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a b s t r a c t

Ecosystem services such as protection from storms and erosion, tourism benefits, and climate adaptation
and mitigation have been increasingly recognized as important considerations for environmental pol-
icymaking. Recent research has shown that coastal ecosystems such as seagrasses, salt marshes, and
mangroves provide climate mitigation services because they are particularly effective at sequestering and
storing carbon dioxide, referred to as “coastal blue carbon”. Unfortunately, degradation of blue carbon
ecosystems due to anthropogenic impacts contributes to anthropogenic carbon emissions from land use
impacts and prevents these ecosystems from continuing to sequester and store carbon. Given the im-
pressive carbon sequestration and storage in coastal ecosystems, many countries with blue carbon re-
sources are beginning to implement blue carbon restoration projects using carbon financing mechan-
isms. This study analyzed four case studies of projects in Kenya, India, Vietnam, and Madagascar, eval-
uating the individual carbon financing mechanisms, the project outcomes, and the policy implications of
each. Strengths and challenges of implementing blue carbon projects are discussed and considerations
that all projects should address are examined in order to develop long-term sustainable climate miti-
gation or adaptation policies. This analysis can help to inform future project design considerations as well
as policy opportunities.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

As anthropogenic climate change presents an ever-growing pro-
blem to the international community, policymakers have increasingly
sought creative ways to reduce the human carbon footprint, including
addressing land-use changes. Changes in land use, including defor-
estation and farming activities, comprise up to 20% of total global
carbon emissions, and more so for many countries with uniquely high
rates of deforestation [1]. In order to respond to this significant con-
tributing factor of anthropogenic climate change, the United Nations
Framework Convention on Climate Change (UNFCCC) has adopted
policies to allow countries to account for gained and lost carbon
emissions through land use change, both by including these emissions
in national assessments and by providing mechanisms to fund and
incentivize conservation projects [2].

Several recent studies have focused on the importance that coastal

ecosystems such as salt marshes, seagrasses, and mangroves have in
mitigating climate change by acting as carbon sinks [3–8]. While
these ecosystems only make up two percent of global area, studies
have shown that these coastal ecosystems are both ten times more
effective at sequestering carbon dioxide on a per area basis per year
than boreal, temperate, or tropical forests [9] and about twice as ef-
fective at storing carbon in their soil and biomass [10]. The “blue
carbon” service is only one of the important benefits these ecosys-
tems provide along with shoreline protection, water quality im-
provements, building materials, and seafood [11].

Unfortunately, coastal blue carbon ecosystems have been lost at
an alarming rate-an estimated one third of the global total lost
over the past several decades [12]. This degradation is primarily
caused by direct and indirect anthropogenic factors such as de-
forestation, increasing coastal population size and coastal devel-
opment, agriculture and aquaculture, sedimentation and siltation,
and effects of climate change such as sea level rise and extreme
weather events [9]. When these ecosystems are degraded, they not
only fail to act as carbon sinks, but also contribute to carbon
emissions by releasing stored carbon into the atmosphere. With a
global annual loss of blue carbon ecosystems between 0.7 and 7%
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annually, it is projected that these ecosystems are releasing be-
tween 0.15 and 1.02 billion tons of carbon into the atmosphere
each year [12], contributing significantly to anthropogenic climate
change.

In response to the significant negative effects of blue carbon
ecosystem degradation, there is an opportunity to develop coastal
wetland projects with the goal of mitigating climate change [13]
and many groups are in the process of planning or implementing
blue carbon conservation projects. In addition, the international
community has begun to evaluate how these ecosystems can be
more effectively included within existing policy frameworks, in-
cluding carbon financing mechanisms such as Reducing Emissions
from Deforestation and Forest Degradation (REDDþ) and other
UNFCCC mechanisms [2]. The goal of this study was to develop a
database of many of the blue carbon projects around the world
and examine in more depth which financing mechanisms appear
to be working to support these coastal conservation and climate
mitigation projects. Four case study projects were selected in
Kenya, India, Vietnam, and Madagascar, exploring financing
methods, outcomes, and policy implications of each project. Con-
clusions based on these case studies address the current best op-
portunities to facilitate future coastal conservation and climate
mitigation projects to inform the broader international climate
policy discussions and negotiations in order to make it simpler for
countries with rich blue carbon resources to conserve and restore
coastal wetlands while reducing carbon emissions.

2. Methods

The first step was to develop a larger list of projects that had a
focus on blue carbon ecosystems and conservation (see Table S1,
Supplemental online information). These four case studies were
chosen based on availability of information as well as the type of
financing mechanism the project is using or has attempted to use
(in order to include a diversity of funding mechanisms) (see Ta-
ble 1). Projects that were included are using or attempted to use
carbon markets, and more specifically are using UNFCCC me-
chanisms such as REDDþ and the Clean Development Mechanism
(CDM) or voluntary carbon markets, all of which are based on
carbon offsets and credits. In developing each case study, a num-
ber of resources were used including personal interviews, project
status reports and evaluations, and peer-reviewed studies.

Carbon markets for natural carbon sinks are based on the idea that
carbon stored in these ecosystems can be quantified using scientific
methods and can be sold as credits, which the buyer will then use to
offset emissions. This method is also known as emissions trading.
Carbon credits are verified by a certain “standard”, which includes
accounting, monitoring, verification, and certification standards, and
registration and enforcement systems. The credits are then sold either
on the compliance market, in which parties such as national gov-
ernments or industry members are required to reduce their emissions
under a treaty (such as the Kyoto Protocol or the European Union
Emissions Trading Scheme), or on the voluntary market, in which
buyers voluntarily buy credits in an effort to be more sustainable [14].
It is important to note that credits verified under the compliance
market can be sold on the voluntary market, but not vice versa [14].

UNFCCC mechanisms that utilize the carbon market, such as
REDDþ or CDM, fall under the compliance market. CDM is a me-
chanism in which Annex I, or developed, countries under the Kyoto
Protocol can implement development projects in non-Annex I, or
developing, countries, and receive carbon offset credits for those
projects. REDDþ is a mechanism that works similarly to CDM, but
expands upon the land use sector in an effort to more effectively
implement projects focused on reducing emissions from land use
change. Alternatively, a blue carbon project could be financed by Ta
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