natural defense. For instance, narrow bands of
mangrove forest along a coastline can decrease wave height and energy, by an average of
between 13% and 66% over a distance of 100 metres, preventing wave damage and erosion
during high tides.

Rates of sea level rise are expected to increase by as much as a metre over the next century
(IPCC, 2013b). Because coastal wetlands accrete vertically (accumulating carbon as they
do so), they are able to keep pace with rising sea levels, protecting human activities further
inland (Church et al. 2001).

Wetland restoration and management techniques are critical to ecosystem-based adaptation
practices designed to build community resilience and reduce disaster risk. They are generally
more sustainable, cost effective and ecologically sound than conventional hard engineering
practices (Temmerman et al. 2013). The construction of sea walls, groynes or dikes is often
seen as the solution to mitigate flood risks. However, their usefulness can be limited by

the costs and challenges of maintenance, and the need to expand engineering defenses as
storm intensity increases. In addition, these physical structures alter the natural patterns of
sediment accumulation, reducing the ability of coastal zones to keep pace with sea level rise,
further increasing risk (Temmerman et al. 2013).

Wetland restoration not only reduces human vulnerability to weather-related events, but also
provides important co-benefits. For example, mangrove restoration not only offers protection
from storm surges and enhances carbon sequestration, but it also provides habitat for a
wealth of species, increases fish and shellfish production, creating livelihood opportunities
and thereby counters poverty (Lo, 2016). Utilization of wetland ecosystem-based adaptation
employs the principles of ecological engineering which approach restoration with the goal of

“integrating human society with its natural environment for the benefit of both” (Cheong et al.
2013, Mitsch & Jorgensen, 1989).

3 See: https://www.seacology.org/project/sri-lanka-mangrove-conservation-project/ 2017.



Substantial mangrove restoration efforts are taking place in Sri Lanka, which has the goal
of becoming the first nation in the world to protect all its mangroves by protecting 8,815
hectares and restoring 3,880 additional hectares. Funds are also designated to establish
a training and microfinance program to support business start-ups by women in local
communities in return for their protection of the mangrove forests3.

Inland wetlands

Inland wetlands (including freshwater peatlands) provide a host of ecosystem services
that mitigate climate change and reduce disaster risks, including flood protection and the
moderation of local climates, regulation of local water cycles and maintenance of water
supplies.

Floodplain and riparian wetlands protect downstream areas from flooding and the erosive
impact of storms, by storing runoff and reducing peak flows. Many inland floods are
exacerbated by engineering measures to channel rivers and the destruction of wetlands from
the surrounding landscape. This leads to shorter river lengths and the loss of wetlands that
serve as water retention areas (Mitsch and Gosselink, 2015). The economic benefits of restoring
floodplain wetlands can be high. During a recent tropical storm, wetlands and floodplains in
the Otter Creek watershed in Vermont, U.S.A., reduced flood damage by an estimated 84% to
95%, saving between USD 126,000 and 450,000 in clean-up costs (Watson et al. 2016).

Inland wetlands affect local climate, and their loss and degradation can adversely affect
climatic conditions (Figure 4). Draining wetlands and clearing vegetation increases
temperatures by lowering the surface albedo (reflectiveness), and so increasing the solar
energy absorbed (Foley et al. 2003). The evapotranspiration of water from wetlands
dissipates large amounts of energy (up to 70% of incoming solar energy is stored in the water
vapour in the form of latent heat which is released when water condenses on cooler surfaces)
while in dry landscapes the majority of solar energy is transformed into sensible heat. The
loss of water storage on the landscape can significantly increase local daytime temperatures
and may reduce annual rainfall (Pokorny et al. 2010a, b). The impact can be substantial,
particularly at higher latitudes (between 45 to 90 degrees), where changing land cover overall
may increase warming by an additional 1.6 degrees Celsius above the 3.3 degrees predicted
from a doubling of atmospheric CO2 (Costa & Foley, 2000).
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Restoring floodplain and other inland wetlands as green infrastructure has the potential to
decrease flooding and flood damages, improve water quality, and moderate local climates.
Strategies for restoration depend on the causes of the wetland loss or degradation. In areas
where hydrologic alteration is high it may be necessary to plug ditches, remove agricultural
or urban drainage structures, and reconnect wetlands and rivers. Past efforts to dewater
the landscape may necessitate the restoration of environmental flows to support the full
complement of wetland biodiversity and ecosystem services. Large inland restoration
projects are currently underway in all Ramsar regions, for example a project to reconnect
wetlands to the Yangtze River to reduce flood damages in China (Kumar et al. 2017).




Best practices for inland wetland restoration include:

= Planning for restoration at the catchment scale includes connecting floodplains with their
rivers and streams to restore the hydrologic benefits of wetlands by reestablishing the
natural pattern of floodplain inundation (Craft, 2016). Restoring wetlands not adjacent to
rivers can be planned to take advantage of remnant wetland soils and water sources within
a catchment basin to maximize the re-establishment of ecosystem services.

= Where possible, engineering techniques should be minimized. Planning restoration to
take advantage of the principles of self-design by allowing natural ecological processes to
dominate the restoration process and allowing for passive management can lead to resilient
ecosystems and minimize costs (Craft, 2016).

= In urban areas, wetland restoration can form a network of sites that benefit human well-
being while mitigating flood and climate risks, and recycling water (Niemela et al. 2010).
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