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Abstract: This article aims to briefly review the socio-economic impact caused by the flooding of
Lake Enriquillo on the inhabitants of Boca Cachón due to the complex local phenomenon related to
climate variability. Between 2003 and 2014, Boca de Cachón and the communities surrounding Lake
Enriquillo were deeply affected by flooding of the Lake’s rising waters. Lake Enriquillo is the largest
wetland in the Caribbean and the first designated RAMSAR site. In turn, Boca de Cachón could
be considered the first human settlement formally displaced because of climate variability in the
Dominican Republic and probably one of the first in the Americas in the twenty-first century. Boca
de Cachón is a rural Municipal District located to the northwest of the municipality of Jimaní, with a
population of around 3000 inhabitants on the southwest border with the Republic of Haiti and located
in the Biosphere Reserve Jaragua-Bahoruco-Enriquillo. Given the future climatic scenarios for the
Dominican Republic and the possible climate change that could exacerbate by excess or, by default,
the socio-environmental problems in the Lake’s belt, it is necessary to support the communities in
their capacity-building processes. The lessons learned from Boca de Cachón can serve as a learning
space for adaptation processes in rural environments in the Caribbean region.

Keywords: climate change; resettlement; rural environment; adaptation; Caribbean; Dominican
Republic; Boca de Cachón

1. Introduction

This article aims to review the case of Boca de Cachón, from a literature perspective,
considering the point of view of the socio-economic impact caused by the flooding of
Lake Enriquillo on its inhabitants. Boca de Cachón is a rural community located in the
southwest of the Dominican Republic, in the heart of the Bahoruco-Jaragua-Enriquillo
Biosphere Reserve (RBJBE), in the Dominican side of the border with the Republic of Haiti,
the two countries that share the Hispaniola, the second island in size in the Caribbean
region after Cuba and the first European settlement in the Americas. Boca de Cachón is a
Municipal District located northwest of the municipality of Jimaní, the local capital of the
Independencia province [1]. With a population of around 3000 inhabitants [2], this rural
community has been amid a climate crisis little known in the world, but with important
implications for the rural contexts of developing island states highly vulnerable to climate
change and climatic variability, as is the case of the Dominican Republic (DR). Figure 1
shows the location of Boca de Cachón in the southwest of the DR and the communities
in the surrounding of Lake Enriquillo, which in turn we will refer to them as the Lake’s
belt communities, affected by the flooding of Lake Azuei in Haiti and the flooding of Lake
Enriquillo in both sides of the island [3].
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Figure 1. Boca de Cachón and lake belt communities. Source: Based on Sheller and León (2016) [3]. 

 

Figure 1. Boca de Cachón and lake belt communities. Source: Based on Sheller and León (2016) [3].

Between 2004 and 2014, Boca de Cachón and the Lake’s belt communities were deeply
affected by flooding of the Lake’s rising waters [4,5]. In 2014 they became the first human
settlement displaced due to the effects of climate change in the Dominican Republic (DR)
and probably one of the first in the Americas in the second decade of the twenty-first
century [6]. The DR is a developing insular country located in the Caribbean, which, as
has been stated, shares the island of Hispaniola with the Republic of Haiti. The DR has
a surface area of 48,670 sq. km., representing approximately two-thirds of Hispaniola
and about 10.5 million [7]. The DR is the largest economy in Central America and the
Caribbean, with a gross domestic product or GDP of over US $81 billion in 2018 and an
annual growth rate of 6.6% between 2014 and 2018 [8]. The country is considered an
upper-middle-income country with a gross national income per capita of around the US
$7370. The DR is also considered a high human development country, as defined by the
United Nations Development Program [9], despite the significant social distortions in
poverty and income distribution [10].

A key issue is the sensitivity of the Dominican economy to the effects of climate
change and climate variability. Still, this sensitivity is not new and is part of the general
climatic vulnerability of the Caribbean region. Between 1999 and 2018, the Republic of
Haiti was considered the third most affected country by extreme climate events, along
with Puerto Rico and Myanmar, while the Dominican Republic was in the top 50 most
vulnerable countries [11]. A 2015 World Bank study, in collaboration with the MEPYD,
estimated the average annual economic impact of climate change at around the US $420
million, which was equivalent to 0.69% of GDP [12] (p. 55). According to the estimates,
the impact of extreme events such as hurricanes and tropical storms could reach 3.3%
of the GDP (around the US $1997 million), with a probability of occurrence of 5% each
year [12] (p. 17). Table 1 shows a summary of the economic impact of the significant hydro-
climatic events of the second half of the TWENTY-CENTURY and the first decade of the
TWENTY-ONE CENTURY.
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Table 1. Estimated Macroeconomic Impact of Major Hydroclimatic Events in the Dominican Republic.

Event Year Impact (US $ millions) * % GDP
Hurricanes David and Federico 1979 1750 16

Hurricane George 1998 2624 14
Flooding of Rio Yuna and Rio Yaque Norte 2003 61.3 0.2

Hurricane Jeanne 2004 417 1.3
Tropical storm Noel and Olga 2007 437 1.2

* In 2005 dollars. Source: own elaboration based on TWBG, 2015 [12].

The report of the World Bank and MEPyD makes a complete account of the economic
impact of extreme events in the DR. These events have positioned the DR as the 8th most-
affected country (from a list of 183 countries) by climatic events with significant economic
losses [12] (p. 11).

2. Methodology: Building a Context-Specific Approach to Complexity

In formal terms, this article arose from the need to provide the academic community
with an ideographic or descriptive perspective of the Boca de Cachón issue [13], caused by
the increase in the waters of Lake Enriquillo in response to a more complex phenomenon
of climate variability. This ideographic approach, although it is part of incipient research
on local dynamics of social adaptation to climate change in the Enriquillo region, was
insufficient by itself, which is why and without trying to approach it for nomothetic
purposes, as building a more heuristic and explicative background [14], it was amplified
and enriched by the literature review and by defining an analytical framework based on a
complexity approach, which rests on four elements highlighted in this section.

Thus, the departing point is to count with an instrumental definition of climate
change which also covers climate viability. According to the Intergovernmental Panel
on Climate Change (IPCC), in a broad sense, climate change refers to “any change in
climate over time, whether due to natural variability or as a result of human activity” [14]
(p. 871). It implies a wide range-perspective and a complex dynamic interaction of
positive and negative feedbacks between climate, social, ecological, economic, and cultural
structures at different levels, such as individuals, households, communities, regions, and
countries [15,16], allowing us to put the Boca de Cachón case in the analytical context of
climate variability, and then supporting a context-specific local-based understanding of
complexity as a multiscale interaction of environmental and climatic factors. It includes
a dynamic of multilevel interaction between positive and negative ecosystem services
synergies with local [17], national, and regional climatic patterns and the socio-economic
factors that interact with the ecosystems and local climate variability at the local level [18].
Four epistemic elements are considered to expose the complex approach to the Boca de
Cachón challenge as a study subject:

1. The broader socio-economic context and the asymmetries in which Boca de Cachón is
embedded at the regional and country-level

2. The landscape of the Jaragua-Bahoruco-Enriquillo Biosphere Reserve (RBJBE) that
hosts the community of Boca de Cachón

3. The phenomenon of the rising water and flooding of Lake Enriquillo and their socio-
economic impact at the local level

4. The complex dynamics of ecosystem services and their socio-economic interactions
based on the local impacts of Lake Enriquillo flooding

To simplify the analysis but without falling into a reductionist perspective, it can be
stated that the first two elements can be considered as given factors, somewhat exogenous
and that they form part of the analytical context in which the Boca de Boca community
is inserted. The third element, the phenomenon of the rising water, is the incidental
factor, although not necessarily stochastic, that acts as a catalyst for the fourth element,
unleashing a complex dynamic that relates ecosystem services with local socio-economic
interactions [16]. The first three factors will be addressed as part of the same block in
the third section, and the fourth will be treated separately in the discussion section due
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to its analytical implications. Therefore, this review exposes the socio-economic and
environmental context in which the displacement of Boca de Cachón occurs to support
two epistemic objectives. The first one is to increase our understanding of the complex
socio-economic dynamics associated with climate change in a rural environment in the
Caribbean region, which is one of the most sensitive locations to climate change [19].
The second is to provide a starting point for a broader development initiative related to
studying the adaptation processes of the communities of the Lake’s belt.

3. Results: Rising the Case of Boca de Cachón

Despite the remarkable advances in terms of economic growth of the DR and lesser
impact but positive results in terms of poverty reduction and social inclusion [20], such
advances have been seen to a lesser extent in the southwest of the country [21] and
specifically in the Enriquillo region where the Biosphere reserve that hosts the Boca de
Cachón is located.

3.1. At the South of the South: The Socio-Economic Context of Boca de Cachón

The Enriquillo Region, one of the ten regional divisions and has 368,594 inhabi-
tants [22]. About 53% of its surface corresponds to a protected area, making it the largest
area of protected ecosystems [23]. Based on the results of the poverty characterization
study carried out by the Ministry of Economy (MEPyD) [21], the three most populated
municipalities in the Biosphere Reserve have high levels of relative poverty. Such is the
case of the Municipality of Pedernales, with 75.5% of households living in poverty, the
municipality of Paraíso with 76.8%, and the municipality of Jimaní, which hosts Boca de
Cachón, with 71% of households living in poverty. In addition, among the ten poorest
municipalities in the country, three are found in the RBJBE: Cristóbal with 86.2% of house-
holds living in multidimensional poverty, Postrer Río with 82%, and La Descubierta with
78.8% [21]. Although general poverty in the Enriquillo Region is the highest among the four
macro-regions of the country (30.2%), the aggregated data of the southern macro-region of
the country, which includes the Del Valle, Enriquillo, and Valdesia regions, suggests a slight
decrease in extreme poverty, going from 4.5% of the population in 2019 to 3.8% in 2020 [24].
It contrasts with the behavior from the other three macro-regions, in which extreme poverty
increased because of the COVID-19 pandemic. The Eastern macro-region was the most
affected one, where extreme poverty went from 2.8% to 4.9% of the population in the same
period [24].

Despite the lights and shadows of the economic and social situation of the Dominican
Republic, it contrasts substantially with the situation of the Republic of Haiti, the poorest
country in the Western Hemisphere. With a history characterized by intense political, social,
and economic instability and highly complex environmental problems, the Republic of
Haiti constitutes a complex scenario to approach the climate vulnerability analysis, given
its territory’s political fragmentation in terms of governance [3]. Nevertheless, the two
countries of the island share similar challenges in terms of the vulnerability to the effects of
climate change and the sensitivity of their most essential ecosystems and primary economic
activities, especially along the border of the two countries [3,25,26]. In this regard and
returning to the sensitivity of the primary economic activities to climate change in the DR
and the island, it should probably be pointed out that this sensitivity is more significant in
poor rural communities around protected areas, which directly depends on the resilience
of their ecosystem services, given the complex dynamic interactions at the local level
between climate change, adaptation, and ecosystem services [27,28]. That is the case of the
settlements around Lake Enriquillo and the communities in the Reserve of La Selle, where
Lake Azuei is located, and which borders Lake Enriquillo on the Dominican side.

The socio-economic and political differences between the two countries also provoke
different responses to the challenges of adaptation faced by communities and families [29],
which in the Dominican case translated into a more significant presence and action of
the state and local authorities in response to the flooding of Lake Enriquillo, unlike what
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happened in Haiti with the flooding of Lake Azuei. It is not about a better or a worse
response, but about the existence of asymmetric capacities (governance, basic infrastruc-
tures, essential public services, financing, among others) on the two sides of the border that
make a difference in the adaptive response to the challenges of climate change at the local
level [3,16].

3.2. Biosphere Reserves and Protected Areas around Boca de Cachón

From the point of view of conservation, ecosystems, and the management of biological
diversity, Boca de Cachón is located within the limits of the RBJBE. In collaboration with
the United Nations Educational, Scientific, and Cultural Organization (UNESCO) and
its Man and Biosphere Program or MAB [30,31], the Dominican government created the
biosphere reserve in 2002. It has an area of around 4858 sq. km, of which approximately
900 sq. km corresponds to the marine area [6,32]. Figure 2 shows the location of RBJBE in
the DR territory.

Climate 2021, 9, x FOR PEER REVIEW 5 of 17 
 

 

Reserve of La Selle, where Lake Azuei is located, and which borders Lake Enriquillo on 

the Dominican side. 

The socio-economic and political differences between the two countries also provoke 

different responses to the challenges of adaptation faced by communities and families 

[29], which in the Dominican case translated into a more significant presence and action 

of the state and local authorities in response to the flooding of Lake Enriquillo, unlike 

what happened in Haiti with the flooding of Lake Azuei. It is not about a better or a worse 

response, but about the existence of asymmetric capacities (governance, basic infrastruc-

tures, essential public services, financing, among others) on the two sides of the border 

that make a difference in the adaptive response to the challenges of climate change at the 

local level [3,16]. 

3.2. Biosphere Reserves and Protected Areas around Boca de Cachón 

From the point of view of conservation, ecosystems, and the management of biolog-

ical diversity, Boca de Cachón is located within the limits of the RBJBE. In collaboration 

with the United Nations Educational, Scientific, and Cultural Organization (UNESCO) 

and its Man and Biosphere Program or MAB [30,31], the Dominican government created 

the biosphere reserve in 2002. It has an area of around 4858 sq. km, of which approxi-

mately 900 sq. km corresponds to the marine area [6,32]. Figure 2 shows the location of 

RBJBE in the DR territory. 

 

Figure 2. The Jaragua-Bahoruco-Enriquillo Biosphere Reserve in the DR. Source: Gómez-Valenzuela 

et al. (2021) [6]. 

Figure 2. The Jaragua-Bahoruco-Enriquillo Biosphere Reserve in the DR. Source: Gómez-Valenzuela et al.
(2021) [6].



Climate 2021, 9, 182 6 of 17

The RBJBE has three main conservation zones. The first one comprises the national
parks Lago Enriquillo and Isla Cabrito, where Boca de Cachón is located. Sierra de Bahoruco
National Park and its surroundings comprise the second conservation area. Finally, the
third conservation area is integrated by the Jaragua National Park, to the south of the
Sierra de Bahoruco, occupies a substantial portion of the Barahona territory, and has a
critical marine area that includes the Beata and Alto Velo islands, the southernmost points
of the Island of Hispaniola and the Dominican territory [32]. Within the RBJBE is the
Loma Charco Azul Biological Reserve, of high importance due to its biodiversity and
other conservation spaces, natural resources, and high diversity of genes, species, and
landscapes [33].

The RBJBE includes unique ecosystems and threatened species and islands, coastal-
marine habitats, wetlands, dry forests, broadleaf forests, and pine forests [32]. The RBJBE
also has a height gradient in the Hispaniola that ranges from 40 m below sea level (in Lake
Enriquillo) to 2367 m above sea level (in the Loma del Toro of the Sierra de Bahoruco).
Lake Enriquillo is the largest wetland in the Caribbean (about 330 sq. km.) and the first
RAMSAR site in the region [34]. Lake Enriquillo and Isla Cabrito were created as national
parks by Law 664 of 14 May 1974. The Lake contains archaeological heritage dating back
to the pre-Hispanic settlements of different aboriginal cultures. Its surroundings contain
important biodiversity that includes more than 65 native, endemic, and migratory birds, the
endemic species of iguanas (Cyclura cornuta and Cyclura ricordii) [35,36], and the American
crocodile [37]. Figure 3 shows some pictures with Cyclura cornuta around Lake Enriquillo.

Climate 2021, 9, x FOR PEER REVIEW 6 of 17 
 

 

The RBJBE has three main conservation zones. The first one comprises the national 

parks Lago Enriquillo and Isla Cabrito, where Boca de Cachón is located. Sierra de Ba-

horuco National Park and its surroundings comprise the second conservation area. Fi-

nally, the third conservation area is integrated by the Jaragua National Park, to the south 

of the Sierra de Bahoruco, occupies a substantial portion of the Barahona territory, and 

has a critical marine area that includes the Beata and Alto Velo islands, the southernmost 

points of the Island of Hispaniola and the Dominican territory [32]. Within the RBJBE is 

the Loma Charco Azul Biological Reserve, of high importance due to its biodiversity and 

other conservation spaces, natural resources, and high diversity of genes, species, and 

landscapes [33]. 

The RBJBE includes unique ecosystems and threatened species and islands, coastal-

marine habitats, wetlands, dry forests, broadleaf forests, and pine forests [32]. The RBJBE 

also has a height gradient in the Hispaniola that ranges from 40 m below sea level (in Lake 

Enriquillo) to 2367 m above sea level (in the Loma del Toro of the Sierra de Bahoruco). 

Lake Enriquillo is the largest wetland in the Caribbean (about 330 sq. km.) and the first 

RAMSAR site in the region [34]. Lake Enriquillo and Isla Cabrito were created as national 

parks by Law 664 of 14 May 1974. The Lake contains archaeological heritage dating back 

to the pre-Hispanic settlements of different aboriginal cultures. Its surroundings contain 

important biodiversity that includes more than 65 native, endemic, and migratory birds,  

the endemic species of iguanas (Cyclura cornuta and Cyclura ricordii) [35,36], and the Amer-

ican crocodile [37]. Figure 3 shows some pictures with Cyclura cornuta around Lake En-

riquillo. 

 

Figure 3. The Lake and its iguanas. Pictures (1) and (2) show different perspectives of the scenic 

beauty of Lake Enriquillo, and pictures (3) and (4) captures two scenes of the interaction of Cyclura 

cornuta, one of the two endemic iguanas of the Hispaniola. Photo credit: VGV. 

Based on a recent economic valuation of ecosystem services provided by the RBJBE 

[6], the provisioning and regulating ecosystem services were the most valued by the Do-

minican society, indicating the dual role of the biosphere reserve in providing natural re-

sources for both primary economic and subsistence activities at the local level, and the 

recognition of its richness and unique biodiversity. There is no doubt that poverty consti-

tutes a complex situation from the point of view of the management of protected ecosys-

tems since controversial evidence points to benefits and costs in both directions, that is, in 

favor of the net benefits in terms of conservation derived from the establishment of pro-

tected areas [38,39]. 

  

1

2 3

4

Figure 3. The Lake and its iguanas. Pictures (1,2) show different perspectives of the scenic beauty of
Lake Enriquillo, and pictures (3,4) captures two scenes of the interaction of Cyclura cornuta, one of
the two endemic iguanas of the Hispaniola. Photo credit: VGV.

Based on a recent economic valuation of ecosystem services provided by the RBJBE [6],
the provisioning and regulating ecosystem services were the most valued by the Dominican
society, indicating the dual role of the biosphere reserve in providing natural resources for
both primary economic and subsistence activities at the local level, and the recognition
of its richness and unique biodiversity. There is no doubt that poverty constitutes a
complex situation from the point of view of the management of protected ecosystems
since controversial evidence points to benefits and costs in both directions, that is, in favor
of the net benefits in terms of conservation derived from the establishment of protected
areas [38,39].



Climate 2021, 9, 182 7 of 17

3.3. Climate Variability and Socio-Economic Impact

Between 2003 and 2014, the surface of Lake Enriquillo began a period of expansion
that resulted in its water level increasing from around 42 m below sea level in 2003 to
29 m below sea level in 2014, causing the flooding of cultivated land and human settlements
around it [4]. As a result, the Lake’s surface went from an average range of between 195–265
to 354–391 sq km in 2003–2014, reaching a maximum level in 2012–2013 [3,26]. Figure 4,
from Moknatian et al. [40], shows the increase of the Lake’s surface from 2003 to 2014.
Between 2011 and 2013, the socio-economic impact was extensively discussed, and public
intervention was initiated [40,41]. Since 2013, a gradual reduction in the area devoted to
the Lake has been documented [42].
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Figure 4. Increase of Lake Enriquillo Surface 2003–2014. Source: Moknatian et al. (2017) [40].

The causes of the increase in the Lake’s surface are attributed to the accumulated
effects of rainfall in its basin, the tropical storms and hurricanes that occurred throughout
the decade, and the contributions from the Yaque del Sur River through the Cristóbal chan-
nel [4]. According to Herrera et al. [43], the projection of future hydroclimatic changes in
the coming decades, especially at the end of the twenty-first century, indicates a significant
and relatively homogeneous general trend favoring increased aridity Hispaniola due to a
significant decrease in the average annual rainfall. Although these projections are made
at a high level of resolution and require calibrations to adjust the local projections, these
medium- and long-term projections point out an intensification of the vulnerability of
regions and communities that are currently already suffering from climatic stress, as is the
case in the region hosting Boca de Cachón. In sum, the climatic variability, and the change
in the precipitation patterns in the basin, combined with the socio-economic vulnerability
of the communities of the Lake’s belt, may explain the Boca de Cachón climatic crisis.
Figure 5 depicts yearly climatic data from the meteorological station of Jimaní located at
18◦29′ LN and 71◦5′ LW, provided by the National Meteorological Office (ONAMET). It
shows the total rainfall in millimeters (mm) and the annual temperature average 2000–2020.
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Figure 5. Climatic chart 2000–2020 rain total in mm and average temperature. Source: own elaboration with data provided
by ONAMET.

It appears at first glance that the temperature and the precipitation data in Figure 5
refer to a dynamic of indetermination that hides the complexity inherent in each temporal
sequence in which the temperature or precipitation event occurs, as it is recorded in the
meteorological station of Jimaní. It constitutes something much more extensive than the
data itself. It does not define a situation of analytical impossibility but encourages us
to approach the case of Lake Enriquillo with a much more open and rigorous mentality.
In general terms, the climatic data of Figure 5 coincides with the patterns indicated by
different authors regarding the change in the long-term precipitation pattern predicted
for Hispaniola and for the region in which Boca de Cachón is located [43], as well as the
increasing trend of temperature [44], as can be seen in the logarithmic trend lines of both
precipitation and temperature. A detailed review of the change in the precipitation pattern
at national scale and its influence at the regional level (regions of the Dominican territory)
can be found in Izzo et al. [44], highlighting the specific contribution of an accumulation
effect derived from extreme climatic phenomena such as the Noel storm in 2007 [45]. The
year 2007 was the year with the highest rainfall recorded by the Jimaní meteorological
station in 2000–2020, as shown in Figure 5. The climatic evidence suggests that the year
2007 could be a turning point in the climate crisis of Lake Enriquillo due to the combined
and synergic effect of the local impact of the rainfall caused by the storms Noel and Olga
and its socio-economic impact.

In terms of the socio-economic impacts, the crisis caused by the flooding generated
several social, economic, and political problems, both at the local and the national levels,
given the considerable effects on traditional activities, such as agriculture, livestock, fam-
ilies, and communities. The situation led the government to issue a Presidential Decree
(Decree 674-11) declaring a “state of emergency” for the communities in the Lake’s belt [46].
Figure 6 shows a composition of images giving an idea of the magnitude of the impact of
the flooding of Lake Enriquillo.
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Figure 6. Flooding in the lake belt. Pictures showing the rising waters of Lake Enriquillo. Photo
credits: Eladio M. Fernández.

The socio-economic impact of the lake Enriquillo flooding has been challenging to
estimate. However, based on restoration costs available, it has been globally estimated
at between US $50 and the US $70 million [5,6,47]. The estimation considers the substan-
tial losses in agricultural and livestock, with around 17,000 productive hectares affected,
and private and public properties with severe damage. It has directly impacted the
22,000 inhabitants in the settlement surrounding the lakes, with an extended impact over
the 122,000 inhabitants of the nine municipalities in the provinces of Bahoruco and Inde-
pendencia [5]. This global estimate includes the Dominican government’s responses to
resettle and relocate Boca de Cachón, with an estimated investment of US $24.4 million [48].
Figure 7 shows pictures from the Old and the new Boca de Cachón, as well as some phases
of the resettlement process.
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Figure 7. New wines in old wineskins. Images of Boca de Cachón before and after. Picture (1) shows
the effects of the Lake’s rising waters in Boca de Cachón, and Picture (2) illustrates the situation
before the population movement in “Viejo de Boca de Cachón,” where most affected houses were
destroyed. Picture (3) shows the housing project’s final stage before its inauguration in 2014, and
pictures (4–6) were taken in the summer of 2021. Image 6 shows the Boca de Cachón local spa, with
sulfur water, cultural reference, and identity construction. Photo credits: (1): [49]; (2): [50]; (3): [51];
Photo credits pictures (4–6): V.G.V.
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The consequences of this climatic crisis are numerous and extend beyond what is
visible. First, there is the problem of floods, their tremendous socio-economic impact, and
the associated uncertainties. Second, political action often leads to the physical destruction
of memory, exacerbated by the mobilization of families and assets to a new location.
Undoubtedly, and regardless of the attention given to the resettlement processes, like the
one given to Boca de Cachón, we are in the presence of a profound social impact whose
resolution requires a long-term commitment of the public institutions [52]. The inhabitants
of Boca de Cachón have not been the first to move due to climate variability in the DR. The
stories of thousands of refugees from Hurricane David and Storm Federico of 1979 still
resonate like those of Hurricane George of 1998 and Storm Noel of 2007, among other more
recent ones. However, the inhabitants of Boca de Cachón will possibly take with them the
idea of climate refugees more clearly than the previous ones.

Finally, it was estimated that 575 households in Boca de Cachón were affected by the
Lake’s flooding at the local level. It includes 283 farmers, around 630 hectares of flooded
cropland, and 135 cattlemen who indicated vast livestock loss [5] (pp. 16–17). Nonetheless,
perhaps one of the most critical impacts may have occurred in a more intangible way,
by splitting the local memories into two spaces: the Old Boca de Cachón and the New
Boca de Cachón, the first remaining as a permanent memory of their loss under the
Lake Enriquillo waters and the latter as a permanent reminder of the present and future
uncertainties [53,54].

4. Discussion: Ecosystem Services and Local Interactions in a Rural Environment

In Boca de Cachón, agriculture and livestock were the activities most impacted by the
flooding of the Lake, but also commercial and transport activities [5,41]. The impact of the
flooding is directly related to the inability of producers to capture the benefits of the ecosys-
tem services that sustain the affected economic activities such as agriculture, livestock, and
others [28,55]. It also directly refers to the ecosystem services provided by the protected
areas in the surroundings of Boca de Cachón, including provisioning services, such as the
provision of fresh water for people and animals, animal feed, fibers for the manufacture
of inputs, and various raw materials, among others; the regulating ecosystem services,
including climatic stability, flood control, erosion control, soil conservation, regulation of
water flow, among others; supporting ecosystem services, which include nutrient cycling,
hydrological cycle, soil production, hatchery and habitat of species, among others, and
finally, cultural services such as tourism, recreation, spirituality, scenic beauty, landscape,
sense of belonging, and others [56]. The referred ecosystem services were severely affected
by the lake flooding, an impact directly linked to the efficiency of productive activities and
the welfare of the inhabitants of Boca de Cachón, affecting their social formation, economic
structure, cultural identity, and sense of belonging, due to the intertwined relation between
ecosystem services and welfare [57]. The literature suggests that in the case of agriculture
and livestock in the Caribbean [19,58], especially in the insular developing countries, cli-
mate change and climate variability already have and will continue to have a significant
impact on agriculture, fisheries, and other activities, primarily due to changing climate
patterns, air surface temperatures, and factors such as water availability.

It is essential to highlight that in a context of high climatic stress, such as one character-
izing the Lake Enriquillo basin, a complex local socio-economic-environment relationship
tends to generate a complex interaction dynamic, positive and negative, between the dif-
ferent types of ecosystem services [17,59]. There could be synergistic or compensation
effects or trade-offs in both cases, with the first consisting of the mutual benefit generated
by the interaction of ecosystem services. The latter implies a possible win-lose situation or
vice versa since the ability to obtain the benefits of a given ecosystem service reduces the
possibility of obtaining other services [60,61]. Figure 8, taken from Power [17], shows the
interactions between ecosystem services in terms of their synergies and trade-off (ecosys-
tem disservices) based on a conceptualization of rural agroecosystem environment. The
interactions and synergies indicated by Power in Figure 8 show a continuous cycle in
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which not only the different ecosystem services interact and generate synergies, but also
trade-offs that could negatively affect ecosystem services, generating a state of imbalance
that prevents local economic actors from capturing the benefits of agroecosystem services,
thus affecting not only productive activities but also the well-being of communities. This
description fits very well with the complex panorama experienced by Boca de Cachón.
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From Figure 8, it is clear that interactions and feedbacks between ecosystem services
at the scale of an experience such as Boca de Cachón, in which climate variability acts as
a stressor combined with socio-economic pressure on natural resources, and the effects
of the Lake’s flooding, constitutes an opportunity not only for the development of future
research lines but also to create a learning space on sustainability and resilience in rural
environments related to protected areas and biosphere reserves [30]. In these spaces, the
interactions climate, ecosystem services, socio-economic, and pressure, vulnerability create
a highly complex warp. These elements create a perfect storm generating the climate crisis
of Boca de Cachón. However, Boca de Cachón could serve as a rural living laboratory
that provides a learning opportunity to better design public policies that strengthen local
capacities for adaptation and mitigation. The message is simple: ecosystem services are not
independent. They relate to each other in a non-linear way, understanding for non-linear
interactions those in which the different components and services of the agroecosystem at
the local level are “not directly proportional” [62] (p. 359).

The non-linearity of the local responses of the agroecosystems impacted by the Lake’s
rising waters constitutes a complex phenomenon based on unforeseen dynamics whose
causes are not only climatic. It may occur as an aftermath of minor variations between the
thresholds in which plants and animals and other agroecosystem components respond
to environmental and climatic stressors [62]. Factors such as a change in the temperature
patterns account for around 80% of the changes in ecosystem components, including its
complex effects in moisture available for complex regulatory and supporting ecosystem
services [62]. These responses could be found in specific areas of sensitivity and interaction
between environmental, climatic, and socio-economic factors. Therefore, understanding
the complexity of the interactions between the components and the ecosystem services
and their reaction to variations in temperature and humidity is essential for the actors,
especially the decision-makers, to maximize the opportunities and minimize the risks of
climate vulnerability [16,17]. In the case of rural agricultural and livestock activities, the
literature suggests that the problem can be analyzed as trade-offs between provision and
regulation services [17], without neglecting other interactions with cultural and support
services, which in the case exposed here are of high interest, given the socio-environmental
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context in which Boca de Cachón is embedded. Moreover, in the context of Boca Cachón,
despite the need for further research, everything seems to indicate that the interactions
of adverse effects occur between provision and regulation services, and it also includes
cultural services, without ruling out other types of adverse interactions.

In any case, at the local level, the ability to capture the benefits of positive ecosystem
services and minimize adverse offsetting effects will depend on the local adaptive capac-
ity, which is a multiscale phenomenon for a much more medium-long-term perspective,
accounting for the economic resources, technology, information and skills, infrastructure,
institutions, and equity in supporting processes of adaptation to climate change, with
sensitivity drivers in the connection zones in which individuals, families, productive sys-
tems, and social structures and networks overlap [18,59,61]. Figure 9 shows a primary
perspective on the complexity perspective developed in this article concerning the Boca de
Cachón case.
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To conclude and in addition to the above considerations and given that Boca de Cachón
is located within a Biosphere Reserve, the combined effects of social and economic pressure
on biodiversity and natural resources relate climate variability with both provisioning
and regulating ecosystem services, putting much more stress on the community coping
capacity to deal with the crisis unleashed by the Lake Enriquillo floods. Coping capacity
represents the social and physical resources available to face an emerging shorter-term
crisis [63] (p. 351), which in the case of Boca de Cachón likely was increased and magnified
due to resource limitations and probably a low local social adaptive capacity, unleashing
high-stress drivers in sensitive areas where social, economic, and environmental factors
overlap, as can be seen in Figure 9.

5. Concluding Remarks

The case of Lake Enriquillo as a study subject reveals it an incredible and insightful
story hiding a highly complex local phenomenon. Its memory contains a cumulative,
non-linear, and synergistic nature, whose measurable expression has accumulated drop by
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drop in the rain gauge of the Jimaní meteorological station, as well as degree by degree with
each fluctuation in temperature throughout the days, weeks, months, and years, even prior
to 2003 and 2004. All this is in an elusive game with an initially ambiguous but intuitive
ending and with emergent connections between disconnected phenomena of social and
human nature. Boca de Cachón has lived, currently live, and will continue living for the
next decades amid a climate-based crisis. Thus, it is necessary to prepare and continue
preparing the community for a transition and social transformation process, helping them
become more resilient for inevitable future climate shocks in the Lake’s belt.

From the first moments of the rise in the water level of Lake Enriquillo, between 2003
and 2004, to the accumulated effects of extreme events, such as Storm Noel in 2007, to
the exacerbation of the problem in 2010, there was time to at least pay attention. Given
the latter, it could be argued that the social costs of the relocation process of the Boca
de Cachón could have been lower. However, that is not easy to pin down. The Boca
de Cachón experience suggests that the biophysical and socio-economic-environment
conditions combined in Boca de Cachón continue to be present in the Lake’s belt, pointing
out a possible increase in soil erosion and desertification accompanied by relevant changes
in precipitation patterns. This experience should provide a learning space to advance
in the readiness process and strengthen adaptative capacity at the local level. In this
local context, adaptation could be defined as a learning process that is a function of the
ability of individuals, families, communities, regions, and economic activities to adapt
to the effects or impacts of climate change. Based on the climate future scenarios for
the following decades, the socio-economic problem caused by the rising water of Lake
Enriquillo, combined with the social vulnerability at the local level in the Lake’s belt, could
be one of many episodes of the climate crisis to come. Thus, to support a more inclusive,
sustainable, and resilient economic growth model with impact at the local level, at least a
medium-long term strategy is required, including strategic multiscale planning for local
development, covering national and regional policy actors and local level. Becoming
resilient goes together with a capacity-building process for local institutions and the human
capital around the Lake’s belt, creating new opportunities for technology transfer and
innovative solutions for local challenges.

From the social point of view, a pending task will be to analyze the current situation
of Nueva Boca de Cachón, considering general levels of satisfaction with the resettlement
experience and the public investment in infrastructure and services aimed at improving
their quality of life. It is a relevant point given the subversion effect that local political pro-
cesses can have on the level of success of resettlement, to minimize unfair and maladaptive
results, which can quickly occur in cases such as that experienced by the inhabitants of
Boca de Cachón. A resettlement experience is usually traumatic at the level of individuals,
families, and the community. Creating new spatially referenced identities (the new Boca de
Cachón versus the old Boca de Cachón) can exacerbate inequality and fracture the social
capital at the local level. Given the future possibilities that climate variability and climate
change could exacerbate, by excess or by default, the socio-environmental problems in
the Lake’s belt, it is now necessary to accompany the communities in a capacity-building
process that incorporates the lessons learned from Boca de Cachón. It is necessary to
assume Boca de Cachón as a learning space for adaptation processes in rural environments
in the Caribbean region.

A point of interest that will require further and a more specific research focus is the
eventual interaction between the ENSO (El Niño Southern Oscillation) with the local cli-
matic variability that contributed to the increase in the waters of Lake Enriquillo. ENSO is
a complex phenomenon whose duration and intensity, as well as its alternation with La
Niña as part of the same complex event, is affected by multiple factors such as the onset
moment, the oceanic feedback of the temperature and evapotranspiration cycles, the tem-
perature adjustments of the tropical Atlantic, and the cooling of the tropical Pacific, among
other factors [64,65]. For now, this appreciation will require a very rigorous validation
process. However, the facts could be interesting if the available climatic data in Figure 5
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are compared with ENSO records of the first two decades of the twenty-first century. In the
years 2004–2005 and 2005–2006, the ONI (Oceanic Niño Index) estimates two weak ENSO
phenomena [66] (p. 5807), while in the years 2007–2008 and 2010–2011, two strong La Niña
phenomena occurred, with the latter likely related to changes in the average conditions of
the tropical Pacific, probably in response to global warming, as Marjani et al. point out [66].
Are these possible interactions just spurious coincidences? To what extent and scale could
there be some interaction between the ENSO phenomenon and what happened in Lake
Enriquillo? The answers to these questions are undoubtedly beyond the scope of this
review article. However, it certainly opens the door to continue exploring the interactions
and effects of highly complex phenomena, such as climate change and ENSO, concerning
the non-linear effects on the local climate variability [67].

Some limitations derived from the scope and nature of the present study are as
follows. First, it is necessary to exhaust a socio-environmental and economic evaluation
of the current state of the Boca de Cachón resettlement from the perspective of the family
units and their livelihoods. Second, the analysis of the synergies and compensations of the
ecosystem services concerning local climatic stress and considering the environment as
part of a biosphere reserve deserves more detailed attention, contributing to the territory’s
planning and management initiative along the Lake’s entire belt. These lines of research
are expected to be developed in the short term.

To conclude, the title of this article makes a literary reference to “La increíbe y triste
historia de la cándida Eréndira y su abuela desalmada” (The incredible and sad tale of
innocent Eréndira and her heartless grandmother) published in 1972 by the Colombian
Gabriel García Marquez, Nobel Prize in Literature 1982 [68], one of the most influential
authors of the Latin American boom and possibly the most conspicuous representative of
the so-called “magic realism.” The story of innocent Eréndira takes place across interwoven
stories that have the Caribbean as a background, the same Caribbean Sea so close and
far from Boca de Cachón at the same time. According to some authors, the Candid
Eréndira narrates the complex relationship between an oppressor (the grandmother) and
an oppressed (Eréndira) [69]. A predictable story like what happened in Boca de Cachón can
turn into a drama with unforeseen consequences for individuals, families, and communities.
Has Boca de Cachón been trapped in the no man’s land of uncertainty? Is the Nuevo Boca
de Cachón an attempt at emancipation or a new prison that traps the souls of its inhabitants?
It is not easy to tell.

Author Contributions: V.G.-V. initialized and planned this research. S.B.-D. supports data collection
and reading inputs. V.G.-V. did the analyses with inputs from K.R. V.G.-V. wrote the first drafts of the
paper, which was further edited by K.R. and then finally reviewed and edited by V.G.-V. The final
draft was revised and improved with inputs from all co-authors. All authors have read and agreed to
the published version of the manuscript.

Funding: This research did not receive funding.

Data Availability Statement: Climatic data available upon request.

Acknowledgments: Thanks to the Oficina Nacional de Meteorología (ONAMET) for their support
by providing climactic data. Thanks to Eladio M. Fernández, photographer and naturalist.

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

References
1. ONE. División Territoral de la República Dominicana; Oficina Nacional de Estadística (ONE): Santo Domingo, Dominican Republic,

2020; p. 502.
2. ONE. Tu Municipio en Cifras. Available online: https://archivo.one.gob.do/Multimedia/Download?ObjId=87842 (accessed on

11 November 2021).
3. Sheller, M.; León, Y.M. Uneven socio-ecologies of Hispaniola: Asymmetric capabilities for climate adaptation in Haiti and the

Dominican Republic. Geoforum 2016, 73, 32–46. [CrossRef]
4. Mendez-Tejeda, R.; Delanoy, R.A. Influence of Climatic Phenomena on Sedimentation and Increase of Lake Enriquillo in

Dominican Republic, 1900–2014. J. Geogr. Geol. 2017, 9, 19–36. [CrossRef]

https://archivo.one.gob.do/Multimedia/Download?ObjId=87842
http://doi.org/10.1016/j.geoforum.2015.07.026
http://doi.org/10.5539/jgg.v9n4p19


Climate 2021, 9, 182 15 of 17

5. Gil Pichardo, F.D.; Lo Conte, L.; Regio, G. Alternativas Productivas a Mediano y Largo Plazo Para las Familias Afectadas Por la Crecida
del Nivel del Lago Enriquillo; OXFAM International: Santo Domingo, Dominican Republic, 2012; p. 75.

6. Gómez-Valenzuela, V.; Alpízar, F.; Ramirez, K.; Bonilla-Duarte, S.; van Lente, H. At a Conservation Crossroad: The Bahoruco-
Jaragua-Enriquillo Biosphere Reserve in the Dominican Republic. Sustainability 2021, 13, 11030. [CrossRef]

7. ONE. IX Censo Nacional de Población y Vivienda 2010. Características de la Vivienda y del Hogar; Oficina Nacional de Estadística
(ONE): Santo Domingo, Dominican Republic, 2015; p. 529.

8. TWB. The World Bank in Dominican Republic. Available online: https://www.worldbank.org/en/country/dominicanrepublic/
overview (accessed on 21 July 2019).

9. UNDP. Human Development Indices and Indicators. 2018 Statistical Update; United Nations Development Program: New York, NY,
USA, 2018; p. 11.

10. Attali, J. República Dominicana 2010–2030; Ministerio de Economía, Planificación y Desarrollo: Santo Domingo, Dominican
Republic, 2010; p. 144.

11. Eckstein, D.; Künzel, V.; Schäfer, L.; Winges, M. Global Climate Risk Index 2020. Who Suffers Most from Extreme Weather Events?
Weather-Related Loss Events in 2018 and 1999 to 2018; Germanwatch e.V.: Bonn, Germany, 2020; p. 42.

12. TWBG. Gestión Financiera y Aseguramiento del Riesgo de Desastres de la República Dominicana; Sonideas: Santo Domingo, Dominican
Republic, 2015; p. 62.

13. Coen, D.R. Climate Change and the Quest for Understanding; Social Science Research Council: New York, NY, USA, 2018.
14. Shavit, A.; Griesemer, J. There and Back Again, or the Problem of Locality in Biodiversity Surveys. Philos. Sci. 2009, 76, 273–294.

[CrossRef]
15. Adger, W.N. Social Capital, Collective Action, and Adaptation to Climate Change. Econ. Geogr. 2003, 79, 387–404. [CrossRef]
16. Cattivelli, V. Climate Adaptation Strategies and Associated Governance Structures in Mountain Areas. The Case of the Alpine

Regions. Sustainability 2021, 13, 2810. [CrossRef]
17. Power, A.G. Ecosystem services and agriculture: Tradeoffs and synergies. Philos. Trans. R. Soc. B Biol. Sci. 2010, 365, 2959–2971.

[CrossRef]
18. Bue, M.; Smale, D.A.; Natanni, G.; Marshall, H.; Moore, P.J. Regional-scale climate variability interacts with local-scale processes

to determine the structure of macroinvertebrate assemblages associated with kelp understory algae. Divers. Distrib. 2020, 26,
1551–1565. [CrossRef]

19. Robinson, S.-A. Adapting to climate change at the national level in Caribbean small island developing states. Isl. Stud. J. 2018, 13,
79–100. [CrossRef]

20. Flechtner, S. Growth Miracle or Endangered Development? Vested Interests, Policy-Making, and Economic Development in the
Dominican Republic. J. Econ. Issues 2017, 51, 323–331. [CrossRef]

21. Morillo Pérez, A. El Mapa de la Pobreza en la República Dominicana; Ministerio de Economía, Planificación y Desarrollo (MEPyD):
Santo Domingo, Dominican Republic, 2014; p. 383.

22. ONE. IX Censo Nacional de Población y Vivienda 2010; Oficina Nacional de Estadística (ONE): Santo Domingo, Dominican Republic,
2012; p. 547.

23. Gómez Valenzuela, V.; Bonilla Duarte, S.; Alpízar, F. ¿Cuál es el Valor de los Ecosistemas Protegidos de República Dominicana? Instituto
Tecnológico de Santo Domingo (INTEC): Santo Domingo, Dominican Republic, 2018; p. 195.

24. MEPyD. Boletín de Estadísticas Oficiales de Pobreza Monetaria en la República Dominicana. Año 6 No. 8; Giobierno de la República
Dominicana: Santo Domingo, Dominican Republic, 2021.

25. Lohmann, H. Comparing vulnerability and adaptive capacity to climate change in individuals of coastal Dominican Republic.
Ocean Coast. Manag. 2016, 132, 111–119. [CrossRef]

26. Lohmann, H.; Rosa, M. Climate Change in the Dominican Republic: Coastal Resources and Communities; Global Foundation for
Democracy and Development (GFDD): New York, NY, USA, 2015; p. 107.

27. Leal Filho, W.; Azeiteiro, U.M.; Balogun, A.-L.; Setti, A.F.F.; Mucova, S.A.R.; Ayal, D.; Totin, E.; Lydia, A.M.; Kalaba, F.K.; Oguge,
N.O. The influence of ecosystems services depletion to climate change adaptation efforts in Africa. Sci. Total Environ. 2021, 779,
146414. [CrossRef] [PubMed]

28. Li, J.; Zhang, C.; Zhu, S. Relative contributions of climate and land-use change to ecosystem services in arid inland basins. J.
Clean. Prod. 2021, 298, 126844. [CrossRef]

29. Seymour, F.; Busch, J. Tropical Forests and Development. Contributions to Water, Energy, Agriculture, Health, Safety, and Adaptation;
Center for Global Development: Washington, DC, USA, 2016; pp. 59–88.

30. Bridgewater, P.; Babin, D. UNESCO–MAB Biosphere Reserves already deal with ecosystem services and sustainable development.
Proc. Natl. Acad. Sci. USA 2017, 114, E4318. [CrossRef]

31. Bridgewater, P.B. Biosphere reserves: Special places for people and nature. Environ. Sci. Policy 2002, 5, 9–12. [CrossRef]
32. León, Y.; Rupp, E.; Arias, Y.; Perdomo, L.; Incháustegui, S.J.; Garrido, E. Estrategia de Monitoreo para Especies Amenazadas en la

Reserva de Biosfera Enriquillo-Bahoruco-Jaragua; Grupo Jaragua: Santo Domingo, Dominican Republic, 2011; p. 91.
33. Perdomo, L.; Arias, Y.; León, Y.; Wege, D. Areas Importantes para la Conservación de las Aves en la República Dominicana; Grupo

Jaragua, Inc.: Santo Domingo, Dominican Republic, 2010; p. 84.
34. SISR. Lago Enriquillo. Available online: https://rsis.ramsar.org/es/about (accessed on 28 May 2021).

http://doi.org/10.3390/su131911030
https://www.worldbank.org/en/country/dominicanrepublic/overview
https://www.worldbank.org/en/country/dominicanrepublic/overview
http://doi.org/10.1086/649805
http://doi.org/10.1111/j.1944-8287.2003.tb00220.x
http://doi.org/10.3390/su13052810
http://doi.org/10.1098/rstb.2010.0143
http://doi.org/10.1111/ddi.13140
http://doi.org/10.24043/isj.59
http://doi.org/10.1080/00213624.2017.1320510
http://doi.org/10.1016/j.ocecoaman.2016.08.009
http://doi.org/10.1016/j.scitotenv.2021.146414
http://www.ncbi.nlm.nih.gov/pubmed/33735656
http://doi.org/10.1016/j.jclepro.2021.126844
http://doi.org/10.1073/pnas.1702761114
http://doi.org/10.1016/S1462-9011(02)00018-7
https://rsis.ramsar.org/es/about


Climate 2021, 9, 182 16 of 17

35. Perdomo, L.; Arias, Y. Dominican Republic. In Important Bird Areas Americas—Priority Sites for Biodiversity Conservation;
Devenish, C., Díaz Fernández, C., Clay, R.P., Davison, I., Yépez Zabala, I., Eds.; BirdLife Conservation Series No. 16; BirdLife
International: Quito, Ecuador, 2009; pp. 171–178.

36. Rupp, E.; Incháustegui, S.; Arias, Y. Preliminary Report of the Distribution and Situation of Cyclura ricordii on the Southern Shore of
Enriquillo Lake; Grupo Jaragua, Inc.: Santo Domingo, Dominican Republic, 2006; p. 11.

37. Powell, R.; Ottenwalder, J.A.; Incháustegui, S.J.; Henderson, R.W.; Glor, R.E. Amphibians and reptiles of the Dominican Republic:
Species of special concern. Oryx 2000, 34, 118–128. [CrossRef]

38. Brockington, D.; Wilkie, D. Protected areas and poverty. Philos. Trans. R. Soc. B Biol. Sci. 2015, 370, 20140271. [CrossRef] [PubMed]
39. Andam, K.S.; Ferraro, P.J.; Sims, K.R.E.; Healy, A.; Holland, M.B. Protected areas reduced poverty in Costa Rica and Thailand.

Proc. Natl. Acad. Sci. USA 2010, 107, 9996–10001. [CrossRef] [PubMed]
40. Moknatian, M.; Piasecki, M.; Gonzalez, J. Development of Geospatial and Temporal Characteristics for Hispaniola’s Lake Azuei

and Enriquillo Using Landsat Imagery. Remote Sens. 2017, 9, 510. [CrossRef]
41. PNUD. Cuando los Desastres se Quedan. Comprendiendo los Vínculos Entre la Pobreza, y los Choques Climáticos en el Lago Enriquillo,

República Dominican; PNUD: Santo Domingo, Dominican Republic, 2014; p. 66.
42. Miniño Mejía, V.A.; León, Y.; Quintana, C. Impacto de las aguas superficiales en el aumento del nivel de las aguas del Lago

Enriquillo. Cienc. Ambiente y Clima 2018, 1, 9–21. [CrossRef]
43. Herrera, D.A.; Mendez-Tejeda, R.; Centella-Artola, A.; Martínez-Castro, D.; Ault, T.; Delanoy, R. Projected Hydroclimate Changes

on Hispaniola Island through the 21st Century in CMIP6 Models. Atmosphere 2021, 12, 6. [CrossRef]
44. Izzo, M.; Aucelli, P.P.; Maratea, A. Historical trends of rain and air temperature in the Dominican Republic. Int. J. Climatol. 2021,

41, E563–E581. [CrossRef]
45. Izzo, M.; Aucelli, P.P.C.; Javier, Y.; Pérez, C.; Rosskopf, C.M. The tropical storm Noel and its effects on the territory of the

Dominican Republic. Nat. Hazards 2010, 53, 139–158. [CrossRef]
46. Presidencia_RD. Decreto 674-11. Available online: https://ambiente.gob.do/transparencia/download/59/decretos/911/decreto-

no-674-11.pdf (accessed on 21 November 2021).
47. Guzmán Molina, U. Lago Enriquillo se Comió 325 mil Tareas. Available online: https://hoy.com.do/lago-enriquillo-se-%C2%9

3comio%C2%94-325-mil-tareas/ (accessed on 12 November 2021).
48. DGCP. Presidente Medina Entrega Nuevo Boca de Cachón a sus Pobladores. Available online: https://www.dgcp.gob.do/

noticias/presidente-medina-entrega-nuevo-boca-de-cachon-a-sus-pobladores/ (accessed on 21 November 2021).
49. Sanchéz, T.; Cuevas, G. Afectados de Crecida de Arroyo en Boca de Cachón Piden Ayuda al Gobierno. Available online:

https://orfateando.wordpress.com/2012/05/07/inundaciones/ (accessed on 21 November 2021).
50. Redacción_DL. Boca de Cachón, con Casas Nuevas y Pocas Fuentes de Trabajo. Available online: https://www.diariolibre.com/

actualidad/boca-de-cachn-con-casas-nuevas-y-pocas-fuentes-de-trabajo-KMDL738031 (accessed on 21 November 2021).
51. Día, R.E. Contratistas Entregan al Gobierno Infraestructuras y Espacios de Esparcimiento de Boca de Cachón. Available on-

line: https://eldia.com.do/contratistas-entregan-al-gobierno-infraestructuras-y-espacios-de-esparcimiento-de-boca-de-cachon/
(accessed on 21 November 2021).

52. Wilmsen, B.; Webber, M. What can we learn from the practice of development-forced displacement and resettlement for organised
resettlements in response to climate change? Geoforum 2015, 58, 76–85. [CrossRef]

53. See, J.; Wilmsen, B. Just adaptation? Generating new vulnerabilities and shaping adaptive capacities through the politics of
climate-related resettlement in a Philippine coastal city. Glob. Environ. Chang. 2020, 65, 102188. [CrossRef]

54. Ofoegbu, C.; Chirwa, P.; Francis, J.; Babalola, F. Assessing vulnerability of rural communities to climate change. Int. J. Clim.
Chang. Strateg. Manag. 2017, 9, 374–386. [CrossRef]

55. Sintayehu, D.W. Impact of climate change on biodiversity and associated key ecosystem services in Africa: A systematic review.
Ecosyst. Health Sustain. 2018, 4, 225–239. [CrossRef]

56. de Groot, R.S.; Wilson, M.A.; Boumans, R.M.J. A typology for the classification, description and valuation of ecosystem functions,
goods and services. Ecol. Econ. 2002, 41, 393–408. [CrossRef]

57. Fisher, B.; Polasky, S.; Sterner, T. Conservation and Human Welfare: Economic Analysis of Ecosystem Services. Environ. Resour.
Econ. 2011, 48, 151–159. [CrossRef]

58. Lincoln Lenderking, H.; Robinson, S.-A.; Carlson, G. Climate change and food security in Caribbean small island developing
states: Challenges and strategies. Int. J. Sustain. Dev. World Ecol. 2021, 28, 238–245. [CrossRef]

59. Sannigrahi, S.; Zhang, Q.; Joshi, P.K.; Sutton, P.C.; Keesstra, S.; Roy, P.S.; Pilla, F.; Basu, B.; Wang, Y.; Jha, S.; et al. Examining effects
of climate change and land use dynamic on biophysical and economic values of ecosystem services of a natural reserve region. J.
Clean. Prod. 2020, 257, 120424. [CrossRef]

60. Zhong, L.; Wang, J.; Zhang, X.; Ying, L. Effects of agricultural land consolidation on ecosystem services: Trade-offs and synergies.
J. Clean. Prod. 2020, 264, 121412. [CrossRef]

61. Jafarzadeh, A.A.; Mahdavi, A.; Shamsi, S.R.F.; Yousefpour, R. Assessing synergies and trade-offs between ecosystem services in
forest landscape management. Land Use Policy 2021, 111, 105741. [CrossRef]

62. Burkett, V.R.; Wilcox, D.A.; Stottlemyer, R.; Barrow, W.; Fagre, D.; Baron, J.; Price, J.; Nielsen, J.L.; Allen, C.D.; Peterson, D.L.; et al.
Nonlinear dynamics in ecosystem response to climatic change: Case studies and policy implications. Ecol. Complex. 2005, 2,
357–394. [CrossRef]

http://doi.org/10.1046/j.1365-3008.2000.00103.x
http://doi.org/10.1098/rstb.2014.0271
http://www.ncbi.nlm.nih.gov/pubmed/26460124
http://doi.org/10.1073/pnas.0914177107
http://www.ncbi.nlm.nih.gov/pubmed/20498058
http://doi.org/10.3390/rs9060510
http://doi.org/10.22206/cac.2018.v1i1.pp9-21
http://doi.org/10.3390/atmos12010006
http://doi.org/10.1002/joc.6710
http://doi.org/10.1007/s11069-009-9417-9
https://ambiente.gob.do/transparencia/download/59/decretos/911/decreto-no-674-11.pdf
https://ambiente.gob.do/transparencia/download/59/decretos/911/decreto-no-674-11.pdf
https://hoy.com.do/lago-enriquillo-se-%C2%93comio%C2%94-325-mil-tareas/
https://hoy.com.do/lago-enriquillo-se-%C2%93comio%C2%94-325-mil-tareas/
https://www.dgcp.gob.do/noticias/presidente-medina-entrega-nuevo-boca-de-cachon-a-sus-pobladores/
https://www.dgcp.gob.do/noticias/presidente-medina-entrega-nuevo-boca-de-cachon-a-sus-pobladores/
https://orfateando.wordpress.com/2012/05/07/inundaciones/
https://www.diariolibre.com/actualidad/boca-de-cachn-con-casas-nuevas-y-pocas-fuentes-de-trabajo-KMDL738031
https://www.diariolibre.com/actualidad/boca-de-cachn-con-casas-nuevas-y-pocas-fuentes-de-trabajo-KMDL738031
https://eldia.com.do/contratistas-entregan-al-gobierno-infraestructuras-y-espacios-de-esparcimiento-de-boca-de-cachon/
http://doi.org/10.1016/j.geoforum.2014.10.016
http://doi.org/10.1016/j.gloenvcha.2020.102188
http://doi.org/10.1108/IJCCSM-04-2016-0044
http://doi.org/10.1080/20964129.2018.1530054
http://doi.org/10.1016/S0921-8009(02)00089-7
http://doi.org/10.1007/s10640-010-9415-0
http://doi.org/10.1080/13504509.2020.1804477
http://doi.org/10.1016/j.jclepro.2020.120424
http://doi.org/10.1016/j.jclepro.2020.121412
http://doi.org/10.1016/j.landusepol.2021.105741
http://doi.org/10.1016/j.ecocom.2005.04.010


Climate 2021, 9, 182 17 of 17

63. Dunford, R.; Harrison, P.A.; Jäger, J.; Rounsevell, M.D.A.; Tinch, R. Exploring climate change vulnerability across sectors and
scenarios using indicators of impacts and coping capacity. Clim. Chang. 2015, 128, 339–354. [CrossRef]

64. Wu, X.; Okumura, Y.M.; DiNezio, P.N. What Controls the Duration of El Niño and La Niña Events? J. Clim. 2019, 32, 5941–5965.
[CrossRef]

65. Timmermann, A.; An, S.-I.; Kug, J.-S.; Jin, F.-F.; Cai, W.; Capotondi, A.; Cobb, K.M.; Lengaigne, M.; McPhaden, M.J.; Stuecker,
M.F.; et al. El Niño–Southern Oscillation complexity. Nature 2018, 559, 535–545. [CrossRef]

66. Marjani, S.; Alizadeh-Choobari, O.; Irannejad, P. Frequency of extreme El Niño and La Niña events under global warming. Clim.
Dyn. 2019, 53, 5799–5813. [CrossRef]

67. Yang, S.; Li, Z.; Yu, J.-Y.; Hu, X.; Dong, W.; He, S. El Niño–Southern Oscillation and its impact in the changing climate. Natl. Sci.
Rev. 2018, 5, 840–857. [CrossRef]

68. García Márquez, G. La Increíble y Triste Historia de la Cándida Eréndira y de su Abuela Desalmada; Nuevas Ediciones de Bolsillo:
Barcelona, Spain, 2008.
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