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Environmental sustainability means taking steps to secure adequate
management of natural resources in all human productive and livelihood
activities. These steps involve a strategy of rational sustainable exploitation
and the introduction of effective conservation measures which means
integral management on all levels, national, regional and global. The specific
situation of Nicaragua, as a prime example of a country in development
with a vast richness in natural resources is analyzed. To name a few, in total
renewable water resources the country has the 14th highest total yearly
internal renewable water resources per capita (24,161/capita/year) in the
Americas and as a tropical country has a large variety of biodiversity and
ecosystems such as tropical dry and humid forests and 910 km of coastal area
in the Caribbean and Pacific coast. These natural resources and more could
bring potential to promote its own development. In spite of this, the country
is on an unsustainable path as many parts of the world but with even greater
challenges due to limited economic sustainability, high vulnerability to climate
change and the lack of institutional capacity to establish better management.
Unsustainable practices ranging from over-exploitation of resources to drastic
land use changes have created environmental problems which consequently
affect human wellbeing and health. Additionally, ecosystems and the quality
of resources are under pressure which lead to a reduction in quality of water,
forests and biodiversity. For example, the dry tropical forests have been
reduced in 90% from 2000 to 2011 in the Pacific and Central areas and humid
tropical forests are constantly being invaded and converted to agricultural
and pasture lands. Water quality has been affected from contamination
from agriculture, industries and the natural volcanic geology (arsenic) in
groundwater as well as eutrophication and increased sedimentation from
the watersheds of both lakes and rivers. Climate change is exacerbating
these problems and causing new ones. After illustrating the present state
of resources in Nicaragua, strategic suggestions of needed components to
introduce an integral and improved management of the water resources
have been laid out as a proposal for the future that include improvement in
institutional capacity and governance to promote better management.
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FIGURE 4
Map of dry tropical forests in Pacific of Nicaragua, elaborated by Ing. Muriel Rios.

TABLE 5 Prepared by authors from the report of National Energy Balance (Ministerio de Energia y Minas, 2020).

Forms of energy Portion of national Observation
energy production
(contribution in %)

Convencional thermal power central plants térmicas 43.1 Petroleum (Gasoline, Fuel Oil and Diesel)

Self-production from Biomass and hydroelectric plants. 19.0 Includes energy injected into National Interconnected System (Energia
inyectada al Sistema Interconectado Nacional: SIM) and for
self-consumption such as self-production of biomass from large sugar

plantations and central hydroelectric plants.

Geothermal plants 16.9
Central eolic plants 15.9
Central solar photovoltaic 0.6
in agriculture harvests which have caused frequent human and change has led to an increase in frequency of drought
migration waves. Agriculture has been considered as a high periods strongly affecting farmers totally dependent on family
risk due to the effects of these droughts. Climate variability agriculture. According to the World Food Program (2019),
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of the United Nations-FAQO, 2012).

Dry Corridor of central America and degree of drought (Prepared by the authors on the basis of data supplied by Food Agriculture organization

200,000 people are in potential risk of food insecurity as their
means of living depend directly on income generated by small-
scale subsistence agriculture which is under pressure due to
changes in the agriculture cycle induced by climate change
impacts on seasonal regime patterns.

The dry tropical forests in the Corridor are extremely
fragmented and under risk of disappearance due to changes in
land use, conversion to agriculture lands and cattle breeding
pastures. Some droughts in particular are related to the
anomalous distribution of precipitation during the rainy season
specifically longer dry periods known as “canicula or veranillo.”
These longer dry periods during the rainy season are influenced
by the higher ocean surface temperatures in the Pacific and
reduced temperatures in Atlantic resulting in drier soils and
more frequent dry periods. It has been predicted that this will
cause an increase in aridity in a hotter climate in the future and
prediction models of the Dry Corridor have shown significant
tendencies in warmer temperature and less significative changes
in total volume of precipitation (Hidalgo et al., 2019).

Several small studies of micro watersheds in the Dry
Corridor from different institutions have shown a reduction in
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waterbodies resulting in a deficit in their water balances (Reyes
Rodriguez, 2022).

All these factors have led to a number of project
of different Tropical
Agriculture Center of Research and Teaching (CATIE-
Centro Agronémico Tropical de Investigacion y Ensefianza)

activities institutions such as

who have contributed to food security and sustainable
production especially in Las Segovias, northern department
of Nicaragua, through the introduction of a variety of water
harvesting systems.

Present land use in the Dry Corridor of
Nicaragua

In the last two decades, there has been considerable changes
in land use in all of Nicaragua. According to information
of the Nicaraguan Institute of Territorial Studies (Instituto
Nicaragiiense de Estudios Territoriales-INETER, 2021) the
present land use in the Dry Corridor has the following
principal components: 31% is pasture, 21.9% is open and closed
broadleaf forests, 19.7% is shrub and herbaceous vegetation

frontiersin.org
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FIGURE 6

Present land use of the Dry Corridor of Nicaragua (Prepared by the authors. Source: National Atlas of Soils of the Republic of Nicaragua,
2018-2021, Instituto Nicaraguense de Estudios Territoriales (INETER), 2018).

and 14.6% is agricultural use of annual and perennial crops.
Urban or populated rural centers cover 2.2%. This makes up
a total of 95% and the rest are smaller components <1%
(Figure 6).

According to the data base of land use in the Dry Corridor
in different years, there have been significant changes in land use
to pasture and agriculture in comparison to earlier years due
to increasing food demand and especially under pressure from
climate variability and change which has brought more extended
drought years in the last decade (Pascale et al., 2021).

Groundwater under climate change

Water scarcity has also been observed due to over-
exploitation of groundwater for agriculture in the Pacific
the
agriculture area of Nicaragua is located in the Pacific

zone of Nicaragua. For example, most intense

Area of Leon-Chinandega where the most extensive and
fertile soils adequate for agricultural can be found and
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the most productive aquifers. Groundwater is the main
source of irrigation in 74.4% (Ministerio del Ambiente
Naturales-MARENA, 2008).
that
by the intensive application of pesticides in the past

y Recursos There are also

indications sources have also been contaminated
and present (Delgado, 2003; Montenegro and Jiménez,
2009).

It is always important to have in mind that climate change
could bring a reduction in average long-term precipitation
which would cause a decrease in groundwater storage and

therefore increasing pressure on water resources for all uses.

National and regional institutional
support for water resources and
climate

In Nicaragua specific institutions for the management of
water resources have recently been working in cooperation in
the context of the Sustainable Development Goals especially
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SDG 6 ensuring Water and Sanitation for all. In 202la
special
Water,
Interinstitucional

and Sectorial Commission of
(COMISASH-Comisién
Agua,

Interinstitutional
Sanitation and Hygiene
de

to work toward the

y  Sectorial Saneamiento

e Higiene) was formed Target
6.5.1 in order to implement integrated water resources
management at all levels. The special Commission has

recently developed a Plan of Action for the Integrated

Water Resource Management (IWRM) for 2022-2026
(Ministerio del Ambiente y los Recursos Naturales,
2022).

The Plan of Action will be executed by the Ministry of
Environment and Natural Resources (MARENA), the National
Authority of Water (ANA) with cooperation of the Global
Water Partnership-GWP. The aim is to promote priority actions
in response to the needed integral management of water
resources in Nicaragua supporting a sustainable development
and protection of national natural resources, specifically related
to the environmental necessities of Nicaragua.

There are also regional efforts of Central American
Institutions such as the Central American Commission
(CCAD-Comisién
Centroamericana de Ambiente y Desarrollo) part of the

for Environment and Development
System of Integration of Central America (SICA-Sistema de la
Integracién Centroamericana). At this time there are special
actions for the Integral Management of Watersheds specifically
in the sub watershed of the river and delta system “el Estero
Real” located in the northwestern corner of Nicaragua and
which drains into the Golf of Fonseca and is shared between
three Central American countries, Honduras, El Salvador
and Nicaragua. This is part of the framework of the Regional
Environmental Strategy known as ERAM (Estrategia Regional
Ambiental Marco) for 2021 to 2025. SICA also supports regional
efforts on climate change in a yearly forum on Central America
Climate Applications Forum (https://www.sica.int/san/) which
strengthens collaboration between countries in interchanging
climate change information to develop adaptation and strategies
to confront climate change.

the
Management of Watersheds have been developed in a

National efforts such as plans for Integrated
tributary of Lago Cocibolca in the sub watershed of River
Mayales by PROATAS (Program for Technical Assistance of
Water and Sanitation, https://www.proatas.org.ni/) in 2014.
Recently a plan of integral watershed management for the
sub watershed of Rio Dipilto has been elaborated and is in
the process of implementation in the north central part of
Nicaragua where a watershed committee has been formed and
is active in executing certain activities of the plan. The latter
is an interinstitutional cooperation between the Ministry of
Environment (MARENA), the National Company of Aqueducts
and Sewers (ENACAL), the Municipalities of Ocotal and Dipilto
and the Emergency Social Investment Fund (FISE) with support

from Swiss Cooperation in Central America (COSUDE).
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Discussion: Strategy for protection
of resources with emphasis in water
and adaptation to climate change

In order to define the future orientation to sustainable
development of Nicaragua, it is key to take better and more
efficient advantage of the still favorable situation of natural
resources and apply this strategy to build resilience to future
climate change impacts. As has been stated, water resources
could be an important motor for the sustainable development
of the country. As this resource is a fundamental human right
for the wellbeing of the population and there is no substitute,
it is imperative to develop a strategy to secure its protection
and conservation, adequate use, and it is an urgent priority
to introduce measures of adaptation to meet the challenges of
climate change based on information of water resources in all
watersheds of the country.

We mention one important example which would involve
the more effective use of the waters of Lake Cocibolca which has
been designated in Article 97 of the General Law of National
Waters-Law 620 (La Gaceta, 2007) as the natural reserve for
human consumption. Also, a study of the The World Bank
(2013) emphasized the importance of the lake as a source
for supply of water for Nicaragua and a “hotspot of global
biodiversity.” The protection of its watershed is therefore key to
promote the future consumption of its waters and as a possible
source of irrigation based on a balanced plan of usage grounded
on reliable information. As mentioned above, presently there
has been some progress in the use of its waters as a source for
human consumption with the introduction of purification plants
in some of the surrounding urban centers and municipalities
with the parallel construction of waste water treatment plants to
prevent the continuing point source contamination promoted
by Project PISASH [Programa Integral Sectorial de Agua y
Saneamiento Humano (PISASH y Cocibolca), 2017, 2021]. This
is not sufficient as globally it is known through many studies
of lakes (Thornton et al,, 1999) that eliminating only point
sources of contamination is not sufficient to conserve the quality
of water in waterbodies for human use. Diffuse contamination
from the watershed is one of the main sources of contamination
of lakes and rivers resulting from erosion which brings increased
sedimentation into the lake, nutrients from agriculture and
cattle grazing, other contaminants bound to the sediments
such as pesticides and fertilizers used in agriculture and also
solid and liquid wastes in runoff from urban centers (Vammen
et al, 2019). For this reason, it is key to identify sources of
diffuse contamination from human activities in the watershed
considering the natural conditions of soils and geology, natural
drainage due to specific topography, changes in land use and
demographic factors. Studies of land use (Instituto Nicaragiiense
de Estudios Territoriales-INETER, 2015) in the watershed of
Lake Cocibolca, show that most of its sub-basins have been
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transformed into land for the use as pastures, as a result of
progressive deforestation over time where 71% is dedicated to
the use of different types of pastures, 4% to agriculture and 19.8%
are remaining forests. The last monitoring study of the lake’s
quality was carried out in 2014 to 2016 (Chang et al., 2017) by the
Research Center for Aquatic Resources (CIRA/UNAN) with the
cooperation of Center for Space and Remote Sensing Research
(CSRSR) of the National Central University ofTaiwan. Results
indicate a trophic level of mesotrophic to eutrophic “with zones
of high eutrophication located at the entrance of the Tipitapa
River that connects with Lake Xolotlan” (Vammen et al., 2019)
and around urban centers which now in part have treatment
plants installed. In the meantime, the vulnerability of the lake
is growing as “deforestation continues due to non-sustainable
agriculture and extensive cattle breeding advances relentlessly
over the national geography” (Vammen and Montenegro, 2020)
and particularly in the watershed of this unique waterbody and
potential resource for the future of Nicaragua. At this time, the
integral management of the watershed of Lake Cocibolca has not
been developed nor implemented to prevent the continuation
of diffuse contamination from its watershed; this would involve
creating watershed committees as stipulated in Chapter IV of the
Law 620 (La Gaceta, 2007) per subwatershed under the direction
of state institutions that have the needed capacity to lead this
process. As mentioned above, there are initiatives underway
in some of the 16 subwatersheds to develop plans but their
implementation is still to be resolved.

The General Law of National Waters-Law 620 (La Gaceta,
2007) has clearly defined integral management of watersheds
and the necessary actions needed such as generating knowledge
of the country’s water resources with the establishment of
a National System of Information of Water Resources and
water planning taking into account the necessary criteria to
“guarantee the sustainable beneficial use and the integral use
of the water resources of the hydrographical watersheds and
aquifers as management units” (Article 16, La Gaceta, 2007).
This would involve the National Authority of Water (ANA) in
cooperation with corresponding municipalities with community
participation, academia, civil society and all actors and active
users. These goals and actions are still pending. It is now
urgent to promote the elaboration of an integra management
watershed program which should include action plans for each
subwatershed of the lake with the objective to assure the quality
of water and the corresponding definition and regulation of its
uses for the future and includes “goals of social, economic and
environmental utility in a sustainable manner: water for all uses
and for all users.” (Vammen and Montenegro, 2020).

This example is to demonstrate that Nicaragua has the
“legal tools and framework and technical previsions necessary
to implement useful plans in the use and protection of its
watersheds for many years” (Vammen and Montenegro, 2020).

As mentioned above one of the fundamental conditions
to define an adequate strategy for water resources is the
production of scientific information about the conditions and

Frontiersin Water

13

10.3389/frwa.2022.975102

particularities of surface and groundwater resources. This
information organized in the National System of Information
of Water Resources stipulated in the General Law of National
Waters (Articles 14g and 27e) should include transparent
data over the quantities extracted by all users, the problems
of contamination from all sources, agriculture, domestic
waste and others. This means also the establishment of a
monitoring system for water quality in these waterbodies and
the improvement of a national hydrological monitoring system
in all watersheds also stipulated in Law 620 in Article 101
as responsibility of the Ministry of Environment and Natural
Resources (MARENA). All these steps depend on the efficiency,
economical and professional capacity of state institutions
responsible for water resources supported by universities with
experts in this area. This requires improvement in the formation
and coordination of its professionals in interdisciplinary
fields associated with water and climate and interinstitutional
cooperation in the formation, use and maintenance of the system
of information.

As part of the plan of integral management, it is now
high priority due to progressing climate change to include
a component of special management and protection of
the existing forests and their gradual restauration by first
reestablishing connections of fragments especially in areas
where the principal aquifers of the country are present and
along riparian zones associated with waterbodies suffering from
processes of sedimentation; especially significant and urgent
are the highly fragmented dry tropical forests of the Pacific
and central region and the tropical humid forests in Caribbean
territories where the majority of the indigenous and Afro-
descendant communities are located. It is not enough to just
reforest but it is key to develop integral plans according to the
conditions of each watershed unit (Vammen and Montenegro,
2020). To achieve these strategies and plans, it is imperative to
have improved institutional capacity with professionals in water,
forest, natural and social sciences who cooperate with experts in
the universities.

In all these, measures of adaptation to climate change,
particular to the natural resources of the specific areas under
should be
The environmental instability observed in the reduction of

concern, introduced with innovative methods.
biodiversity and the accelerated extinction of species (Té6rrez
and Gutiérrez, 2020) is closely interlinked with measures to
protect the water and forest resources. Currently there is clearly
not enough information available concerning the biodiversity
of terrestrial and aquatic species in Nicaragua and their
corresponding ecosystem services.

In 2017, the World Bank in cooperation with the
Government of Nicaragua developed a diagnosis and proposal
of strategic lines with a team of interdisciplinary experts from
state institutions and external experts related to the management
of water in order to serve as the base for the elaboration of a
National Plan for Water Resources of Nicaragua. This document
was not published and the National Plan was put on hold to the
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present day due to the present profound political crisis creating a
large national environmental, social and economic vulnerability.

Although in Nicaragua there exists a richness in natural
resources especially water, the process of resource management
has not been considered as a main factor in national
development. This has been limited by failure to promote
better management and prioritizing the necessary economic
resources to secure a sustainable management. Gaps in
institutional capacity to manage the state of resources,
the organization of needed information of these resources,
harmonic interinstitutional and international cooperation and
the lack of regulatory aspects has played a roll.

An integral management of all resources should introduce
measures to control the strong changes in land use,
overexploitation of resources and environmental destruction
through contamination due to agriculture, mining, and other
industries that Nicaragua has suffered in the last decades and
has made all territories more vulnerable to the effects of climate
variability and change. This goes hand in hand with strategies
to convert the generation of energy and transport systems
to renewable resources which again needs the formation of
professionals and technicians dedicated to this task.

Conclusions

Nicaragua is immersed in similar environmental
problematic and climate change vulnerability as observed
in the global context but as a developing country it also has deep
educational, economic, institutional, political, and social factors
which impede progress in achieving a sustainable development
path. The fact that there is a richness in natural resources such
as water, biodiversity, and also resources with good perspectives
for conversion to renewable energy could open doors to
overcome these limitations. Special emphasis on adaptation to
climate change is urgent to find a strategy destined to overcome
impacts on these natural resources along with measures to stop
the effects of human intervention through drastic land use
changes ignoring the importance of these so important strategic
resources. The current environmental imbalance described
above can only be met with a sustainable resource management
orientated to meet the challenge.

These changes in environmental management requires
a combination of urgent transformations in Nicaragua in

the following:

of
professionals with scientific, technological, and innovative

A) Development improved formation of national
knowledge directed to the better comprehension of multiple
dimensions of environmental and climate problematics
with improved institutional capacity and academic quality
in universities, technical and educational institutions on

all levels.
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B) Establishment of improved institutional capacity of
governance directed to adequate environmental management
which requires a redesign and planning focused on integral
management more coherent with the problems and
necessary transformations of Nicaragua.

C) Reestablish the respect and importance of science,

the

community in Nicaragua which implies the formation

technology, and innovation toward scientific
of national research centers with qualified professionals
better orientated to interdisciplinary studies necessary for
the solution of environmental problems. In all this, it is
necessary to promote international relations to stimulate
exchange, the constant updating of scientific knowledge and
the creation of strategic alliances especially on a regional
Central American level.
D) It is an important condition to eliminate clientelism
and political intervention in order to proceed with these
transformations. More attention should be directed to
include the participation of different sectors of the society
in research, as science should serve all of society and take
into consideration social justice and the establishment of

equitable conditions.

Deterioration of natural resources through human activities,
impacts of climate change, and biodiversity loss are clearly
linked and integrally cause effects on human and ecosystem
health. It is key to turn attention to the criteria of sustainability
and reduce the extraction of resources for short term gains.
As a planetary threat they require a combined response on a
global level. For example, a rapid transition to wind and solar
energy away from all fossil fuels reduce air contamination and
slow down climate change, double benefits for planetary health
(Fuller et al., 2022).

In all, it is imperative to promote an urgent change in
the attitude or philosophical vision toward nature in the
sense that humans are part of nature and all the degradation
processes affect the population and nature, its resources and
their potential to contributing in achieving a sustainable
development. Corresponding to this it is urgent to introduce
transformations in reducing activities of environmental impact,
changes in lifestyle of the society with more attention to
ecological problems especially in light of coming impacts of
climate change.

Author’s note

Both authors are women scientists and specialists in water
sciences and interdisciplinary environmental studies. Both
contributed to the analysis and projection of the specific
environmental situation of Nicaragua in the context of the
problematic of global environmental sustainability and the
need for integral management of natural resources. This is a
contribution dealing with the contradiction of a developing
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country rich in natural resources and its urgent need for better
integral management especially of water under the impacts of
climate change in Nicaragua.
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