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Abstract: Carbon stored in mangroves is valuable for climate change mitigation. Managing the
carbon stored in the mangrove requires an adequate legal framework and an environmental policy.
In Cuba, there is little research on the capacity of mangroves to retain carbon and its articulation
in environmental policy and management. In the present study, the following research question is
raised: Is there a favorable context in the environmental policy to manage the mangrove as a carbon
reservoir in Cuba? The aim of this research is to identify aspects of environmental policy, legal and
administrative frameworks related to managing mangroves as a carbon sink in Cuba. The qualitative
method of social research, the content analysis technique, and the modified Ibero-American Network
for Integrated Coastal Management (IBERMAR) decalogue were used to compile, understand, and
discuss the potential for effective management of mangroves for carbon storage. One hundred
and twenty-one articles published in WOS and Scopus databases between 2019 and 2022, as well
as books and material reviewed on the official websites, were checked. Present policy in Cuba
manages mangroves for coastal protection and other ecosystem services but lacks a developed plan
for considering the role of this marine forest system as a carbon sink. Managing mangroves as a
carbon reservoir will require vigorous efforts to measure and monitor the system. It is necessary to
build a robust national political agenda and strengthen institutional and regulatory capacities. This
research provides a systematization of environmental policy as a baseline for the management of
carbon reservoirs in mangroves in Cuba.

Keywords: IBERMAR; decalogue; carbon capture; climate change; coastal policies

1. Introduction

The role of mangroves in climate change mitigation through carbon capture is well
documented [1–6]. Mangrove ecosystems are important carbon sinks capable of retaining an
average of 692.8 ± 23.1 (SE) megagrams (Mg) of organic C ha−1 [7], more so than any other
ecosystem on Earth. This results from a combination of high rates of photosynthetic carbon
fixation coupled with very low decomposition rates in the water-saturated anaerobic soils.
Mangrove forest loss could contribute to 19% of total global deforestation emissions [8].
Disruption of these coastal forests means loss of the capacity to capture new carbon,
and importantly, the release of fixed carbon from the often-deep organic soils. As such,
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international environmental management agendas recognize the importance of mangroves
in terms of climate change (CC) both for the ability to sequester carbon and the vulnerability
to release it [9,10].

Considering the carbon storage capacity of mangroves, it is important to establish
policies addressing the role of these coastal forests in mitigating CC and sustaining biodi-
versity [11]. The United Nations Framework Convention on Climate Change [12] favors
proposals to include mangrove management in policies, actions, and reports at the national
level [13,14]. Within this convention, three market-based “flexibility mechanisms” for emis-
sion reductions were conceived, including the Clean Development Mechanism (CDM) [15].
The CDM is the only one of the mechanisms of the Kyoto Protocol that involves developing
countries to finance afforestation and reforestation projects and among them, mangrove
forests are of great interest [15].

Another way to establish policies for the conservation of carbon retained in mangroves
is the Reducing Emissions from Deforestation and Forest Degradation (REDD+) program
which allows a financial value to be assigned to the carbon stored in forests [16,17]. REDD+
focuses on the important carbon reservoirs within forests, which includes mangroves [16].

However, mangrove management from the carbon sequestration approach is not often
considered in national CC mitigation strategies [7]. An enabling legal context, integrated
planning, adequate institutional framework and policies, actions and reports at the na-
tional level are needed [18]. Yet, most of the existing national legal frameworks commonly
relate to the environment and forests in general, rather than to mangroves. The specifica-
tion of mangroves in the policy framework can contribute to global and national carbon
management and increase the resilience of socio-ecological systems [9].

The Sundarbans in Bangladesh constitute the largest continuous extension of man-
groves on the planet and do not have a specific agenda or policies as a carbon reservoir, and
instead are managed as general forest resources [19]. Similarly, in Vietnam, policies and
projects are aimed at the restoration of forests, but with less emphasis on the conservation
of existing ones and scarce attention to the use of mangroves for carbon sequestration [20].

Mexico has aligned its policies for the conservation and restoration of blue carbon
ecosystems with those outlined in the Paris Agreement for reduction of greenhouse gases.
Yet mangroves there still face threats from loopholes in the conservation laws [21]. How-
ever, it is one of the 175 countries that have signed the Paris Agreement and has committed
to “increase carbon sequestration and coastal protection with the implementation of con-
servation and recovery schemes for coastal and marine ecosystems, such as coral reefs,
mangroves, seagrasses and dunes”, through Mexico’s Nationally Determined Contribution
under the heading Adaptation [22].

In Cuba, mangroves are considered coastal wetlands of high fragility and special
relevance [23]. They represent 5.1% of the country’s surface and 27% of the total forest cover.
Studies on mangroves in Cuba have been approached from different perspectives. These
include general ecological aspects [24–26], floristic composition [27], primary production
and associated processes [28,29], health status assessments [30–34], relative resilience
studies of the ecosystem [35,36], ecological restoration as part of forest management actions
within protected areas prevail [37–40], among others. However, there is a gap in the
scientific literature about the role of mangroves as a carbon reservoir in Cuba.

For the Cuban government, mangrove conservation is important for the sustainability
of coastal communities, as they constitute a natural barrier of protection for the coastal
population and a breeding space for numerous marine species [23,41]. The strategic and
operational documents in the country recognize the need for “mangrove conservation
for coastal protection”, as proposed, for example, in the National Program to Confront
Climate Change in Cuba, known as “Tarea Vida” (Task Life) [42]. This program prioritizes
the development of comprehensive research to protect, conserve and rehabilitate the
environment and adapting environmental policy to the new projections of the economic
and social environment for confronting CC [42,43]. As evidence of the efforts made to
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recover and preserve the ecosystem, Cuba reported an increase of 115,000 hectares of
mangroves in the period from 1990 to 2020 [44].

Despite these advances, Cuba lacks specific environmental policy that address the
role of mangroves in sequestering carbon. This study aims to analyze the aspects of
Cuban environmental policy and the legal and administrative frameworks related to
mangroves in Cuba that facilitate management actions from the perspective of carbon
capture. The following research question is considered: is there a favorable context in
Cuban environmental policy to manage mangrove forests as a carbon reservoir? We present
the findings obtained from a documentary review of environmental policy in Cuba that
pertain to the mangrove as a carbon reservoir. This analysis made it possible to identify
the gaps, the limitations, the state of knowledge on carbon capture by the mangroves and
perspectives for the implementation of carbon markets in Cuba.

2. Materials and Methods

We used qualitative method research This method uses a deductive and logical scheme
that allows for the development of research questions, to later test them [45] (see Figure 1).
This is an exploratory investigation, whose units of analysis are public documents (scientific
articles, legal instruments, official documents, official sites of Cuban institutions) about
current Cuban policies related to the use of mangroves as carbon sinks and their role in
addressing CC. The materials were analyzed objectively and systematically, and valid
inferences were made for the Cuban context. The validity and reliability are measured by
the methodological coherence assumed by the authors. Starting from a research question
valid for the expected results and findings found the validity and reliability are measured
by the methodological coherence assumed by the authors.
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The study was not conceived to carry out statistical analysis and inferences, but to
obtain descriptive data structured in qualitative variables. The information was analyzed in
order to understand the processes of environmental policy in Cuba and generate a baseline
on the subject. The aim is not to quantify but to understand the underlying arguments
that determine the inclusion of carbon sequestration by the mangrove in the country’s
mitigation actions. We apply the content analysis technique to structure the informa-
tion from the decalogue of Ibero-American Network for Integrated Coastal Management
(IBERMAR) [46].

The content analysis technique was structured from a set of questions whose internal
logic allowed deepening of and arguing around the qualitative variables of the decalogue
explained below. It was used for the study of the normative documents of the environmen-
tal policy in Cuba [45]. Documents available on the website of the Official Gazette of Cuba
(www.gacetaoficial.gob.cu, accessed on 6 February 2022) were consulted. We included stud-
ies on mangroves in Cuba published in Google Scholar databases with 75 articles checked,
7 in Scopus, and 37 in the Web of Science (all papers were examined between 2019 and
2022). Furthermore, we analyzed the specialized national publications incorporated into
the Revista Forestal Baracoa (http://www.inaf.co.cu/revistas/revista--forestal--baracoa,
accessed on 10 December 2021), and the Anuario Ambiental de Cuba (http://www.onei.
gob.cu, accessed on 1 December 2021).

The content analysis technique [45] is also applied to the postgraduate academic
programs of universities of the Ministry of Higher Education of Cuba (www.mes.gob.cu,
accessed on 1 December 2021), leaders in environmental issues, emphasizing those that
have master and doctoral programs (Figure 1). Subsequently, the analysis was directed
to the search for academic offerings and publications in terms of carbon capture by the
mangrove within the web pages of the 20 centers of higher education studies, identifying
12 universities with postgraduate programs on environmental research topics.

The decalogue (methodology for systematic management) of Ibero-American Network
for Integrated Coastal Management (IBERMAR) [46] is designed to address the analysis
of Integrated Coastal Zone Management. It is a simple and effective instrument that
exposes and evaluates in a synthetic way the fundamentals of any public system oriented
to comprehensive management through an exercise of abstraction [46]. In addition, it
allows for making concrete proposals and suggestions for improvement and cost-effective
comparisons between coastal regions relevant to the area studied [46]. The questions place
special emphasis on aspects related to the legal and administrative framework and that it
is the system through which the relationships between the socioeconomic and physical-
natural systems on the coast are regulated. The decalogue methodology provided ten
variables validated in coastal policy studies worldwide. All the above guarantees the
search for relevant information for our investigation.

The decalogue was modified to address the state of the environmental policy in Cuba
concerning mangrove management as a carbon reservoir. The following variables were
analyzed: policy, norms, institutions, competencies, strategic and operational instruments,
knowledge and information, education for sustainability, education and training, economic
resources, and citizen participation. The modifications made to the decalogue consisted of
incorporating questions about the legal and administrative framework related to mangrove
management and the perspective of their capacity to capture organic carbon in the Cuban
context. This allowed for the analysis of the environmental policy and the ecosystem
management in Cuba, identifying key issues, understanding the peculiarities of reality in
the country, and observing dysfunctions to be solved.

Table 1 presents the objectives and components resulting from the content analysis for
each of the aspects of the decalogue.

www.gacetaoficial.gob.cu
http://www.inaf.co.cu/revistas/revista--forestal--baracoa
http://www.onei.gob.cu
http://www.onei.gob.cu
www.mes.gob.cu
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Table 1. Variables and guiding questions of the research.

Decalogue Variable Guiding Question

1. Policy
Objective: To know if there is an institutional policy on mangrove management

to support actions for the blue carbon market.

Is there an explicit and public institutional policy for the management of
mangroves as a carbon reservoir that is formally adopted? (accessible through

institutional documents or publications, for example.
Are there any national strategies, with a public policy character, related to the

subject?
Are you explicitly involved in international efforts related to the implementation
of the blue carbon market for mangroves or the management of mangroves as a

carbon reservoir? (with the ratification of relevant international agreements).

2. Normative
Objectives:

Specify the regulatory basis for the management of the mangrove.
Analyze the normative field situation concerning the integrated nature that the

management of the same requires.

Is mangrove management regulated by specific legislation?
Are there currently any initiatives aimed at specific legislation?

(Indicate the most important and specific for mangrove management in Cuba
giving an approximation for the management as a carbon reservoir)

3. Competencies
Objectives:

To have a scheme of the distribution of public responsibilities in the management
of mangroves.

Analyze whether this distribution allows for mangrove management as a carbon
reservoir.

Are the responsibilities for mangrove management shared? Could they apply to
carbon management?

On which territorial scale of the administration does the greatest responsibility
fall: national, regional, or local?

Is there transparency on competencies?
Is there coordination and cooperation between the different territorial scales of

management?

4. Institutions
Objective:

To specify those institutions involved in managing mangroves as a carbon
reservoir and to conduct a qualitative analysis of them.

Are there collegiate bodies for coordination and cooperation between
institutions?

Which institution assumes the leadership of initiatives related to the
management and conservation of mangroves as a carbon reservoir?

Is the administrative process adapted to address the problems and conflicts of
mangrove management as a carbon reservoir?

5. Strategic and operational instruments
Objective:

To identify and analyze the strategic and operational instruments that allow for
the management and conservation of mangroves and include the management

approach as a carbon reservoir.

Are they cross-cutting, i.e., do they seek to integrate the multiple sectoral
initiatives into a coherent whole, or is there a dispersed sectoral strategy?

Operating:
Are there effective operational instruments for mangrove management?

Is the service as a carbon reservoir included in these instruments?
Are there specific projects in the implementation phase for the management of

mangroves as a carbon reservoir?
Are there evaluation or monitoring instruments for the management of
mangroves as a carbon reservoir? (strategic environmental assessment,
environmental impact assessment, etc.) and those included within each

instrument (plan, program, strategy).

6. Education and training
Objective:

To approach the possibilities of the country to train managers/administrators in
the management of the mangrove as a carbon reservoir and the carbon market.

Is there a university degree that responds to the national/regional needs of this
sector?

Are there postgraduate courses (master’s degrees, for example) that respond to
the specific needs of mangrove management as a carbon reservoir and the carbon

market?

7. Economic resources
Objective:

To know the economic–financial basis that could support proposals for the
management of mangroves as a carbon reservoir in Cuba.

Are there resources available for sustainable mangrove management that are
easily known?

Are there funds available specifically for mangrove management as a carbon
reservoir?

Is the financial contribution derived from private initiatives or activities
contemplated?

Are foreign funds contributing to mangrove management as a carbon reservoir?
Are the contributions made through any international cooperation agency(-ies)?

8. Knowledge and information
Objective:

To determine the level of knowledge about mangroves as a carbon reservoir and
accessible public information on the subject in Cuba.

Knowledge: can it be said that there is an acceptable knowledge of mangroves as
a carbon reservoir?

Air reservoir holding capacity.
Retention capacity in the underground reservoir.

Export to adjacent ecosystems (marine grasslands, coral reefs, other coastal
wetlands).

Does the existing knowledge lie mainly in the institutions or universities and
research centers or the institutions responsible for the management of the

mangrove as a carbon reservoir?

9. Education for sustainability
Objective:

To know the main education initiatives for citizens and coastal users related to
the management of mangroves as a carbon reservoir

Are there formal or non-formal education plans/programs/projects related to
mangrove management in the country? Is there any mention of the carbon

sequestration service by the ecosystem?
On which institution do the most important activities that are developed depend:

education, environment, others?

10. Citizen participation
Objective:

To relate decision-making for the management of mangroves as a carbon
reservoir with citizen participation.

Are there citizen/community groups interested in managing mangroves as a
carbon reservoir?

Are these groups involved in the processes that lead to public decisions about
coastal resource management? Specifically, for mangroves,

is citizen representation made possible mainly through conservation groups?
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Area of Study

Cuba is an island nation made up of more than 1600 islands, islets, and cays, with a
surface area of 109,884.01 square kilometers and 6073 km of coastline, approximately [47].
It is located at 19◦49′ and 23◦16′ N latitude and 74◦08′ and 84◦57′ W longitude of the
Greenwich meridian; north of the Caribbean Sea and south of the Tropic of Cancer [47].

Mangroves represent 5.1% of the country’s surface and 27% of the total forest cover [25],
making Cuba tenth on the list of countries in the world by mangrove extent [23]. Four
different species comprise Cuban mangroves: Rhizophora mangle L., Avicennia germinans [L.]
L., Laguncularia racemosa [L.] Gaertn. and Conocarpus erectus L. [25], and 157 other botanical
species, belonging to 100 genera and 64 families; of these species, 36 are trees, 20 shrubs,
44 herbs, 17 lianas, 16 epiphytes and 7 hemiparasites [27]. They are considered coastal
wetlands of high fragility and special relevance [25].

Due to their ecological value, mangroves are present in 97 areas in different categories
within the National System of Protected Areas in Cuba. These represent 60% of the country’s
mangroves [48]. From an economic point of view, they are important for the development
of mariculture and their contribution to habitat for fisheries [49]. Additionally, they are
used for the development of beekeeping [50], traditional medicine [51] and fishing for
subsistence [30].

From the social point of view, 122 coastal population settlements are currently con-
sidered highly vulnerable to the effects of climate change expected for Cuba by 2100 [52],
so adaptation and mitigation measures to CC are vital for Cuba as an island state. It is
estimated that mangroves in Cuba protect 22,476 people annually on average, avoiding
more than USD 150 million of economic losses and reducing 222 km2 of flooded area [53].

The climate change scenarios foreseen for the country indicate the increased risk
resulting from sea level rise and the increase in intensity and frequency of extreme hy-
drometeorological phenomena, such as droughts and hurricanes [54], with impacts on
mangroves, such as coastal erosion, vegetation degradation, flooding, and loss of emerged
territory, among others.

3. Results

The research findings revealed that, in Cuba, the sustainable development model is
based on the ecosystem approach [55]. That is, its principles are aimed at achieving the
sustainability of development through ecosystems. Ecosystems are selected with a criterion
of hierarchy, accounting for the environmental problems they show, as well as the fragility
of the system [56]. In addition, emphasis is placed on adaptive management, considering
all usable goods and services, and optimizing the mix of their benefits. Finally, sustainable
development is oriented to the preservation of the environment and society, adopting a
long-term vision [57].

Based on this, the conceptual basis of the ecosystem approach implicit in Cuban
environmental policy and the search for synergies with international conventions related
to the subject, a set of special programs have been identified that are contemplated in the
National Economic and Social Development Plan for 2030 [58]. This plan contains actions
that allow for managing and regulating the resources of the ecosystems present in each
space. The following is the analysis of legal instruments and strategic and operational
instruments in Cuba related to the management of mangroves as a carbon reservoir based
on the IBERMAR decalogue [59–61].

3.1. Policy

In Cuba, there is not an explicit and public institutional or sectoral policy regarding the
carbon retained in mangroves. No reports on national strategies and integrated proposals
on the subject were found. However, there is explicit and public political will in the country
for the protection of the environment. As part of international politics, Cuba is a signatory
to a set of international agreements and treaties, such as the United Nations Convention on
Climate Change (1992) and the Convention on Biological Diversity (2002) where the subject
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is mentioned. Important signs of government interest in environmental protection consist
of, for example, the inclusion of climate change mitigation and adaptation within national
environmental policy and participation in international efforts related to the issue [62,63].
Adaptation is a priority within the country’s government measures and is consistent with
public policies since it is considered a nation with low greenhouse gas emissions. For
example, one adaptation measure is the reforestation of mangroves to counteract the
impact of rising sea levels. This way, mangroves are identified as protective barriers for
settlements and infrastructure in coastal areas [54]. Regarding mitigation, reference is made
to actions to reduce the causes of CC [62,63]. In this case, Cuba assumes activities related to
reducing GHG emissions and absorbing these gases (through sinks, such as forests).

In the analysis of national public policy, instruments were observed that link with
mangrove conservation and their protective role for coasts in the face of the impacts of
climate change (Table 2). This stems from the explicit constitutional article addressing the
preservation of the environment and concern for vulnerabilities to climate change [63].
Some progress is shown in the development of ecosystem monitoring systems, community
participation and activities, such as reforestation and the integral recovery of mangroves,
although without mentioning the issue of carbon reservoirs [43]. Another crucial element
is that national policy is explicitly positive about less carbon-intensive economic devel-
opment, reducing coastal degradation and moving towards establishing environmental
accounts [58]. The authors hold that these measures could contribute to making more
flexible international collaborative processes for conservation.

Table 2. Synthesis of the links of the instruments of national public policy in Cuba with mangrove
management and carbon capture.

National Public Policy Instruments Link with Mangrove Management and Carbon Sequestration

Constitution of the Republic
[64]

Article 16, Subsection f “ . . . to promote the protection and conservation of the environment and the
fight against climate change, which threatens the survival of the human species, based on the recognition
of common but differentiated responsibilities; the establishment of a just and equitable international
economic order and the eradication of irrational patterns of production and consumption” [64].

National Economic and Social Development Plan
(PANDES 2030)

[58]
(incorporation of the strategic axis natural resources and

environment)

General objective 3. Reduce the country’s vulnerability to climate change.
Specific objective 11. Develop effective and efficient programs and actions to face climate change.
Specific objective 14. Stop degradation of coastal and marine ecosystems, promote sustainable
development of activities in the coastal zone and adapt to CC.
Specific objective 15. Promote economic incentives to achieve financial sustainability in the use and
conservation of natural resources and the environment. As well as progress towards the establishment
of environmental accounts.
Specific objective 20. Promote international cooperation to face the effects of the CC.

State Plan to Face Climate Change, or “Tarea Vida” (Task
Life)
[43]

Task 1. To restore beaches, mangroves, and other protective natural ecosystems.
Task 5. Reforestation actions.
Task 8. Measures of adaptation to the CC.
Task 9. Strengthening of monitoring, surveillance, and early warning systems.
Task 10. Increased knowledge and degree of participation of communities.
Task 11. Search for international financing.

Law of the National System of Natural Resources and
Environment [55]

(a) The National Environmental Strategy and the programs and plans that are adopted under its
protection.
(b) Environmental planning, as part of territorial planning.
(c) The environmental license.
(d) Environmental impact assessment.
(e) Strategic environmental assessment.
(f) The national environmental information system.
(g) The state environmental inspection system.
(h) The integrated environmental monitoring system.
(i) Environmental education for sustainable development.
(j) Science, technology, and innovation.
(k) Economic instruments.
(l) Environmental audit.
(m) The system of recognition and environmental awards
(n) The angler administrative liability regimes, angler rating, civil and criminal.

It is possible that through the implementation of the instruments of public policy
analyzed above, new opportunities will be created to pay greater interest to the carbon
retained in Cuban mangroves. The authors agree that the consulted policy instruments can
be a basis for mangrove conservation and management proposals from the perspective of
the carbon sequestration service.
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The PANDES (2030) introduces the concept of less intensive development in green-
house gas emissions in the country’s public policies. The main actions aim to use renewable
energy sources, energy efficiency, and reforestation. The progress detected in this study is
scarce concerning specific policies to take advantage of the carbon stored in mangroves.
For example, Cuba participates voluntarily in the context of FAO (United Nations Food
and Agricultural Organization) and shows interest in the management of emissions associ-
ated with forest degradation as a mitigation measure. An example of the progress is the
reduction of emissions of 1618 Kt CO2 eq in the period of 2010–2018 through the measures
applied [54]. However, the report refers to the Cuban forestry sector in general, without
differentiating the contribution of mangroves.

Cuba is committed to participating in the Emission Reductions from Deforestation
and Forest Degradation (REDD+) mechanism through the Ministry of Agriculture (https://
redd.unfccc.int/submissions.html?country=cub 10 February 2022). In the present study, the
reasons why the country has not made progress in the implementation of this mechanism
are not clarified. The authors consider that it can be related to the financing policy of the
projects and the origin of the funds for them. In addition, the focus of the Cuban strategy
on climate change is an adaptation to impacts, rather than on reducing net GHG emissions.
Cuba’s First Nationally Determined Contribution (NDC) contains the commitment to
reduce emissions in the country [54]. We did not find any mention of the implementation
of REED+ initiatives. However, when analyzing sectors that contributed to this research,
they agree on the lack of an MRV system. Cuba is currently working on these proposals
under the coordination of CITMA.

During the review, it was confirmed that the CND contains prioritized actions for
adaptation, such as the restoration of mangroves. Regarding mitigation measures, it is
proposed to increase forest cover by 33% by 2030. This proposal is still in preparation
for implementation by the Cuban Forestry Sector. Coinciding with the findings of this
investigation, the safeguards exposed in the CND identify as threats to the fulfillment of the
proposed goals the following aspects: (1) the occurrence of extreme natural phenomena, (2)
the lack of financing, (3) technology transfer, and (4) capacity building with the consequent
negative impact of a tightening of the economic, commercial, and financial blockade by the
United States of America against Cuba.

3.2. Normative

The normative Cuban body shows transversality accordingly with the international
agreements to which the country is a signatory. In the analysis carried out, it was possible
to appreciate that mangrove management is not regulated by specific legislation, nor were
proposals or initiatives identified for it. Despite this, there is a legal body that could
constitute the basis for establishing competencies and legal responsibility in a management
initiative for this purpose (Table 3).

Table 3. Current Cuban legislation allows regulating activities in the mangrove as a resource.

Resources or Regulated Activity Legal Instrument

All activities in the field of environment (updating process).
Environmental protection.

Law on the Natural Resources System and the Environment [55]
(New Law approved in May 2022).

Decree/Law 200/99 on environmental infringements [65]

Regulation of the protection, use and conservation of forest
resources.

Law 85/98 Forestry Law [66].
Decree 268/99 “Contraventions of forestry regulations” [67].

Soil, agricultural activity, coastal forests. Decree 179/93 “Protection, sustainable use and conservation of
soils” [68].

Protected areas, flora and fauna, environment. Decree-Law 201 National System of Protected Areas [69].

Changes in land use, delimitation of the ecosystem. Decree-Law 212 Coastal Zone Management [70] (under review
and improvement).

https://redd.unfccc.int/submissions.html?country=cub
https://redd.unfccc.int/submissions.html?country=cub
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The first tool of interest for this study is the Law on the System of Natural Resources
and the Environment [55]. It is the framework instrument in Cuba for all activities in the
field of the environment and the use of natural resources. In this context, the ecosystem
approach is the strategy for the management of natural resources in the country and this
explicitly recognizes the complexity of the links between natural resources, ecosystems, and
socioeconomic elements as a successful path to sustainable development. The respondents
agree that it is an advanced instrument that clarifies clear administrative responsibility over
natural resources, lays the foundations for organizing ecosystem monitoring systems, the
valorization and management of ecosystem goods and services and promotes the search
for economic incentives for the conservation of ecosystems. In addition, it centralizes
administrative responsibility for environmental management and training activities at the
Ministry of Science Technology and Environment (CITMA) and certain activities shared
with other related ministries and the Council of Ministers.

Secondly, the “Forestry Law” [66] aims to regulate the protection, use and conservation
of forest resources. In this case, the elements of interest for this research are the framework
of responsibilities proposed by the instrument and the conceptual position of the mangrove
within the Cuban forest heritage. Administrative responsibility is conferred by the Ministry
of Agriculture (MINAGRI) to direct, execute and control the country’s policy on the use of
forest heritage resources in coordination with CITMA. The National Institute of Hydraulic
Resources, for the protection of watersheds, through the conservation, improvement or
establishment of forests and the State Forest Service as the authority in charge of exercising
control over compliance with the regulations established regarding forest heritage together
with MINAGRI participation. In addition, the Ministry of the Interior (MININT) organizes
and directs the Forest Rangers, who oversee surveillance and protection in forest heritage
areas. This instrument defines mangroves as Coastal Protective Forests and recognizes the
importance and functions of these forests for the coastal zone and establishes regulations
for the protection of mangroves. It is a clear instrument in terms of the establishment of
shared responsibilities and concepts, but it does not contain references to carbon reservoirs
in forest heritage in general and neither for the case of mangroves.

Thirdly, Decree-Law 212/00 “Coastal Zone Management” [70] includes provisions
that allow the delimitation, protection and sustainable use of the coastal zone based on the
MIZC. This legal tool defines the physical limits to guarantee the protection of the mangrove
and a buffer zone is established, as well as the regulation of the human activities permissible
in each case. Like the previous instrument, the main legal responsibility remains on the
CITMA in collaboration with the Ministry of Economy and Planning (MEP), specifically
the Institute of Physical Planning and the Ministry of the Interior. No reference was found
to carbon reservoirs in coastal ecosystems.

Finally, the existence of ministerial agreements for the implementation of the Clean
Development Mechanism (CDM) was identified (Agreement No. 4604 of the Executive
Committee of the Council of Ministers, 2002 [71,72]). This is the only process identified
during the present study in Cuba where activities related to the absorption capacity of
forests in general are recognized, although without specific mention of mangroves. Despite
this, no reports were found on projects or actions aimed at managing the carbon retained
by forests in the country.

3.3. Competences

Responsibilities for managing the carbon stored in mangroves are not clearly defined.
However, based on the current legal framework, it is possible to establish a scheme of
competencies related to mangroves that can be used as a baseline for management proposals
that address the issue of carbon storage (Figure 2).
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Figure 2. Scheme of competencies established in the legal framework in force in Cuba.

According to current environmental legislation, CITMA proposes environmental
policy and organizes the country’s environmental management. Its role is decisive in
perfecting environmental management instruments, programs, and strategies, as well as
for identifying sources and mechanisms of international financing for the implementation
of projects. This ministry plays a determining role regarding the policy to confront climate
change and the formulation of the CRC. More recently, it has overseen the coordination of
the Measurement, Registration, and Verification system [55], which places this ministry as
the governing body of the activities carried out on the country’s natural resources and with
the capacity to organize initiatives on carbon capture in the country.

In this regard, the regulations also establish links with other ministries, such as the
MINAGRI, the MININT, and the MEP [55,66,70]. The Ministry of Agriculture (MINAGRI)
has specific responsibilities regarding the resources of the forest heritage and the quality of
reforestation activities [55]. In addition, the coordination between CITMA, the State Forest
Service, and the Ranger Corps (Ministry of the Interior) exercises control over compliance
with regulations on forest heritage [66]. Another necessary link for the management and
implementation of policies is the participation of the Ministry of Economy and Planning
(MEP) and specifically the Institute of Physical Planning as responsible for the policy of
territorial ordering in correspondence with environmental aspects and development of
human activity [70].

Competencies for the Implementation of the Clean Development Mechanism in Cuba

Another possible approach is the scheme used for the implementation of the Clean De-
velopment Mechanism (CDM) in Cuba (Figure 3). It defines the functions and attributions
of the National Determined Authority (NDA), the Center for the Management of Priori-
tized Projects and Programs and the National Group within the process of attention and
implementation of the projects. By the provisions of the regulations, the NDA is responsible
for authorizing the participation of specific entities in project activity for the CDM [72]. The
approval of the project goes through a series of complex stages and requirements, which
require consistent evidence of the contribution and correspondence of the project with the
criteria of sustainable development in Cuba.
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rial Resolution No. 76 of 2003 [60].

3.4. Institutions

In Cuba, there are no specific institutions or collegiate bodies to manage the mangrove
as a carbon reservoir. The leadership of environmental initiatives is the responsibility of
CITMA, as indicated in the new law on the Natural Resources System and the Environ-
ment [55]. According to current environmental legislation, a set of institutions can also be
held responsible (Table 4), which would allow for the establishment of structures and a ba-
sis for the management of the mangrove as a carbon reservoir, although the administrative
process is not designed to address the problems and conflicts of the mangrove in this case,
as shown in Figure 3.

Table 4. Probable administrative framework for mangrove management as a carbon reservoir
according to current environmental legislation in Cuba.

Resource or Activity (Regulated) Institution, Administration, Ministry
(Responsible)

Mangrove forest
Mangrove conservation and management

Ministry of Agriculture
Forestry Sector

State Forest Service
Ranger Corps

National Center for Protected Areas
State Forestry Company

Watershed management National Institute of Hydraulic Resources

Price of captured carbon
Management of economic resources

Project approval

Ministry of Economy and Planning
(https://www.mep.gob.cu/es 10 February

2022)
Ministry of Finance and Prices

(https://www.mfp.gob.cu 10 February 2022)
Ministry of Foreign Trade and Foreign

Investment (https://www.mincex.gob.cu/es/
10 February 2022)

The Forestry Sector is the only net carbon sink identified in Cuba [73]. The State
Forestry companies are responsible for monitoring and managing this both in plantations

https://www.mep.gob.cu/es
https://www.mfp.gob.cu
https://www.mincex.gob.cu/es/
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and natural forests. Within natural forests are mangroves. These constitute a smaller
portion of carbon sequestration than other forests within the sector.

On the other hand, the Ministry of Agriculture (MINAGRI) represents the country
in the REDD+ program context (https://redd.unfccc.int/submissions.html?country=cub
accessed on 10 February 2022), although no concrete actions are reported for the implemen-
tation of this program in Cuba.

3.5. Operational and Strategic Instruments

The conceptual basis of the ecosystem approach implicit in Cuban environmental
policy allows synergies with international conventions on the subject. Thus, in the National
Economic and Social Development Plan until 2030, one of its six strategic axes is Natural
Resources and the Environment [58]. This plan defines comprehensive programs, such as
watershed management, protected areas, coastal zones, marine resources, reforestation,
and forest protection. The vision of the mangrove as a carbon reservoir or actions aimed
at conservation on this basis are not explicitly stated. However, the objectives it pursues
contain an implicit possibility of developing projects, for example for the protection of
locals and community, the use of natural resources and the possibility of implementing
economic incentives for this purpose is added. Emphasis is placed on continuing to increase
the country’s forest cover and especially “protective forests” and the care of coastal areas.
Finally, modifications are proposed in the current environmental legislation, with the
aspiration of considering environmental policies and the legal framework in all forms of
economic management.

The Cuban government expresses concern about the effects of rising sea levels and
increasing aridity on mangroves and the effects of the loss of their protective role on the
coasts in the National Climate Change Strategy [62]. This strategy is one of the first men-
tions of the need to conserve mangroves as a measure of adaptation to climate change in
Cuba. Thus, the country has continuously reaffirmed in international spaces the govern-
ment’s position to restore and protect mangroves for their role in mitigating the impacts of
CC [54,62,63].

Existing strategic instruments are useful for the conservation of mangroves as protec-
tive elements of the coastline because of sea level rise and the impact of extreme hydrome-
teorological phenomena. No references were found to the role of mangrove mitigation in
the carbon sequestration process (Table 5).

Table 5. Strategic instruments in Cuba include activities in mangroves and the vision of the ecosystem
within them.

Vision Strategic Instrument

Mitigation of rising average sea levels, coastal
protection Climate Change Adaptation Strategy [74]

Mitigation of rising average sea levels,
coastal protection

Cuban State Plan to Confront Climate Change
[43]

Connectivity with other ecosystems,
climate change adaptation and mitigation

National Environmental Strategy [75]
(https://www.citma.gob.cu/estrategia-
ambiental-nacional/ 10 February 2022)

Natural resources (strategic axes),
protective forests

National Economic and Social Development
Plan until 2030

[54]

Neither strategic nor operational instruments are identified that allow for the man-
agement of the mangrove as a carbon reservoir, but there are bases to support this kind
of proposal.

https://redd.unfccc.int/submissions.html?country=cub
https://www.citma.gob.cu/estrategia-ambiental-nacional/
https://www.citma.gob.cu/estrategia-ambiental-nacional/
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3.6. Education and Training

This section analyzed whether the management of the mangrove as a carbon reservoir
in Cuba is included in the professional training profile of public administrations. Of the
total of 24 universities of the Ministry of Higher Education in Cuba (www.mes.gob.cu, 10
February 2022), 17 of them (70.8%) offer academic programs in environmental issues at
the master or doctoral level. The topic of the management of carbon sequestration by the
mangrove was not identified within the lines of research, nor were thesis results found (in
publicly accessible repositories) on the subject.

3.7. Economic Resources

During the present research, we did not find economic resources for managing the
mangrove as a carbon reservoir in Cuba. Nor were intentions identified regarding the
implementation of voluntary markets in the country; the applicability of these options is
limited by the economic embargo on Cuba that limits Cuba’s activities and relations with
international banks.

According to the information presented under the headings of regulations and compe-
tencies, the economic resources for the management of the mangrove as a carbon reservoir
could pass through the CDM and the implementation path in Cuba, as presented in Figure 3.
In the Modalities and Procedures for the CDM, the NDA has the responsibility to authorize
the participation of specific entities in project activity for the CDM.

Resolution 76 establishes an initial stage of evaluation to assess the correspondence
of the project with Cuba’s sustainable development criteria. The project developer must
present in a simplified format basic information with a description of the potentialities
to reduce emissions and additionality. The Cuban state reserves the right to assess the
positive performance of the investing country concerning its obligations under the United
Nations Framework Convention on Climate Change [12] and to evaluate compliance with
the country’s internal provisions for foreign investment [72].

Two types of possible CDM projects are considered: those whose proposals are pre-
pared and presented directly by the investor to the DNA, and those that are in the portfolio
of opportunities prepared by the Prioritized Projects and Programs Management in conjunc-
tion with the Governing Ministries of each related sector. The latter group is guaranteed
to correspond with the country’s sustainable development priorities, the existence of
conditions for its implementation and a pre-feasibility analysis, based on a baseline of
opportunities. Thus, in this case, the evaluation of sustainable development is omitted.

The findings of this research suggest that the identification of funds for the develop-
ment and implementation of possible projects on carbon sequestration by mangroves in
Cuba should go through the CDM structure explained in this section.

3.8. Knowledge and Information

The reports on carbon sequestration by forests in Cuba correspond to the studies
carried out in the forest heritage managed by the Forestry Enterprise, using the automated
system SUMFOR (SUMideros FORestales) to evaluate the carbon retained in natural and
planted forests [76]. For Cuban mangroves, it is estimated at 49.9 Mg-C ha−1 considering
aerial biomass only [77]. Several authors agree that the low level of average carbon
sequestration of the Cuba mangrove obtained through the implementation of SUMFOR is
due to the methodological premise that excludes the belowground sink [78,79].

For the implementation of SUMFOR, the Forest Management Projects of state forestry
companies are used as a source of information. Specifically, data refer to the areas and
volumes of standing wood existing in plantations and natural forests [77,80]. In the case
of mangroves, estimates of aboveground biomass are reported, but the carbon contained
in the soil is excluded because it is subject to frequent flooding regimes [77]. This must be
corrected in order to develop a more accurate carbon budget for mangrove ecosystems.

www.mes.gob.cu
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Research on general ecological aspects of mangroves in Cuba is not carried out sys-
tematically, so it is not enough to assess carbon sinks. We did not detect any monitoring
system for this purpose.

3.9. Education for Sustainability

In Cuba, the development of training activities linked to informal education started
with the National Environmental Strategy (EAN) in 1997 and continues with a new cycle of
the Strategy for the period 2021–2025 (https://www.cubahora.cu/uploads/documento/
2019/05/21/estrategia-ambiental-nacional-2016-2020.pdf, accessed on 1 December 2021).
National and international collaborative projects have been implemented, for example,
with approaches to Integrated Coastal Zone Management and resource management [81].

An approach, in this case, is the Manglar Vivo project [82]. It was approved by CITMA
in 2014 as an ecosystem-based adaptation measure (EBA) and received funding from
UNDP. The activities were implemented in the coastal area of the provinces of Artemisa
and Mayabeque to build capacities in the communities for sustainability and risk reduction
in the face of climate change impacts, such as floods, erosion, and saline intrusion. There are
references to strengthening local actors for the use of EBA measures, mangrove restoration
and valuation of ecosystem goods and services [82], although the elements about the carbon
capture service by the mangrove are not explicit.

3.10. Citizen Participation

The Cuban state promotes citizen participation as a constitutional right in the real-
ization of educational and scientific policy [55]. This is as well as the necessary popular
consultation for matters of local interest, which is explicitly recognized in the Constitution
of the Republic, approved in 2019. In particular, the role of communities in the management
of coastal natural resources is recognized.

In the case of MIZC projects, community training aims to provide the populace
with tools for active participation in the management of coastal resources [83–85]. These
experiences have shown that the participation of coastal communities is indispensable to
advancing coastal sustainability [60,61].

The existence of popular consultation mechanisms established through the National
Environmental Strategy is considered particularly important for the implementation of
coastal area development and conservation projects [75]. This guarantees the existence
of ways to channel participation and a tendency toward the participatory approach in
social life [81]. Therefore, it is considered that there are positive conditions for citizen
participation given the network of social organizations in the communities.

4. Discussion
4.1. Basic Knowledge about the Mangrove for Management as a Carbon Reservoir in Cuba

Cuba has limitations in robustly demonstrating the role of mangroves in CC mitigation
through carbon capture. The use of the SUMFOR automated system provides limited data
due to the difficulty of estimating carbon in the soil of mangrove forests [76]. In this sense,
the respondents agree that, initially, the contribution of Cuban mangroves in the mitigation
of CC through carbon capture could be of greater relevance at the national level and a vital
component within the Cuban NDC.

Global estimates report that Cuban mangroves can contribute to reducing up to 1.5%
of CO2 emissions of the country [86]. Other research places Cuba among one of the
three countries that generate the largest positive net price in terms of income contribution
generated by carbon sequestration in coastal ecosystems [87].

A robust tool for estimating carbon capture is the use of allometric equations [88].
In Cuba, there are no precedents for the use of this method in mangrove species, but
it is possible to use general models or models developed for specific areas, such as La
Florida [89–91]. It is important to consider the characteristics and specific composition of

https://www.cubahora.cu/uploads/documento/2019/05/21/estrategia-ambiental-nacional-2016-2020.pdf
https://www.cubahora.cu/uploads/documento/2019/05/21/estrategia-ambiental-nacional-2016-2020.pdf
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the mangrove species between Cuba and the study areas where the allometric equation
was developed.

Remote sensing and Geographic Information Systems (GIS) could be used to locate
and quantify carbon stores in mangroves. Linked to other techniques, such as accepted
allometric equations, this pairing reduces field data collection and saves time and implemen-
tation costs [88]. It is a tool regularly used for monitoring mangroves in the international
context [1,88,92–95]. Presently Cuban scientists use only field methods for study and
monitoring of mangroves [96,97]. GIS and remote sensing have been used in various inves-
tigations [25], and some recent results have allowed a generation of preliminary indicators
for monitoring mangrove extension [98].

The Blue Carbon Initiative methodology provides standardized methods for measur-
ing and analyzing blue carbon stocks and flux in mangroves [99], as well as addressing
activity data and emission factors following IPCC guidelines. It allows for characterizing
the carbon content for each mangrove sink and estimating the total existence of carbon in
the studied area. An applicable methodology is considered to address the study of carbon
sinks in the mangrove swamp in Cuba.

Despite this, there are methodological and economic limitations to carrying out studies
on the carbon reservoir in the soil in Cuba. The methodology used to evaluate carbon
sequestration by the Cuban forestry sector does not allow these data to be considered in
the case of the mangrove. From an economic point of view, soil analysis is expensive, and
it is not always possible to access laboratory techniques and equipment.

4.2. Assessment of the Cuban Environmental Policy and Regulations Context

The effectiveness and efficiency of mangrove conservation policy are influenced by
the role of decision-makers and their interests and the integration of actors at different
levels [18]. In the case of mangroves as a carbon reservoir and CC mitigation role, it seems
to move from the national interest to the international context, but with an important
weight of local interests and initiatives [18,100]. It should be in the governmental interest to
present mangroves as carbon sinks within its emission reduction commitments under the
Paris Agreement [100,101]. In some cases, mangrove conservation is explicit in the policy
and references the CO2 capture service, such as in the Philippines and Mexico [100,102].
This allows them to draw up national policies for conservation, although in some cases
they are not effective at the local level due to the lack of integration between the multiple
actors [18]. Other authors suggest that carbon policies should consider the criteria of
local actors, particularly women and their interests and needs and their socio-cultural
relationship with mangroves [103].

The literature is consistent that there is not enough coherence between mangrove
management at the local level and international carbon policies [93]. It is necessary to
build robust national political agendas and strengthen strong institutional and regulatory
capacities for this [104].

According to the First Nationally Determined Contribution of Cuba, the country does
not have a Measurement, Reporting, and Verification system to the Enhanced Transparency
Framework of the Paris Agreement [54] and contains no mention of the implementation
of REED+ initiatives. The CND contains prioritized actions for adaptation, including the
restoration of mangroves.

Regarding mitigation measures, a proposal to increase forest cover by 33% by 2030 is
being prepared for submission to the Cuban Forestry Sector. Coinciding with the findings of
this investigation, the safeguards exposed in the CND identify as threats to the fulfillment
of the proposed goals, for example, the occurrence of extreme natural phenomena, the
absence of financing, technology transfer, and capacity building, and the consequence of
the negative impact of a tightening of the economic, commercial, and financial blockade of
the United States of America against Cuba. The present investigation did not clarify the
reason, despite the extensive mangrove forests in the country, for the lack of established
mechanisms to account for and monitor the carbon retained in these coastal forests. Con-
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ducting interviews with specialists and decision-makers at the national level could help
identify the causes of this gap. According to international references, scientific knowledge
is required for decision-making, such as an extensive mangrove monitoring system [99],
since it is necessary to quantify the carbon retained and build a baseline of the carbon
sinks [105]. However, it is considered that in Cuba there are conditions and opportunities
for the implementation of carbon sequestration practices as a measure to confront the
impact of climate change.

Cases examined, such as Bangladesh and Indonesia, with significant mangrove forests
do not have specific regulations for this ecosystem [101]. Moreover, in Africa, the regulatory
framework is insufficient to manage the mangroves [106,107]. Cuba has not designed a
specific tool for this purpose; however, it has a wide spectrum of instruments that allow
for regulating mangrove components independently. In general, it is considered that it is
exceedingly difficult to achieve an exclusive legal norm for the mangrove, which can be
associated with the diversity of areas of environmental protection that regulate the different
legal bodies [108].

The findings of this research in the international context allowed us to corroborate the
importance of normative legal aspects in the implementation of mangrove conservation
policies, and in the valorization of the ecosystem goods and services they offer [106,109]. It
also allowed for the reviewing and updating of institutional capacities, the obsolescence
of standards and the lack of clarity in the competencies and roles of institutions in this
process [108]. In contrast, the legal instruments in Cuba establish a centralized mechanism
that allows for identifying the legal responsibility of institutions in terms of the management
of different activities in the mangrove. A positive aspect detected is that there are no
overlaps or administrative conflicts between these institutions given the participation of
CITMA in all procedures as a national environmental authority. Despite this, the evolution
of the legal code has not been extended to the service of mitigating climate change through
carbon capture.

The environmental policy in Cuba on this issue is incipient. In the evaluated period,
it has developed training and preparation actions for the personnel involved to begin a
gradual implementation process. Unfortunately, that performance cannot be rated yet.

4.3. Carbon Capture and Economics

In general, countries with tropical forests and mangroves have a high potential for
market participation arising from the easing mechanisms under the Kyoto Protocol [14].
The CDM is a scheme established to implement emission reduction projects in Cuba [75].
The authors agree that it could allow for the development of proposals for the management
and conservation of mangroves as a carbon reservoir through afforestation/reforestation
project types. Cuba, like other Latin American countries, has used this mechanism mostly
for the development of projects in the energy sector, followed by the sector of reducing
methane emissions and scarce carbon sink projects [103].

Afforestation/reforestation projects are more complex and characterized by reducing
and capturing CO2 for a while [15]. These are characterized by capturing carbon and not by
removing it. This means that the captured CO2 can be released into the atmosphere if the
reservoir is disturbed. The minimum accreditation period is 7 years (renewable twice) up
to a maximum of 60 years. Implementing this type of project in Cuba can be complex, given
the frequency and intensity of extreme hydro-meteorological phenomena that affect the
country [76]. For example, despite the existence of models that allow evaluating scenarios
and estimating the impact of tropical cyclones, it is not enough information to assess the
impact on national forests, including mangroves.

The implementation of the CDM in Latin America is vulnerable in terms of the fragility
of financing and the stability of DNAs [103]. However, the CITMA as DNA in Cuba presents
high institutional strength and qualified officials, and although no sources of financing
were identified for projects of this type within the country, through the mechanism itself
it is possible to identify and obtain investment from foreign sources. On the other hand,
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for several years there has been a strategic alliance between the government, UNDP,
the Global Environment Facility, and other international organizations through which
important environmental achievements have been realized [110]. The respondents agree
that the greatest challenge for Cuba lies in the identification of sources of financing and
the negotiations of carbon credits identified in the context of the economic system and the
consequences of the economic embargo that the island suffers.

The REDD+ program is another proposal successfully implemented in the interna-
tional context outside the Kyoto Protocol. This program contains a rigid structure for
elaborating its policy that promotes reforestation in the context of each country [111]. Cuba
attended the training activities, but no publications on implementation progress during the
present research were found. One of the central international debates on REDD+ between
intersectoral policies is the issue of land tenure and forests.

The state is the owner of the land in Cuba. This situation reduced the conflicts of
private interests over land use. The use of the land in usufruct is allowed through Decree
Law 358, which lets the land be managed and exploited by natural persons [112]. Both
instruments form a positive context for the possible management of soil carbon. The country
has a committed government and actors articulated by a legal framework. Although it
is not specific to the issue of mangroves, Cuba is already moving towards the proposal
of mechanisms for monitoring, reporting and verification (MRV). Therefore, the REDD+
methodology could apply to Cuba. It may allow linking and standardizing of the national
forest inventories (NFI) with GIS and MRV protocols, revealing the potential of the Cuban
mangrove as a carbon reservoir. However, the absence for the MRV system persists and
the present study was unable to clarify the causes of the country not advancing in the
implementation of REDD+.

Contrary to what has been observed in the international literature [103,106,113–115],
no cases of mangrove management by the private sector are identified in Cuba. Therefore,
conflicts of interest between private and state sectors do not emerge for the management
and conservation of the ecosystem as in Bangladesh and Africa [106,108,113]. In Cuba, the
communities do not show high dependence on mangrove resources for subsistence [37]. De-
spite this, they could become involved and contribute to national targets for CC mitigation
through mangrove carbon sequestration in coastal municipalities.

Quantifying and valuing the carbon stored in mangroves at the municipal level could
benefit the creation of a new way of conserving these areas and obtaining economic incen-
tives for the communities through the carbon credit market. When the study was concluded,
there was no precision regarding the policy’s implementation scale. However, integrating
the scales from the national to the municipal level would be considered appropriate. In
Cuba, the municipality plays an important role in territorial development, and there are
articulated actors and institutions with capacities to implement local projects [116]. In
this case, it is of interest for possible proposals for community participation in mangrove
management.

The estimation of the potential of Cuba in this sense is high, management and con-
servation activities in the country could considerably increase the carbon reservoir in the
mangrove forest [117].

Up to this point of analysis, we found a promising framework for developing man-
grove conservation and management actions from the perspective of carbon sequestration.
However, there are barriers to moving towards the carbon market for the country, such as
the lack of financial and banking infrastructures. Cuba has made efforts to participate in
the carbon market through regional initiatives since 2004 without effective inclusion [118].
The longstanding embargo has affected international economic relations for years and
has accentuated the economic crisis in the country [119]. In addition, Cuba is included in
the list of countries that do not cooperate in the fight against terrorism drawn up by the
United States [120]. In this context, it is considered that the credibility of Cuba has been
negatively affected by the cooperation with international banks that collaborate in the trade
of carbon credits.
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5. Conclusions

In Cuba, there is a favorable context in environmental policy to manage the mangrove
as a carbon reservoir. Our results suggest that the environmental policy in Cuba is propi-
tious, yet it has gaps that could undermine the country’s ability to conserve mangroves
as a carbon reservoir. Gaps remain in accounting for or estimating the amount of carbon
retained, monitoring, and drawing up integrated conservation strategies and policies.

Although there is no specific policy for managing and conserving mangroves as a
carbon reservoir, there is a favorable context for initiatives of this type in the country.
Therefore, with the participation of civil society, the Cuban government must identify
the gaps to enrich the environmental policy that allows new measures or instruments
for conserving or managing the mangrove as a carbon reservoir. The Cuban government
recognizes the importance of mangroves facing CC, but with greater emphasis on the
protective role of the coasts and less mention of the role in mitigation through the absorption
of CO2. The Cuban environmental policy agenda should explicitly include the role of the
mangrove in CC mitigation through carbon capture.

The current legal framework makes it possible to identify the powers and institutions
responsible for or that could participate in mangrove management, and CITMA is identified
as the leading institution. However, research is needed to identify how to articulate each
institution’s or ministry’s responsibilities to align the vision, objectives, and coordination
of activities for managing the mangrove as a carbon reservoir.

Contributing to updating these instruments so that they contain elements related to
mangrove carbon sinks constitutes a challenge for future research in Cuba. The existing
strategic and operational instruments create a propitious framework for initiating proposals
to manage mangrove sinks. However, they are insufficient to address the issue in question;
more specific proposals are needed. It is recommended to deepen this sense and conduct
interviews with decision-makers and experts at the national level to clarify the steps the
country is following in terms of goals and conservation plans for mangroves and if it has
been considered to use them as carbon sinks. Considerations for voluntary markets and
carbon credits could also be explored; training on these issues and how to implement them
in the Cuban context is necessary. It is recommended to evaluate the opportunity for the
participation of coastal communities in projects to use carbon captured in the mangrove
swamp. It is necessary to consider training communities on these issues.

The contribution of carbon sequestration by Cuban mangroves has greater relevance at
the national level and will be a valuable fact to be included in the CND, but research must
be carried out at the municipal or provincial level. Estimating carbon action in mangrove
ecosystems can support strategies for climate change mitigation and adaptation and can
also improve understanding of the ecosystem’s response in the current context of changing
climate. Thus, it is necessary to build robust national political agendas and strengthen
institutional and regulatory capacities for this purpose.

Some pending questions about the elements analyzed are: at what scale of work will it
be more feasible to start proposals for carbon capture studies? How to develop data valid
for carbon reporting in the Cuban context? In this case, it will be necessary to advance in the
estimation of aerial biomass and in carrying out basic research, such as the carbon content
in the soil, carbon fluxes, and the particularities of Cuban mangrove species. The authors
consider that capacity building is required in the country to develop specific competencies
and skills on the conservation of mangrove forests and the management of carbon sinks.

Considering the existing limitations in the country fundamentally associated with the
embargo is necessary. That prevents, as we mentioned before, Cuba’s access to international
financing and the acquisition of technologies to determine carbon stocks. Further investi-
gation is required involving national experts and the implementation of other techniques,
such as surveys and interviews. The analysis presented should contribute to improving
scientific research agendas and is expected to help, in the medium and long term, to im-
prove Cuba’s national environmental policy. Methodology developed in this research can
be applied in other countries for evaluating environmental policy. As part of the next stage
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of research, we recommended conducting some interviews with other experts to obtain
relevant information that can help effectively identify critical issues related to different
coastal ecosystems or other relevant integrated coastal zone management problems.

Author Contributions: Conceptualization, Y.C.P. and O.P.M.; methodology, Y.C.P. and O.P.M.; formal
analysis, Y.C.P.; investigation, Y.C.P., O.P.M. and C.B.M.; writing—original draft preparation, Y.C.P.,
O.P.M., B.C., C.B.M., O.J.R.D. and C.M.-R.; writing—review and editing, Y.C.P., O.P.M., C.B.M.,
C.M.-R., B.C. and O.J.R.D.; supervision, O.P.M. and O.J.R.D. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data in this paper originate from the referenced publications.

Acknowledgments: This work has been possible thanks to the Belgian Development Cooperation
through VLIR-UOS (Flemish Interuniversity Council-University Cooperation for Development)
in the context of the Institutional University Cooperation program (IUC 2019 Phase 2 UO) with
the Universidad de Oriente (Cuba) and partial cooperation financial support was provided by
OGFPI through Project PS223LH001-016, named Monitoring and Integrated management of coastal
ecosystems to face the climate change in Eastern Cuba/ECOS (coordinated by the Universidad de
Oriente. The third author thanks Universidad de la Costa for supporting her Post-Doctoral Project
INDEX No.INV.1106-01-007-12, named “Resilient cities: minimizing vulnerabilities when facing
extreme meteorological phenomena and climate change at coastal communities”.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Arifanti, V.B.; Kauffman, J.B.; Subarno Ilman, M.; Tosiani, A.; Novita, N. Contributions of mangrove conservation and restoration

to climate change mitigation in Indonesia. Glob. Chang. Biol. 2022, 28, 4523–4538. [CrossRef] [PubMed]
2. Zhao, X.; Wang, C.; Li, T.; Zhang, C.; Fan, X.; Zhang, Q.; Zhang, Q.; Chen, X.; Zou, X.; Shen, C.; et al. Net CO2 and CH4 emissions

from restored mangrove wetland: New insights based on a case study in the estuary of the Pearl River, China. Sci. Total Environ.
2022, 811, 151619. [CrossRef] [PubMed]

3. Abhik, S.; Hope, P.; Hendon, H.H.; Hutley, L.B.; Johnson, S.; Drosdowsky, W.; Brown, J.R.; Duke, N.C. Influence of the 2015-2016
El Niño on the record-breaking mangrove dieback along the northern Australia Coast. Sci. Rep. 2021, 11, 20411. [CrossRef]
[PubMed]

4. Zhu, J.; Yan, B. Blue carbon sink function and carbon neutrality potential of mangroves. Sci. Total Environ. 2022, 822, 153438.
[CrossRef] [PubMed]

5. Sutanto, H.A.; Susilowati, I.; Iskandar, D.D. Mitigation, and adaptation to climate change through sustainable mangrove
management on the coast of Rembang Regency. IOP Conf. Ser. Earth Environ. Sci. 2022, 1036, 012014. [CrossRef]

6. Rao, K.; Ramanathan, A.L.; Raju, N.J. Assessment of Blue Carbon Stock of Coringa Mangroves: Climate Change Perspective.
Environ. Sci. 2022, 8, 41–58. [CrossRef]

7. Alongi, D.M. Impacts of Climate Change on Blue Carbon Stocks and Fluxes in Mangrove Forests. Forests 2022, 13, 149. [CrossRef]
8. Kauffman, J.B.; Adame, M.F.; Arifanti, V.B.; Schile-Beers, L.M.; Bernardino, A.F.; Bhomia, R.K.; Donato, D.C.; Feller, I.C.;

Ferreira, T.O.; Garcia, M.C.J.; et al. Total ecosystem carbon stocks of mangroves across broad global environmental and physical
gradients. Ecol. Monogr. 2020, 90, 1–18. [CrossRef]

9. Macreadie, P.I.; Anton, A.; Raven, J.A.; Beaumont, N.; Connolly, R.M.; Friess, D.A.; Kelleway, J.J.; Kennedy, H.; Kuwae, T.;
Lavery, P.S.; et al. The future of Blue Carbon science. Nat. Commun. 2019, 10, 3998. [CrossRef]

10. Lovelock, C.E.; Duarte, C.M. Dimensions of Blue Carbon and emerging perspectives. Biol. Lett. 2019, 15, 20180781. [CrossRef]
11. Moomaw, W.R.; Chmura, G.L.; Davies, G.T.; Finlayson, C.M.; Middleton, B.A.; Natali, S.M. Wetlands In a Changing Climate:

Science, Policy and Management. Wetlands 2018, 38, 183–205. [CrossRef]
12. Naciones Unidas. Convención Marco de Naciones Unidas sobre Cambio Climático. Nueva York. 1992. Available online:

https://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/convsp.pdf (accessed on 11
January 2022).

13. Adame, M.F.; Herrera-Silveira, J.A.; Brown, C.J.; Ezcurra, P.; Bejarano, M.; Birdsey, R.; Kauffman, J.B. The undervalued contribution
of mangrove protection in Mexico to carbon emission targets. Conserv. Lett. 2018, 11, e12445. [CrossRef]

http://doi.org/10.1111/gcb.16216
http://www.ncbi.nlm.nih.gov/pubmed/35470521
http://doi.org/10.1016/j.scitotenv.2021.151619
http://www.ncbi.nlm.nih.gov/pubmed/34780816
http://doi.org/10.1038/s41598-021-99313-w
http://www.ncbi.nlm.nih.gov/pubmed/34650104
http://doi.org/10.1016/j.scitotenv.2022.153438
http://www.ncbi.nlm.nih.gov/pubmed/35114248
http://doi.org/10.1088/1755-1315/1036/1/012014
http://doi.org/10.3233/JCC220013
http://doi.org/10.3390/f13020149
http://doi.org/10.1002/ecm.1405
http://doi.org/10.1038/s41467-019-11693-w
http://doi.org/10.1098/rsbl.2018.0781
http://doi.org/10.1007/s13157-018-1023-8
https://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/convsp.pdf
http://doi.org/10.1111/conl.12445


Water 2022, 14, 3903 20 of 24

14. Seddon, N.; Sengupta, S.; Hauler, I.; Rizvi, A.R. Nature-Based Solutions in Nationally Determined Contributions: Synthesis and
Recommendations for Enhancing Climate Ambition and Action by 2020; IUCN, Gland, Switzerland and the University of Oxford:
Oxford, UK, 2019; 62p.

15. Manual del Mecanismo de Desarrollo Limpio (MDL); Iniciativa Internacional de Protección del Clima, Del Ministerio Federal del
Medioambiente, Protección de la Naturaleza y Seguridad Nuclear de Alemania: Berlin, Germany, 2010.

16. Busch, J. Monitoring and evaluating the payment-for- performance premise of REDD+: The case of India’s ecological fiscal
transfers the case of India’s ecological fiscal transfers. Ecosyst. Health Sustain. 2018, 4, 169–175. [CrossRef]

17. Vanderklift, M.A.; Marcos-Martinez, R.; Butler, J.R.; Coleman, M.; Lawrence, A.; Prislan, H.; Steven, A.D.; Thomas, S. Constraints
and opportunities for market-based finance for the restoration and protection of blue carbon ecosystems. Mar. Pol. 2019,
107, 103429. [CrossRef]

18. Golebie, E.J.; Ramirez-bullon, N.; Aczel, M.; Gong, M.; Bukoski, J.J.; Teller, N.; Chau, S. A qualitative systematic review of
governance principles for mangrove conservation. Conserv. Biol. 2022, 36, e13850. [CrossRef]

19. Mahmood, M.; Ahmed, M.; Islam, T.; Zashim, M.; Uddin, Z.; Saha, C. Trees, Forests and People Paradigm shift in the management
of the Sundarbans mangrove forest of Bangladesh: Issues and challenges. Trees For. People 2021, 5, 100094. [CrossRef]

20. Thuy, P.T.; Dien, N.V. A decade of mangrove conservation achievements and challenges in Vietnam. CIFOR Info Brief 2021, 2, 1–6.
21. Herrera-Silveira, J.A.; Pech-Cardenas, M.A.; Morales-Ojeda, S.M.; Cinco-Castro, S.; Camacho-Rico, A.; Sosa, J.P.C.; Mendoza-

Martinez, J.E.; Pech-Poot, E.Y.; Montero, J.; Teutli-Hernandez, C. Blue carbon of Mexico, carbon stocks and fluxes: A systematic
review. PeerJ 2021, 8, e8790. [CrossRef]

22. Instituto Nacional de Ecología y Cambio Climático (INEC). Sexta Comunicación Nacional y Segundo Informe Bienal de
Actualización ante la Convención Marco de las Naciones Unidas sobre el Cambio Climático México. Available online:
https://cambioclimatico.gob.mx/sexta-comunicacion/ (accessed on 11 January 2022).

23. Giri, C.; Ochieng, E.; Tieszen, L.L.; Zhu, Z.; Singh, A.; Loveland, T.; Masek, J.; Duke, N. Status and distribution of mangrove
forests of the world using earth observation satellite data. Glob. Ecol. Biogeogr. 2011, 20, 154–159. [CrossRef]

24. Thi, T.N.; Castell, D.G. Cambios en la estructura de los manglares de sectores del Área Protegida San Ubaldo, Sabanalamar, Pinar
del Río, Cuba. Rev. Científico Estud. 2013, 1.

25. Menéndez, L.; Guzmán, J.M. Ecosistema de Manglar en el Archipiélago Cubano Estudios y Experiencias Enfocados a su Gestión; Editorial
Academia: Habana, Cuba, 2006; p. 331.

26. Menéndez, L.; Priego-Santander, Á. Los manglares de Cuba: Ecología. In El Ecosistema de Manglar en América Latina y la Cuenca
del Caribe: Su Manejo y Conservación; Summan, D., Ed.; Rosenstiel School of marine and Atmospheric Science & The Tinker
Foundation: Miami, FL, USA, 1994; pp. 64–99.

27. Oviedo, R.; Menéndez, L.; Guzmán, J.M. Flora asociada a manglares y sus ecotonos. In Ecosistema de Manglar en el Archipiélago
Cubano Estudios y Experiencias Enfocados a su Gestión; Menéndez, L., Guzmán, J.M., Eds.; Editorial Academia: Habana, Cuba, 2006;
pp. 44–57.

28. Menéndez, L.; Guzmán, J.M.; Fuentes, R.T.C. Patrones Fenológicos de las principales especies arbóreas de los manglares cubanos.
In Ecosistema de Manglar en el Archipiélago Cubano Estudios y Experiencias Enfocados a su Gestión; Menéndez, L., Guzmán, J.M., Eds.;
Editorial Academia: Habana, Cuba, 2006; pp. 71–78.

29. Menéndez, L.; Guzmán, J.M.; Fuentes, R.T.C. Manglares cubanos: Biomasa de hojarazca. In Ecosistema de Manglar en el Archipiélago
Cubano Estudios y Experiencias Enfocados a su Gestión; Menéndez, L., Guzmán, J.M., Eds.; Editorial Academia: Habana, Cuba, 2006;
pp. 79–92.

30. Cruz Portorreal, Y.; Pérez Montero, O. Evaluación de impactos a la salud del manglar en el municipio Guamá, Santiago de Cuba,
Cuba. Madera y Bosques 2017, 23, 23–37. [CrossRef]

31. Costa-Acosta, J.; Castell-Puchades, M.Á.; González-Oliva, R.; Reyes-Domínguez, O.J.; Quintana-Álvarez, L.O. Caracterización y
salud del manglar en el refugio de fauna el Macío, Granma, Cuba. Ciencia En Su PC 2014, 4, 1–18.

32. Camejo Lamas, J.A.; Rojas, D.C.; Medero, K.I.; Rodríguez, J.L.L.; Montero, R.V. Acercamiento al estado de salud del ecosistema de
manglar de la franja norte en la Reserva de la Biosfera Península de Guanahacabibes, Cuba. Rev. ECOVIDA 2013, 4, 36–53.

33. Menéndez, L.; Guzmán, J.M.; Rodríguez, L. Cobertura de Manglares y Estado de Salud a Nivel de Municipio. (Informe Técnico de
Proyecto) 2010; Instituto de Ecología y Sistemática: Habana, Cuba, 2010.

34. Menéndez, L.; Guzmán, J.M.; Capote-Fuentes, R.T.; Rodríguez, L.; González, A.V.; Gómez, R. Salud del ecosistema de manglar en
el Archipiélago Sabana Camagüey: Patrones y tendencias a escala de paisaje. In Ecosistema de Manglar en el Archipiélago Cubano:
Estudios y Experiencias Enfocados a su Gestion; Menéndez, L., Guzmán, J.M., Eds.; Academia: Habana, Cuba, 2006; pp. 276–283.

35. Roig-Villariño, E.; Capote-Fuentes, R.T.; Garcel, G.L.; Capote, R.P. Resiliencia de manglares en los paisajes naturales protegidos
Rincón de Guanabo y Laguna del Cobre-Itabo, Ciudad de la Habana, Cuba. Acta Botánica Cuba. 2016, 215, 61–74.

36. Capote, R.T. Resilience of Mangroves on the South Coast of Havana Province, Cuba. Ph.D. Thesis, Rheinische Friedrich-Wilhelms-
Universität Bonn, Bonn, Germany, 2007. Available online: https://nbn-resolving.org/urn:nbn:de:hbz:5N-11246 (accessed on 11
January 2022).

37. Espinoza, M.Á.L.; Crespo, G.D.L.C.R.; Junco, O.D.; Hernández, J.G. Los servicios ecosistémicos en manglares: Beneficios a la
resiliencia del ecosistema ante cambios climáticos, a la comunidad y su desarrollo local. Rev. Metrop. Cienc. Apl. 2019, 2, 120–127.

38. López Pérez, J.L.; de la Caridad Rodríguez Crespo, G. Acciones encaminadas a reducir la vulnerabilidad de un sector de manglar
al sur de la provincia de Artemisa, Cuba. Rev. Cuba. Cienc. For. 2018, 6, 162–171.

http://doi.org/10.1080/20964129.2018.1492335
http://doi.org/10.1016/j.marpol.2019.02.001
http://doi.org/10.1111/cobi.13850
http://doi.org/10.1016/j.tfp.2021.100094
http://doi.org/10.7717/peerj.8790
https://cambioclimatico.gob.mx/sexta-comunicacion/
http://doi.org/10.1111/j.1466-8238.2010.00584.x
http://doi.org/10.21829/myb.2017.2311517
https://nbn-resolving.org/urn:nbn:de:hbz:5N-11246


Water 2022, 14, 3903 21 of 24

39. González, F. Metodología para monitoreo de la recuperación del manglar en la desembocadura del río San Cristóbal. Rev. Cuba.
Cienc. For. 2018, 6, 240–256.

40. Rodríguez Leyva, O. Estado actual del bosque de manglar en el lote 2 de la Reserva Ecológica Baitiquirí, Guantánamo. Rev. Cuba.
Cienc. For. 2016, 4, 4.

41. Rodríguez Crespo, G.D.L.C.; Socorro, M.A.A.; Junco, O.D.; Permuy, Y.R.; Troche, A.P. Servicios ecosistémicos en manglares:
Potencialidad para seguridad alimentaria en comunidades costeras. Rev. Cuba. Cienc. For. 2019, 7, 56–71.

42. Ministerio de Ciencia Tecnología y Medio Ambiente [CITMA]. Programa Para la Ejecución del Plan de Estado Para el Enfrentamiento
al Cambio Climático; Tarea Vida: Habana, Cuba, 2020.

43. Ministerio de Ciencia Tecnología y Medio Ambiente [CITMA]. Plan de Estado Para el Enfrentamiento al Cambio Climático; Tarea Vida:
Habana, Cuba, 2017.

44. UN.CEPAL. La Pérdida de los Bosques de América Latina y el Caribe 1990–2020: Evidencia Estadística. Serie Temas Estadísticos de la
CEPAL No. 2. 2021, p. 9. Available online: https://hdl.handle.net/11362/47151 (accessed on 11 January 2022).

45. Hernández-Sampieri, R.; Torres, C.P.M. Metodología de la Investigación; McGraw-Hill Interamericana: Ciudad de México, Mexico,
2018; Volume 4, pp. 310–386.

46. Muñoz, J.; Granados, P.; Chica Ruiz, J.; García Onetti, J.; García Sanabria, J. Manejo Costero Integrado y Política Pública en Iberoamérica:
Un Diagnóstico. Necesidad de Cambio; Universidad de Cadiz: Cadiz, Spain, 2009; 380p.

47. Oficina Nacional de Estadísticas e Información (ONEI). Anuario Estadístico de Cuba. Capítulo 1: Territorio; Oficina Nacional de
Estadísticas e información República de Cuba: Habana, Cuba, 2021; 15p.

48. Carrera, L.M. El Ecosistema de Manglar en el Archipiélago Cubano: Bases para su Gestión. Ph.D. Thesis, Universidad de Alicante,
San Vicente del Raspeig, Spain, 2013.

49. Perigó, E.; Alvarez-Lajonchere, L.; Martínez, C.; Betanzos, A. Diagnóstico ambiental para la factibilidad del desarrollo sustentable
de la acuicultura marina en Cuba. Impactos y respuestas. Rev. Cuba. Investig. Pesq. 2013, 30, 57–60.

50. Pérez-Piñeiro, A. La apicultura en Cuba y su situación actual. Agroecología 2017, 12, 67–73.
51. Regalado, A.I.; Sánchez, L.M.; Mancebo, B. Rhizophora mangle L. (mangle rojo): Una especie con potencialidades de uso terapéutico.

J. Pharm. Pharmacogn. Res. 2016, 4, 1–17.
52. Iturralde, M.A.; Serrano Méndez, H. Peligros y Vulnerabilidades de la Zona Marino-Costera de Cuba: Estado Actual y Perspectivas ante el

Cambio Climático Hasta el 2100; Editorial Academia: Habana, Cuba, 2015; p. 86. ISBN 978-959-270-338-4.
53. CEPAL. Efectos del Cambio Climático en la Costa de América Latina y el Caribe: Evaluación de los Sistemas de Protección de los

Corales y Manglares de Cuba. Publicación de las Naciones Unidas. 2018, p. 32. Available online: https://www.cepal.org/es/
publicaciones/44103-efectos-cambio-climatico-la-costa-america-latina-caribe-evaluacion-sistemas (accessed on 2 July 2022).

54. Gobierno Cubano. Primera Contribución Nacionalmente Determinada (Actualizada); Gobierno Cubano: Habana, Cuba, 2020.
55. Ley del Sistema de los Recursos Naturales y el Medio Ambiente; Gaceta Oficial de Cuba: Habana, Cuba, 2022.
56. Arellano, D.M. El Enfoque Ecosistémico para el desarrollo sostenible mediante la promoción de sinergias en la escala nacional.

Ing. Hidráulica Ambient. 2002, XXIII, 48–50.
57. Andrade, A. (Ed.) Aplicación del Enfoque Ecosistémico en Latinoamérica; CEM-UICN: Bogotá, Colombia, 2007.
58. Plan Nacional de Desarrollo Económico y Social Hasta el 2030 (PNDES 2030): Propuesta de Visión de la Nación, ejes y Sectores Estratégicos;

Aprobado por el VII Congreso del PCC: Habana, Cuba, 2016.
59. Muñoz, J.M.B. Progress of coastal management in Latin America and the Caribbean. Ocean. Coast. Manag. 2020, 184, 105009.

[CrossRef]
60. Cabrera Hernández, J.A.; Acosta, M.A.; Santos, O.R.; Martínez, Á.A.; Montero, G.G.; Márquez, A.F.; de los Reyes, R.P.;

Montero, O.P.; Batista, C.M.; Tejera, R.G.; et al. Manejo costero Integrado en Cuba: Avances y Retos en la Etapa 2009–2019. Rev.
Costas 2020, 1, 95–116. [CrossRef]

61. Cabrera, J.A.; Martínez, D.; Rey, O.; Cruz, T.; Brito, L.; Caraballo, L.; Miranda, C.; Castellanos, M.; León, A.; Pérez, O.; et al.
El manejo integrado costero en Cuba: Propuestas para avanzar hacia una implementación exitosa. In Manejo Costero Integrado
y Política Pública en Iberoamérica: Propuestas para la Acción; Barragán Muñoz, J.M., Ed.; Red IBERMAR (CYTED): Cádiz, Spain,
2011; pp. 71–91. ISBN 978-84-694-4844-1. Available online: https://www.researchgate.net/publication/321150936_El_manejo_
integrado_costero_en_Cuba_propuestas_para_avanzar_hacia_una_implementacion_exitosa (accessed on 11 January 2022).

62. Centella, A.; Llanes, J.; Paz, L.; López, C.; Limia, M. Primera Comunicación Nacional a la Convención Marco de las Naciones Unidas
sobre Cambio Climático; Grupo Nacional de Cambio Climático-Instituto de Meteorología: Habana, Cuba, 2001.

63. OXFAM. El Clima Cambia, Amenaza y Exige Adaptación: Una Mirada a la Experiencia Cubana de Protección ante el Cambio Climático.
CUBA. 2010, p. 40. Available online: www.oxfam.org (accessed on 11 January 2022).

64. Constitución de la República de Cuba, Gaceta oficial de la República de Cuba; Proclamada el 10 de abril de 2019, Edición Extraordinaria,
año CXVII, nº 5; 2019. Available online: www.gacetaoficial.gob.cu (accessed on 6 February 2022).

65. Decreto-Ley 200 De las Contravenciones en materia de Medio Ambiente; Gaceta Oficial de la República de Cuba. Edición Ordinaria
Número 83 de fecha 23 de Diciembre de 1999; 1999. Available online: www.gacetaoficial.gob.cu (accessed on 6 February 2022).

66. Ley No.85 Ley Forestal; Gaceta Oficial de la República de Cuba; Edición Ordinaria Número No. 46: 773; 1998. Available online:
www.gacetaoficial.gob.cu (accessed on 6 February 2022).

67. Decreto No. 268, Contravenciones de las Regulaciones Forestales; Gaceta Oficial de la República de Cuba; Edición Ordinaria No.
Septiembre 1999; 1999. Available online: www.gacetaoficial.gob.cu (accessed on 6 February 2022).

https://hdl.handle.net/11362/47151
https://www.cepal.org/es/publicaciones/44103-efectos-cambio-climatico-la-costa-america-latina-caribe-evaluacion-sistemas
https://www.cepal.org/es/publicaciones/44103-efectos-cambio-climatico-la-costa-america-latina-caribe-evaluacion-sistemas
http://doi.org/10.1016/j.ocecoaman.2019.105009
http://doi.org/10.26359/costas.e105
https://www.researchgate.net/publication/321150936_El_manejo_integrado_costero_en_Cuba_propuestas_para_avanzar_hacia_una_implementacion_exitosa
https://www.researchgate.net/publication/321150936_El_manejo_integrado_costero_en_Cuba_propuestas_para_avanzar_hacia_una_implementacion_exitosa
www.oxfam.org
www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu


Water 2022, 14, 3903 22 of 24

68. Decreto No. 179, Protección, uso Sostenible y Conservación de los Suelos; Gaceta Oficial de la República de Cuba; Edición Ordinaria
No.4 de fecha 2 de Febrero de 1993; 1993. Available online: www.gacetaoficial.gob.cu (accessed on 6 February 2022).

69. Decreto-Ley No. 201 del Sistema Nacional de Áreas Protegidas; Gaceta Oficial de la República de Cuba, XCVII (84); p. 1355. Available
online: www.gacetaoficial.gob.cu (accessed on 6 February 2022).

70. Decreto- Ley No. 212, Gestión en la Zona Costera; Gaceta Oficial de la República de Cuba; Edición Ordinaria No. 68, La Habana,
viernes 14 de Agosto del 2000; 2000. Available online: www.gacetaoficial.gob.cu (accessed on 6 February 2022).

71. Acuerdo 4604 del Consejo Ejecutivo del Consejo de Ministros de 20 de Noviembre de 2002. Available online: www.gacetaoficial.
gob.cu (accessed on 6 February 2022).

72. CITMA. RESOLUCIóN 76/2003 del Ministerio de Ciencia, Tecnología y Medio Ambiente. Reglamento para la Atención e
Implementación de Proyectos del Mecanismo de Desarrollo Limpio. Available online: https://www.citma.gob.cu/marco-legal/
(accessed on 6 February 2022).

73. Álvarez, A.F.; Mercadet, A.Y.C. El Sector Forestal Cubano y el Cambio Climático; Instituto de Investigaciones Agroforestales,
Ministerio de la Agricultura de Cuba: Habana, Cuba, 2012; p. 248. ISBN 978-959-7215-00-4.

74. Centella, A.; Llanes, J.; Paz, L.; López, C.; Limia, M. (Eds.) Estrategia de Adaptación al cambio climático. In Primera Comunicación
Nacional a la Convención Marco de las Naciones Unidas sobre Cambio Climático; Grupo Nacional de Cambio Climático-Instituto de
Meteorología: Habana, Cuba, 2001; p. 166.

75. Cuba. Ministerio de Ciencia Tecnología y Medio Ambiente [CITMA]. Estrategia Ambiental Nacional. Available online:
http://www.cuba.cu/ciencia/Citma/AMA/index.html (accessed on 10 February 2022).

76. Álvarez, A.; Mercadet, A. Puesta a Punto del Sistema Automatizado SUMFOR v-2.0. Informe Final Subproyecto: La Mitigación del
Cambio Climático por los Bosques Cubanos; Proyecto: Segunda Comunicación Nacional de Cambio Climático: Subsector Forestal; PRCT:
Preservación de los Recursos Naturales; Instituto de Investigaciones Forestales: Habana, Cuba, 2009; 8p.

77. Mercadet-Portillo, A.; Alvarez-Brito, A.; Rodriguez-Gil, Y.; Reyes-Pérez, J.L. Retención de carbono por el patrimonio forestal de la
Empresa Forestal Integral Costa Sur, provincia de Artemisa. Rev. For. Baracoa 2019, 38, 23–32.

78. Miñoso-Bonilla, Y.; Fleitas-Camacho, Y.; Ramos-Ramos, R. Retención de carbono por el patrimonio forestal de la Empresa
Agroforestal Macurijes, Pinar del Río, Cuba. Rev. For. Baracoa 2019, 38, 75–81.

79. Álvarez-Brito, A.; Mercadet-Portillo, A.; Rodríguez-Gil, Y. Proyección del balance neto de emisiones del sector forestal hasta 2030.
Rev. For. Baracoa 2019, 38, 67–74.

80. Álvarez-Góngora, Y.; Álvarez-Brito, A.; Mercadet-Portillo, A.; Domínguez-Leyva, I. Alternativas silvícolas para la mitigación del
cambio climático por la Empresa Agroforestal Las Tunas. Rev. For. Baracoa 2019, 38, 9–16.

81. Cabrera Hernández, A.; Montero, G.G.; Santos, O.R.; Alcolado, P.M.; Miranda, C.; de los Reyes, R.P.; Martínez, J.M.; Salabarría, D.;
Alfonso, A.; Martínez, D.; et al. El Manejo Integrado Costero en Cuba: Un Camino, Grandes Retos. Manejo Costero Integrado y Política
Pública em Iberoamérica: Un Diagnóstico. Necesidad de Cambio; Red IBERMAR (CYTED): Cádiz, Spain, 2009; pp. 91–120.

82. Vales-García, M.; Aguilar-González, B. Manglar Vivo en Cuba: Costos y beneficios de las acciones basadas en ecosistemas. Rev.
Iberoam. Econ. Ecológica 2021, 34, 86–110.

83. Milanés-Batista, C.; Pérez-Montero, O. La formación de capacidades en el manejo integrado costero como herramienta para el
ordenamiento territorial y el desarrollo sostenible. Ciencia En Su PC 2011, 3, 19–33.

84. Batista, C.M.; Montero, O.P. An Inquiry into Land-Use Planning and Integrated Coastal Zone Management: The Cuban Experience.
Ocean Yearbook 2012, 26, 509–532. [CrossRef]

85. Ferrera-Bergues, A.; Pérez-Montero, O.; Soler-Mariño, O. Population, Climatic Change and Perception of the risk in the Oriental
South Region. 2018, pp. 237–252. Available online: https://santiago.uo.edu.cu/index.php/stgo/article/view/4618 (accessed on
29 September 2022).

86. Taillardat, P.; Friess, D.A.; Lupascu, M. Mangrove blue carbon strategies for climate change mitigation are most effective at the
national scale. Biol. Lett. 2018, 14, 20180251. [CrossRef] [PubMed]

87. Bertram, C.; Quaas, M.; Reusch, T.B.H.; Vafeidis, A.T.; Wolff, C.; Rickels, W. The blue carbon wealth of nations. Nat. Clim. Chang.
2021, 11, 704–709. [CrossRef]

88. Farzanmanesh, R.; Khoshelham, K.; Thomas, S. Remote Sensing Applications: Society and Environment Technological oppor-
tunities for measuring and monitoring blue carbon initiatives in mangrove ecosystems. Remote Sens. Appl. Soc. Environ. 2021,
24, 20.

89. Chave, J.; Andalo, C.; Brown, S.; Cairns, M.A.; Chambers, J.Q.; Eamus, D.; Fölster, H.; Fromard, F.; Higuchi, N.; Kira, T.; et al. Tree
allometry and improved estimation of carbon stocks and balance in tropical forests. Oecologia 2005, 145, 87–99. [CrossRef]

90. Komiyama, A.; Ong, J.E.; Poungparn, S. Allometry, biomass, and productivity of mangrove forests: A review. Aquat. Bot. 2008, 89,
128–137. [CrossRef]

91. Kauffman, J.B.; Donato, D.C.; Adame, M.F. Protocolo Para la Medición, Monitoreo y Reporte de la Estructura, Biomasa y Reservas de
Carbono de los Manglares; Documento de Trabajo; CIFOR: Bogor, Indonesia, 2013; Volume 117.

92. Friess, D.A.; Krauss, K.W.; Taillardat, P.; Adame, M.F.; Yando, E.S.; Cameron, C.; Sasmito, S.D.; Sillanpää, M. Mangrove blue
carbon in face of deforestation, climate change, and restoration. Annu. Plant Rev. 2020, 3, 427–456.

93. Anand, A.; Pandey, P.C.; Petropoulos, G.P.; Pavlides, A. Use of Hyperion for Mangrove Forest Carbon Stock Assessment in Use of
Hyperion for Mangrove Forest Carbon Stock Assessment in Bhitarkanika Forest Reserve: A Contribution towards Blue Carbon
Initiative. Remote Sens. 2020, 12, 25. [CrossRef]

www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu
www.gacetaoficial.gob.cu
https://www.citma.gob.cu/marco-legal/
http://www.cuba.cu/ciencia/Citma/AMA/index.html
http://doi.org/10.1163/22116001-90000081
https://santiago.uo.edu.cu/index.php/stgo/article/view/4618
http://doi.org/10.1098/rsbl.2018.0251
http://www.ncbi.nlm.nih.gov/pubmed/30355678
http://doi.org/10.1038/s41558-021-01089-4
http://doi.org/10.1007/s00442-005-0100-x
http://doi.org/10.1016/j.aquabot.2007.12.006
http://doi.org/10.3390/rs12040597


Water 2022, 14, 3903 23 of 24

94. Otero, V.; Kerchove, R.V.D.; Satyanarayana, B.; Martínez-Espinosa, C.; Amir, M.; Fisol, B.; Rodila, M.; Ibrahim, B.; Sulong, I.;
Mohd-lokman, H.; et al. Forest Ecology and Management Managing mangrove forests from the sky: Forest inventory using field
data and Unmanned Aerial Vehicle (UAV) imagery in the Matang Mangrove Forest Reserve, peninsular Malaysia. For. Ecol.
Manag. 2018, 411, 35–45. [CrossRef]

95. Hamilton, S.E.; Castellanos-Galindo, G.A.; Millones-Mayer, M.; Chen, M. Remote Sensing of Mangrove Forests: Current
Techniques and Existing Databases 22. In Threats to Mangrove Forests; Makowski, C.W.F.C., Ed.; Springer International Publishing
AG, Part of Springer Nature 2018; Springer: Berlin/Heidelberg, Germany, 2018; pp. 497–520.

96. Menéndez, L.; Guzmán, J.M.; Capote, R.T. Los manglares del archipiélago cubano: Aspectos de su funcionamiento. In Humedales
de Iberoamérica; Neiff, J.J., Ed.; Programmea Iberoamericano de Ciencia y Tecnología para el Desarrollo; CYTED: La Plata,
Argentina, 2002; pp. 237–251.

97. Guzmán, J.M.; Menéndez, L. Protocolo para el Monitoreo del Ecosistema de Manglar; CNAP: Habana, Cuba, 2013.
98. Ávila, D.D.; Curbelo, E.A.; Madrigal-roca, L.J.; Pérez-Lanyau, R.D. Variación espacio-temporal de la respuesta espectral en

manglares de Habana, Cuba, evaluada con sensores remotos. Rev. Biol. Trop. 2020, 68, 321–335.
99. Howard, J.; Hoyt, S.; Isensee, K.; Pidgeon, E.; Telszewski, M. (Eds.) Coastal Blue Carbon: Methods for Assessing Carbon Stocks

and Emissions Factors in Mangroves, Tidal Salt Marshes, and Seagrass Meadows; Conservation International, Intergovernmental
Oceanographic Commission of UNESCO, International Union for Conservation of Nature: Arlington, VA, USA, 2018.

100. Kumagai, J.A.; Costa, M.T.; Ezcurra, E.; Aburto-Oropeza, O. Prioritizing mangrove conservation across Mexico to facilitate 2020
NDC ambition. Ambio 2020, 49, 1992–2002. [CrossRef]

101. CDM-Watch. Manual del Mecanismo de Desarrollo Limpio (MDL). 2010, p. 23. Available online: https://carbonmarketwatch.
org/wp-content/uploads/2012/03/CDM-Toolkit_Espanol.pdf (accessed on 2 July 2022).

102. Song, A.M.; Dressler, W.H.; Satizábal, P. From conversion to conservation to carbon: The changing policy discourse on mangrove
governance and use in the Philippines. J. Rural. Stud. 2021, 82, 184–195. [CrossRef]

103. Cormier-Salem, M.-C. Let the Women Harvest the Mangrove. Carbon Policy, and Environmental Injustice. Sustainability 2017,
9, 1485. [CrossRef]

104. Mursyid, H.; Daulay, M.H.; Pratama, A.A.; Laraswati, D.; Novita, N.; Malik, A.; Maryudi, A. Governance issues related to the
management and conservation of mangrove ecosystems to support climate change mitigation actions in Indonesia. For. Policy
Econ. 2021, 133, 102622. [CrossRef]

105. Eguren, L. El Mercado de Carbono en América Latina y el Caribe: Balance y Perspectivas; CEPAL, Publicación de las Naciones Unidas:
Santiago, Chile, 2004.

106. Asante, W.A.; Acheampong, E.; Boateng, K.; Adda, J. The implications of land tenure and ownership regimes on sustainable
mangrove management and conservation in two Ramsar sites in Ghana. For. Policy Econ. 2017, 85, 65–75. [CrossRef]

107. Feka, Z.N. Sustainable management of mangrove forests in West Africa: A new policy perspective? Ocean. Coast. Manag. 2015,
116, 341–352. [CrossRef]

108. Caraballo, Y. La tutela jurídica del ecosistema de manglar. In Ecosistema de Manglar en el Archipiélago Cubano Estudios y Experiencias
Enfocados a su Gestión; Menéndez, L., Guzmán, J.M., Eds.; Editorial Academia: Habana, Cuba, 2006; pp. 71–78.

109. Bell-James, J.; Boardman, T.; Foster, R. Can’t see the (mangrove) forest for the trees: Trends in the legal and policy recognition of
mangrove and coastal wetland ecosystem services in Australia. Ecosyst. Serv. 2020, 45, 101148. [CrossRef]

110. Coto, O.; Morera, L. El Mecanismo de Desarrollo Limpio (MDL) en América Latina y el Caribe: Lecciones Aprendidas a nivel Regional;
Comisión Económica para América Latina y el Caribe (CEPAL), Naciones Unidas: Washington, DC, USA, 2007; Available online:
https://repositorio.cepal.org/handle/11362/5628 (accessed on 2 July 2022).

111. Sanhueza, J.E.; Antonissen, M. REDD+ en América Latina Estado Actual de las Estrategias de Reducción de Emisiones por Deforestación y
Degradación Forestal; Comisión Económica para América Latina y el Caribe (CEPAL), Naciones Unidas: Washington, DC, USA,
2014; Available online: https://repositorio.cepal.org/handle/11362/36810 (accessed on 2 July 2022).

112. Decreto-Ley 358 Sobre la Entrega de Tierras Estatales Ociosas en Usufructo, Gaceta Oficial de la República de Cuba; Edición Extraordinaria
Número 39 de Fecha 7 de Agosto de 2018. Available online: https://www.gacetaoficial.gob.cu/pdf/GOC-2018-EX39.rar (accessed
on 21 September 2022).

113. Abedin, F.; Giessen, L. Exceptional bureaucratic rivalry in mangrove forest policy: Explanations from the Sundarbans, Bangladesh.
Ocean. Coast. Manag. 2021, 203, 105510.

114. Begum, F.; Lobry, L.; Bruyn, D.; Kristiansen, P.; Amirul, M. Institutionalising co-management activities for conservation of forest
resources: Evidence from the Sundarbans mangrove forest management of Bangladesh. J. Environ. Manag. 2021, 298, 113504.
[CrossRef]

115. Chamberland-Fontaine, S.; Heckadon-Moreno, S.; Hickey, G.M. Tangled Roots and Murky Waters: Piecing Together Panama’s
Mangrove Policy Puzzle. Front. For. Glob. Chang. 2022, 5, 1–11. [CrossRef]

116. Decreto Ley 33. Para la Gestión estratégica del Desarrollo Territorial; Gaceta Oficial Ordinaria No 63 de 7-6-2021. Available online:
www.gacetaoficial.gob.cu (accessed on 21 September 2022).

117. Chatting, M.; Al-Maslamani, I.; Walton, M.; Skov, M.W.; Kennedy, H.; Husrevoglu, Y.S.; Le Vay, L. Future Mangrove Carbon
Storage Under Climate Change and Deforestation. Front. Mar. Sci. 2022, 9, 781876. [CrossRef]

118. CAMBIO CLIMÁTICO: Cuba Quiere Entrar al Negocio del Carbono. Available online: https://ipsnoticias.net/2004/12/cambio-
climatico-cuba-quiere-entrar-al-negocio-del-carbono/ (accessed on 5 September 2022).

http://doi.org/10.1016/j.foreco.2017.12.049
http://doi.org/10.1007/s13280-020-01334-8
https://carbonmarketwatch.org/wp-content/uploads/2012/03/CDM-Toolkit_Espanol.pdf
https://carbonmarketwatch.org/wp-content/uploads/2012/03/CDM-Toolkit_Espanol.pdf
http://doi.org/10.1016/j.jrurstud.2021.01.008
http://doi.org/10.3390/su9081485
http://doi.org/10.1016/j.forpol.2021.102622
http://doi.org/10.1016/j.forpol.2017.08.018
http://doi.org/10.1016/j.ocecoaman.2015.08.006
http://doi.org/10.1016/j.ecoser.2020.101148
https://repositorio.cepal.org/handle/11362/5628
https://repositorio.cepal.org/handle/11362/36810
https://www.gacetaoficial.gob.cu/pdf/GOC-2018-EX39.rar
http://doi.org/10.1016/j.jenvman.2021.113504
http://doi.org/10.3389/ffgc.2022.818722
www.gacetaoficial.gob.cu
http://doi.org/10.3389/fmars.2022.781876
https://ipsnoticias.net/2004/12/cambio-climatico-cuba-quiere-entrar-al-negocio-del-carbono/
https://ipsnoticias.net/2004/12/cambio-climatico-cuba-quiere-entrar-al-negocio-del-carbono/


Water 2022, 14, 3903 24 of 24

119. Arias Rivera, M.L. El bloqueo estadounidense contra Cuba. Una actualización. Política Int. 2021, 3, 7–12.
120. Waters, R.; Prashad, V.; de los Santos, M. Cuba debe ser Eliminado de la lista de Estados Patrocinadores del Terrorismo.

CUBADEBATE. 10 July 2022. Available online: http://www.cubadebate.cu/especiales/2022/07/10/cuba-debe-ser-eliminado-
de-la-lista-de-estados-patrocinadores-del-terrorismo/ (accessed on 5 September 2022).

http://www.cubadebate.cu/especiales/2022/07/10/cuba-debe-ser-eliminado-de-la-lista-de-estados-patrocinadores-del-terrorismo/
http://www.cubadebate.cu/especiales/2022/07/10/cuba-debe-ser-eliminado-de-la-lista-de-estados-patrocinadores-del-terrorismo/

	Introduction 
	Materials and Methods 
	Results 
	Policy 
	Normative 
	Competences 
	Institutions 
	Operational and Strategic Instruments 
	Education and Training 
	Economic Resources 
	Knowledge and Information 
	Education for Sustainability 
	Citizen Participation 

	Discussion 
	Basic Knowledge about the Mangrove for Management as a Carbon Reservoir in Cuba 
	Assessment of the Cuban Environmental Policy and Regulations Context 
	Carbon Capture and Economics 

	Conclusions 
	References

